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TREATING LIGNOCELLULOSIC MATERIALS

FIELD
[0001} The present technology 1s generally related fo the treatment of ignocellilosic
materials.
BACKGROUND
[0002] The polymeric structure of lignocellulosic cell walls consists primaniy of

cellulose, hemicellulose, and Lignin. Each of these components possesses hydroxyl functional
groups which moderate the interaction of water with the hignoceliulosic material. For
example, lignocellulosic materials such as wood may swell under moist conditions, i large
part due to hydrogen bonding between water and the hydroxyl groups on the cell wall
components. Many chemical-based wood treatiment methods rely on covalently modifving
the hydroxyl groups of cell walls, to improve a vartety of wood properties such as hardness,
dimensional stability, resistance to UV light, and resistance to decay. For example, i
acetylation, hydroxyl groups are reacted with acetic anhydride to incorporate acetyl groups
on to the cell walls of the wood. Both through reduction of free hydroxyl functionality and
through incorporation of less polar groups, the acetylated wood exhibifs a marked decrease in
its ability to absorb water. Incorporation of large acetyl groups also serves to bulk the cell
walls of the material, further blocking water absorption pathways. Ags a resuli, in comparison
to untreated wood, acetvlated wood demonsirates muich better ability to resist aftack by

wood-decaying organisms stch as brown. white, and soft rot fungi.

[0003] Despite the aforementioned advantages of acetylation as a wood preservation
techmigue, the method suffers from drawbacks. In parficular, acetylation reguires the use of a
ditficult-fo-handie chemucal reagent {acetic anhydride) which produces a stench byproduct
{acetic acid) that mst erther be recyeled or disposed. Furthermore, since acetylation
processes are typically tailored to chemically modify most or all of the hvdroxyl functionality

of wood, large volumes of acetic anhydride are necessary.
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SUMMARY

[0004] In accordance with one aspect, a process of preparing a treated hignocellulosic
material 1s provided, the process includimg oxidizing a lignocellulosic material having
hydroxyl groups with an oxidant to oxidize at least a portion of the hydroxyl groups fo
carboxylic acid groups, optionally activatimg the carboxvlic acid groups with an activating
agent to form activated carboxylic acid groups, and reacting the carboxylic acid groups or the
activated carboxylic acid groups with a first nitrogen-containing reagent selected from amino
acids, peptides, or protected derivatives thereof to provide the treated ignocellnlosic material.
In some embodiments, the lignocellulosic material 1s wood. In some embodiments, the
anuno acid, the peptide, or protected derivative thereof 1s a biocidal agent, such as a
pesticide, a microbicide, a fungicide, an herbicide, an insecticide, an algicide, a rodenticide,
and the like. In some emboduments, biocidal agent imparts siular biocidal activity to the
treated lignocellulosic material; thus the freated lignoceliulosic material is a pesticide, a

nucrobicide, a fungicide, an herbicide, an insecticide, an algicide, a rodenticide, and the like.

[0005] In another aspect, a treated hignocellulosic material is provided accordmg to a
process mcluding oxidizing a lignoceliulosic material having hydroxyl groups with an
oxidant to oxidize at least a portion of the hvdroxyl groups to carboxvlic acid groups,
optionally activating the carboxylic acid groups with an activating agent to form activated
carboxylic acid groups, and reacting the carboxylic acid groups or the activated carboxylie
acid groups with a first nitrogen-containing reagent selected from the group consisting of
amine acids, peptides, or protected derivatives thereof to provide the treated hignoceliulosic

material.

[0006] In another aspect, a method of mhibiting fungal growth on a lignocellulosic
matertal 1s described, the method including oxidizing a lignocellulosic material having
hydroxyl groups with an oxidant to oxidize at least a portion of the hydroxyl groups to
carboxvhic acid groups, optionally activating the carboxylic acid groups with an activating
agent to form activated carboxylic acid groups, and reacting the carboxylic acid groups or the
activated carboxyhic acid groups with a first nitrogen-confatning reagent selected from the
group consisting of amino acids, pepiides, or protected dertvatives thereof to provide a

treated lignocellulosic material. In some embodmments, fungal growth 1s prevented.

]
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[0007] In a further aspect, a compeostiion 1s provided which includes an amide-bound
amino acid or an anide-bound peptide on a surface of a lignocellulosic material where the
composition s a biocidal agent. In some embodiments, the amide-bound amine acid 1s {S)-

canavaiine.

[0008] The foregoing summary is tllusirative only and 1s not mtended to be in any
way lmuting. In addition to the illustrative aspects, embodiments and features described
above, further aspects, embodiments and features will become apparent by reference to the

following drawings and the detailed description.

BRIEF BESCRIPTION OF THE DRAWINGS

[0009] FEG. 1 15 a general ilustration of a ignocellulosic treatment process,

according to one embedunent.

[0010] FIG. 2 1s a general illustration of a wooden cube, functionalized with (S)-

canavanine residues, according to one embodiment.

DETAILED DESCRIPTION

[0011] In the following detailed description, reference 1s made to the accompanving
drawings, which form a part hereof. In the drawings, similar symbols typically identify
simiiar components, unless context dictates otherwise. The illustrative embodiments
described m the detailed description, drawings, and claims are not meant to be hnuting.
Other embeodiments may be utilized, and other changes may be made, without departing from

the spirtt or scope of the subject matter presented here.

[0012] The technology is described herem nsing several defintiions, as set forth

throughout the spectfication.

[0013] As used herem, unless otherwise stated, the smpular forms “a,” “an,” and
“the” mclude plural reference. Thus, for example, a reference to “a cell” inchides a plurality

of cells, and a reference to “a molecule” 18 a reference to one or more molecules.
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[0014] As used herein, “about” will be understood by persons of ordinary skill in the
art and will vary to some extent depending upon the context in which it is used. I there are
uses of the term which are not clear to persons of ordinary skill in the art, given the context in

which 1t 1s used, “about™ will mean up to plus or minus 10% of the particular term.

