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PREPARATION OF POLY 
ALPHA - 1 , 3 - GLUCAN ESTERS USING 
CYCLIC ORGANIC ANHYDRIDES 

SUMMARY OF INVENTION 
100091 One embodiment of the present disclosure con 
cerns a composition comprising a poly alpha - 1 , 3 - glucan 
ester compound represented by the structure : 

[ 0001 ] This application claims the benefit of U . S . Provi 
sional Application No . 62 / 186 , 570 ( filed Jun . 30 , 2015 ) , 
which is incorporated herein by reference in its entirety . 

FIELD OF INVENTION 
[ 0002 ] The present disclosure is in the field of poly 
alpha - 1 , 3 - glucan derivatives . For example , the disclosure 
pertains to poly alpha - 1 , 3 - glucan esters and methods of their 
preparation using cyclic organic acid anhydrides . 

OR 

BACKGROUND 
wherein 
( i ) n is at least 6 ; 
( ii ) each R is independently an - H or a first group com 
prising Co Cx - COON , wherein the Cr - portion of 
the first group comprises a chain of 2 to 6 carbon atoms ; and 
( iii ) the compound has a degree of substitution with the first 
group of about 0 . 001 to about 3 . 0 . 
[ 0010 ] In another embodiment , the Cx - portion of the 
first group comprises only CH2 groups . The first group in 
this embodiment can comprise — CO - CH2 - CH , — 
COON , CO CH2 CH2 CH2 - COON , CO 
CH - CH2 - CH2 - CH2 - COON , — C0 CH , CH2 – 
CH2 - CH2 - CH2 - COON , or - CO CH2 CH2 
CH , CH , CH , CH2 - COON , for example . 
[ 0011 ] In another embodiment , the — Cx - portion of the 
first group comprises : ( i ) at least one double - bond in the 
carbon atom chain , and / or ( ii ) at least one branch comprising 
an organic group . 
10012 ] In another embodiment , the Cr - portion of the 
first group comprises at least one double - bond in the carbon 
atom chain . The first group comprises COCH = CH 
COOH in another embodiment . 
[ 0013 ] In another embodiment , the Cx - portion of the 
first group comprises at least one branch comprising an 
organic group . The first group comprises : 

[ 0003 ] Driven by a desire to find new structural polysac 
charides using enzymatic syntheses or genetic engineering 
of microorganisms or plant hosts , researchers have discov 
ered polysaccharides that are biodegradable , and that can be 
made economically from renewable resource - based feed 
stocks . One such polysaccharide is poly alpha - 1 , 3 - glucan , a 
glucan polymer characterized by having alpha - 1 , 3 - glyco 
sidic linkages . This polymer has been isolated by contacting 
an aqueous solution of sucrose with a glucosyltransferase 
enzyme isolated from Streptococcus salivarius ( Simpson et 
al . , Microbiology 141 : 1451 - 1460 , 1995 ) . Films prepared 
from poly alpha - 1 , 3 - glucan tolerate temperatures up to 150° 
C . and provide an advantage over polymers obtained from 
beta - 1 , 4 - linked polysaccharides ( Ogawa et al . , Fiber Differ 
entiation Methods 47 : 353 - 362 , 1980 ) . 
[ 0004 ] U . S . Pat . No . 7 , 000 , 000 disclosed the preparation 
of a polysaccharide fiber comprising hexose units , wherein 
at least 50 % of the hexose units within the polymer were 
linked via alpha - 1 , 3 - glycosidic linkages using an S . sali 
varius gtfj enzyme . This enzyme utilizes sucrose as a 
substrate in a polymerization reaction producing poly alpha 
1 , 3 - glucan and fructose as end - products ( Simpson et al . , 
1995 ) . The disclosed polymer formed a liquid crystalline 
solution when it was dissolved above a critical concentration 
in a solvent or in a mixture comprising a solvent . From this 
solution , continuous , strong , cotton - like fibers , highly suit 
able for use in textiles , were spun and used . 
[ 0005 ] Yui et al . ( Int . J . Biol . Macromol . 14 : 87 - 96 , 1992 ) 
disclose using poly alpha - 1 , 3 - glucan extracted from the 
fruiting body of the fungus , Laetiporus silphureus , to syn 
thesize poly alpha - 1 , 3 - glucan triacetate . The structure of this 
polymer was analyzed by X - ray crystallography . 
[ 0006 ] Ogawa et al . ( Carb . Poly . 3 : 287 - 297 , 1983 ) used 
three different samples of poly alpha - 1 , 3 - glucan to prepare 
poly alpha - 1 , 3 - glucan triacetate . One sample was isolated 
from a bacterial extracellular polysaccharide , and the other 
two samples were extracted from fruiting bodies of fungi . 
The structures of these polymers were analyzed by X - ray 
crystallography . 
[ 0007 ] U . S . Patent Appl . Publ . Nos . 2014 / 0187767 and 
2014 / 0187766 disclose poly alpha - 1 , 3 - glucan esters and 
methods of their production , as well as films comprising 
such poly alpha - 1 , 3 - glucan esters . 
[ 0008 ] Development of new poly alpha - 1 , 3 - glucan ester 
derivatives and methods of preparing such derivatives is 
desirable given their potential utility in various applications . 

