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METHODS OF PRODUCING COMPOUNDS FROM 5-(HALOMETHYL)FURFURAL

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Patent Application No.
61/992,060, filed May 12, 2014, which is incorporated herein by reference in its entirety.

FIELD

[0002] The present disclosure relates generally to methods of producing one or more
compounds from 5-(halomethyl)furfural, and more specifically to methods of producing
cyclohexanone, hexanediamine, hexanediol, hexamethylenediamine, caprolactam and nylon

from 5-(chloromethyl)furfural.

BACKGROUND

[0003] 5-(Halomethyl)furfural may be obtained from renewable sources, such as biomass,
and may be used to produce a variety of bio-based fuels, polymers, and other commodity and
specialty chemicals. For example, 5-(halomethyl)furfural may be converted into 5-
(ethoxymethyl)furfural or 5-methylfurfural, both of which may serve a precursor to produce
biofuels. 5-(Halomethyl)furfural may also be converted to ethyl levulinate, which is a diesel
oxygenate. 5-(Halomethyl)furfural may also be converted to levulinic acid, 5-
(hydroxymethyl)furfural, and 2,5-furandicarboxylic acid which are known to be useful
precursors to various chemicals. Thus, additional methods for expanding the platform of

compounds that can be produced from 5-(halomethyl)furfural are needed.

BRIEF SUMMARY

[0004] Provided herein are methods of producing various compounds, including
cyclohexanone, hexanediamine, hexanediol, hexamethylenediamine, caprolactam and nylon,

from 5-(chloromethyl)furfural.

[0005] In one aspect, provided is a method of producing a compound of formula (D):

R']
R2 0

D),

wherein R' and R are each independently hydrogen or alkyl, by:
1
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converting a compound of formula (A) to a compound of formula (B), wherein:

the compound of formula (A) is:

wherein:
R' and R? are as defined for formula (D) above, and
X is halo, and

the compound of formula (B) is:

OH R?

OH
R B),

wherein R' and R” are as defined for formula (D) above;
oxidizing the compound of formula (B) to a compound of formula (C), wherein:

the compound of formula (C) is:

O R?

J A,

R ©).
wherein R' and R* are as defined for formula (D) above; and
cyclizing the compound of formula (C) to produce the compound of formula (D).
[0006] In certain aspects, provided is a method of producing cyclohexanone, by:
converting 5-(halomethyl)furfural to hexane-1,5-diol;

oxidizing the hexane-1,5-diol to produce 6-hydroxyhexan-2-one; and
2
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cyclizing the 6-hydroxyhexan-2-one to produce cyclohexanone.

[0007] In another aspect, provided is a method of producing a compound of formula (F):

R2

H
O\/\H\/\OH

R "),
wherein R' and R are each independently hydrogen or alkyl, by:

combining a compound of formula (A) with an alkanolate or acetate salt to produce a

compound of formula (E), wherein:

the compound of formula (A) is:

wherein:
R' and R? are as defined for formula (F) above, and

X is halo, and

the compound of formula (E) is:
N
R2 \ O

wherein:
R' and R? are as defined for formula (D) above, and

R" is O(alkyl) when an alkanolate salt is used, and R* is COx(alkyl)

when an acetate salt is used; and

reducing the compound of formula (E) to produce the compound of formula (F).
3
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[0008] In certain aspects, provided is a method of producing hexane-1,6-diol, by:

contacting 5-(halomethyl)furfural with an alkanolate or acetate salt to produce 5-

(alkoxymethyl)furan-2-carbaldehyde; and
reducing the 5-(alkoxymethyl)furan-2-carbaldehyde to produce hexane-1,6-diol.

[0009] In yet another aspect, provided is a method of producing a compound of formula (I):

R2

NH
HQN/\)\(\/ 2

R ,
and/or a salt thereof , wherein R' and R” are each independently hydrogen or alkyl, by:

converting a compound of formula (A) to a compound of formula (H) and/or a salt

thereof, wherein:

the compound of formula (A) is:

wherein:
R' and R? are as defined for formula (I) above, and
X is halo, and

the compound of formula (H) is:

wherein R' and R* are as defined for formula (I) above; and



WO 2015/175528 PCT/US2015/030364

converting the compound of formula (H) and/or a salt thereof to the compound of

formula (I) and/or a salt thereof.

[0010] In certain aspects, provided is a method of producing hexamethylenediamine, by:
converting 5-(halomethyl)furfural to (tetrahydrofuran-2,5-diyl)dimethanamine; and
converting the (tetrahydrofuran-2,5-diyl)dimethanamine to hexamethylenediamine.

[0011] In yet another aspect, provided is a method of producing a compound of formula (J):

(@)
HN" \ / o

RV RE .
and/or a salt thereof, wherein R' and R* are each independently hydrogen or alkyl, by:

combining a compound of formula (A) with ammonia to form a reaction mixture,

wherein:

the compound of formula (A) is:

wherein:
R' and R? are as defined for formula (J) above, and
X is halo, and

producing the compound of formula (J) and/or a salt thereof from at least a portion of the

reaction mixture.

[0012] In yet another aspect, provided is a method of producing a compound of formula (I):
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R’ .
and/or a salt thereof, wherein R' and R* are each independently hydrogen or alkyl, by:

combining a compound of formula (A) with ammonia to produce a compound of formula

(J) and/or a salt thereof, wherein:

the compound of formula (A) is:

wherein:
R' and R? are as defined for formula (I) above, and
X is halo, and

the compound of formula (J) is:

@)
N\ / o

R" R
wherein R' and R* are as defined for formula (I) above;

reducing the compound of formula (J) and/or a salt thereof to produce a compound of

formula (H) and/or a salt thereof, wherein:

the compound of formula (H) is:

O

H2N/\§__z/\NH2

R" R? (H),
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wherein R' and R* are as defined for formula (I) above; and

further reducing the compound of formula (H) and/or a salt thereof to produce the

compound of formula (I) and/or a salt thereof.

[0013] In another aspect, provided is a method of producing a compound of formula (R):

O

HN
R2

R"  ®),
wherein R' and R are each independently hydrogen or alkyl, by:

converting a compound of formula (A) to a compound of formula (P) and/or a salt

thereof, wherein:

the compound of formula (A) is:

wherein:
R' and R? are as defined for formula (R) above, and
X is halo, and

the compound of formula (P) is:

1
R" R*  (p,

wherein R' and R” are as defined for formula (R) above; and
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converting the compound of formula (P) and/or a salt thereof to the compound of formula

(R).
[0014] In certain aspects, provided is a method for producing caprolactam, by:

converting 5-(halomethyl)furfural to 5-(aminomethyl)tetrahydrofuran-2-carboxylic acid;
and

converting the 5-(aminomethyl)tetrahydrofuran-2-carboxylic acid to caprolactam.

[0015] In yet other aspects, provided is a method of producing a compound of formula (R):

O

HN
R2

R"  ®),
wherein R' and R are each independently hydrogen or alkyl, by:

reducing a compound of formula (N-1) and/or a salt thereof to produce a compound of

formula (P) and/or a salt thereof, wherein:

the compound of formula (N-1) is:

OH
O

H,N \ / O
R" R®

wherein R' and R” are as defined for formula (R) above, and

the compound of formula (P) is:

OH
O

H,N 0
R" R (p

wherein R' and R” are as defined for formula (R) above; and
8
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converting the compound of formula (P) and/or salt thereof to the compound of formula

(R).

[0016] In other aspects, provided is a method of producing a polymer of formula (V):

R 0

R? ),
wherein:
R' and R” are each independently hydrogen or alkyl, and
n is greater than 1,
by:

polymerizing a compound of formula (N-1) and/or a salt thereof to produce a polymer of

formula (T), wherein:

the compound of formula (N-1) is:

H,oN \ / o)
R" R®

wherein R' and R” are as defined for formula (V) above, and

the polymer of formula (T) is:

" (.
wherein Rl, R? and n are as defined for formula (V) above;

reducing the polymer of formula (T) to a polymer of formula (U), wherein:

9
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the polymer of formula (U) is:

wherein Rl, R? and n are as defined for formula (V) above; and
converting the polymer of formula (U) to the polymer of formula (V).

[0017] In yet other aspects, provided is a method of producing a polymer of formula (V):

R 0

R? ),
wherein:
R' and R” are each independently hydrogen or alkyl, and
n is greater than 1,

from a compound of formula (D), a compound of formula (F), a compound of formula (I), a
compound of formula (R), or any combination thereof, produced according to any of the

methods described herein.

[0018] In certain aspects, provided are also methods of producing nylon from the
cyclohexanone, the hexane-1,6-diol, the hexamethylenediamine, the caprolactam, or any

combination thereof, produced according to any of the methods described herein.

[0019] In some embodiments, provided is a method for producing nylon having the structure

of formula (X):

WN);

wherein n is an integer greater than 0;
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by:

converting 5-(halomethyl)furfural to 5-(aminomethyl)furan-2-carboxylic acid; and

polymerizing the 5-(aminomethyl)furan-2-carboxylic acid to form a polymer of formula

(X1):

ZT
S
—

(X1

reducing the polymer of formula (X1) to form a polymer of formula (X2):

ZT

N (X2); and
converting the polymer of formula (X2) to the nylon of formula (X).

[0020] Provided herein are also the use of a compound of formula (D), a compound of
formula (F), a compound of formula (I), a compound of formula (R), or any combination thereof,

for the production of various polymers, including, for example, nylon.

[0021] In some aspects, provided herein are also compositions that include a compound of
formula (D), a compound of formula (F), a compound of formula (I), a compound of formula

(R), or any combination thereof, produced according to any of the methods described herein.

[0022] In certain aspects, provided herein are also compositions that include cyclohexanone,
hexane-1,6-diol, hexamethylenediamine, caprolactam, or nylon produced according to any of the

methods described herein.

DESCRIPTION OF THE FIGURES

[0023] The present application can be best understood by reference to the following
description taken in conjunction with the accompanying figures, in which like parts may be

referred to by like numerals.

11
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[0024] FIG. 1 depicts an exemplary scheme to produce cyclohexanone from 5-

(halomethyl)furfural.

[0025] FIG. 2 depicts an exemplary scheme to produce 1,6-hexanediol from 5-
(halomethyl)furfural.

[0026] FIG. 3A, FIG. 3B, FIG. 3C, and FIG. 4 depict exemplary schemes to produce

hexamethylenediamine from 5-(halomethyl)furfural.

[0027] FIG. S depicts an exemplary scheme to produce caprolactam from 5-
(halomethyl)furfural.

[0028] FIG. 6 depicts an exemplary scheme to produce nylon-6 from 5-(halomethyl)furfural.

[0029] FIG. 7 depicts exemplary schemes to produce nylon.

DETAILED DESCRIPTION

[0030] 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.

[0031] Provided herein are methods of producing various compounds from 5-
(halomethyl)furfural. Such compounds produced may include, for example, cyclohexanone,
hexanediamine, hexanediol, hexamethylenediamine, caprolactam and nylon. Such compounds
may be used as precursors to produce various products. For example, cyclohexanone,
hexanediamine, hexanediol, hexamethylenediamine, and caprolactam may each serve as

precursors for producing polymers, such as nylon.

[0032] The 5-(halomethyl)furfural used in the methods described herein may be provided by
any commercially available sources or produced by any suitable methods known in the art. For
example, 5-(halomethyl)furfural may be produced from sugars, cellulose or biomass. See e.g.,
WO 2012/170520; Mascal & Nikitin, ChemSusChem 2009, 2, 859; Szmant & Chundury, J.
Chem. Tech. Biotechnol. 1981, 31, 205-212; Liu et al., J. Phys. Chem. A, 2011, 115, 13628-
13641; Fenton and Gostling, J. Chem. Soc., Trans., 1901, 79, 807-816; Fenton and Gostling, J.
Chem. Soc., Trans., 1899,75, 423-433; and Hibbert and Hill, J. Am. Chem. Soc. 1922, 44, 176—
182.

12
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[0033] The methods to produce various compounds, including cyclohexanone,
hexanediamine, hexanediol, hexamethylenediamine, caprolactam and nylon, from 5-

(halomethyl)furfural are each described in further detail below.
Methods of Producing Compounds of Formula (D), including, e.g., Cyclohexanone

[0034] In some aspects, provided herein are methods of producing a compound of formula

(D):
R']
R? O
D),
wherein R' and R* are each independently hydrogen or alkyl.

[0035] In some embodiments, the compound of formula (D) may be produced from a

compound of formula (A):

wherein:
R' and R? are as defined for formula (D) above, and
X is halo.

[0036] It should be understood that when the compound of formula (A) is used to produce

the compound of formula (D), R' and R? in formulae (A) and (D) are the same.

[0037] In some variations of the compounds of formulae (A) and (D), R' and R? are both
hydrogen; and the compound of formula (A) is 5-(halomethyl)furfural, and the compound of
formula (D) is cyclohexanone. In other variations, R' and R* are each independently alkyl. In
yet other variations, R' is hydrogen, and R” is alkyl. In any of the foregoing variations, the alkyl
may be Ci. alkyl, C;_;5 alkyl, Ci.10 alkyl, or Cy_s alkyl. In one variation, the alkyl may be
selected from methyl, ethyl, or propyl.

13
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[0038]

Further, it should generally be understood that each R' and R? of formulae (A) and

(D) as described herein may be combined as if each and every variation was individually listed.

[0039]

In some embodiments, the method of producing a compound of formula (D) from a

compound of formula (A) includes:

converting the compound of formula (A) to a compound of formula (B), wherein:

the compound of formula (B) is:

OH R?

OH
R B),

wherein R' and R” are as defined for formula (D) above;
oxidizing the compound of formula (B) to a compound of formula (C), wherein:

the compound of formula (C) is:

O R?

J A,

R’ ©),
wherein R' and R* are as defined for formula (D) above; and

cyclizing the compound of formula (C) to produce the compound of formula (D).

[0040]

It should be understood that when the compound of formula (B) and the compound of

formula (C) are produced from the compound of formula (A) and/or used in the production of

the compound of formula (D), R' and R* for formulae (A), (B), (C) and (D) are the same.

Further, it should generally be understood that variations of R' and R for formulae (A) and (D)

detailed throughout apply equally to formulae (B) and (C), the same as if each and every

variation was specifically and individually listed for formulae (B) and (C).

[0041] For example, in one variation, R' and R? are both hydrogen, and with reference to

FIG. 1, process 100 is an exemplary scheme for producing cyclohexanone 108 from 5-

(halomethyl)furfural 102. In certain embodiments, the 5-(halomethyl)furfural may be 5-
14
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(chloromethyl)furfural, wherein X is chloro; or 5-(bromomethyl)furfural, wherein X is bromo.
5-(Halomethyl)furfural 102 is reduced to form hexane-1,5-diol 104. For example, the reduction
may be performed in the presence of hydrogen and a catalyst, such as a metal catalyst. In certain

embodiments, the metal catalyst may be a palladium catalyst.

[0042] Without wishing to be bound by any theory, 5-(halomethyl)furfural 102 may be
converted into an intermediate, (5-methyltetrahydrofuran-2-yl)methanol, which is in turn
converted to hexane-1,5-diol 104. In one variation, this intermediate may be isolated before
further conversion into hexane-1,5-diol 104. In another variation, the reduction and ring opening
to form hexane-1,5-diol 104 from 5-(halomethyl)furfural 102 may be performed without

isolating this intermediate.