[0015] Processes for preparing treated lignocellulosic materials, treated
hignocellulosic materials themselves, and methods of inhibiting decay or decomposition of
lignocellulosic materials are provided. In particular, a variety of avenues are presented for
covalent modification of lignocellulosic materials with anino acids, peptides or combinations
thereof. The amino acids, and/or peptides, are covalently bound viz the N-termuinus to the
Lignocellulosic material through amide bonds. Such a modification may serve to protect the
lignocellulosic material from degradation by a vartety of mechanisms. For examiple wood
may be covalently modified to include amno acids or peptides which are not readily
metabolized by wood-degrading microorganisms, thus making the wood resistant to decay.
Altematively, wood may be covalently modified {o contain amuno acids or pepfides which
display biological activity agamst wood-degrading microorganisms. In this regard, the anuno
acids or peptides behave as a microbicide. Alternatively, the biologically-active amino acids
or peptides may behave as a pesticide, a fungicide, an herbicide, an mnsecticide, an algicide, a
rodenticide, and the like. Furthermore, such biological activity may be imparted to the
treated lhignocellulosic matertal. Combinations of amino acids and/or peptides with varving

wood-protecting properties may be emploved.

[0016} Typically, any hgnocellulosic material may be used, providing such
lignocellulosic material has hydroxyl groups which can be chemically modified. Indeed, all
lignocellulosic materials have hydroxyl groups as part of thewr cell walls 1n the form of
cellulose, hemicellulose, and hignin. Cellulose s a polysaccharide comprised of hundreds to
thousands of linked D-glhucose uniis, with each glucese residue possessing three hydroxyl
groups. Simtlarly, hemicellulose contains hvdroxyl groups which may be modified. Lignn
is a complex polviner dertved from a phenylpropane repeating unit and confains numnerous
hydroxyl groups, both phenolic and non-phenolic. Phenolic hydroxyl groups are hvdroxyl

groups which are attached to an aromatic ring, such as found in phenol or $-naphtbol. Thus,
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there are generally ample hvdroxyl groups susceptible to oxidation, regardless of the nature

of the lignocellulosic material.

[0017] Lignocellnlosic materials mav be woody materials or non-woody materials. In
the case of woody materials, the hignocellulosic material may be a softwood or a hardwood.
Hardwoods and softwoods originate from a vartety of tree species, including, but not hmited
to: cak, pine, fir (such as Douglas fir), pecan, ash, beech, birch, maple, walnut, teak,
redwood, and the ke, Non-woody plant materials such as cereal straw, bagasse, bamboo,
reeds, cotton, or grass plants such as flax, kenaf, jute, hemp, sisal, abaca, and the like may
also be employed. Indeed, the short growth cycles and moderate nrigation requirements
niake non-woody hignoceltulosic atiractive renewable resources for modification.

Furthermore, mixtures of lignocellulosic materials may be used.

[0018] The physical form of the lignocellulosic material s generally mconsequential
and the selection of a given form depends simply on the downstream application of the
treated lignocellulosic matertal. In the case of wood-derived lignocellulosic materials, the
wood may be i the form of lumber (typically solid planks, boards, sheets, and the like),
wood fiber, wood particles, wood chips, ground wood, wood flour, wood fiakes, wood

veneers, wood laminates, saw dust and the like.

[0019] The process includes oxidizing at least a portion of the hydroxyl groups of the
lignocellulosic material with an oxidant to carboxvhc acid groups. In some embodiments, the
hydroxyl groups which are oxidized by the oxidant are on, or are in, the cell walls of the
Lignocellulosic material. Hydroxvl groups of cellulose, hemicellulose, or lignin may be
oxidized. In other embodiments, the hydroxyl groups which are oxidized are phenolic
hvdroxyl groups, such as those found n lignin. In other embodiments, oxidation of hydroxvl
groups occurs af the surface of the lignocellnlosic material, such as at the surface of a wooden
board. There is no requivement that all of the hydroxyvl groups m the hignocellulosic material
be oxidized to carboxylic acid groups. It may well be the case that some hydroxyl groups,
such as phenolic hydroxyl groups, are refractory towards oxidation, especially if a mild
oxidant 1s emploved. Furthermore, it may be desirable to oxidize only a portion of the
hydroxyl groups of the hgnoceliulosic material in certain instances. For example, if a

hignocellulosic material possessing hyvdroxyl groups is only partially oxidized, then both

A=
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carboxvhc acid and hydroxyl groups {7 e., unreacted hvdroxyl groups) will be presenf. Thus,
it would be possible to acetvlate the hydroxyl groups and use the carboxylic acid groups for
further modification as presented herein. In some embodiments, about 0.5% to about 100%
of the hydroxvl groups are oxidized to carboxylic acid groups. In other embodiments, about

2% to about 70% of the hyvdroxyl groups are exidized to carboxylic acid groups.

[0020] The oxidation of hvdroxyl groups to carbexvlic acid groups may be
accomplished by any number of oxidants known to those of skill in the art. The only
requirement of the oxidant 1s that # possess sufficient oxidizing strength to oxadize a portion
of the hydroxyl groups of the lignocellulosic material to carboxylic acid groups. For
commercial scale processes, mexpensive oxidants which are available in tonnage gnaniities
may be desired. The oxidants may be stoichiometric {e.g., bleach) or a catalytic {e.g.,
2,2,6,6-tetramethylpipertdin-1-yhoxvl, “TEMPO”) m nature. Mnultiple oxidants may be used

in combination.