- CO - CH2 - CH - COOH 
CH2 - CH = CH - CH2 - CH2 - CH2 - CH2 - CH2 - CH3 , 

or 
- CO - CH = CH2 - COOH 

CH2 - CH = CH - CH2 - CH2 - CH2 - CH2 - CH2 - CHz 

or 

in another embodiment . 
[ 0014 ] . In another embodiment , the present disclosure con 
cerns a method of producing a poly alpha - 1 , 3 - glucan ester 
compound . This method comprises : 

[ 0015 ] ( a ) contacting poly alpha - 1 , 3 - glucan in a reac 
tion with a cyclic organic anhydride , thereby producing 
a poly alpha - 1 , 3 - glucan ester compound represented by 
the structure : 

RO 

OR 
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wherein 
10016 ) ( i ) n is at least 6 ; 
[ 0017 ] ( ii ) each R is independently an — H or a first 

group comprising - CO _ C _ COON , wherein the 
- Cx - portion of said first group comprises a chain 
of 2 to 6 carbon atoms ; and 

[ 0018 ] ( iii ) the compound has a degree of substitution 
with the first group of about 0 . 001 to about 3 . 0 ; and 

[ 0019 ] ( b ) optionally , isolating the poly alpha - 1 , 3 - glu 
can ester compound produced in step ( a ) . 

[ 0020 ] In another embodiment , the reaction initially con 
sists of the poly alpha - 1 , 3 - glucan and cyclic organic anhy 
dride , wherein the cyclic organic anhydride is melted . 
[ 0021 ] In another embodiment , the reaction does not com 
prise an organic solvent . 
10022 ] . In another embodiment , the reaction comprises 
aqueous conditions . A basic pH is maintained during the 
reaction in another embodiment . 
[ 0023 ] In another embodiment , the poly alpha - 1 , 3 - glucan 
and poly alpha - 1 , 3 - glucan ester are each in a solid form 
during the reaction . 
[ 0024 ] In another embodiment , the reaction does not com 
prise a catalyst . 

classified under the glycoside hydrolase family 70 ( GH70 ) 
according to the CAZY ( Carbohydrate - Active EnZymes ) 
database ( Cantarel et al . , Nucleic Acids Res . 37 : D233 - 238 , 
2009 ) . 
[ 0031 ] The terms " glycosidic linkage ” and “ glycosidic 
bond ” are used interchangeably herein and refer to the 
covalent bond that joins a carbohydrate ( sugar ) molecule to 
another group such as another carbohydrate . The term 
“ alpha - 1 , 3 - glycosidic linkage ” as used herein refers to the 
type of covalent bond that joins alpha - D - glucose molecules 
to each other through carbons 1 and 3 on adjacent alpha 
D - glucose rings . The glycosidic linkages of an alpha - 1 , 3 
glucan herein can also be referred to as “ glucosidic link 
ages ” . Herein , “ alpha - D - glucose ” is referred to as “ glucose ” . 
[ 0032 ] The terms “ poly alpha - 1 , 3 - glucan ester com 
pound ” , “ poly alpha - 1 , 3 - glucan ester ” , “ poly alpha - 1 , 3 
glucan ester derivative ” , “ glucan ester " and the like are used 
interchangeably herein . A poly alpha - 1 , 3 - glucan ester com 
pound herein can be represented by the structure : 