[0043] With reference again to FIG. 1, hexane-1,5-diol 104 is then selectively oxidized to
form 6-hydroxyhexan-2-one 106. For example, the secondary alcohol of hexane-1,5-diol 104
may be selectively oxidized to a ketone via Oppenauer oxidation. 6-Hydroxyhexan-2-one 106 is
then cyclized to form cyclohexanone 108. In certain embodiments, 6-hydroxyhexan-2-one 106
may be cyclized to form cyclohexanone 108 under acidic conditions, for example, in the
presence of a Lewis acid. One example of a Lewis acid that may be used is zinc halide (ZnX>)

and an acid (HX), where X, in certain variations, may be chloro or bromo.

[0044] Without wishing to be bound by any theory, 6-hydroxyhexan-2-one 106 may be
converted into an intermediate, 6-halohex-1-en-2-ol, which is in turn converted to cyclohexanone
108. In one variation, this intermediate may be isolated before further conversion into
cyclohexanone 108. In another variation, the cyclizing to form cyclohexanone 108 from 6-

hydroxyhexan-2-one 106 may be performed without isolating this intermediate.

[0045] It should generally be understood that the conditions described throughout with
respect to exemplary process 100 (FIG. 1) may also apply to the method of producing the

compound of formula (D) from the compound of formula (A).
Methods of Producing Compounds of Formula (F), including, e.g., Hexanediol

[0046] In some aspects, provided herein are methods of producing a compound of formula

(B:

15
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R (B,
wherein R' and R* are each independently hydrogen or alkyl.

[0047] In some embodiments, the compound of formula (F) may be produced from a

compound of formula (A):

wherein:
R' and R? are as defined for formula (F) above, and
X is halo.

[0048] It should be understood that when the compound of formula (A) is used to produce

the compound of formula (F), R' and R* in formulae (A) and (F) are the same.

[0049] In some variations of the compound of formulae (A) and (F), R! and R? are both
hydrogen; and the compound of formula (A) is 5-(halomethyl)furfural, and the compound of
formula (D) is hexane-1,6-diol. In other variations, R' and R” are each independently alkyl. In
yet other variations, R' is hydrogen, and R” is alkyl. In any of the foregoing variations, the alkyl
may be Ci alkyl, Cy_5 alkyl, Cy¢ alkyl, or Cy_s alkyl. In one variation, the alkyl may be
selected from methyl, ethyl, or propyl.

[0050] Further, it should generally be understood that each R! and R? of formulae (A) and

(F) as described herein may be combined as if each and every variation was individually listed.

[0051] In some embodiments, the method of producing a compound of formula (F) from a

compound of formula (A) includes:

combining a compound of formula (A) with an alkanolate or acetate salt to produce a

compound of formula (E), wherein:

16
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the compound of formula (E) is:
N
R2 \ O

wherein:
R' and R? are as defined for formula (F) above, and

R" is O(alkyl) when an alkanolate salt is used, and R* is COx(alkyl)

when an acetate salt is used; and
reducing the compound of formula (E) to produce the compound of formula (F).

[0052] In certain embodiments of the method, an alkanolate salt is used. It should generally
be understood that alkanolate may also be known in the art as alkoxide, and an alkanolate salt
may also be known in the art as an alkoxide salt. In some variations, the alkanolate salt is made
up of an s block element and O(alkyl). In certain variations, the s block element may be an alkali
metal or alkaline earth metal. In one variation, the alkanolate salt is R*R®, wherein R is an
alkali metal, and R" is O(alkyl). It should be understood that the connection of O(alkyl) to the

parent structure is through the oxygen atom.

[0053] In other embodiments of the method, an acetate salt is used. In some variations, the
acetate salt is made up of an s block element and COs(alkyl). In certain variations, the s block
element may be an alkali metal or alkaline earth metal. In one variation, the acetate salt is R*R",
wherein R* is an alkali metal, and R* is CO,(alkyl). It should be understood that the connection

of COy(alkyl) to the parent structure is through the oxygen atom.

[0054] In certain variations of the foregoing, the alkyl of R* may be Cj 59 alkyl, Cy_;5 alkyl,
Ci1.10 alkyl, or Cy.s5 alkyl. In one variation, the alkyl of R* may be selected from methyl, ethyl, or

propyl.

[0055] It should be understood that when the compound of formula (E) is produced from the
compound of formula (A) and/or used in the production of the compound of formula (F), R' and
R* for formulae (A), (E) and (F) are the same. Further, it should generally be understood that

variations of R' and R” for formulae (A) and (F) detailed throughout apply equally to formula

17
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(E), the same as if each and every variation was specifically and individually listed for formulae

(E).

[0056] For example, in one variation, R' and R? are both hydrogen, and with reference to
FIG. 2, process 200 is an exemplary scheme for producing hexane-1,6-diol 206 from 5-
(halomethyl)furfural 202. In certain embodiments, the 5-(halomethyl)furfural may be 5-
(chloromethyl)furfural, wherein X is chloro; or 5-(bromomethyl)furfural, wherein X is bromo.
5-(Halomethyl)furfural 202 is contacted with a salt of formula R*R" to produce 5-
(alkoxymethyl)furan-2-carbaldehyde 204.

a

[0057] The salt may be an alkanolate salt, where R* is O(alkyl); or an acetate salt, where R
is COO(alkyl). In one variation, the alkyl of R* is methyl, ethyl, propyl or butyl. In certain

embodiments, R* is sodium.

[0058] The 5-(alkoxymethyl)furan-2-carbaldehyde 204 is then reduced to produce hexane-
1,6-diol 206. Without wishing to be bound by any theory, the 5-(alkoxymethyl)furan-2-
carbaldehyde 204 may be converted into one or more intermediates. For example, the 5-
(alkoxymethyl)furan-2-carbaldehyde 204 may be converted into (5-
(alkoxymethyl)tetrahydrofuran-2-yl)methanol, which may in turn be converted to hexane-1,6-
diol 206. The (5-(alkoxymethyl)tetrahydrofuran-2-yl)methanol may also be converted into 6-
alkoxyhexanediol, such as 6-alkoxyhexane-1,1-diol and 6-alkoxyhexane-1,5-diol; and
hexanetriol, such as hexane-1,1,6-triol. In certain variations, one or more of these intermediates
may be isolated before further conversion into hexane-1,6-diol 206. In another variation, the
reduction of 5-(alkoxymethyl)furan-2-carbaldehyde 204 to hexane-1,6-diol 206 may be

performed without isolating any of these intermediates.

[0059] It should generally be understood that the conditions described throughout with
respect to exemplary process 200 (FIG. 2) may also apply to the method of producing the
compound of formula (F) from the compound of formula (A), including, for example, via the

compound of formula (E).
Methods of Producing Compounds of Formula (I), including, e.g., Hexamethylenediamine

[0060] In some aspects, provided herein are methods of producing a compound of formula

(D:
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and/or a salt thereof, wherein R' and R are each independently hydrogen or alkyl.

[0061] In some variations, the salt of the compound of formula (I) is a compound of formula
(I-X):
R2
NH
R’ (-X)

wherein X is halo.

[0062] It should generally be understood that “a compound and/or a salt thereof” may refer
to (a) the compound, (b) a mixture of the compound and its salt, (c) or the salt of the compound.
For example, a compound of formula (I) is produced. In other variations, a mixture of the
compound of formula (I) and its salt is produced. In yet other variations, the salt of the

compound of formula (I), such as a compound of formula (I-X), is produced.

[0063] In some embodiments, the compound of formula (I) and/or a salt thereof may be

produced from a compound of formula (A):

wherein:
R' and R? are as defined for formula (I) above, and
X is halo.

[0064] It should be understood that when the compound of formula (A) is used to produce
the compound of formula (I) and/or a salt thereof, R' and R* in formulae (A) and (I) are the

same.
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[0065] In some variations of the compound of formulae (A) and (I), including any salts of
the compound of formula (I), R' and R? are both hydrogen; and the compound of formula (A) is
5-(halomethyl)furfural, and the compound of formula (I) is hexamethylenediamine. In other
variations, R' and R* are each independently alkyl. In yet other variations, R' is hydrogen, and
R?is alkyl. In any of the foregoing variations, the alkyl may be C;.5 alkyl, C;.;5 alkyl, C;_19
alkyl, or C;_s alkyl. In one variation, the alkyl may be selected from methyl, ethyl, or propyl.

[0066] Further, it should generally be understood that each R! and R? of formulae (A) and (I)

as described herein may be combined as if each and every variation was individually listed.

[0067] In some embodiments, the method of producing a compound of formula (I) from a

compound of formula (A) includes:

converting a compound of formula (A) to a compound of formula (H) and/or a salt

thereof, wherein:

1
R' R? (1),
wherein R' and R* are as defined for formula (I) above; and

converting the compound of formula (H) to the compound of formula (I).

[0068] In some variations, the salt of the compound of formula (H) is a compound of

formula (H-X):

wherein:
R' and R? are as defined for formula (I) above; and

X is as defined for formula (A) above.
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[0069] In some variations, a compound of formula (H) is produced. In other variations, a
mixture of the compound of formula (H) and its salt is produced. In yet other variations, the salt

of the compound of formula (H), such as a compound of formula (H-X), is produced

[0070] In certain embodiments, the converting of the compound of formula (A) to a

compound of formula (H) and/or a salt thereof includes:

combining the compound of formula (A) with ammonia to produce a compound of

formula (G) and/or a salt thereof:

N
HaN \ /) NH
1 2
RT R (©),
wherein R' and R* are as defined for formula (I) above; and

converting the compound of formula (G) and/or a salt thereof to the compound of

formula (H) and/or a salt thereof.

[0071] In some variations, the salt of the compound of formula (G) is a compound of

formula (G-X):

R" R (),
wherein:
R' and R? are as defined for formula (I) above; and
X is as defined for formula (A) above.

[0072] In some variations, a compound of formula (G) is produced. In other variations, a
mixture of the compound of formula (G) and its salt is produced. In yet other variations, the salt

of the compound of formula (G), such as a compound of formula (G-X), is produced.

[0073] In one embodiment, the compound of formula (A) and the ammonia are further

combined with a metal catalyst to produce the compound of formula (G) and/or a salt thereof. In
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some variations, the metal catalyst is a copper catalyst. In one variation, the ammonia is liquid
ammonia. In another variation, the ammonia is gaseous ammonia. In certain variations, the
ammonia may be produced in situ using any suitable methods known in the art. In other

variations, ammonia in a solvent can be used by bubbling gaseous ammonia in a solvent.

[0074] In other embodiments, the converting of the compound of formula (A) to a compound

of formula (H) includes:

converting the compound of formula (A) to a compound of formula (L):

@)
NS\ / "NH

1 2
RW R (L),
wherein R' and R* are as defined for formula (I) above; and

converting the compound of formula (L) to the compound of formula (H).

[0075] In certain embodiments, the converting of the compound of formula (A) to the

compound of formula (L) includes:

combining the compound of formula (A) with an azide to produce a compound of

formula (K):

N3 \ / ~o
R' R (x,

wherein R' and R* are as defined for formula (I) above; and

combining the compound of formula (K) with ammonia to produce the compound of

formula (L).

[0076] In some variations, the azide is an alkali metal azide. Suitable examples of azides

that may be used include sodium azide.

[0077] In some variations, the ammonia is liquid ammonia. In other variations, the ammonia

is gaseous ammonia. In certain variations, the ammonia may be produced in situ using any
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suitable methods known in the art. In other variations, ammonia in a solvent can be used by

bubbling gaseous ammonia in a solvent.

[0078] It should be understood that when the compounds of formulae (G), (G-X), (H), (H-
X), (K) and (L) are produced from the compound of formula (A) and/or used in the production of
the compound of formulae (I) and (I-X), R' and R* for formula (A) are the same as for formulae
(G), (G-X), (H), (H-X), (K) and (L). Further, it should generally be understood that variations of
R' and R? for formulae (A), (I) and (I-X) detailed throughout apply equally to formulae (G), (G-
X), (H), (H-X), (K) and (L), the same as if each and every variation was specifically and
individually listed for formulae (G), (G-X), (H), (H-X), (K) and (L).

[0079] For example, in one variation, R' and R? are both hydrogen, and with reference to
FIG. 3A, process 300 is an exemplary scheme for producing hexamethylenediamine 306 from 5-
(halomethyl)furfural 302. It should be understood that hexamethylenediamine may also be
referred to as hexane-1,6-diamine or 1,6-hexanediamine. In certain embodiments, the 5-
(halomethyl)furfural may be 5-(chloromethyl)furfural, wherein X is chloro; or 5-
(bromomethyl)furfural, wherein X is bromo. 5-(Halomethyl)furfural 302 undergoes amination
to produce (5-(iminomethyl)furan-2-yl)methanamine 304, which can be reduced to form
(tetrahydrofuran-2,5-diyl)dimethanamine 306. It should be understood that the conversion of
compound 302 to compound 304 may be performed, in certain embodiments, in the presence of a
catalyst. In some variations, the catalyst is a metal catalyst. For example, in one variation, the
catalyst is a copper catalyst. It should further be understood that in certain variations, the (5-
(iminomethyl)furan-2-yl)methanamine may be isolated before reduction into (tetrahydrofuran-

2,5-diyl)dimethanamine 304.

[0080] With reference again to FIG. 3A, (tetrahydrofuran-2,5-diyl)dimethanamine 304 is
reduced to hexamethylenediamine 306. Without wishing to be bound by any theory,
(tetrahydrofuran-2,5-diyl)dimethanamine 304 may first be converted to an intermediate, 1,6-
diaminohexan-1-ol. In one variation, this intermediate may be isolated before conversion into
hexamethylenediamine 306. In another variation, the conversion of the 1,6-diaminohexan-1-ol

to hexamethylenediamine 306 may be performed without isolating the intermediate.

[0081] For example, in one variation, R' and R? are both hydrogen, and with reference to
FIG. 4, hexamethylenediamine may be produced from 5-(halomethyl)furfural according to
exemplary process 400. 5-(Halomethyl)furfural 402 is converted to 5-(azidomethyl)furan-2-
carbaldehyde 404, which is in turn converted to (5-(azidomethyl)furan-2-yl)methanimine 406.
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(5-(Azidomethyl)furan-2-yl)methanimine 406 can be reduced to (tetrahydrofuran-2,5-

diyl)dimethanamine 408, which is then reduced to hexamethylenediamine 410 according to the

process described in process 300 (FIG. 3A) above.

[0082] It should generally be understood that the conditions described throughout with
respect to exemplary process 300 (FIG. 3A) may also apply to the method of producing the
compound of formula (I) from the compound of formula (A), including, for example, via the

compounds of formulae (G) and (H) or via the compounds of formula (K), (L) and (H).

[0083] In other aspects, the method of producing a compound of formula (I) and/or a salt

thereof from a compound of formula (A) involves the production of a compound of formula (J):

(@)
HN" \ / o

R" R
and/or a salt thereof, wherein R' and R are as defined for formula (I) above.

[0084] In some embodiments, the method of producing the compound of formula (J) and/or a

salt thereof from the compound of formula (A) includes:
combining the compound of formula (A) with ammonia to form a reaction mixture; and

producing the compound of formula (J) and/or a salt thereof from at least a portion of the

reaction mixture.

[0085] In one variation, the ammonia is liquid ammonia. In another variation, the ammonia
is gaseous ammonia. In certain variations, the ammonia may be produced in situ using any
suitable methods known in the art. In other variations, ammonia in a solvent can be used by

bubbling gaseous ammonia in a solvent.

[0086] In some variations, the salt of the compound of formula (J) is a compound of formula

(J-X):
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wherein:
R' and R? are as defined for formula (J) above, and
X is as defined for formula (A) above.