[0021} The oxidant may include a diatemic halogen of formula X,, where X 1s a
halogen. Thus, halogen oxidants include F., Cl;, Brs, I, and the like. The oxidant may
inchude a hypohalite of fornwida XO', where X 15 a halogen i a +1 oxidation state.
Hypohalites include metal hypohalite salts such as soditun hypochlorite and potassium
hvpobromtie. As used herein, the term “metal” not only includes alkali metals {e.g., L1, Na,
K, Cs, ete.}, but also alkaline earths {e.g., Mg, Sr, Ca, etc.) and {ransitzon metals (e.g., Cr,
Mn, Fe, Co, N1, Cu, Zn, Ru, Rh, Pd, Ag, Re, erc). The oxidant may mchude a halite of

formmda XO-, where X 1s a halogen in a +3 oxidation state. Halites include metal halite salts

X0y, where X is a halogen m a +5 oxudation state. Halates inchude metal halate salts such as
sodmum chlorate and potassium bromate. The oxidant may inchude a perhalate of formula
X0, , where X 1s a halogen in a +7 oxidation state. Perhalates mmclude metal perhalate salts
such as sodium perchlorate, sodinm periodate, and potassium perbromate. The oxidant may
mclude a hypohalous acid {e.g., HOCI1, HOBr, or HOI), a halous acid {e.g., HCIQ;, HBrO-, or
HIO»), a halic acid {e.g., HCIO:, HBrOQs, or HIOs), or a perhalic acid {e.g., HCIOy, HBrQy, or
HIO,). The oxidant may mnclude a chromate such as a metal chromate salt {e.g., K;CrQy and

the like), a dichromate such as a metal chromate salt (e.g., K:Cr-07 and the like), chromic
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acid (H-Cr(y), a permanganate such as a metal permanganate salt (e.g., KMnQy and the
like}, an oxide such as a metal oxuide {e.g., Ag,0, 0s0,, RuQy, TPAP, and the like), a
peroxide such as a metal peroxide salt {e.g., L1;0 and the like), a superoxide such as a metal
superoxide salt (e.g., NaQ; and the like), hvdrogen peroxide (H:O;), an oxXygen-contanung
gas {e.g., oxyvgen, air, ozone, chiorine dioxide, nitrogen dioxide, and the like}, a mitrate such
as metal nitrate salt (e.g., KNQO; and the hike), mitric acid (HNOs), and nifrobenzene
{CsHsNO-). The oxidant may also be an organic oxidant, such as an organic mtroxide or an
organic oxoammonium salt. Organic nitroxides are free radical species of the general
formula RyR:NO where R, and R; are mdependently selected from substitated or unsubsituted
atkvl, alkenyl, and aryl groups. R, and R, may further be taken together to form a
heterocyclic, N-containing ring. Examples of heterocyclic mitroxides mclude TEMPQ, 4-
hydroxy-TEMPQO, 4-acetamido-TEMPO, 4-0x0-TEMPO, and the hike. Sunilarly,
oxoammontum salts may be emploved as the oxidant. N-Oxoammoniun salts have the
general formula [R;R:NOT™ Y, where R; and R; are defined as above and Y is a stabilizing
anion. An example of a heterocyelic oxoammonium salt 1s 4-acetamido-2,2,6.6-
tetramethylpiperidine oxcammonium tetrafluoroborate. Any of the above oxidants may be
used in combination with each other when oxidizing the hydroxyl groups of the

Lignoceliulosic material.

[0022] The process optionally includes activating the carboxyvlic acid groups with an
activating agent to form activated carboxyhic acid groups. As used herein, the ferm “activated
carboxvlic acid groups™ refers to dertvatives of carboxylic acid groups which are more
reactive towards nucleophilic acyl substitution than carboxvlie acid groups. Activated
carboxvlic acid groups have a formula of -C{0)Z, where Z is a leaving group. In some
embodiments, the activated carboxyhic acid groups are acid halides {i.e., 7 15 a halogen).

Acid halides include acid fluorides, acid chlorides, acid bronudes, and the like. The activated
carboxylic acid groups may be ester groups, where 7 has the formula of -OR, where R 15 a
C;-Cyg alkyl, C1-Cp alkenyl, C-Cyp alkoymyl, Us-Cq arvl, or a substituted derivative thereof.
In some embodiments, the activated carboxvlic acid groups are alkyl esters or aryl esters. In
some entbodiments, the activated carboxylic acid groups are methyl esters, ethyl esters, tert-
butyl esters, and the ike. While it mayv be possible fo isolate the hignocellulosic material

possessmg such activated carboxylic acid groups, there may be instances where it 1s netther
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desirable nor possible to isolate the lignocellulosic material having such groups. For
example, acid halides are generally understood by those of skill in the art be highly reactive,
particuiarly towards adventitious moisture. Thus, if the lignocellulosic material includes
activated carboxvlic acid groups which are acid halide groups, it may be desirable to use the
acid halide-functionalized lignoceliulosic material directly in a subsequent reaction, without
any substantial purification and/or 1solation. Furthermore, the activated carboxvlic acid
groups may be so reactive as to preciude the possibility of 1solating the lignocellulosic
materital which possesses such reactive groups. As will be appreciated by those of the skill in
the art, many of the activating agents in the following paragraph generate activated
carboxvlic acid species which are used i sitir {e.g., infermediates generated upon the reaction

of a carboxvlic acid with a carboditnude, a gnandinium salt, a uronium salt, efc).