RO 

OR 

DETAILED DESCRIPTION 
[ 0025 ] The disclosures of all patent and non - patent litera 
ture cited herein are incorporated herein by reference in their 
entirety . 
[ 0026 ] Unless otherwise disclosed , the terms " a " and " an " 
as used herein are intended to encompass one or more ( i . e . , 
at least one ) of a referenced feature . 
100271 Where present , all ranges are inclusive and com 
binable , except as otherwise noted . For example , when a 
range of “ 1 to 5 ” is recited , the recited range should be 
construed as including ranges “ 1 to 4 ” , “ 1 to 3 ” , “ 1 - 2 ” , “ 1 - 2 
& 4 - 5 ” , “ 1 - 3 & 5 ” , and the like . 
[ 0028 ] The terms “ poly alpha - 1 , 3 - glucan ” , “ alpha - 1 , 3 
glucan polymer ” , “ alpha - 1 , 3 - glucan ” , “ glucan polymer ” and 
the like are used interchangeably herein . Poly alpha - 1 , 3 
glucan is a polymer comprising glucose monomeric units 
linked together by glycosidic linkages , wherein at least 
about 50 % of the glycosidic linkages are alpha - 1 , 3 - glyco 
sidic linkages . Poly alpha - 1 , 3 - glucan is a type of polysac 
charide . 
[ 0029 ] Poly alpha - 1 , 3 - glucan that can be used for prepar 
ing poly alpha - 1 , 3 - glucan ester compounds herein can be 
prepared using chemical methods . Alternatively , it can be 
prepared by extracting it from various organisms , such as 
fungi , that produce poly alpha - 1 , 3 - glucan . Alternatively 
still , poly alpha - 1 , 3 - glucan can be enzymatically produced 
from sucrose using one or more glucosyltransferase ( gtf ) 
enzymes , such as described in U . S . Patent Appl . Publ . No . 
2014 / 0087431 , which is incorporated herein by reference . 
[ 0030 ] The terms “ glucosyltransferase enzyme ” , “ gtf 
enzyme ” , " gtf enzyme catalyst ” , “ gtf ” , “ glucansucrase ” and 
the like are used interchangeably herein . The activity of a gtf 
enzyme herein catalyzes the reaction of the substrate sucrose 
to make the products poly alpha - 1 , 3 - glucan and fructose . 
Other products ( byproducts ) of a gtf reaction can include 
glucose , various soluble gluco - oligosaccharides ( DP2 - DP7 ) , 
and leucrose . Wild type forms of glucosyltransferase 
enzymes generally contain in the N - terminal to C - terminal 
direction ) a signal peptide , a variable domain , a catalytic 
domain , and a glucan - binding domain . A gtf herein is 

Regarding the formula of this structure , n can be at least 6 , 
and each R can independently be a hydrogen atom ( H ) or a 
first group comprising — CO - Cx - COON , wherein the 
Cx - portion of the first group can comprise a chain of 2 

to 6 carbon atoms , preferably wherein each carbon atom has 
four covalent bonds . A poly alpha - 1 , 3 - glucan ester com 
pound herein has a degree of substitution of about 0 . 001 to 
about 3 . 0 . 
[ 0033 ] A poly alpha - 1 , 3 - glucan ester compound is termed 
an “ ester ” herein by virtue of comprising the substructure 
C60 CO - Cr - , where “ C6 ” represents carbon 

2 , 4 , or 6 of a glucose monomeric unit of a poly alpha - 1 , 3 
glucan ester compound , and where “ _ CO Cr - ” is com 
prised in the first group . 
[ 0034 ] A “ first group ” herein comprises CO — Cx 
COON . The term “ _ C , ” refers to a portion of the first group 
that typically comprises a chain of 2 to 6 carbon atoms , each 
carbon atom preferably having four covalent bonds . 
[ 0035 ] The terms “ poly alpha - 1 , 3 - glucan monoester ” and 
“ monoester ” are used interchangeably herein . A poly alpha 
1 , 3 - glucan monoester contains one type of first group . 
[ 0036 ] The terms “ poly alpha - 1 , 3 - glucan mixed ester " and 
“ mixed ester ” are used interchangeably herein . A poly 
alpha - 1 , 3 - glucan mixed ester contains two or more types of 
a first group . 
[ 0037 ] The terms " reaction " , " esterification reaction ” , 
“ reaction composition ” , “ reaction preparation ” and the like 
are used interchangeably herein and refer to a reaction 
comprising , or consisting of , poly alpha - 1 , 3 - glucan and at 
least one cyclic organic anhydride . A reaction is placed 
under suitable conditions ( e . g . , time , temperature , pH ) for 
esterification of one or more hydroxyl groups of the glucose 
units of poly alpha - 1 , 3 - glucan with a first group provided by 
the cyclic organic anhydride , thereby yielding a poly alpha 
1 , 3 - glucan ester compound . 
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[ 0038 ] The terms “ cyclic organic anhydride ” , “ cyclic 
organic acid anhydride ” , “ cyclic acid anhydride ” and the 
like are used interchangeably herein . A cyclic organic anhy 
dride herein can have the formula : 