[0087] In some variations, a compound of formula (J) is produced. In other variations, a
mixture of the compound of formula (J) and its salt is produced. In yet other variations, the salt

of the compound of formula (J), such as a compound of formula (J-X), is produced.

[0088] In other aspects, provided is a method of producing a compound of formula (J-X):

X*HNY O\ /o

wherein:
R' and R” are each independently hydrogen or alkyl, and
X is halo,

by:

combining a compound of formula (A), as described herein, with ammonia and acid to

form a reaction mixture; and
producing the compound of formula (J-X) from at least a portion of the reaction mixture.

[0089] In one variation, the ammonia is liquid ammonia. In another variation, the ammonia
is gaseous ammonia. In certain variations, the ammonia may be produced in situ using any
suitable methods known in the art. In other variations, ammonia in a solvent can be used by

bubbling gaseous ammonia in a solvent.

[0090] In some variations, the acid is HY, wherein Y is halo. In other variations, the acid is
a Bronsted acid. In certain variations, the acid is a Bronsted acid with a pKa equal to or lower
than 9. In one variation, the acid is sulfuric acid, phosphoric acid, trifluoroacetic acid, acetic
acid, or formic acid. In another variation, the acid is sulfuric acid or phosphoric acid. Any

combinations of the acids described herein may also be used.
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[0091] In certain variations where the acid of HY is used, the method further includes
producing a compound of formula (J-Y) from at least a portion of the reaction mixture, wherein

the compound of formula (J-Y) is:

Y*HNY O\ / o

wherein:
R' and R? are as defined for formula (J-X) above, and
Y is as defined for the acid.

[0092] In yet other aspects, provided is a method of producing a compound of formula (J-X):

@)
X*HNY O\ /o

R' R gx),
wherein:
R' and R” are each independently hydrogen or alkyl, and
X is halo,
by:

a) combining a compound of formula (A), as described herein, with ammonia to

form a reaction mixture;

b) producing a compound of formula (J), as described herein, in the reaction

mixture; and

c) adding an acid, as described herein to the reaction mixture of step (b) to produce

the compound of formula (J-X).

[0093] In one variation, the ammonia is liquid ammonia. In another variation, the ammonia

is gaseous ammonia. In certain variations, the ammonia may be produced in situ using any
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suitable methods known in the art. In other variations, ammonia in a solvent can be used by

bubbling gaseous ammonia in a solvent.

[0094] In some variations where the acid added is HY, the adding of the acid to the reaction
mixture of step (b) produces the compound of formula (J-X), or a compound of formula (J-Y), as

described herein, or a combination thereof.

[0095] In yet other aspects, provided is a method of producing a compound of formula (J-X):

XHN)T O\ /o

wherein:
R' and R” are each independently hydrogen or alkyl, and
X is halo,

by:

a) combining a compound of formula (A), as described herein, with ammonia to

form a reaction mixture;

b) producing a compound of formula (J), as described herein, from at least a portion

of the reaction mixture;
c) isolating the compound of formula (J) produced; and

d) combining the isolated compound of formula (J) with an acid to produce the

compound of formula (J-X).

[0096] In some variations, the combining of the isolated compound of formula (J) with the
acid produces the compound of formula (J-X), or a compound of formula (J-Y), as described

herein, or a combination thereof.

[0097] In other variations, the compound of formula (A) and the ammonia are further
combined with a metal catalyst to form the reaction mixture. In some variation, the metal

catalyst is a copper catalyst. Suitable examples of copper catalysts include copper sulfate.
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[0098] In one variation, the ammonia is liquid ammonia. In another variation, the ammonia
is gaseous ammonia. In certain variations, the ammonia may be produced in situ using any
suitable methods known in the art. In other variations, ammonia in a solvent can be used by

bubbling gaseous ammonia in a solvent.

[0099] In yet other aspects, provided is a method of producing a compound of formula (I):

R2

NH
HQN/\)\(\/ 2

R ,
and/or a salt thereof, wherein R' and R* are each independently hydrogen or alkyl, by:

combining a compound of formula (A), as described herein, with ammonia to produce a

compound of formula (J) and/or a salt thereof, as described herein;

reducing the compound of formula (J) and/or a salt thereof in the presence of ammonia to

produce the compound of formula (H) and/or a salt thereof, as described herein; and

further reducing the compound of formula (H) and/or a salt thereof to produce the

compound of formula (I) and/or a salt thereof.

[0100] In some variations, the salt of the compound of formula (J) is a compound of formula

(J-X), and the salt of the compound of formula (H) is a compound of formula (H-X):

O

H2N/\§_Z/\(NH3)+X'

R’ R? (H-X).

[0101] In some embodiments, the compound of formula (H) and/or a salt thereof may be

isolated, before further reduction to produce the compound of formula (I) and/or a salt thereof.

[0102] In some variations, the compound of formula (J) and/or a salt thereof is reduced in the
presence of additional ammonia, hydrogen and a catalyst to produce the compound of formula
(H) of a salt thereof. In one variation, the ammonia is liquid ammonia. In another variation, the

ammonia is gaseous ammonia. In certain variations, the ammonia may be produced in situ using
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any suitable methods known in the art. In other variations, ammonia in a solvent can be used by

bubbling gaseous ammonia in a solvent.

[0103] In one variation, the catalyst may be a palladium catalyst, a platinum catalyst, or a

nickel catalyst. Suitable catalysts may include, for example, Pd/C, Pt/C or Raney nickel.

[0104] In other variations, the compound of formula (H) and/or a salt thereof is further
reduced in the presence of additional hydrogen and additional catalyst. In one variation, the
additional catalyst is a rhodium-rhenium catalyst. Suitable catalysts include, for example, Rh-

Re/Si0;.

[0105] In yet other aspects, provided is a method of producing a compound of formula (I):

R2

NH
HQN/\)\(\/ 2

R ,
and/or a salt thereof, wherein R' and R* are each independently hydrogen or alkyl, by:

combining a compound of formula (A), as described herein, with ammonia and an acid to

produce a compound of formula (J) and/or a salt thereof, as described herein;

reducing the compound of formula (J) and/or a salt thereof in the presence of ammonia to

produce the compound of formula (H) and/or a salt thereof, as described herein; and

further reducing the compound of formula (H) and/or a salt thereof to produce the

compound of formula (I) and/or a salt thereof.

[0106] In some variations, the acid is HY, wherein Y is halo. In other variations, the acid is
a Bronsted acid. In certain variations, the acid is a Bronsted acid with a pKa equal to or lower
than 9. In one variation, the acid is sulfuric acid, phosphoric acid, trifluoroacetic acid, acetic
acid, or formic acid. In another variation, the acid is sulfuric acid or phosphoric acid. Any

combinations of the acids described herein may also be used.

[0107] In certain variations where the acid of HY is used, the method further includes
producing a compound of formula (J-Y) from at least a portion of the reaction mixture, wherein

the compound of formula (J-Y) is:
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wherein:
R' and R? are as defined for formula (I) above, and
Y is as defined for the acid.

[0108] In some variations, the compound of formula (J-X) is further reduced in the presence

of ammonia to produce a compound of formula (H-X):

o)
HoN (NH3)*X"

R’ R® (H-X).

[0109] In other variations where the acid is HY, the compound of formula (J-Y) is produced

and then further reduced in the presence of ammonia to produce a compound of formula (H-Y):

o)
HoN (NH3)*Y-

R’ R? (H-Y).

[0110] It should be understood that when the compounds of formulae (J), (J-X) and (J-Y) are
produced from the compound of formula (A) and/or used in the production of the compound of
formula (H) and (), R' and R* for formula (A) are the same as for formulae (G), (H), (H-X), (H-
Y), (K) and (L). Further, it should generally be understood that variations of R' and R? for
formulae (A) and (I) detailed throughout apply equally to formulae (G), (H), (H-X), (H-Y), (K)
and (L), the same as if each and every variation was specifically and individually listed for

formulae (G), (H), (H-X), (H-Y), (K) and (L).

[0111] For example, in another variation, R' and R? are both hydrogen, and with reference to
FIG. 3B, process 310 is another exemplary scheme for producing hexamethylenediamine from 5-
(halomethyDfurfural. 5-(Halomethyl)furfural 312 may be combined with ammonia to produce 5-
(aminomethyl)furan-2-carbaldehyde 314 or a halide salt thereof (compound 316). Compounds
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314 and 316 can then be combined with additional ammonia, as well as hydrogen and a catalyst
to produce (tetrahydrofuran-2,5-diyl)dimethanamine 318 or a halide salt thereof (compound
320). In some variations, the catalyst is a metal catalyst. In one variation, the catalyst may be a
palladium catalyst, a platinum catalyst, or a nickel catalyst. Suitable catalysts may include, for

example, Pd/C, Pt/C or Raney nickel.

[0112] With reference again to FIG. 3B, (tetrahydrofuran-2,5-diyl)dimethanamine 318 or a
halide salt thereof (compound 320) may subsequently be further reduced to produce
hexamethylenediamine 322 and/or a salt thereof (compound 324) in the presence of hydrogen
and a catalyst. In some variations, the catalyst is a metal catalyst. In one variation, the catalyst
may be a rhodium catalyst, a rhenium catalyst, or a rhodium/rhenium catalyst. Suitable catalysts

may include, for example, Rh-Re/Si0s.

[0113] In another variation where R' and R are both hydrogen, with reference to FIG. 3C,
process 330 is yet another exemplary scheme to produce hexamethylenediamine from 5-
(halomethyDfurfural. 5-(Halomethyl)furfural 332 may be combined with ammonia and acid to
produce 5-(aminomethyl)furan-2-carbaldehyde 334 and a halide salt thereof (compound 336). In
some variations, as depicted in FIG. 3C, the acid is HY, wherein Y is halo. When such an acid is

used, a mixture of salts (compounds 334 and 336) may be obtained.

[0114] It should be understood, however, that in other variations of the method, the acid may
be a Bronsted acid. In certain variations, the acid is a Bronsted acid with a pKa equal to or lower
than 9. In one variation, the acid is sulfuric acid, phosphoric acid, trifluoroacetic acid, acetic
acid, or formic acid. In another variation, the acid is sulfuric acid or phosphoric acid. In yet

other variations, a combination of the acids described herein may also be used.

[0115] With reference again to FIG. 3C, compounds 334 and 336 can then be combined with
additional ammonia, hydrogen and a catalyst to produce (tetrahydrofuran-2,5-
diyl)dimethanamine 338 and halide salts thereof (compounds 340 and 342). In some variations,
the catalyst is a metal catalyst. In one variation, the catalyst may be a palladium catalyst, a
platinum catalyst, or a nickel catalyst. Suitable catalysts may include, for example, Pd/C, Pt/C or

Raney nickel.

[0116] With reference again to FIG. 3C, (tetrahydrofuran-2,5-diyl)dimethanamine 338 and
the halide salts thereof (compounds 340 and 342) may subsequently be further reduced to
produce hexamethylenediamine 344 and/or salts thereof (compounds 346 and 348). in the
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presence of hydrogen and a catalyst. In some variations, the catalyst is a metal catalyst. In one
variation, the catalyst may be a rhodium catalyst, a rhenium catalyst, or a rhodium/rhenium

catalyst. Suitable catalysts may include, for example, Rh-Re/Si0;.

[0117] It should further be understood that in certain variations, (tetrahydrofuran-2,5-
diylhdimethanamine 306 (FIG. 3A), 318 (FIG. 3B) and 338 (FIG. 3C) and salts thereof (where

applicable) may be isolated before reduction to form the hexamethylenediamine.

[0118] It should generally be understood that the conditions described throughout with
respect to exemplary process 300 (FIG. 3A), exemplary process 310 (FIG. 3B), exemplary
process 330 (FIG. 3C) and exemplary process 400 (FIG. 4) may also apply to the method of
producing the compounds of formulae (I) and (I-X) from the compound of formula (A),
including, for example, via the compounds of formulae (G) and (G-X) and (H), (H-X) and (H-
Y), or via the compounds of formulae (K), (L) and (H), or via the compounds of formula (J) and
(J-X), or via the compounds of (J-X) and (J-Y).

Methods of Producing Compounds of Formula (R), including, e.g., Caprolactam

[0119] In other aspects, provided herein are methods of producing a compound of formula

(R):

R2
R"  ®),
wherein R' and R* are each independently hydrogen or alkyl.

[0120] In some embodiments, the compound of formula (R) may be produced from a

compound of formula (A):

wherein:
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R' and R? are as defined for formula (R) above, and
X is halo.

[0121] It should be understood that when the compound of formula (A) is used to produce

the compound of formula (R), R' and R* in formulae (A) and (R) are the same.

[0122] In some variations of the compound of formulae (A) and (R), R! and R? are both
hydrogen; and the compound of formula (A) is 5-(halomethyl)furfural, and the compound of
formula (R) is caprolactam. In other variations, R' and R? are each independently alkyl. In yet
other variations, R' is hydrogen, and R* is alkyl. In any of the foregoing variations, the alkyl
may be Ci alkyl, Cy_5 alkyl, Cy¢ alkyl, or Cy_s alkyl. In one variation, the alkyl may be
selected from methyl, ethyl, or propyl.

[0123] Further, it should generally be understood that each R! and R? of formulae (A) and

(R) as described herein may be combined as if each and every variation was individually listed.

[0124] In some embodiments, the method of producing a compound of formula (R) from a

compound of formula (A) includes:

converting the compound of formula (A) to a compound of formula (P) and/or a salt

thereof:

R" R®  p)
wherein R' and R” are as defined for formula (R) above; and

converting the compound of formula (P) and/or a salt thereof to the compound of formula

(R).

[0125] In certain embodiments, the converting of the compound of formula (A) to the

compound of formula (P) and/or a salt thereof includes:

converting the compound of formula (A) to a compound of formula (N) and/or a salt

thereof:
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RY '\ / O
RTR2 o,
wherein:
R' and R? are as defined for formula (R) above, and
R" is —-NH, or —N3; and
reducing the compound of formula (N) to the compound of formula (P).

[0126] It should generally be understood that a salt of the compound of formula (N) may
exist when R" is ~NHa,, such that the salt is a compound of formula (N-1-X):

OH
O

X(H3N) \ / O

1
R R (N-1-X),
wherein X is as defined for formula (A) above.

[0127] In certain embodiments, the converting of the compound of formula (A) to the

compound of formula (N) and/or a salt thereof includes:

combining the compound of formula (A) with R'OH, wherein R" is an alkali metal, to

produce the compound of formula (M):

OR!

R" R (w,
wherein R' is as defined above; and

combining the compound of formula (M) with ammonia to produce the compound of

formula (N) and/or a salt thereof, wherein R"™ is -NH,.
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[0128] In other embodiments, the compound of formula (A) is combined with R'(OH),,

wherein R is an alkali earth metal, to produce the compound of formula (M).

[0129] In one variation, the ammonia is liquid ammonia. In another variation, the ammonia
is gaseous ammonia. In certain variations, the ammonia may be produced in situ using any
suitable methods known in the art. In other variations, ammonia in a solvent can be used by

bubbling gaseous ammonia in a solvent.

[0130] In variations where R" is -NH,, the compound of formula (N) is a compound of
formula (N-1):
OH

O
HoN \ / O

R" R* N,
wherein R' and R* are as defined for formula (R) above.

[0131] In certain embodiments, the converting of the compound of formula (A) to the

compound of formula (N) includes:

combining the compound of formula (A) with R'OH, wherein R" is an alkali metal, to

produce the compound of formula (M), wherein:

the compound of formula (M) is:

R" R,
wherein R' is as defined above; and

combining the compound of formula (M) with an azide to produce the compound of

formula (N), wherein R" is -N.