{0023} A vartety of activating agents may be employed to prepare activated
carboxylic acid groups. In some embodinents, the activating agent includes, a chlonnating
reagent, a bromnating reagent, a fluorinating reagent, a carbodimide, an alcohol, an anune, a
pyridine, an N-hydroxy reagent, an uronium salt, a guandinium salt, a phosphonium salt, a
phosphorus reagent or mixtures thereof. The activating agent may inchude N-
hvdroxysuccinimide, DMAP (4-dinethylaminopyridine), pentafluorophenvlphenol, N-
hydroxyphthalimide, phosgene, thionyl chloride, cyanuric chioride, phosphoryt chiloride,
phosphorus trichioride, phosphorus pentachionde, CDMT (2-chloro-4.6-dimethoxy-1 ,3,5-
triazine}, BTC (bis{trichloromethvl) carbonate), oxalyl chloride, phosphorus tribromide,
phosphorus pentabroimde, cyanuric fluonide, TFFH (tetramethylfluoroformanudinium
hexafluorophosphate), BTFFH (bus(tetramethvlene) fluoroformamidiniun
hexafluorophosphate), DFIH (2-fluoro-1,3-dimethvhinndazeliun hexafluorophospate, DAST
{{dimethylamino)sulfur trifluoride), EDC N-(3-dimethvlaninopropyl)-N'-ethylcarbodiimmde
or the hvdrochloride salt thereof), DCC (N N'-dicyclohexylcarbodinmide), DIC (N.N'-
diisopropylcarbodiimide), CIC {cyclobexyl tsopropyl carbodiimide), BMC {tert-butyl methyl
carbodiimide), BEC (tert-butyl ethyl carbodiimide), BDDC (bis((4-(2.2-dunethyl-1,3-
dioxolyl}imethyl carbodinmide), N . N-dicvclopentylcarbodiinnide, HOAT (1-hydroxy-7-
azabenzotriazole), HOBT (1-hydroxybenzotriazole), CI-HOBT (1-hydroxy-6-
chlorobenzotriazele), HODhbt (3-hydroxy-1,2,3-benzotriazin-4(3H)-one), HOCt, PTFE
{benzyltriphenyiphosphonium dihydrogen trifluoride}, HATU (N-[(dimethyvlamino}-1H-

8-
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1.2,3-triazolo-[4,5-bipyridin-1-yl-methylene]-N-methylmethanammsun hexattuorophosphate
N-oxide), HBTU (O-(benzotriazol-1-yl)-N N, N’ N'-tetramethyluronin:
hexafluorophosphate), TBTU {O-(benzotriazol-1-y1}-N N, N’ N'-tetramethviuronium
tetraflnoroborate), COMU {{1-cyano-2-ethoxy-2-oxoethylidenanunooxy)dimethvlamino-
morpholimo-carbentum hexafluorophosphate), Oxyma (ethyl cyano(hydroxyunmojacetate},
HCTU {(2-(6-chlore-1H-benzotriazole-1-v1)-1,1,3 3-tetrtamethylanunum
hexafluorophosphate}), TSTU (N.N.N' N'-tetramethvl-O-(N-succinmmidyjuronium
tetraflueroborate), TNTU {(O-{5-norbornene-2 3-dicarboximido)}-N N, N’ N'-
tetramethvliuromum tetratluoroborate), HAMDU (Q-{7-azabenzotriazol-1-y1})-1,3-
dinethyleneuromium hexafluorophosphate), HAPyU (1-(1-pyrrolidinyl-1H-1,2 3-triazolo{4.3-
blpyridin-1-ylmethylene) pyrrolidmuum hexafluorophosphate N-oxide), HDTU (2-(3.4-
dihydro- 4-oxo0-1.2,3-benzotriazin-3-v1)-1.1,3 3-tetramethyluronium hexafluorophosphate),
CloP {chiorotnis{(dimethvlamino)phosphonium hexafluorophosphate), BroP
{bromotris{dmethvlamino)phosphoniuni hexafluorophosphate), BOP (benzotriazol-1-
vioxvins{dunethyl-anuno)phosphoninm hexatluorophosphate), AOP {(7-azabenzotriazol-1-
vhoxytris-{dimethvlamino)phosphonmm hexafluorophosphate), PyCloP
{chlorotri{pyrrohidino)phosphoniun: hexafluorophosphate), PyBroP
{bromotri{pyrrolidino)phosphonium hexafluorophosphate), PyBOP (benzotriazol-1-
vioxytri(pyrrolidino)phosphonium hexafluorophosphate), PyAOP {{{7-azabenzotriazol-1-
vhoxvltris(pyrrolidinophosphonium hexafluorophosphate), DPPA {(diphenylphosphoryl
azide), MPTA {dimethyvlphosphimothiovl azide), DECP {diethylcvanophosphenate), BBC
{benzotriazolvloxybis(pvrrolidmoejcarbomrum hexafluorophosphate), BOP-CI (N N-bis(2-

oxo-3-oxazehdinvhphosphinic chloride), and the like.

[0024] According to another aspect, the process further includes reacting the
carboxvlic acid groups or the activated carboxylic acid groups of the lignocellulosic material
with a first mtrogen-containing reagent selected from the group consisting of amino acids,
peptides, or protected derivatives thereof to provide the treated lignocellulosic material. As
used herem, the phrase “protected derivatives™ means that the amino functional groups andior
the carboxylic acid functional groups of the amino acids or peptides are protected with
protecting groups conunonly known m the art. Non-hinuting examples of protecting groups

for amino groups inchude, Chz (carbobenzyloxy). Phth (phthalimde), Fmoc (9-

9.
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fluorenvimethyvloxycarbonyl), Boc (tert-butoxvearbonyl), Tr (tritvl), Bn {benzyl}, Bz
{benzovl), Ts (tosyl), Ac (aceiyl), PMB {p-methoxvbenzyvl), DMPM (dimethoxvybenzyl), PMP
{p-methoxyphenvl}, Nosyl (nitrobenzenesulfonyl}, Nps {mtrophenyvlsulfenvl), and
trifluoroacetyl groups. Carboxvlic acids are conunonly protected as esters such as alkyl
esters {(e.g., methyl, ethyl, tert-butyl, and benzyl esters, efc.) or orthoesters. The amino acid
{or peptide} may be protected at both the amino group and the carboxylic acid group. Of
course, such protecting groups should not prevent reaction between the carboxylic acid

groups or activated carboxylic acid groups with the first nitrogen-contaiming reagent.