O O = 
= 
O 0 - 

O - 0 

herein . The percent by volume of a solute in a solution can 
be determined using the formula : [ ( volume of solute ) ( vol 
ume of solution ) ] * 100 % . 
[ 0050 ] The terms “ percent by weight " , " weight percentage 
( wt % ) ” , “ weight - weight percentage ( % w / w ) ” and the like 
are used interchangeably herein . Percent by weight refers to 
the percentage of a material on a mass basis as it is 
comprised in a composition , mixture or solution . 
[ 0051 ] The term “ increased ” as used herein can refer to a 
quantity or activity that is at least about 1 % , 2 % , 3 % , 4 % , 
5 % , 6 % , 7 % , 8 % , 9 % , 10 % , 11 % , 12 % , 13 % , 14 % , 15 % , 
16 % , 17 % , 18 % , 19 % , 20 % , 50 % , 100 % , or 200 % more 
than the quantity or activity for which the increased quantity 
or activity is being compared . The terms “ increased ” , 
" elevated ” , “ enhanced ” , “ greater than ” , “ improved ” and the 
like are used interchangeably herein . 
[ 0052 ] The term “ isolated ” as used herein refers to mate 
rial ( e . g . , poly alpha - 1 , 3 - glucan ester ) that has been com 
pletely or partially purified . Poly alpha - 1 , 3 - glucan ester 
compounds of the present disclosure are synthetic , man 
made compounds . Such compounds are believed to not 
occur in nature . 
[ 0053 ) Embodiments of the present disclosure concern a 
composition comprising a poly alpha - 1 , 3 - glucan ester com 
pound represented by the structure : 

OR 

[ 0039 ] The Cx - portion of formula I typically com 
prises a chain of 2 to 6 carbon atoms ; each carbon atom in 
this chain preferably has four covalent bonds . During an 
esterification reaction herein , the anhydride group ( CO 

0 CO % ) of a cyclic organic anhydride breaks such that 
one end of the broken anhydride becomes a — COON group 
and the other end is esterified to a hydroxyl group of poly 
alpha - 1 , 3 - glucan , thereby rendering an esterified first group 
( COCx - COOH ) . 
10040 ] The term “ degree of substitution ” ( DoS ) as used 
herein refers to the average number of hydroxyl groups 
substituted in each monomeric unit ( glucose ) of a poly 
alpha - 1 , 3 - glucan ester compound . Since there are three 
hydroxyl groups in each monomeric unit in poly alpha - 1 , 3 
glucan , the DoS in a poly alpha - 1 , 3 - glucan ester compound 
herein can be no higher than 3 . 
[ 0041 ] “ Contacting ” herein can be performed by any 
means known in the art , such as dissolving , mixing , shaking , 
or homogenization , for example . Where three or more 
reaction components are contacted with each other , such 
contacting can be done all at once or in stages ( e . g . , two 
components mixed before mixing in a third component ) . 
[ 0042 ] The term “ melted cyclic organic anhydride ” and 
related terms as used herein refer to cyclic organic anhydride 
that is at a temperature at which the compound melts ( i . e . , 
goes into a liquid state ) ( the temperature is over the melting 
point of the anhydride ) . 
[ 0043 ] An esterification reaction comprising “ aqueous 
conditions ” in certain embodiments refers to a reaction that , 
as initially set up , comprises at least 1 wt % water . 
[ 0044 ] A “ basic pH ” in certain embodiments refers to a pH 
that is at least about 7 . 5 . 
10045 ] A “ catalyst " as used herein refers to a substance 
that increases the rate of an esterification reaction herein 
without itself undergoing any permanent chemical change . 
Acid catalysts are examples of such catalysts . 
[ 0046 ] . The term “ poly alpha - 1 , 3 - glucan slurry ” herein 
refers to an aqueous mixture comprising the components of 
a glucosyltransferase enzymatic reaction such as poly alpha 
1 , 3 - glucan , sucrose , one or more glucosyltransferase 
enzymes , glucose and fructose . 
[ 0047 ] The term “ poly alpha - 1 , 3 - glucan wet cake ” herein 
refers to poly alpha - 1 , 3 - glucan that has been separated from 
a slurry and washed with water or an aqueous solution . Poly 
alpha - 1 , 3 - glucan is not dried when preparing a wet cake . 
[ 0048 ] The term “ film ” as used herein refers to a thin , 
visually continuous material . A film can be comprised as a 
thin layer or coating on a material , or can be alone ( e . g . , not 
attached to a material surface ) . A “ coating ” as used herein 
refers to a thin layer covering a surface of a material . 
[ 0049 ] The terms “ percent by volume ” , “ volume percent ” , 
" vol % ” , “ v / v % ” and the like are used interchangeably 