[0132] In other embodiments, the compound of formula (A) is combined with R'(OH),,

wherein R is an alkali earth metal, to produce the compound of formula (M).
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[0133] In variations where R" is -N3, the compound of formula (N) is a compound of

formula (N-2):

OH
O

N3 \ / O
R" R (o,

wherein R' and R* are as defined for formula (R) above.

[0134] In some variations of the foregoing embodiments, the compound of formula (A) and
R'OH are further combined with a metal in the presence of oxygen to produce the compound of
formula (M). In certain variations, the metal is gold, palladium, platinum, or copper, or any

combination thereof.

[0135] In other embodiments, the converting of the compound of formula (P) and/or a salt

thereof to the compound of formula (R) includes:

converting the compound of formula (P) and/or a salt thereof to a compound of formula

(Q) and/or a salt thereof:

R* OH (),

wherein R' and R” are as defined for formula (R) above; and
cyclizing the compound of formula (Q) to produce the compound of formula (R).

[0136] In some variations, the salt of the compound of formula (Q) is a compound of
formula (Q-X):
R']

"X*(H3N)
R*> OH (ox),

wherein X is as defined for formula (A) above.
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[0137] It should be understood that when the compounds of formulae (M), (N), (N-1), (N-1-

X), (N-2), (P), (P-X), (Q) and (Q-X) are produced from the compound of formula (A) and/or
used in the production of the compound of formula (R), R and R* for formula (A) are the same
as for formulae (M), (N), (N-1), (N-1-X), (N-2), (P), (P-X), (Q) and (Q-X). Further, it should
generally be understood that variations of R' and R? for formulae (A) and (R) detailed
throughout apply equally to formulae (M), (N), (N-1), (N-1-X), (N-2), (P), (P-X), (Q) and (Q-X)
the same as if each and every variation was specifically and individually listed for formulae (M),

(N), (N-1), (N-1-X), (N-2), (P), (P-X), (Q) and (Q-X).

[0138] For example, in another variation, R' and R? are both hydrogen, and with reference to
FIG. 5, process 500 is an exemplary scheme for producing caprolactam 510 from 5-
(halomethyl)furfural 502. In certain embodiments, the 5-(halomethyl)furfural may be 5-
(chloromethyl)furfural, wherein X is chloro; or 5-(bromomethyl)furfural, wherein X is bromo.
5-(Halomethyl)furfural 502 is converted to 5-(halomethyl)furan-2-carboxylate 504 in the
presence of metal, oxygen and a salt. In certain embodiments, the salt has a formula R'OH,
where R' is an alkali metal. In one embodiment, the salt has a formula NaOH, and compound
504 is sodium 5-(halomethyl)furan-2-carboxylate. Although not depicted in FIG. 5, it should be
understood that in other variations, other salts may be used, such as a salt of formula R'(OH),,

wherein R' is an alkali earth metal.

[0139] With reference again to FIG. §, in one variation, 5-(halomethyl)furan-2-carboxylate
504 is contacted with NHj to produce 5-(aminomethyl)furan-2-carboxylic acid 506 (i.e., when
R" is NH,). In another variation, 5-(halomethyl)furan-2-carboxylate 504 is contacted with Nj to
produce 5-(azidomethyl)furan-2-carboxylic acid 506 (i.e., when R" is N3). Compound 506 is
then reduced to 5-(aminomethyl)tetrahydrofuran-2-carboxylic acid 508, which can then be

converted to caprolactam 510.

[0140] Without wishing to be bound by any theory, 5-(aminomethyl)tetrahydrofuran-2-
carboxylic acid 508 may be converted into one or more intermediates. For example, 5-
(aminomethyl)tetrahydrofuran-2-carboxylic acid 508 may be converted to 6-aminohexanoic acid,
which may then be converted to caprolactam 510. 5-(aminomethyl)tetrahydrofuran-2-carboxylic
acid 508 may be converted to 6-amino-2-hydroxyhexanoic acid, which may then be converted

into 6-aminohexanoic acid 512.

[0141] It should generally be understood that the conditions described throughout with
respect to exemplary process 500 (FIG. 5) may also apply to the method of producing the
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compound of formula (R) from the compound of formula (A), including, for example, via the

compounds of formulae (M), (N), (N-1), (N-1-X), (N-2), (P), (P-X), (Q) and (Q-X).
[0142] In other aspects, provided is a method of producing the compound of formula (R) by:

reducing a compound of formula (N-1) and/or a salt thereof, as described herein, to

produce a compound of formula (P) and/or a salt thereof:

OH
o)
H,N o)

1
R' R )
wherein R' and R” are as defined for formula (R) above; and
converting the compound of formula (P) to the compound of formula (R).

[0143] In some embodiments, the converting of the compound of formula (P) and/or a salt

thereof to the compound of formula (R) and/or a salt thereof includes:

converting the compound of formula (P) and/or a salt thereof to a compound of formula

(Q) and/or a salt thereof:

R']

O
HoN

R*> OH (),

wherein R' and R” are as defined for formula (R) above; and
cyclizing the compound of formula (Q) to produce the compound of formula (R).

[0144] In some variations, the salt of formula (P) is a compound of formula (P-X):

OH
O

“X*(H3N) 0
R’ R® (P-X); and

the salt of formula (Q) is a compound of formula (Q-X):
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R']

O
X*(HsN)

R2 OH (Q-X).

[0145] In some variations, a compound of formula (P) is produced. In other variations, a
mixture of the compound of formula (P) and its salt is produced. In yet other variations, the salt

of the compound of formula (P), such as a compound of formula (P-X), is produced.

[0146] Similarly, in some variations, a compound of formula (Q) is produced. In other
variations, a mixture of the compound of formula (Q) and its salt is produced. In yet other
variations, the salt of the compound of formula (Q), such as a compound of formula (Q-X), is

produced.

[0147] It should be understood that when the compounds of formulae (N), (N-1), (N-1-X),
(P), (P-X), (Q) and (Q-X) are used in the production of the compound of formula (R), R' and R?
for formula (R) are the same as for formulae (N), (N-1), (N-1-X), (P), (P-X), (Q) and (Q-X).
Further, it should generally be understood that variations of R' and R* for formula (R) detailed
throughout apply equally to formulae (N), (N-1), (N-1-X), (P), (P-X), (Q) and (Q-X) the same as

if each and every variation was specifically and individually listed for formulae (N), (N-1), (N-1-

X), (P), (P-X), (Q) and (Q-X).

Polymer of Formula (V), including, e.g., Nylon, and Methods of Producing Thereof

[0148] In yet other aspects, provided herein are methods of producing a polymer of formula
(V).
R’ o)
W oF
2 H N
R (V),
wherein:

R' and R” are each independently hydrogen or alkyl, and

n is greater than 1.
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[0149] In some embodiments, the polymer of formula (V) may be produced from a

compound of formula (N-1) and/or a salt thereof:

OH
O

H,N \ / O
R" R®

wherein R' and R* are as defined for formula (V) above.

[0150] The compound of formula (N-1) and/or a salt thereof may be produced according to
any of the methods described herein, including, for example, from the compounds of formulae

(A) and (M), as described herein.

[0151] Further, it should be understood that when the compound of formula (N-1) and/or a
salt thereof is used to produce the polymer of formula (V), R' and R in formulae (N-1) and (V)

are the same.

[0152] In some variations of the compounds of formulae (N-1) and (V), R' and R? are both
hydrogen; and the compound of formula (N-1) is 5-(aminomethyl)furan-2-carboxylic acid, and
the polymer of formula (V) is nylon. In some variations, where R' and R* are both hydrogen, the

polymer of formula (V) is a polymer of formula (X):

O

WN); N

wherein n is an integer greater than 1.

)s

[0153] In other variations, R' and R* are each independently alkyl. In yet other variations,
R' is hydrogen, and R? is alkyl. In any of the foregoing variations, the alkyl may be C;.5 alkyl,
Ci.15 alkyl, Cy49 alkyl, or C;_s alkyl. In one variation, the alkyl may be selected from methyl,
ethyl, or propyl.

[0154] In some variations, the method of producing a polymer of formula (V) from the

compound of formula (N-1) and/or a salt thereof, as described herein, includes:
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polymerizing the compound of formula (N-1) and/or a salt thereof to produce a polymer

of formula (T):

"),
wherein Rl, R? and n are as defined for formula (V) above;
reducing the polymer of formula (T) to a polymer of formula (U), wherein:

the polymer of formula (U) is:

wherein Rl, R? and n are as defined for formula (V) above; and
converting the polymer of formula (U) to the polymer of formula (V).

[0155] In other embodiments, the polymer of formula (V) may be produced from a
compound of formula (D), or a compound of formula (F), or a compound of formula (1), or a
compound of formula (R), or any combinations thereof. Any suitable methods known in the art
to convert such compounds may be used. See FIG. 7. It should be understood that when the
compound of formula (D), (F), (I) or (R), or any combination thereof, is used to produce the

polymer of formula (V), R' and R? in formulae (D), (F), (I) or (R), and (V) are the same.

[0156] In some variations of the compound of formula (D), (F), (I) or (R), or any
combination thereof, and (V), R' and R* are both hydrogen; and the compound of formula (D) is
cyclohexanone, the compound of formula (F) is hexane-1,6-diol, the compound of formula (I) is
hexamethylenediamine, the compound of formula (R) is caprolactam, and the polymer of

formula (V) is nylon.
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[0157] Thus, in some variations, the cyclohexanone, hexane-1,6-diol,
hexamethylenediamine, caprolactam, or any combination thereof, produced from 5-
(halomethyl)furfural by the methods described herein may be used as precursors to produce
nylon. Nylon refers to a family of aliphatic polyamides. Examples of nylon include nylon-6,6;
nylon-6; nylon-6,9; nylon-6,10; nylon-6,12; nylon-11; nylon-12 and nylon-4,6. In one

embodiment, the nylon is nylon-6.

[0158] In other variations, R' and R* are each independently alkyl. In yet other variations,
R' is hydrogen, and R? is alkyl. In any of the foregoing variations, the alkyl may be Cy. alkyl,
Ci.15 alkyl, Cy49 alkyl, or C;_s alkyl. In one variation, the alkyl may be selected from methyl,
ethyl, or propyl.

[0159] Any suitable methods known in the art may be employed to produce nylon from the
cyclohexanone, hexane-1,6-diol, hexamethylenediamine, or caprolactam produced from 5-
(halomethyDfurfural. In one embodiment, FIG. 6 provides exemplary process 600 for producing
nylon-6 from 5-(halomethyl)furfural. In certain embodiments, the 5-(halomethyl)furfural may
be 5-(chloromethyl)furfural, wherein X is chloro; or 5-(bromomethyl)furfural, wherein X is

bromo.
ENUMERATED EMBODIMENTS

[0160] The following enumerated embodiments are representative of some aspects of the

invention.

L. A method of producing a compound of formula (D):

R']
R2 0

D),
wherein R' and R are each independently hydrogen or alkyl,
the method comprising:
converting a compound of formula (A) to a compound of formula (B), wherein:

the compound of formula (A) is:
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wherein:
R' and R? are as defined for formula (D) above, and
X is halo, and

the compound of formula (B) is:

OH R?

OH
R B),

wherein R' and R” are as defined for formula (D) above;
oxidizing the compound of formula (B) to a compound of formula (C), wherein:

the compound of formula (C) is:

R ©).
wherein R' and R* are as defined for formula (D) above; and
cyclizing the compound of formula (C) to produce the compound of formula (D).
2. The method of embodiment 1, wherein R' and R* are both hydrogen.

3. The method of embodiment 1 or 2, wherein the compound of formula (C) is cyclized to

produce the compound of formula (D) in the presence of an acid.
4, The method of embodiment 3, wherein the acid is a Lewis acid.

5. A method of producing cyclohexanone, comprising:
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converting 5-(halomethyl)furfural to hexane-1,5-diol;

oxidizing the hexane-1,5-diol to produce 6-hydroxyhexan-2-one; and
cyclizing the 6-hydroxyhexan-2-one to produce cyclohexanone.

6. The method of embodiment 5, wherein the 6-hydroxyhexan-2-one to is cyclized to

produce the cyclohexanone in the presence of an acid.

7. The method of embodiment 6, wherein the acid is a Lewis acid.
8. A method of producing a compound of formula (F):
R2
HO\/W\ OH
R (B),

wherein R' and R are each independently hydrogen or alkyl,
the method comprising:

combining a compound of formula (A) with an alkanolate or acetate salt to produce a

compound of formula (E), wherein:

the compound of formula (A) is:

wherein:
R' and R? are as defined for formula (F) above, and
X is halo, and

the compound of formula (E) is:
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wherein:
R' and R? are as defined for formula (F) above, and

R" is O(alkyl) when an alkanolate salt is used, and R* is CO,(alkyl)

when an acetate salt is used; and
reducing the compound of formula (E) to produce the compound of formula (F).
9. The method of embodiment 8, wherein R' and R* are both hydrogen.
10. A method of producing hexane-1,6-diol, comprising:

contacting 5-(halomethyl)furfural with an alkanolate or acetate salt to produce 5-

(alkoxymethyl)furan-2-carbaldehyde; and
reducing the 5-(alkoxymethyl)furan-2-carbaldehyde to produce hexane-1,6-diol.

11. A method of producing a compound of formula (I):

R2

NH
HQN/\)\(\/ 2

R ,
or a salt thereof, wherein R' and R* are each independently hydrogen or alkyl,
the method comprising:

converting a compound of formula (A) to a compound of formula (H) and/or a salt

thereof, wherein:

the compound of formula (A) is:

45



WO 2015/175528 PCT/US2015/030364

wherein:

R' and R? are as defined for formula (I) above, and

X is halo, and

the compound of formula (H) is:

wherein R' and R* are as defined for formula (I) above; and

converting the compound of formula (H) and/or a salt thereof to the compound of

formula (I).
12. The method of embodiment 11, wherein R' and R* are both hydrogen.

13. The method of embodiment 11 or 12, wherein the converting of the compound of formula

(A) to a compound of formula (H) and/or a salt thereof comprises:

combining the compound of formula (A) with ammonia to produce a compound of

formula (G) and/or a salt thereof, wherein:

the compound of formula (G) is:

o
HN" \ / “NH

1
R" R* (g

wherein R' and R* are as defined for formula (I) above; and
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converting the compound of formula (G) and/or a salt thereof to the compound of

formula (H) and/or a salt thereof.

14. The method of embodiment 13, wherein the compound of formula (A) and the ammonia

are further combined with a metal catalyst to produce the compound of formula (G) and/or a salt

thereof.

15. The method of embodiment 14, wherein the metal catalyst is a copper catalyst.

16. The method of embodiment 11 or 12, wherein the converting of the compound of formula

(A) to a compound of formula (H) comprises:

converting the compound of formula (A) to a compound of formula (L), wherein:

the compound of formula (L) is:

@)
NS\ / "NH

1
R R
wherein R' and R* are as defined for formula (I) above; and
converting the compound of formula (L) to the compound of formula (H).

17. The method of embodiment 16, wherein the converting of the compound of formula (A)

to the compound of formula (L) comprises:

combining the compound of formula (A) with an azide to produce a compound of

formula (K), wherein:

the compound of formula (K) is:

N3 \ / ~o
R'" R (x,

wherein R' and R* are as defined for formula (I) above; and
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combining the compound of formula (K) with ammonia to produce the compound of

formula (L).

18. A method of producing hexamethylenediamine, comprising:
converting 5-(halomethyl)furfural to (tetrahydrofuran-2,5-diyl)dimethanamine; and
converting the (tetrahydrofuran-2,5-diyl)dimethanamine to hexamethylenediamine.