[0025] As will be readily appreciated by those of skill in the art, reaction of the first
ntirogen-containing reagent with the carboxyhc acid groups or the activated carboxylic acid
groups of the ignocellulosic material will cause the first nitrogen-containing reagent to be
covalenily bound to the lignocellulosic material through an amide bond {i. e, the reaction is
an amidation reaction}. More specifically, the N-terminus of the amino acid, peptide, or
protected derivative thereof will be covalently bound to the hignocellulosic material vie an
amide bond. Thus, iz one aspect a process for the covalent modification of lignocellulosic

materials possessing carboxvlic acid groups or activated carboxvlic acid groups.

[0026] The first nitrogen-containing reagent can include amino acids, peptides or
protected derivatives thereofl In some embodiments, the first mitrogen-containing reagent
inchudes o-amino acuds, B-anuno acids, y-amino acids, 6-anuno acids, or protected derivatives
thereof, or mixtures thereof. In other embodiments, the first mitrogen-containing reagent
inchudes protemogenic amino acids, nop-proteinogente amino acids, protected derivatives
thereof, or nuxtures thereof. As used heretn, the phrase “protemnogenic ammno acids” refers to
those amino acids that can be found in proteins and requires the celludar machinery associated
with the genetic code for their isolated production. Thus, the phrase “proteinogenic amino
acids™ mchudes, but 1s not linuted to, glveine and the L-isomers of the 20 anuno acids that are
directly encoded for protein synthesis by the standard genetic code: arginine, histidine, lysine,
aspartic acid, ghatamic acid, serine, threonine, asparagine, glutamine, cysteine, proline,
alanine, 1soleucine, leucine, methionine, phenvialanine, fryptophan, tyrosine, and valine. The
term further mcludes selenocysteme and pyrrolysine. As used herein, the term “non-

proteinogentc amino acid” refers to amine ackds which are not proteinogenic amine acids.
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Nen-protemogenic anuno acids include those amino acids which are either not found m
proteins or are not produced directly and m tsolation by standard cellular machinery. For
example, caraitine, GABA {y-aminobutyric acid}), L-DOPA {L-3 4-dihydroxyphenylalanine),
hydroxyproline, homoserine, and selenomethionine, are non-protemnogente amino acids. The

-

phrase “non-proteinogenic amino ackds™ further inchudes wnnatural stereoisomers of
proteinogenic amno acids. In other embodiments, the first mirogen-containing reagent
mchides D-amino acids, L-amino acids, protected derivatives thereof, or nuxtures thereof. In
other embodiments, the first nifrogen-containing reagent includes anuno acids or protected
derivatives thereof, and the amino acids or protected derivatives are a racemic nuxture. In an
itlustrative embodiment, the first nitrogen-containing reagent mcludes {S)-canavanine or a

protected derivative thereof.

[0027] The first nifrogen-containing reagent may also be a peptide of the
aforementioned amino acids or anuno acid dertvatives. As used herein, the term “peptides™
mcludes dipeptides, tripeptides, polypeptides and protected derivatives thereof. For example,
the first nitrogen-contaiming reagent may be a fripeptide of the amino acid L-tryptophan. In
some embodiments, the dipeptide, the tripeptide, the polypeptide, or the protected derivative
thereof has a molecular weight of about 100 g/mol to about 10,000 g/mol or has a molecular

weight of about 130 g/mol to about 2 500 g'mol.

[0028] According to another aspect, the process may optionally include a
deprotecting step after the reacting step. Such a siep may be deswred to remove protecting
groups after protected amino acids, protected pepiides, or protected dertvatives thereof have
been covalently attached to the lignocellulosic material. In this regard, it is also possible to
perform peptide synthesis on or in a lignocellulosic material in an iterative fashion. For
example, wood which has been covalently modified to contain methyl glvcinate residues
bound through the N-terminus of methyl glycinate may be treated with agueous acid to
deprotect the methyl ester groups and liberate carboxvlic acid groups. The carboxylic acid
groups of the anude-bound glycine residue may be reacted with a second nitrogen-containing
reagent selected from the group consisting of amino acids, peptides, or protected derivatives

thereof.
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[6029] The selection of a given first nifrogen-containing reagent will depend on the
desired application of the treated lignocellulosic material. For example, non-polar amino
acids such as alanine, valine, or phenyialanine may be covalently bound to a wood surface to
impart water resistance {e.g., hunber for building materials) or to increase compatibility of
the surface with a polymeric coating. As previously mdicated, the amino acid, peptide, or
protected derivative thereof may display biological activity against microbes, fungi, redents,
plants, and tnsects, thereby protecting the lignocellulosic material from degradation. For
example, the non-protemogenic g-amine acid (S)-canavanine displays strong insecticidal
properties which may be tmparted fo a lignocellulosic material through covalent attachment.
Alternatively, the amino acids, peptides, or protected derivatives may be tadlored as to not be
readily metabolized by any of these organisms, thus also protecting the lignocellulosic

matertal from degradation or decay.

[00630] Acetylation processes used to chemically moedify lignocellulosic miaterials are
fully compatible with the present processes. For example, the lignocellulosic material
possessing hydroxyl groups may be partially acetylated, such that there remains non-
acetvlated hvdroxyl groups for modification. Alternatively, the hignocellulosic material
possessing hydroxyl groups may be subjected to oxidizing condtfions where onlv a portion of
the hvdroxyl groups are oxidized to carboxylic acid groups which are further modified in the
manner described. In such a case, the treated lignocellulosic material may possess

“unreacted” hydroxyl groups which may be acetyvlated.

[0031} Thus, m some embodiments, the lignocellulosic material possessing hydroxyl
groups also possesses acvlated hydroxvl groups. In some embodiments the acylated hydroxyl
groups are acetylated hydroxyl groups. In some embodiments, the process described further
mcludes an acylation step. In some embodiments, the acylation step is an acetylating step. In
some entbodiments, the acetyvlating step is performed by reaction of etther a lignocellulosic
material possessing hydroxvl groups or a treated lignocellulosic material possessing hydroxvl

groups with acetic anhydride.

[0032] As will be appreciated by those skilled 1n the arf, anv of the oxidizing,
activating, or reacting steps of the present process described herein may mnclude a solvent or

combinations of solvents. For example, the oxidation of a hignocellulosic material possessing

-12-

£



WO 2012/161708 PCT/US2011/037930

hvdroxyl group may be performed in the presence of a solvent which 1s compatible with the
oxidant. Selvents or cornbmations thereof may alse be used {o wash the lignocellulosic
material after completion of any or all of the oxidizing, activating, or reacting steps.
Additional heatig or drying steps may also be employed before, or after any of the steps of
the processes described herein. The additional heating or drving steps may be performed at
or below atmospheric pressure. For example, where a step mvolves the nuse of a moisture
sensitive reagent, it would be advantageous to drv the lignocellulosic material, potentially
with heating, prior fo contacting it with the moisture sensitive reagent, as to not reduce the
effectiveness of the reagent {e.g., it would be desirable to dry a lignocellulosic material
inchuding carboxylic acid groups prior to exposing such lignoceliulosic material to a moisture
sensitive activating reagent such as thionyl chloride tn the activating step). Simularly, any of
the steps of the present process miay finther include heating at a temperature, and for a time
pertod, sufficient to cause oxidation, activation, or reaction m the oxidizing, activating, or

reacting steps.

[0033] In another aspect, the process detfailed herein provides a method for inhibiting
fungal growth on a lignocellulosic material, the method including oxidizing a lignocellulosic
material having hydroxyl groups with an oxidant to oxidize at least a portion of the hydroxvl
groups to carboxylic acid groups, optionally activating the carboxylic acid groups with an
activating agent to form activated carboxvlic acid groups and reacting the carboxvlic acid
groups or the activated carboxylic acid groups with a first nitrogen-contaming reagent
selected from the group consisting of amino acids, peptides, or protected denivatives thereof
to provide a treated lignocetlulosic material. In some embodiments, the fungal growth on the
treated lignocellulosic material 1s reduced by about 10% to about 100% in comparison to an
untreated lignocellunlosic material. As used herein, the phrase “untreated lignocellidosic
material” means the same lignocellulosic material including hydroxyl groups which has not
been subjected to the steps of the present process or method. Reduction in fungal growth on
a treated hignocellulosic material in comparison to an untreated lignocellulosic material may
be measured over a tine period of about one day, about one week, about one month, about 3-
6 months, about one year, or about 1-5 years. In some embodments, fungal growth 1s
prevented. In this regard, fungal growth may be prevented for at least one month, one year,

five years, or longer than five vears.
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[0034] The present technology, thus generally described, will be understood more
readily by reference to the following examples, which is provided by way of illusiration and

1s not mtended to be limiting of the present technology.
EXAMPLES
Example 1. Covalent modification of a wood surface with amino acids or peptides

[00635] FIG. 1 15 a general tllustration of a covalent modification process. In
particular, FIG. 1A illustrates a wood substrate including hydroxyl groups on a surface.
Oxidation of the hydroxyl groups provides a wood material meluding carboxvlic acid groups
on the surface (FIG. 1B). The carboxylic acid groups are activated to acid chloride groups
{FIG. 1C). Reaction of the acid chlonde groups with a protected and non-racemic anuno acid
derivative {e.g., an ester of an a-amino acid) provides wood covalently modified with a
protected and non-racemic anuno acid derivative (i.e., an anuno ester), where the derivative
1s covalently bound to the wood material through anude bonds (FIG. 1D). The ester
protecting groups on the anmmno ester residues are deprotected {such as through hydrolvsis) to
provide non-racemic amine ackd modified wood (FIG. 1E). The treated wood material may
be further modified through addifional activation, coupling, and deprotection sequences {o
provide a wood material which includes peptide residues at the surface, as shown i FIG. IF
{i.e., a dipeptide of an c-amuno acid). In this example, it 1s also possible to prepare the amino
acid-functionalized wood illustrated in FIG. 1E by direct reaction of the wood shown mn FIG.
1C with an unprotected amino acid (process not shown). Likewise, if is also possible to
prepare the peptide-functionalized wood shown o FIG. 1F by coupling a dipeptide or

protected derivative with the wood mdicated m FEG. 1C (process not shown).
Example 2. Covalent modification of a wood surface with (S)-canavanine

[0036] A. Wood oxidation. The oxidation of wood may be performed in a
modification to that deseribed m US. Patent 6,919,447 which emplovs 2,2,6,6-
tetramethylpiperidine to form the primary oxidation catalyst. An aqueous solution of ClO-
{7.1 g/L) 15 prepared. This solution {~35 mL} is reacted with 2 2.6, 6-tetramethyipiperidine
{~80 mg) to form the corresponding oxoammonniun salf as a catalyst solutton. Separately, a

cube (1 in’) of a Douglass fir is added to a solution containing aqueous ClO: (7.1 g/L, 85-90
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mL}, NaHCQ; {3 g), and aqueous HzO; {3.3%, 0.08 g). The catalyst solution 1s then added to
solution contaming the wood cube and the whele is contained in a sealed polvethvlene bag.
The polyethylene bag 1s immersed m a 70 °C water bath for at least 5-60 min. The pH is then
adjusted below 3 with 1M H;S80,. Agueous H-0- (3.3%, 3 g) and aqueous ClO; {7.1 g/L, 30
mL} is then added and the mixture 1s again placed m the 70 °C water bath for at least 60 nun.
The wooden cube 1s washed with water, kiln dried, and the carboxyl content of the carboxylic

acid-functionalized cube measured using standard analytical technigues.