19. The method of embodiment 18, wherein the converting of 5-(halomethyl)furfural to

(tetrahydrofuran-2,5-diyl)dimethanamine comprises:
converting the 5-(halomethyl)furfural to (5-(iminomethyl)furan-2-yl)methanamine; and

converting the (5-(iminomethyl)furan-2-yl)methanamine to the (tetrahydrofuran-2,5-

diyl)dimethanamine.

20. The method of embodiment 18, wherein the converting of 5-(halomethyl)furfural to

(tetrahydrofuran-2,5-diyl)dimethanamine comprises:

combining the 5-(halomethyl)furfural with ammonia to produce (5-(iminomethyl)furan-

2-yl)methanamine; and

reducing the (5-(iminomethyl)furan-2-ylymethanamine to produce the (tetrahydrofuran-

2,5-diyl)dimethanamine.

21. The method of embodiment 20, wherein the 5-(halomethyl)furfural and the ammonia are

further combined with a metal catalyst to produce the (5-(iminomethyl)furan-2-yl)methanamine.
22. The method of embodiment 21, wherein the metal catalyst is a copper catalyst.

23. The method of embodiment 18, wherein the converting of 5-(halomethyl)furfural to

(tetrahydrofuran-2,5-diyl)dimethanamine comprises:
converting the 5-(halomethyl)furfural to (5-(azidomethyl)furan-2-yl)methanimine; and

converting the (5-(azidomethyl)furan-2-yl)methanimine to the (tetrahydrofuran-2,5-

diyl)dimethanamine.

24. The method of embodiment 23, wherein the converting of the 5-(halomethyl)furfural to

(5-(azidomethyl)furan-2-yl)methanimine comprises:
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combining the 5-(halomethyl)furfural with an azide to produce 5-(azidomethyl)furan-2-

carbaldehyde; and

combining the 5-(azidomethyl)furan-2-carbaldehyde with ammonia to produce the (5-

(azidomethyl)furan-2-yl)methanimine.

25. A method of producing a compound of formula (J):

(@)
HN" \ / o

RV RE .
and/or a salt thereof, wherein R' and R* are each independently hydrogen or alkyl,

the method comprising:

combining a compound of formula (A) with ammonia to form a reaction mixture,

wherein:

the compound of formula (A) is:

wherein:
R' and R? are as defined for formula (J) above, and
X is halo, and

producing the compound of formula (J) and/or a salt thereof from at least a portion of the

reaction mixture.
26. The method of embodiment 25, wherein R' and R* are both hydrogen.

27. The method of embodiment 25 or 26, wherein the salt of the compound of formula (J) is

a compound of formula (J-X):

49



WO 2015/175528

wherein:
R' and R? are as defined for formula (J) above, and
X is as defined for formula (A) above.

28. A method of producing a compound of formula (J-X):

@)
X*HNY O\ /o

R' R gx),
wherein:
R' and R” are each independently hydrogen or alkyl, and
X is halo,

the method comprising:

PCT/US2015/030364

combining a compound of formula (A) with ammonia and acid to form a reaction

mixture, wherein:

the compound of formula (A) is:

wherein:

R' and R? are as defined for formula (J-X) above, and

X is halo, and
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producing the compound of formula (J-X) from at least a portion of the reaction mixture.
29. The method of embodiment 28, wherein R' and R* are both hydrogen.
30. The method of embodiment 28 or 29, wherein the acid is HY, wherein Y is halo.
31. The method of embodiment 28 or 29, wherein the acid is a Bronsted acid.

32. The method of embodiment 30, further comprising producing a compound of formula (J-

Y) from at least a portion of the reaction mixture, wherein the compound of formula (J-Y) is:

Y*HN)T O\ /o

wherein:
R' and R? are as defined for formula (J-X) above, and
Y is as defined for the acid.

33. A method of producing a compound of formula (J-X):

@)
XHN)T O\ /o

R'R* gx),
wherein:
R' and R” are each independently hydrogen or alkyl, and
X is halo,
the method comprising:

a) combining a compound of formula (A) with ammonia to form a reaction mixture,

wherein:

the compound of formula (A) is:
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wherein:

R' and R? are as defined for formula (J-X) above, and

X is halo;
b) producing a compound of formula (J) in the reaction mixture, wherein the
compound of formula (J) is:
O
N
HaN \ / O
R'R ),

wherein R' and R* are as defined for formula (J-X) above; and

c) adding an acid to the reaction mixture of step (b) to produce the compound of

formula (J-X).

34. The method of embodiment 33, wherein R' and R* are both hydrogen.

35. The method of embodiment 33 or 34, wherein the acid is HY, wherein Y is halo.
36. The method of embodiment 33 or 34, wherein the acid is a Bronsted acid.

37. The method of embodiment 35, wherein the adding of the acid to the reaction mixture of
step (b) produces the compound of formula (J-X), or a compound of formula (J-Y), or a

combination thereof, wherein the compound of formula (J-Y) is:

Y*HNY O\ / o

wherein:
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R' and R? are as defined for formula (J-X) above, and
Y is as defined for the acid.

38. A method of producing a compound of formula (J-X):

X*HNY O\ /o

wherein:
R' and R” are each independently hydrogen or alkyl, and
X is halo,

the method comprising:

a) combining a compound of formula (A) with ammonia to form a reaction mixture,

wherein:

the compound of formula (A) is:

wherein:
R' and R? are as defined for formula (J-X) above, and
X is halo;

b) producing a compound of formula (J) from at least a portion of the reaction

mixture, wherein the compound of formula (J) is:

HN" \ / o
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wherein R' and R* are as defined for formula (J-X) above; and
c) isolating the compound of formula (J) produced; and

d) combining the isolated compound of formula (J) with an acid to produce the

compound of formula (J-X).

39. The method of embodiment 38, wherein R' and R* are both hydrogen.

40. The method of embodiment 38 or 39, wherein the acid is HY, wherein Y is halo.
41. The method of embodiment 38 or 39, wherein the acid is a Bronsted acid.

42. The method of any one of embodiments 38 to 40, wherein the combining of the isolated
compound of formula (J) with the acid produces the compound of formula (J-X), or a compound

of formula (J-Y), or a combination thereof, wherein the compound of formula (J-Y) is:

YHNY O\ / o

wherein:
R' and R? are as defined for formula (J-X) above, and
Y is as defined for the acid.

43. The method of any one of embodiments 25 to 42, wherein the compound of formula (A)

and the ammonia are further combined with a metal catalyst to form the reaction mixture.
44. The method of embodiment 43, wherein the metal catalyst is a copper catalyst.

45. A method of producing a compound of formula (I):

R2

NH
HZN/\)\(\/ 2

R .
or a salt thereof, wherein R' and R* are each independently hydrogen or alkyl,
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the method comprising:

combining a compound of formula (A) with ammonia to produce a compound of formula

(J) and/or a salt thereof, wherein:

the compound of formula (A) is:

wherein:
R' and R? are as defined for formula (I) above, and

X is halo, and

the compound of formula (J) is:

(@)
HN" \ / o

R" R

and/or a salt thereof, wherein R' and R are as defined for formula (D

above; and

reducing the compound of formula (J) and/or a salt thereof in the presence of additional

ammonia to produce the compound of formula (H) and/or a salt thereof, wherein:

the compound of formula (H) is:

wherein R' and R* are as defined for formula (I) above; and
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further reducing the compound of formula (H) and/or a salt thereof to produce the

compound of formula (I) and/or a salt thereof.
46. The method of embodiment 45, wherein R' and R* are both hydrogen.

47. The method of embodiment 45 or 46, wherein the compound of formula (J) and/or a salt
thereof is reduced in the presence of the additional ammonia, hydrogen and a metal catalyst to

produce the compound of formula (H) and/or a salt thereof.

48. The method of embodiment 47, wherein the metal catalyst is a palladium catalyst, a

platinum catalyst, or a nickel catalyst, or any combination thereof.

49, The method of embodiment 48, wherein the metal catalyst is Pd/C, Pt/C or Raney nickel,

or any combination thereof.

50. The method of any one of embodiments 45 to 49, wherein the compound of formula (H)
and/or a salt thereof is further reduced in the presence of hydrogen and an additional metal

catalyst.

51. The method of embodiment 50, wherein the additional metal catalyst is a rhodium

catalyst, a thenium catalyst, or a rhodium-rhenium catalyst.
52. The method of embodiment 51, wherein the additional metal catalyst is Rh-Re/Si0;.

53. The method of any one of embodiments 45 to 52, wherein the compound of formula (A)
and the ammonia are further combined with a metal catalyst to produce the compound of formula

(J) and/or a salt thereof.
54. The method of embodiment 55, wherein the metal catalyst is a copper catalyst.

55. A method of producing a compound of formula (R):

O

HN
R2

R"  ®),
wherein R' and R are each independently hydrogen or alkyl,
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the method comprising:

converting a compound of formula (A) to a compound of formula (P) and/or a salt

thereof, wherein:

the compound of formula (A) is:

wherein:
R' and R? are as defined for formula (R) above, and
X is halo, and

the compound of formula (P) is:

R" R,
wherein R' and R” are as defined for formula (R) above; and

converting the compound of formula (P) and/or a salt thereof to the compound of formula

R).
56. The method of embodiment 55, wherein R' and R* are both hydrogen.

57. The method of embodiment 55 or 56, wherein the converting of the compound of formula

(A) to the compound of formula (P) and/or a salt thereof comprises:

converting the compound of formula (A) to a compound of formula (N) and/or a salt

thereof, wherein:

the compound of formula (N) is:
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RY \ / O
RVRE (v,
wherein:
R' and R? are as defined for formula (R) above, and
R" is —-NH, or —N3; and

reducing the compound of formula (N) and/or a salt thereof to the compound of formula

(P) and/or a salt thereof.

58. The method of embodiment 57, wherein the converting of the compound of formula (A)

to the compound of formula (N) and/or a salt thereof comprises:

combining the compound of formula (A) with R'OH, wherein R" is an alkali metal, to

produce the compound of formula (M), wherein:

the compound of formula (M) is:

1 2
R™ R (M),
wherein R' is as defined above; and

combining the compound of formula (M) with ammonia to produce the compound of

formula (N) and/or a salt thereof, wherein R is -NHo.

59. The method of embodiment 57, wherein the converting of the compound of formula (A)

to the compound of formula (N) comprises:

combining the compound of formula (A) with R'OH, wherein R" is an alkali metal, to

produce the compound of formula (M), wherein:

the compound of formula (M) is:
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R" R,
wherein R' is as defined above; and

combining the compound of formula (M) with an azide to produce the compound of

formula (N), wherein R" is -Nj.

60. The method of embodiment 55 or 59, wherein the compound of formula (A) and R'OH
are further combined with a metal in the presence of oxygen to produce the compound of

formula (M).

61. The method of any one of embodiments 55 to 60, wherein the converting of the
compound of formula (P) and/or a salt thereof to the compound of formula (R) and/or a salt

thereof comprises:

converting the compound of formula (P) and/or a salt thereof to a compound of formula

(Q) and/or a salt thereof, wherein:

the compound of formula (Q) is:

R* OH (),

wherein R' and R” are as defined for formula (R) above; and

cyclizing the compound of formula (Q) and/or a salt thereof to produce the compound of

formula (R).
62. A method for producing caprolactam, comprising:

converting 5-(halomethyl)furfural to 5-(aminomethyl)tetrahydrofuran-2-carboxylic acid;

and

converting the 5-(aminomethyl)tetrahydrofuran-2-carboxylic acid to caprolactam.
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63. A method of producing a compound of formula (R):

O

HN
R2

R"  ®),
wherein R' and R are each independently hydrogen or alkyl,
the method comprising:

reducing a compound of formula (N-1) and/or a salt thereof to produce a compound of

formula (P) and/or a salt thereof, wherein:

the compound of formula (N-1) is:

H,N \ / O
R" R®

wherein R' and R” are as defined for formula (R) above, and

the compound of formula (P) is:

R" R®  p)
wherein R' and R” are as defined for formula (R) above; and

converting the compound of formula (P) and/or salt thereof to the compound of formula

(R).
64. The method of embodiment 63, wherein R' and R* are both hydrogen.

65. The method of embodiment 63 or 64, wherein the compound of formula (N-1) and/or a

salt thereof is produced according to the method of any one of embodiments 54 to 57.
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66. The method of any one of embodiments 63 to 65, wherein the converting of the

compound of formula (P) and/or a salt thereof to the compound of formula (R) comprises:

converting the compound of formula (P) and/or a salt thereof to a compound of formula

(Q) and/or a salt thereof, wherein:

the compound of formula (Q) is:

R']

O
HoN

R*> OH (),

wherein R' and R” are as defined for formula (R) above; and

cyclizing the compound of formula (Q) and/or a salt thereof to produce the compound of

formula (R).

67. A method of producing a polymer of formula (V):

R 0

R? ),
wherein:
R' and R” are each independently hydrogen or alkyl, and
n is greater than 1,
the method comprising:

polymerizing a compound of formula (N-1) and/or a salt thereof to produce a polymer of

formula (T), wherein:

the compound of formula (N-1) is:
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OH
O

H,oN \ / o)
R" R®

wherein R' and R” are as defined for formula (V) above, and

the polymer of formula (T) is:

"),
wherein Rl, R? and n are as defined for formula (V) above;
reducing the polymer of formula (T) to a polymer of formula (U), wherein:

the polymer of formula (U) is:

wherein Rl, R? and n are as defined for formula (V) above; and
converting the polymer of formula (U) to the polymer of formula (V).

68. A method of producing a polymer of formula (V):

R 0

R? V),
wherein:

R' and R” are each independently hydrogen or alkyl, and
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n is greater than 1,
the method comprising:

providing a compound of formula (D) produced according to the method of any one of

embodiments 1 to 4; and
converting the compound of formula (D) to the polymer of formula (V).

69. A method of producing a polymer of formula (V):

R 0O

R? ),
wherein:
R' and R” are each independently hydrogen or alkyl, and
n is greater than 1,
the method comprising:

providing a compound of formula (F) produced according to the method of embodiment

8 or 9; and
converting the compound of formula (F) to the polymer of formula (V).

70. A method of producing a polymer of formula (V):

R 0

R? ),
wherein:
R' and R” are each independently hydrogen or alkyl, and

n is greater than 1,
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the method comprising:

providing a compound of formula (I) produced according to the method of any one of

embodiments 11 to 17 and 45 to 54; and
converting the compound of formula (I) to the polymer of formula (V).

71. A method of producing a polymer of formula (V):

R 0O

R? ),
wherein:
R' and R” are each independently hydrogen or alkyl, and
n is greater than 1,
the method comprising:

providing a compound of formula (R) produced according to the method of any one of

embodiments 55 to 61 and 63 to 66; and

converting the compound of formula (R) to the polymer of formula (V).

72. A method for producing nylon, comprising:
providing:
(1) cyclohexanone according to the method of any one of embodiments 5 to 7,
or

(ii) hexane-1,6-diol according to the method of embodiment 10, or

(iii)  hexamethylenediamine according to the method of any one of

embodiments 18 to 24; or

(iv)  caprolactam according to the method of embodiment 62,

or any combination thereof; and
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converting the cyclohexanone, the hexane-1,6-diol, the hexamethylenediamine, the

caprolactam, or any combination thereof, to nylon.

73. A method for producing nylon having the structure of formula (X):

O

W”); N

wherein n is an integer greater than 0;

)s

the method comprising:

converting 5-(halomethyl)furfural to 5-(aminomethyl)furan-2-carboxylic acid; and

polymerizing the 5-(aminomethyl)furan-2-carboxylic acid to form a polymer of formula

(X1):

ZT

N (x1y

reducing the polymer of formula (X1) to form a polymer of formula (X2):

ZT

N (X2); and
converting the polymer of formula (X2) to the nylon of formula (X).