[0037] B. Carboxvylic acid activation. The carboxylic acid-functionalized wooden
cube obtamed from Example 2A above i1s added to a sohution of thionyl chloride in
chloroform (10M). The tlnonyl chioride solution 1s used in a sufficient amount to ensure
complete conversion of carboxylic acid groups on the wooden cube. Dimethyiformamide
{several drops) is added and the reaction nuxture is heated fo reflux i a nitrogen atmosphere
for several hours. The nuxture is cooled to room temperatre and the wooden cube 1s
removed from the solution under a blanket of nifrogen and washed with dry chloroform. The

acid chloride-functionalized wooden cube is used directly in the next reaction.

[0038] C. Amde-bond formation. A 1.5 M solution of (S)-canavanine methyl ester
in chioroform is prepared. Teo this solution 1s slowly added at least 1 equivalent of
triethvlamine. The acid chloride-functionalized wooden cube from Example 2B 1s then
added to an excess of the anuno ester. The nuxture 1s stured mitially at room temperature,
and 1s heated as necessary uniil the amidation reaction is complete. The wooden cube 15

removed from the reaction mixture and washed with chloroform.

[0039] D. Deprotection. The wooden cube prepared i Example 2C is heated in the
presence of aquecus HCI (3M) to hydrolyze the ester functional groups. The wooden cube 1s
removed from the reaction mixture, rinsed with water and dried to provide a treated wooden
cube which has been functionalized with S-canavamne, through the N-terminus of the amino
acid, as illustrated in FIG. 2. The degree of functionahization is determined vig standard

analytical technigues.

[0040] E. Insect resistance testing. The S-canavanine-treated wooden cube from

Example 2D is studied for its resistance to attack by tnsects such as moths (e.g., the
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Nantucket Pine Tip moth) and beetles. The treated wood sample. along with an untreated
control sample, 1s incubated with the study insect. The wood samples are mspected for
decomposition every three days (both visually and by moniforing for mass logs of treated
wood samples). Affer 6 months, the mass of the treated wood sample 1s expected to rematn
unchanged (no wood decomposition is observed)}. In contrast, the unireated controd is
expected to show a mass decrease of greater than 3%. The tume penied of insect resistance
testing may be increased beyvond a year. In general, it 1s expected to be found that the treated
wood samples resist decay by insects over long periods {6 months, 1 vear, 5 vears, 10 vears,
20 years, 30 years, and bevond). The testing procedure may be modified fo use various
shapes and types of wood materials, and may further include structural testing of the wood
samples (e.g., modulus of elastictiy (MOE), stiffness, tensile strength, compression, shear,
etc.). In general, 1t 1s expected that the structural characteristics of the treated wood samples
exposed to the study msect will remain unchanged over long pertods {e.g., 6 months, 1 vear,
5 years, 10 vears, 20 vears, 30 vears, and bevond) in comparison to an untreated wood sample

which has been exposed to the study insect.
Example 3. Covalent modification of a wood surface with other amino acids.

[0041} In an analogous fashion to Example 2, separate wood samples are modified
with the followmg anuno acids: L-canaline (an g-amino acid found mn the jack bean with
potent msecticidal properties against the tobacco hornworm and various moths), (1R, 28)-2-
anuno-4-methylenecvclopentane-1-carboxylic acid (“BAY 10-8888” or “PLD-118," a cyclic
f-amino acid with antifungal properties), and (S)-amino-4-oxo-3-hydroxypentanoic acid
{“RI-331.” an g-amino acid which preferentiallv inhibits protein biosynthesis m fungs).
These previously reported amino acids may be protected as methyl esters and may be
attached wood in the manner described in Example 2C, followed by deprotection as set forth
in Example 2D. Woeod treated with L-canaline 13 expected to be up to 100% resistant to
various insects mcluding moths for long periods (e.g., 6 months, 1 vear, 5 years, 10 vears, 20
years, 30 vears, and bevond). Wood treated with BAY 10-8888 or RI-331 1s expected to
exhibit up to 100% resistance to rot and/or general hardwood decay by various fungi species
and veast stramns {e.g.. 6 months, 1 year, 5 vears, 10 vears, 20 vears, 30 years, and beyond).

I all cases, the structural integrity of the treated wood samples exposed to msects, fungi, or
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veast is expected to be completely preserved in comparison to unfreated controls exposed to

the same insects, fungi, or veast.
EQUIVALENTS

[0042] The embodiments, tHusiratively described herein mayv suitably be practiced in
the absence of any element or elements, limitation or limitations, not specifically disclosed
herein. Thus, for example, the terms ‘comprising,” “tnchiding,” ‘contamning,” ere. shall be
read expansively and without imitation. Additionally, the terms and expressions employed
herein have been used as terms of deseription and not of hinutation, and there is no mtention
in the use of such ferms and expressions of excluding anv equivalents of the features shown
and described or portions thereof, but 1t 1s recognized that various modifications are possible
within the scope of the clauned technology. Additionally, the pbrase “consisting essentially
of” will be understood to include those elements specifically recited and those additional
elements that do not materially affect the basic and novel characteristics of the clammed

technology. The phrase ‘consisting of” excludes any element not specified.