74. A polymer of formula (U):
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wherein:

R' and R” are each independently hydrogen or alkyl, and

n is greater than 1.

EXAMPLES

[0161] The following Examples are merely illustrative and are not meant to limit any aspects
of the present disclosure in any way. It should also be understood that the compounds provided
in square brackets in the reaction schemes below are intermediates that may, without wishing to

be bound by any theory, be formed.
Example 1

Synthesis of Cyclohexanone

o)

Ha i
. J\ cl pxylene \/O\ Rh-Re/SiO, )\/\/\ O>< )
0 RU/ALLO; \n/

HZO 0

0O
ZnCl,/HCI 0
)J\/\/\(H
OH
MCH
Materials and Methods
Ho
oA Yo B Ho [\
O RU/AI203 O

[0162] To a parr reactor is added 5-(chloromethyl)furfural and p-xylene followed by
Ru/Al,Os. The reactor is then flushed three times with nitrogen and subsequently with hydrogen.

After flushing, the reactor is pressurized to 90 bar, and the reaction mixture is stirred and heated
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to 100 °C for 10 h. Product conversion and selectivity are analyzed by gas phase

chromatography (GC). The product is then purified by distillation.

Rh-Re/SI0, 7
H,0

[0163] To a parr reactor is added 5-methyltetrahydrofuranalcohol and water followed by Rh-
Re/S10,. The reactor is then flushed three times with nitrogen and subsequently with hydrogen.
After flushing, the reactor is pressurized to 80 bar, and the reaction mixture is stirred and heated
to 180 °C for 5 h. Product conversion and selectivity are analyzed by GC. The product is then

purified by distillation.

OH 8>< e}

[0164] To a round bottom flask is added the diol, acetone and dimethyldioxirane (DMDO).
The reaction mixture is stirred at room temperature for 2 h. Product conversion and selectivity

are analyzed by GC. The product is then purified by distillation.
foi

[0165] To a round bottom flask is added the keto alcohol compound, toluene and ZnCl,. HCI1

0 ZnClo/HClI

oo 2

gas is then introduced into the reaction mixture. The reaction mixture is then stirred at room
temperature for 1 h followed by heating to reflux. Product conversion and selectivity are

analyzed by GC. The product is then purified by distillation.
Example 2

Synthesis of Cyclohexanone
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MH Selective
H2 SN . . 0
© catalyst S |:|20
2

i ; 0
ZnCl,/HClI 0
—_— )W

cl

[ oH
Cl

[ oH

_/\/\/\C[

[0166] To a parr reactor is added 5-chloromethylfurfural and toluene followed by a catalyst,
Pt/C. The reactor is then flushed three times with nitrogen and subsequently with hydrogen.
After flushing, the reactor is pressurized to 10 bar, and the reaction mixture is stirred and heated
to 100 °C for 5 h. Product conversion and selectivity are analyzed by GC. The product is then
purified by distillation or directly transferred into another parr reactor containing the catalyst Rh-
Re/Si0, and water. This reactor is pressurized to 80 bar, and the reaction mixture is stirred and

heated to 120 °C for 5 h which gives the keto-alcohol product.

[0167] The subsequent conversion of 6-hydroxyhexan-2-one to cyclohexanone, as illustrated
in the reaction scheme above, is performed according to the procedure set forth in Example 1

above.
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Example 3

Synthesis of 1,6-Hexanediamine

H
NH 2
Ou A\ cl 3 HN\‘/@\/NHZ . HzN\/()\/NHZ
0 0 Raney-Ni O
1) CuSO,
NH3 NH3
NaN; Ha
O%/Q\/NHZ Raney-Ni

HN /i
Ov@\/'\h e N o\ .

0)

Materials and Methods

[0168] The following reactions are alternative methods of producing (5-(iminomethyl)furan-

2-yl)methanamine.
Alternative #1:

NH

O O
[0169] A round bottom flask equipped with a stir bar is cooled to -56 °C with a dry ice/n-
octane bath and equipped with a cold finger condenser cooled with a dry ice/n-octane mixture.
Ammonia gas is slowly introduced into the setup which will be trapped in its liquid form. Then
5-chloromethylfurfural is slowly added dropwise to liquid ammonia which behaves as a solvent
and a reagent. After stirring for 1-2 hours, the ammonia is evacuated from the flask while
warming up the flask to room temperature. The resulting residue is directly used in the following

reduction reaction.
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Alternative #2:

O U V.
O
NaN3 l
NHj;, Lewis acid HN 7\ N
3
O A/ N\ N, - g

[0170] To a round bottom flask equipped with a stir bar is added 5-(chloromethyl)furfural
(CMF) and toluene. The reaction mixture is cooled to 0 °C and NaNj is slowly added. The
reaction mixture is slowly warmed up to room temperature until complete CMF conversion is
achieved. The resulting NaCl salt is then filtered off from the reaction mixture. Then toluene is

evaporated to yield the azide aldehyde product.

[0171] Then, to a round bottom flask equipped with a stir bar is added the azide aldehyde
residue and EtOH. This flask is then cooled to -56 °C with a dry ice/n-octane bath and equipped
with a cold finger condenser cooled with a dry ice/n-octane mixture. Ammonia gas is slowly
introduced into the setup which will be trapped in its liquid form. After stirring for 1-2 hours, the
ammonia is evacuated from the flask while warming up the flask to room temperature. The

resulting residue is directly used in the subsequent reduction reaction.

Alternative #3:

[0172] To a parr reactor is added S5-chloromethylfurfural (CMF), CuSO,, PEGgg-DIL and
dioxane. The reactor is then flushed three times with nitrogen and subsequently with NHs. After
flushing, the reactor is pressurized to 1 bar, and the reaction mixture is stirred and heated to 60

°C for 3 h. After cooling down the parr reactor, the reaction mixture is concentrated.
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Ha
NG N NH, —— HN [ NN,

O Raney-Ni O

Raney-Ni

HNG /N N;
@)
[0173] To a parr reactor is added the imine compound, dried p-xylene and Raney-Ni. The
reactor is then flushed three times with nitrogen and subsequently with hydrogen. After flushing,
the reactor is pressurized to 90 bar, and the reaction mixture is stirred and heated to 100 °C for
10 h. Product conversion and selectivity are analyzed by a reverse phase high-performance liquid

chromatography (HPLC). The crude reaction mixture is carried over to the next reaction.

H2
HZN\/O\/NHz Nafion SAC-13 ’ N/Y\/\/NH2 H2N/\/\/\/NH2
o Rh-Re/SIO, | 2 OH
H,0

[0174] The diamine crude compound, Rh-Re/SiO, catalyst, water, Nafion SAC-13 are added
to a parr reactor. The reactor is then flushed three times with nitrogen and subsequently with
hydrogen. After flushing, the reactor is pressurized to 10 bar, and the reaction mixture is stirred
and heated to 80 °C for 10 h. Product conversion and selectivity are analyzed by gas

chromatography—mass spectrometry (GCMS).
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Example 4

Synthesis of 1,6-Hexanediol

NaOAc Hy
O\\/@\/m o /! '\ oAc —— HO\/O\/OAC
@)

O 0] Raney-Ni
- H2 OH
Nafion SAC-13 ACO\)\/\/\ + AcO oH ACO A~
Rh-Re/Si OH OH
-Re/SiO, OH
H>0O
l NaOH
NaOAc + HO\/\/\/\OH
Materials and Methods
NaOAc
o I . c . Ou I \. oAc
(@] O

[0175] To a round bottom flask equipped with a stir bar and a condenser is added 5-
chloromethylfurfural (CMF), sodium acetate (NaOAc) and p-xylene. The reaction mixture is
heated to reflux until all NaCl is observed to crash out of the solution. The crude solution is then

filtered and directly transferred in the parr reactor for next step.

Hy

o 4 N\__orc —— Ho [\ oAc
@) Raney-Ni o)
[0176] A parr reactor is loaded with the previous crude solution and Raney-Ni. The reactor is

then flushed three times with nitrogen and subsequently with hydrogen. After flushing, the
reactor is pressurized to 90 bar, and the reaction mixture is stirred and heated to 100 °C for 10 h.
Product conversion and selectivity are analyzed by reverse phase HPLC. The crude reaction

mixture is concentrated under vacuum.

H OH
2
. ACO\)\/\/\
HO\/()\/OAC Nafion SAC-13 OH ACO
Rh-Re/SiO,
AcO
OH
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[0177] The previous crude residue, Rh-Re/SiO, catalyst, Nafion SAC-13 and water are

added to a parr reactor. The reactor is then flushed three times with nitrogen and subsequently
with hydrogen. After flushing, the reactor is pressurized to 10 bar, and the reaction mixture is
stirred and heated to 80 °C for 10 h. Product conversion and selectivity are analyzed by GCMS.

The crude reaction mixture is carried over to the next reaction.

ACO\/\/\/\OH e HOM/\OH + NaOAc

[0178] To a round bottom flask equipped with a stir bar and a condenser is added the crude
reaction mixture (acetate compound in p-xylene) and NaOH. The mixture is heated to reflux
until all NaOAc crashed out. Product conversion and selectivity are analyzed by GCMS. The

diol is purified from the reaction solvent by phase separation.
Example 5

Synthesis of Caprolactam

NH3

oo /\ ¢ Au, O, o . !/ \. o —-» ol VR
0 NaOH 0 or Ny 0
NaO HO
R:NH2, N3
H H, OH
2 0 NH, Nafion SAC-13 |0 O
oy (3 ey | — S,
Pd(OH),/C HO Rh-Re/SiO, OH OH
H,O
| .
e NH
Y\/\/\NHz I
OH
Materials and Methods
o\\/@\/m Au, O, o \. c
0 NaOH O

NaO

[0179] To a parr reactor is added 5-chloromethylfurfural (CMF), Au, sodium hydroxide

(NaOH) and tetrahydrofuran (THF). The reactor is then flushed three times with nitrogen and
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subsequently with oxygen. After flushing, the reactor is pressurized to 3 bar, and the reaction
mixture is stirred and heated to 60 °C for 4 h. The furancarboxylate salt is separated from the

solvent by filtration.

NH;
oo /\ o ——. o N\ R
o orN o
NaO 3 HO

R = NH2, N3

[0180] With NHs: A round bottom flask equipped with a stir bar is cooled to -56 °C with a
dry ice/n-octane bath and equipped with a cold finger condenser cooled with a dry ice/n-octane
mixture. Ammonia gas is slowly introduced into the setup which will be trapped in its liquid
form. Then 5-(chloromethyl)furancarboxylate is slowly added to liquid ammonia. After stirring
for 1-2 hours, the ammonia is evacuated from the flask while warming up the flask to room
temperature. The resulting residue is directly used in the following reduction reaction or purified

by recrystallization.

[0181] With Ns: To a round bottom flask equipped with a stir bar is added 5-
(chloromethyl)furancarboxylate and DMF. The reaction mixture is cooled to 0 °C and NaNj is
slowly added. The reaction mixture is slowly warmed up to room temperature and then heated to
80 °C for 4 h. The resulting NaCl salt is then filtered off from the reaction mixture. The resulting

residue is directly used in the following reduction reaction.

AW H, OyO\/NHz
0 - = @)

HO Pd(OH)yC HO
R = NH,, N3
[0182] A parr reactor is loaded with the previous crude solution and Pd(OH),/C. The reactor
is then flushed three times with nitrogen and subsequently with hydrogen. After flushing, the
reactor is pressurized to 3 bar, and the reaction mixture is stirred and heated to 50 °C for 1 h.
Product conversion and selectivity are analyzed by reverse phase HPLC. The crude reaction

mixture is used as it is in the next step or the product can also be purified by recrystallization.
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H, OH
O NH, Nafion SAC-13 O
Rh-Re/SiO, OH

HO
H,0

NH

OY\/\/\NHZ -

OH

[0183] The previous reaction mixture (or purified product), Rh-Re/SiO; catalyst, Nafion
SAC-13 are added to a parr reactor. The reactor is then flushed three times with nitrogen and
subsequently with hydrogen. After flushing, the reactor is pressurized to 10 bar, and the reaction
mixture is stirred and heated to 80 °C for 10 h. Product conversion and selectivity are analyzed

by GCMS. Either open or closed form of caprolactam can be obtained in this reaction.
Example 6

Synthesis of Nylon-6

o I\ o A0 o J N\ c N OY@\/NH
o ~Neon 0 - 0
NaOH  Nao HO

peptide coupling
—_—
d(OH),/C

@]

Nafion SAC-13 )’ WN)/
hbihatiiadiig n ——

Rh-Re/SiO, H

nylon 6

Materials and Methods
OV[LC' Au, O, o A N\
9) NaOH O

NaO
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[0184] To a parr reactor is added 5-chloromethylfurfural (CMF), Au, NaOH and THF. The

reactor is then flushed three times with nitrogen and subsequently with oxygen. After flushing,
the reactor is pressurized to 3 bar, and the reaction mixture is stirred and heated to 60 °C for 4 h.

The furancarboxylate salt is purified by simple filtration out of the solvent.

oo / N\ ¢ NHs o / . NH,

—_—

O @)
NaO HO
[0185] A round bottom flask equipped with a stir bar is cooled to -56 °C with a dry ice/n-
octane bath and equipped with a cold finger condenser cooled with a dry ice/n-octane mixture.
Ammonia gas is slowly introduced into the setup which will be trapped in its liquid form. Then
5-(chloromethyl)furancarboxylate is slowly added to liquid ammonia. After stirring for 1-2
hours, the ammonia is evacuated from the flask while warming up the flask to room temperature.

Solvent is evaporated and the resulting residue is purified by recrystallization.

0 7\ NH, peptide coupling H J\

() 0
HO 0]

[0186] To a round bottom flask equipped with a stir bar and a dean-stark trap is added the
furan-aminoacid and toluene. The reaction mixture is stirred and heated to reflux until most of
the water has been removed. The crude reaction is then concentrated and washed continuously

with water to remove any amino acids residue to yield a purified furan amide polymer.

I
N
ZT

ZT
~I
—

[0187] A parr reactor is loaded with the previous crude solution and Pd(OH),/C. The reactor
is then flushed three times with nitrogen and subsequently with hydrogen. After flushing, the
reactor is pressurized to 3 bar, and the reaction mixture is stirred and heated to 50 °C for 1 h.
Product conversion and selectivity are analyzed by reverse phase HPLC. The crude reaction

mixture is used as it is in the next step or the product can also be purified by recrystallization.
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Hy o 0

H Nafion SAC-13 \(\/\/\)LN)/ S WN%
[ —. n
l o) Rh-Re/SiO, oH A Ho
n
nylon 8

[0188] The previous reaction mixture (tetrahydrofuran amide polymer in DMF), Rh-Re/Si0,
catalyst, Nafion SAC-13 are added to a parr reactor. The reactor is then flushed three times with
nitrogen and subsequently with hydrogen. After flushing, the reactor is pressurized to 10 bar, and
the reaction mixture is stirred and heated to 80 °C for 10 h. Nylon 6 is then purified by

continuous washing with DMF.
Example 7A

Synthesis of 5-(Aminomethyl)furan-2-carbaldehyde

liquid NHs
Ov[;\)\/CI Ov[;\)VNHZ

[0189] This example demonstrates the synthesis of 5-(aminomethyl)furan-2-carbaldehyde
from 5-(chloromethyl)furfural (CMF).

[0190]  Apparatus setup: Ammonia gas was delivered to an empty 3-neck flask through a
sparge stone, which was connected to another 3-neck round bottom flask (reaction flask)
equipped with a dewar condenser and a stir bar. The dewar condenser was connected from the

top to another 2-neck empty flask, which was connected to a water bubbler for ammonia

trapping.

[0191] The apparatus was first flame dried and flushed under inert gas before introduction
of ammonia gas. The reaction flask was cooled to -40 °C using an acetonitrile/dry ice bath and
the dewar condenser was cooled to -78 °C using acetone/dry ice. The ammonia was then
introduced into the system at 1-2 psi until 70 ml of liquid ammonia was condensed into the
reaction flask. Then, solid CMF (0.202 g) was introduced. The reaction mixture was stirred for
1.5 h. An aliquot of the reaction mixture was diluted in acetonitrile and was analyzed by

electrospray ionization mass spectrometry (ESI-MS).

[0192] The formation of 5-(aminomethyl)furan-2-carbaldehyde was confirmed by the ESI-
MS data. ESI-MS calculated for CsH/NO, [M]: 125.1; Observed: [M+H]: 126.2.
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Example 7B

Synthesis of 5-(Aminomethyl)furan-2-carbaldehyde

liquid NH

0 CuSO, 0

[0193] This example also demonstrates the synthesis of 5-(aminomethyl)furan-2-

carbaldehyde from 5-(chloromethyl)furfural (CMF).

[0194] The same apparatus setup as Example 7A above was used in this example. The
apparatus was first flame dried and flushed under inert gas before introduction of ammonia gas.
The reaction flask was cooled to -40 °C using an acetonitrile/dry ice bath and the dewar
condenser was cooled to -78 °C using acetone/dry ice. The ammonia was then introduced into
the system at 1-2 psi until 70 ml of liquid ammonia was condensed into the reaction flask. Then,
solid CMF (0.202 g) was introduced. The reaction mixture was allowed to stir for 2 h, and then
CuSOy (6.6 mg, 3%) was added. The reaction mixture was allowed to stir for an additional 40
minutes. An aliquot of the reaction mixture was diluted in acetonitrile and was analyzed by ESI-

MS.

[0195] The formation of 5-(aminomethyl)furan-2-carbaldehyde was confirmed by the ESI-
MS data. Observed: [M+H]: 126.2.

Example 7C

Synthesis of 5-(Aminomethyl)furan-2-carbaldehyde

OQA/CI NH; in dioxane O%/(LNHz

O O

[0196] This example also demonstrates the synthesis of 5-(aminomethyl)furan-2-

carbaldehyde from 5-(chloromethyl)furfural (CMF).

[0197] To a screw cap vial was added 186.9 mg of CMF, followed by 5.4 ml of 0.5 M NHj
in dioxane. The reaction mixture was stirred for 2 h at 20 °C. An aliquot of the reaction mixture

was diluted in acetonitrile and was analyzed by ESI-MS.

78



WO 2015/175528 PCT/US2015/030364
[0198] The formation of 5-(aminomethyl)furan-2-carbaldehyde was confirmed by the ESI-

MS data. Observed [M+H]: 126.2.
Example 7D

Synthesis of 5-(Aminomethyl)furan-2-carbaldehyde

NHs in di
O§A/CI 3 in dioxane OV&/NHZ

O CuSO, 0

[0199] This example also demonstrates the synthesis of 5-(aminomethyl)furan-2-

carbaldehyde from 5-(chloromethyl)furfural (CMF).

[0200] To a screw cap vial was added 186.9 mg of CMF, followed by 5.4 ml of 0.5 M NHj
in dioxane. The reaction mixture was stirred for 2 h at 20 °C. Then, 21 mg of CuSO, was added
to the reaction mixture, and the reaction mixture was stirred for an additional 1 h. An aliquot of

the reaction mixture was diluted in acetonitrile and was analyzed by ESI-MS.

[0201] The formation of 5-(aminomethyl)furan-2-carbaldehyde was confirmed by the ESI-
MS data. Observed [M+H]: 126.2.

Example 8

Synthesis of Chloride Salt of 5-(Aminomethyl)furan-2-carbaldehyde

cf

1) Liquid NH @

O 2) HCl O

[0202] This example demonstrates the synthesis of a chloride salt of 5-(aminomethyl)furan-
2-carbaldehyde from 5-(chloromethyl)furfural (CMF). The chloride salt is also referred to as (5-

formylfuran-2-yl)methanaminium chloride.

[0203] The same apparatus setup as Example 7A above was used in this example. The
apparatus was first flame dried and flushed under inert gas before introduction of ammonia gas.
The reaction flask was cooled to -40 °C using an acetonitrile/dry ice bath and the dewar
condenser was cooled to -78 °C using acetone/dry ice. The ammonia was then introduced into

the system at 1-2 psi until 30-40 ml of liquid ammonia was condensed into the reaction flask.
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Then, solid CMF (1.16 g) was introduced. The reaction mixture was allowed to stir for 5
minutes at -40 °C. Then, the bath was removed and the reaction flask was allowed to warm up to
room temperature under air (20 °C), while the ammonia was observed to slowly evaporate over
26 min. At that time, an orange/red solid was visible at the bottom of the flask. THF was added
(18 ml) and the mixture was filtered through a Biichner funnel. The solid residue was
sequentially washed with dichloromethane (DCM; 50 ml), water (50 ml) and acetone (50 ml) and

was allowed to dry under air.

[0204] The residue was then dissolved with 6 M HCI and purified on cellulose column
chromatography using eluent methanol (MeOH) / acetic acid (AcOH) / water (4:2:1). The
product fractions were eluted on paper chromatography and checked by ninhydrin stain (reddish
orange spot, Ry = 0.9, MeOH/AcOH/water (4:2:1)). The combined fractions were then
concentrated to yield a solid (569 mg, 44% yield). The structure of the solid was analyzed by 'H
NMR and ESI-MS.

[0205] The formation of the chloride salt of 5-(aminomethyl)furan-2-carbaldehyde was
confirmed by the '"H NMR and ESI-MS data.

[0206] 'H NMR (600 MHz, deuterium oxide) § ppm: 4.25 (s, 2 H) 6.72 (d, J=3.52 Hz, 1 H)
6.95 (brs, 1 H) 7.02-7.05 (m, 1 H) 7.12 (br s, 1 H) 7.43 (d, /=4.11 Hz, 1 H) 9.39 (s, 1 H).

[0207] ESI-MS calculated for CsH;NO, [M]: 125.1; Observed [M+H]: 126.2.
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CLAIMS
What is claimed is:
L. A method of producing a compound of formula (D):
R’I
R? O
D),

wherein R' and R are each independently hydrogen or alkyl,
the method comprising:
converting a compound of formula (A) to a compound of formula (B), wherein:

the compound of formula (A) is:

wherein:
R' and R? are as defined for formula (D) above, and
X is halo, and

the compound of formula (B) is:

OH R?

OH
R B),

wherein R' and R” are as defined for formula (D) above;

oxidizing the compound of formula (B) to a compound of formula (C), wherein:
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the compound of formula (C) is:

O R?

I

R ©)
wherein R' and R* are as defined for formula (D) above; and
cyclizing the compound of formula (C) to produce the compound of formula (D).
2. A method of producing cyclohexanone, comprising:
converting 5-(halomethyl)furfural to hexane-1,5-diol;
oxidizing the hexane-1,5-diol to produce 6-hydroxyhexan-2-one; and
cyclizing the 6-hydroxyhexan-2-one to produce cyclohexanone.

3. A method of producing a compound of formula (F):

R2

HO\/\)\/\OH

R (B,
wherein R' and R are each independently hydrogen or alkyl,
the method comprising:

combining a compound of formula (A) with an alkanolate or acetate salt to produce a

compound of formula (E), wherein:

the compound of formula (A) is:

wherein:
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R' and R? are as defined for formula (F) above, and
X is halo, and

the compound of formula (E) is:
N
R \ / ©

wherein:
R' and R? are as defined for formula (F) above, and

R" is O(alkyl) when an alkanolate salt is used, and R* is CO,(alkyl)

when an acetate salt is used; and
reducing the compound of formula (E) to produce the compound of formula (F).
4. A method of producing hexane-1,6-diol, comprising:

contacting 5-(halomethyl)furfural with an alkanolate or acetate salt to produce 5-

(alkoxymethyl)furan-2-carbaldehyde; and
reducing the 5-(alkoxymethyl)furan-2-carbaldehyde to produce hexane-1,6-diol.

5. A method of producing a compound of formula (I):

R2

NH
HZN/\)\(\/ 2

R .
and/or a salt thereof, wherein R' and R* are each independently hydrogen or alkyl,
the method comprising:

converting a compound of formula (A) to a compound of formula (H) and/or a salt

thereof, wherein:

the compound of formula (A) is:
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wherein:
R' and R? are as defined for formula (I) above, and

X is halo, and

the compound of formula (H) is:

wherein R' and R* are as defined for formula (I) above; and

converting the compound of formula (H) and/or a salt thereof to the compound of

formula (I) and/or a salt thereof.

6. The method of claim 5, wherein the converting of the compound of formula (A) to a

compound of formula (H) and/or a salt thereof comprises:

combining the compound of formula (A) with ammonia to produce a compound of

formula (G) and/or a salt thereof, wherein:

the compound of formula (G) is:

o
HN" \ / “NH

1 2
RT R (©),
wherein R' and R* are as defined for formula (I) above; and

converting the compound of formula (G) and/or a salt thereof to the compound of

formula (H) and/or a salt thereof.
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7. The method of claim 6, wherein the compound of formula (A) and the ammonia are
further combined with a copper catalyst to produce the compound of formula (G) and/or a salt

thereof.

8. The method of claim 5, wherein the converting of the compound of formula (A) to a

compound of formula (H) comprises:
converting the compound of formula (A) to a compound of formula (L), wherein:

the compound of formula (L) is:

@)
NS\ / "NH

1 2
RW R (L),
wherein R' and R* are as defined for formula (I) above; and

converting the compound of formula (L) to the compound of formula (H).

9. The method of claim 8, wherein the converting of the compound of formula (A) to the

compound of formula (L) comprises:

combining the compound of formula (A) with an azide to produce a compound of

formula (K), wherein:

the compound of formula (K) is:

N
N3 \ / O
R" R
wherein R' and R* are as defined for formula (I) above; and

combining the compound of formula (K) with ammonia to produce the compound of

formula (L).
10. A method of producing hexamethylenediamine, comprising:

converting 5-(halomethyl)furfural to (tetrahydrofuran-2,5-diyl)dimethanamine; and
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converting the (tetrahydrofuran-2,5-diyl)dimethanamine to hexamethylenediamine.

11. The method of claim 10, wherein the converting of 5-(halomethyl)furfural to

(tetrahydrofuran-2,5-diyl)dimethanamine comprises:
converting the 5-(halomethyl)furfural to (5-(iminomethyl)furan-2-yl)methanamine; and

converting the (5-(iminomethyl)furan-2-yl)methanamine to the (tetrahydrofuran-2,5-

diyl)dimethanamine.

12. The method of claim 10, wherein the converting of 5-(halomethyl)furfural to

(tetrahydrofuran-2,5-diyl)dimethanamine comprises:

combining the 5-(halomethyl)furfural with ammonia to produce (5-(iminomethyl)furan-

2-yl)methanamine; and

reducing the (5-(iminomethyl)furan-2-ylymethanamine to produce the (tetrahydrofuran-

2,5-diyl)dimethanamine.

13. The method of claim 10, wherein the converting of 5-(halomethyl)furfural to

(tetrahydrofuran-2,5-diyl)dimethanamine comprises:
converting the 5-(halomethyl)furfural to (5-(azidomethyl)furan-2-yl)methanimine; and

converting the (5-(azidomethyl)furan-2-yl)methanimine to the (tetrahydrofuran-2,5-

diyl)dimethanamine.

14. The method of claim 13, wherein the converting of the 5-(halomethyl)furfural to (5-

(azidomethyl)furan-2-yl)methanimine comprises:

combining the 5-(halomethyl)furfural with an azide to produce 5-(azidomethyl)furan-2-

carbaldehyde; and

combining the 5-(azidomethyl)furan-2-carbaldehyde with ammonia to produce the (5-

(azidomethyl)furan-2-yl)methanimine.

15. A method of producing a compound of formula (J):
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N
HN \ / O
R'R ),
and/or a salt thereof, wherein R' and R* are each independently hydrogen or alkyl,
the method comprising:

combining a compound of formula (A) with ammonia to form a reaction mixture,

wherein:

the compound of formula (A) is:

wherein:
R' and R? are as defined for formula (J) above, and

X is halo, and

producing the compound of formula (J) and/or a salt thereof from at least a portion of the

reaction mixture.

16. The method of claim 15, wherein the salt of the compound of formula (J) is a compound

of formula (J-X):

wherein:
R' and R? are as defined for formula (J) above, and
X is as defined for formula (A) above.
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17. A method of producing a compound of formula (J-X):

XHN)T O\ /o

wherein:
R' and R” are each independently hydrogen or alkyl, and
X is halo,

the method comprising:

combining a compound of formula (A) with ammonia and acid to form a reaction

mixture, wherein:

the compound of formula (A) is:

wherein:
R' and R? are as defined for formula (J-X) above, and
X is halo, and
producing the compound of formula (J-X) from at least a portion of the reaction mixture.

18. The method of claim 17, wherein the acid is HY, wherein Y is halo, and the method

further comprises:

producing a compound of formula (J-Y) from at least a portion of the reaction mixture,

wherein the compound of formula (J-Y) is:
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wherein:
R' and R? are as defined for formula (J-X) above, and
Y is as defined for the acid.

19. A method of producing a compound of formula (J-X):

@)
X*HNY O\ /o

R' R gx),
wherein:
R' and R” are each independently hydrogen or alkyl, and
X is halo,
the method comprising:

a) combining a compound of formula (A) with ammonia to form a reaction mixture,

wherein:

the compound of formula (A) is:

wherein:
R' and R? are as defined for formula (J-X) above, and

X is halo;
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b) producing a compound of formula (J) in the reaction mixture, wherein the

compound of formula (J) is:

N
HoN \ 0
R" R
wherein R' and R* are as defined for formula (J-X) above; and

c) adding an acid to the reaction mixture of step (b) to produce the compound of

formula (J-X).

20. The method of claim 19, wherein the acid is HY, wherein Y is halo, and wherein the
adding of the acid to the reaction mixture of step (b) produces the compound of formula (J-X), or
a compound of formula (J-Y), or a combination thereof, wherein the compound of formula (J-Y)

is:

Y*HNY O\ / o
R" R

wherein:
R' and R? are as defined for formula (J-X) above, and
Y is as defined for the acid.

21. A method of producing a compound of formula (J-X):

X*HNY O\ /o

wherein:
R' and R” are each independently hydrogen or alkyl, and

X is halo,
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the method comprising:

a) combining a compound of formula (A) with ammonia to form a reaction mixture,

wherein:

the compound of formula (A) is:

wherein:
R' and R? are as defined for formula (J-X) above, and

X is halo;

b) producing a compound of formula (J) from at least a portion of the reaction

mixture, wherein the compound of formula (J) is:

@)
N\ / o

R" R
wherein R' and R* are as defined for formula (J-X) above; and

c) isolating the compound of formula (J) produced; and

d) combining the isolated compound of formula (J) with an acid to produce the

compound of formula (J-X).