[0043] The present disclosure 15 not to be limited in ferms of the particular
embodiments described in this application, which are mtended as illustrations of various
aspects. Many modifications and variations can be made without deparfing from its spirit and
scope, as witl be apparent to those skilled in the art. Functionally equivalent compositions,
apparatuses, and methods within the scope of the disclosure, i addition to those enumerated
herein, will be apparent to those skilled in the art from the foregoing descriptions. Such
modifications and variations are intended to fall within the scope of the appended claims.
The present disclosure is to be limited only by the terms of the appended claims, along with
the full scope of equivalenis to which such claims ave entitled. It 1s to be undersiood that this
disclosure is not himited to particular methods, reagents, compounds composifions or
brological systems, which can, of course, vary. It is also to be understood that the
termunology used herein s for the purpose of describing particular embodunents only, and 15

not intended fo be limiting.
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[0044] In addition, where features or aspects of the disclosure are described in terms
of Markush groups, those skilled n the art will recognize that the disclosure is also thereby

described m terms of any individual member or subgroup of members of the Markush group.

[0045] As will be understood by one skilled in the art, for any and all purposes,
particularly in terms of providing a written description, all ranges disclosed herein also
encompass any and all possible subranges and combinations of subranges thereof. Any listed
range can be eastly recognized as sufficiently describing and enabling the same range being
broken down into at least equal halves, thirds, quarters, fifths, tenths, efe. As a pon-hnuting
example, each range discussed herein can be readily broken down into a lower third, middle
third and upper third, ere. As will also be understood by one skilled in the art all language
such as “up to,” “at least,” “greater than,” ‘less than,” and the hike, mclude the number recited
and refer to ranges which can be subseguently broken down mto subranges as discussed
above. Finally, as will be understood by one skilled in the art, a range includes each

mdividual member.

[0046] Winle certaimn ernbodiments have been illustrated and described, it should be
understood that changes and mwodifications can be made therein m accordance with ordinary
skill in the art without departing from the technology n its broader aspects as defined in the

following claims.
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WHAT IS CLAIMED i5:

[

‘ad

LA

6.

A process of preparing a freated hignocellulosic material. the process comprising:

oxidizing a lignocellulosic material comprising hydroxvl groups with an
oxidant to oxidize at least a portion of the hvdroxyl groups to
carboxvlic acid groups;

optionally activating the carboxylic acid groups with an acfivating agent to
torm acttvated carboxylic acid groups; and

reacting the carboxylic acid groups or the activated carboxylic acid groups
with a first nitrogen-contaiung reagent selected from the group
consisting of amino acids, peptides, or protected dertvatives thereof to

provide the treated lignocellulosic material.

The process of claim 1, wherein the lignocellulosic matertal comprises wood, plant-
dertved material, kenaf, grasses, bagasse, cotton, yute, hemp, flax, bamboo, sisal,

abaca, and mixtures of any fwo or more thereof.

The process of claun 1, wherein the hignocellulosic material 1s wood lumber, wood
fiber, wood particles, wood clhips, ground woed, wood flowr, wood flakes, wood

veneers, wood laminates, or saw dust.

The process of claim 1. wherein the hydroxyl groups are on the cell walls of the

hignocellulosic material.

The process of claim 1 wherein a ratio of hydroxyl groups to carboxylic acid groups is

about 0.5% to about 100%%.

The process of claim I, wherein the activated carboxvlic acid group comprises an acid

halide or an ester.

The process of claun 1, wherein the first nitrogen-containing reagent comprises an -
amine acid, a f-ammo acid, a y-amino acid, a 6-amino acid, a protected derivative

thereof, or mixtures thereof.
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The process of claim 1, wherein the first nitrogen-containing reagent comprises a
proteinogenic anuno acid, a non-profeinogenic amino acid, a protected derivative

thereof, or mixtures thereof.

The process of claim 1, wherein the first nifrogen-confaming reagent comprises a D-

amino acid, an L-amino acid, a protected denivative thereof, or mixtures thereof.

The process of claim 1, the first nitrogen-contamning reagent comprises (S)-

canavanine.

The process of claim 1, wherein the amino acid, the peptide, or protected derivative

thereof 1s a microbicide, a fungicide, a rodenticide, an herbicide, or an msecticide.
The treated lignocellulosic material prepared according to the process of claim 1.

A method of inhibiting fungal growth on a lignocellulosic material, the method

comprising:

oxidizimg a lignocellulosic material comprising hydroxvl groups with an
oxidant to oxidize at least a portion of the hydroxvl groups to
carboxvlic acid groups;

optionally activating the carboxvlic acid groups with an activating agent to
form: activated carboxvlhic acid groups; and

reacting the carboxylic acid groups or the activated carboxylic acid groups
with a first nitrogen-containing reagent selected from the group
consisting of amino acids, peptides, or protected derivatives thereof to

provide a treated hignocellulosic material.

The method of claim 13 wheremn fungal growth on the treated lignocellulosic material
1s reduced by about 10% fo about 100% m comparison o an unireated lignocellulosic

material.

A composttion comprising;
an anmide-bound amino actd, or an anude-bound pepiide on a surface of a

hgnoceliulosic material;
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wherein the composition 15 a biocidal agent.

The composition of clain 15, whereimn the lignocetlulosic material comprises wood,
plant-derived material, kenaf, grasses, bagasse, cotton, jute, hemp, flax, bamboo, sisal,

abaca, and mixtures of any two or more thereof.

The composition of claim 13, wherein the lignocellulosic material 1s wood lumber,
wood fiber, wood particles, woeod chips, ground woed, woed flour, wood flakes, wood

veneers, wood laminates, or saw dust.

The composition of claim 13, wherein the biocidal agent 1s a miucrobicide, a fungicide,

a rodenticide, an herbicide, or an insecticide.
The composition of clainy 15, wheremn the amide-bound amino acid 1s (S)-canavanine.

The composition of claim 135, wherein fungal growth on the treated hignocellulosic
material is reduced by about 10% to about 100% in comparison {o an unfreated

fignoceliulosic material.
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