22. The method of claim 21, wherein the acid is HY, wherein Y is halo, and wherein the
combining of the isolated compound of formula (J) with the acid produces the compound of
formula (J-X), or a compound of formula (J-Y), or a combination thereof, wherein the compound

of formula (J-Y) is:
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wherein:
R' and R? are as defined for formula (J-X) above, and
Y is as defined for the acid.

23. A method of producing a compound of formula (I):

and/or a salt thereof, wherein R' and R* are each independently hydrogen or alkyl,
the method comprising:

combining a compound of formula (A) with ammonia to produce a compound of formula

(J) and/or a salt thereof, wherein:

the compound of formula (A) is:

wherein:

R' and R? are as defined for formula (I) above, and
X is halo, and

the compound of formula (J) is:
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N
HaN \ / o)
R" R*

and/or a salt thereof, wherein R' and R are as defined for formula (D

above; and

reducing the compound of formula (J) and/or a salt thereof in the presence of additional

ammonia to produce the compound of formula (H) and/or a salt thereof, wherein:

the compound of formula (H) is:

wherein R' and R* are as defined for formula (I) above; and

further reducing the compound of formula (H) and/or a salt thereof to produce the

compound of formula (I) and/or a salt thereof.

24. A method of producing a compound of formula (R):

O

HN
R2

R"  ®),
wherein R' and R are each independently hydrogen or alkyl,
the method comprising:

converting a compound of formula (A) to a compound of formula (P) and/or a salt

thereof, wherein:

the compound of formula (A) is:
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wherein:

R' and R? are as defined for formula (R) above, and
X is halo, and

the compound of formula (P) is:

R" R,
wherein R' and R” are as defined for formula (R) above; and

converting the compound of formula (P) and/or a salt thereof to the compound of formula

(R).

The method of claim 24, wherein the converting of the compound of formula (A) to the

compound of formula (P) and/or a salt thereof comprises:

converting the compound of formula (A) to a compound of formula (N) and/or a salt

thereof, wherein:

the compound of formula (N) is:

R \ J o
R" R® (),

wherein:

R' and R? are as defined for formula (R) above, and
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R" is —-NH, or —N3; and

reducing the compound of formula (N) and/or a salt thereof to the compound of formula

(P) and/or a salt thereof.

26. The method of claim 25, wherein the converting of the compound of formula (A) to the

compound of formula (N) and/or a salt thereof comprises:

combining the compound of formula (A) with R'OH, wherein R" is an alkali metal, to

produce the compound of formula (M), wherein:

the compound of formula (M) is:

R" R (w,
wherein R' is as defined above; and

combining the compound of formula (M) with ammonia to produce the compound of

formula (N) and/or a salt thereof, wherein R"™ is -NH,.

27. The method of claim 25, wherein the converting of the compound of formula (A) to the

compound of formula (N) comprises:

combining the compound of formula (A) with R'OH, wherein R" is an alkali metal, to

produce the compound of formula (M), wherein:

the compound of formula (M) is:

R" RZ  (w,

. t-. .
wherein R’ is as defined above; and
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combining the compound of formula (M) with an azide to produce the compound of

formula (N), wherein R" is -Nj.

28. The method of any one of claims 24 to 27, wherein the converting of the compound of

formula (P) and/or a salt thereof to the compound of formula (R) comprises:

converting the compound of formula (P) and/or a salt thereof to a compound of formula

(Q) and/or a salt thereof, wherein:

the compound of formula (Q) is:

R']

O
HoN

R* OH (),

wherein R' and R” are as defined for formula (R) above; and

cyclizing the compound of formula (Q) and/or a salt thereof to produce the compound of

formula (R).
29. A method for producing caprolactam, comprising:

converting 5-(halomethyl)furfural to 5-(aminomethyl)tetrahydrofuran-2-carboxylic acid;

and
converting the 5-(aminomethyl)tetrahydrofuran-2-carboxylic acid to caprolactam.

30. A method of producing a compound of formula (R):

O

HN
R2

R"  ®),
wherein R' and R are each independently hydrogen or alkyl,

the method comprising:
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reducing a compound of formula (N-1) and/or a salt thereof to produce a compound of

formula (P) and/or a salt thereof, wherein:

the compound of formula (N-1) is:

OH
O

H,oN \ / o)
R" R®

wherein R' and R” are as defined for formula (R) above, and

the compound of formula (P) is:

OH
O

H,N 0
R" R®  p)
wherein R' and R” are as defined for formula (R) above; and

converting the compound of formula (P) and/or a salt thereof to the compound of formula

(R).

31. The method of claim 30, wherein the converting of the compound of formula (P) and/or a

salt thereof to the compound of formula (R) comprises:

converting the compound of formula (P) and/or a salt thereof to a compound of formula

(Q) and/or a salt thereof, wherein:

the compound of formula (Q) is:

R*> OH (),

wherein R' and R” are as defined for formula (R) above; and
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cyclizing the compound of formula (Q) and/or a salt thereof to produce the compound of

formula (R).

32. A method of producing a polymer of formula (V):

R 0

R? ),
wherein:
R' and R” are each independently hydrogen or alkyl, and
n is greater than 1,
the method comprising:

polymerizing a compound of formula (N-1) and/or a salt thereof to produce a polymer of

formula (T), wherein:

the compound of formula (N-1) is:

H,oN \ / o)
R" R®

wherein R' and R” are as defined for formula (V) above, and

the polymer of formula (T) is:

" (.
wherein Rl, R? and n are as defined for formula (V) above;

reducing the polymer of formula (T) to a polymer of formula (U), wherein:
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the polymer of formula (U) is:

wherein Rl, R? and n are as defined for formula (V) above; and
converting the polymer of formula (U) to the polymer of formula (V).

33. A method of producing a polymer of formula (V):

R 0

R? ),
wherein:
R' and R” are each independently hydrogen or alkyl, and
n is greater than 1,
the method comprising:

providing a compound of formula (D) produced according to the method of claim 1, or a
compound of formula (F) produced according to the method of claim 3, or a compound of
formula (I) produced according to the method of any one of claims 5 to 9 and 23, or a compound
of formula (R) produced according to the method of any one of claims 24 to 28, or any

combination thereof; and

converting the compound of formula (D), the compound of formula (F), the compound of
formula (I), or the compound of formula (R), or any combination thereof, to the polymer of

formula (V).
34. A method for producing nylon, comprising:

providing:
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(1) cyclohexanone according to the method of claim 2, or

(ii) hexane-1,6-diol according to the method of claim 4, or

(i11)  hexamethylenediamine according to the method of any one of claims 10 to

14; or
(iv)  caprolactam according to the method of claim 29,
or any combination thereof; and

converting the cyclohexanone, the hexane-1,6-diol, the hexamethylenediamine, the

caprolactam, or any combination thereof, to nylon.

35. A method for producing nylon having the structure of formula (X):

O

W”); N

wherein n is an integer greater than 0;

)s

the method comprising:
converting 5-(halomethyl)furfural to 5-(aminomethyl)furan-2-carboxylic acid; and

polymerizing the 5-(aminomethyl)furan-2-carboxylic acid to form a polymer of formula

(X1):

ZT

N (x1y
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reducing the polymer of formula (X1) to form a polymer of formula (X2):

ZT

N (X2); and

converting the polymer of formula (X2) to the nylon of formula (X).

101



WO 2015/175528 PCT/US2015/030364

1/6
100"\
(@] OH
N —_—
X/\Q/\O )\/\/\
\ / reduction OH
102 104
1 oxidation
0]
)j\/\/\OH
106
l lewis acid
of
108
200 f\‘
204
203
0 R¥RA O

X N -, r\J o

202
reduction



WO 2015/175528 PCT/US2015/030364

2/6
300"\‘
306
NH ducti
o N x T _uNG [N Ny, ZETOL HN NH;
O metal catalyst O 0
302 304
reduction
NH
H2N/\/\/\/ 2 308

310
f\ 314 318
O\\/[x\/NH2 HZN\/O\/NH2

O 0
NH NH;
o YW x ——* ¥ - - *
@) catalyst
H HZN\/O\/(NHg,)*X'
O
320
316
catalyst
H2
H2N/\/\/\/NH2
322
+
+y/-
324

FIG. 3B



WO 2015/175528

3/6

330 /‘\

334

1) NH ©
3
o/ VW x —~ °, .
o 2) HY
332 oy I\ (NH3)*Y-
o)
336

FIG. 3C

NH3

——

catalyst
Hz

PCT/US2015/030364

338

HZN\/<_>\/NH2

0
+
N[\ iNHy'X
0
340

)
@)
342

Ha
catalyst

NH
H2N/\/\/\/ 2
344
+
346

+

H2N/\/\/\/(NH3) Y-

348



WO 2015/175528 PCT/US2015/030364

4/6
400

\/O\/ et o\/O\/N \/O\/ redUCt|0n 2N\/O\/NHZ
3 . o

402 404 406 408
reduction
HN >SN ANH2
410
FIG. 4
500 7

tal, O
O§/@\/X metal 2 WV YO\/
(@) R‘OH or NaN

502
reduction
0]
NH Oyo\/NHZ
- (0]
HO
508



WO 2015/175528 PCT/US2015/030364

5/6
600 ,_\‘
O\\/@\/X metal, O, OW\/X NH; Oﬁ/l_ﬁ\/NH2
O ¢] @)
R'OH R'O HO
602 604 606
‘ peptide coupling
o H H
reduction
HN 0 0
612 0 O
n n
610 608

FIG. 6



WO 2015/175528

(D)

HN
R2

(R)

Nylon-6

710

Nylon-6

6/6

720

R2

NH
HZN/\)\/\/ 2

R1
0

adipic acid

Nylon-6,6

FIG. 7

PCT/US2015/030364

730

U]

adipic acid

Nylon-6,6



International application No.
PCT/US15/30364

INTERNATIONAL SEARCH REPORT -

A.  CLASSIFICATION OF SUBJECT MATTER

|PC(8) - CO07C 209/16; CO7D 223/10 (2015.01)

CPC - co07C 209/16; CO7D 223/10

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(8): CO7C 209/16; CO7D 223/10 (2015.01)
CPC: C07C 209/16; CO7D 223/10

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)

PatSeer (US, EP, WO, JP, DE, GB, CN, FR, KR, ES, AU, IN, CA, INPADOC Data); ProQuest; Scifinder; Google/Google Scholar;
KElYWORDS: cyclohexanone, furfural, diol, alkkanolate, acetate, carbaldehyde, hexamethylenediamine, tetrahydrofuran, methanimine,
polymer, nylon

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 2014/0100378 A1 (MASUNO, MN et al.) 10 April 2014; figure 1, paragraphs [0038], [0040] |1-27, 28/24-27, 29-32, 35
A WO 2009/103560 A1 (UHDE INVENTA-FISCHER GMBH) 27 August 2009; page 3, lines 15-32; |1-27, 28/24-27, 29-32, 35

page 4, lines 1-2
A US 2008/0064902 A1 (LECONTE, P et al.) 13 March 2008; abstract : 1-27, 28/24-27, 29-32, 35
A US 2013/0184495 A1 (RENNOVIA, INC.) 18 July 2013; paragraphs [0016]-[0017] 1-27, 28/24-27, 29-32, 35
A US 2012/0035399 A1 (ABILLARD, O et al.) 09 February 2012; abstract : 1-27, 28/24-27, 29-32, 35
A US 2007/0112225 A1 (SIRCH, T et al.) 17 May 2007; abstract - 1-27, 28/24-27, 29-32, 35
A US 2013/0085255 A1 (COUDRAY, L et al.) 04 April 2013; paragraphs {0188]-[0190] 1-27, 28/24-27, 29-32, 35
A US 2010/0317069 A1 (BURK, MJ et al.) 16 December 2010; figures-10, 20; paragraphs [0018), 1-27, 28/24-27, 29-32, 35
[0028] :
A US 2013/0303723 A1 (BURK, MJ et al.) 14 November 2013; figures 10, 20; paragraphs [0019], |1-27, 28/24-27, 29-32, 35
[0029] : S
A ] US 2013/0267719 A1 (MIKOCHIK, P et al.) 10 October 2013; figure 1; claims 1, 4 1-27, 28/24-27, 29-32, 35
A US 2006/0004088 A1 (KIM JK et al.) 05 January 2006; paragraphs [0021]-{0022] 1-27, 28/24-27, 29-32, 35
A US 2010/0062276 A1 (VAN RHIJN, W) 11 March 2010; paragraphs [0035]-[0040] 1-27, 28/24-27, 29-32, 35

K{ Further documents are listed in the continuation of Box C. D See patent family annex.

*  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 wy~  4ocument of particular relevance: the claimed invention cannot be

special reason (as specified) N considered to involve an ‘inventive step when the document is
“Q” 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 (o the international filing date but laterthan  «g»  gocument member of the same patent family
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
08 July 2015 (08.07.2015) J0JUL 2015

Name and mailing address of the ISA/ Authorized officer

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Shane Thomas

P.O. .Bo.x 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)



INTERNATIONAL SEARCH REPORT International app]ica[ion No.

PCT/US15/30364

C (Continuation). ~ DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

> >» » » » > >

US 2012/0142886 A1 (FROST, JW) 07 June 2012; figure 1; abstract; paragraph [0038)
us 2012/00'}0592 A1 (STALL, AD et al.) 22 March 2012; paragraph [0004]

US 2007/0106024 A1 (TSOU, AH et al.) 10 May 2007; asstract; paragraphs [0009]-[0012]
WO 2014/043468 A1 (MICROMIDAS INC.) 20 Mlarch 2014; entire document

WO 2014/066746 A1 (MICROMIDAS, INC.) 01 May 20.14; entire document

US 2013/0303723 A1 (GENOMATICA, INC.) 14 November 2013; entire document

US 2013/0245316 A1 (MICROMIDAS, INC.) 19 September 2013; entire document

1-27, 28/24-27, 29-32, 35
1-27, 28/24-27, 29-32, 35
1-27, 28/24-27, 29-32, 35
1-27, 28/24-27, 29-32, 35
1-27, 28/24-27, 29-32, 35
1-27, 28/24-27, 29-32, 35

1-27, 28/24-27, 29-32, 35

Form PCT/ISA/210 (continuation of second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT International application No.

PCT/US15/30364

Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international scarch report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D 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:

3. Claims Nos.: 33-34 )
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Il Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international a'pplicatioh, as follows:

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims. ' '

2. I:] As all searcﬁable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees. ' '

3. D As only some of the réquired 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.: ’

4, D 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.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
' payment of a protest fee. :
D 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.
D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - description
	Page 63 - description
	Page 64 - description
	Page 65 - description
	Page 66 - description
	Page 67 - description
	Page 68 - description
	Page 69 - description
	Page 70 - description
	Page 71 - description
	Page 72 - description
	Page 73 - description
	Page 74 - description
	Page 75 - description
	Page 76 - description
	Page 77 - description
	Page 78 - description
	Page 79 - description
	Page 80 - description
	Page 81 - description
	Page 82 - claims
	Page 83 - claims
	Page 84 - claims
	Page 85 - claims
	Page 86 - claims
	Page 87 - claims
	Page 88 - claims
	Page 89 - claims
	Page 90 - claims
	Page 91 - claims
	Page 92 - claims
	Page 93 - claims
	Page 94 - claims
	Page 95 - claims
	Page 96 - claims
	Page 97 - claims
	Page 98 - claims
	Page 99 - claims
	Page 100 - claims
	Page 101 - claims
	Page 102 - claims
	Page 103 - drawings
	Page 104 - drawings
	Page 105 - drawings
	Page 106 - drawings
	Page 107 - drawings
	Page 108 - drawings
	Page 109 - wo-search-report
	Page 110 - wo-search-report
	Page 111 - wo-search-report