wherein 
[ 0054 ] ( i ) n is at least 6 ; 
[ 0055 ] ( ii ) each R is independently an - H or a first 

group comprising — CO - C1 - COOH , wherein the 
Cr - portion of the first group typically comprises a 

chain of 2 to 6 carbon atoms ; and 
[ 0056 ] ( iii ) the compound has a degree of substitution 
with the first group of about 0 . 001 to about 3 . 0 . 

[ 0057 ] Significantly , such ester compounds can be pro 
duced in reactions comprising a limited number of reagents , 
and isolated in a facile manner . 
[ 0058 ] Each R group in the formula of a poly alpha - 1 , 3 
glucan ester compound herein can independently be an — H 
or a first group comprising — CO C _ COOH . The 

Cx - portion of the first group typically comprise a chain 
of 2 to 6 carbon atoms ; each of these carbon atoms is 
preferably involved in four covalent bonds . In general , each 
carbon in the chain , aside from being covalently bonded 
with an adjacent carbon atom ( s ) in the chain or a carbon 
atom of the flanking ( = O and COOH groups , can also be 
bonded to hydrogen ( s ) , a substituent group ( s ) such as an 
organic group , and / or be involved in a carbon - carbon 
double - bond . For example , a carbon atom in the Cr 
chain can be saturated ( i . e . , CH , - ) , double - bonded with 
an adjacent carbon atom in the — C , chain ( e . g . , 
CH = CH — ) , and / or be bonded to a hydrogen and an 

organic group ( i . e . , one hydrogen is substituted with an 
organic group ) . Skilled artisans would understand how the 
carbon atoms of the Cx - portion of a first group com 
prising CO _ Cx - COOH can typically be bonded , given 
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- continued - CO - CH = CH - COOH 
CH2 - CH = CH - CH2 - CH2 - CH2 - CH2 - CH2 - CH3 . 

that carbon has a valency of four . It is contemplated that , in 
some embodiments , the Cr - portion of the first group can 
comprise a chain of 2 to 16 , 2 to 17 , or 2 to 18 carbon atoms . 
[ 0059 ] In certain embodiments of the present disclosure , 
the Cx - portion of the first group ( CO _ C7 COON ) 
comprises only CH2 groups . Examples of a first group in 
which the Cx - portion comprises only CH2 groups are 
- CO - CH2 - CH2COOH , CO CH2 - CH2 - CH2 — 
COOH , CO CH2CH2CH2CH2COOH , 
- C0 CH , CH2 = CH2CH2CH2 - COOH , and 
- CO CH2CH2CH2CH2CH2 = CH2COOH . 
As further disclosed below regarding processes for synthe 
sizing a poly alpha - 1 , 3 - glucan ester compound , these first 
groups can be derived , respectively , by reacting succinic 
anhydride , glutaric anhydride , adipic anhydride , pimelic 
anhydride , or suberic anhydride with poly alpha - 1 , 3 - glucan . 
[ 0060 ] The Cx - portion of the first group ( CO 
Cx - COON ) in some aspects herein can comprise ( i ) at least 
one double - bond in the carbon atom chain , and / or ( ii ) at least 
one branch comprising an organic group . For instance , the 
- Cr - portion of the first group can have at least one 
double - bond in the carbon atom chain . Examples of a first 
group in which the Cx - portion comprises a carbon 
carbon double - bond include — COCH = CH - COOH , 
CÓ CH = CHCH , COOH , COCH = CH 

CH , CH? COOH , COCH = CH - CH , CH , 
CHCOOH , CO CH = CHCH2 CH2 CH2 
CH3COOH , CÓ CHCH2CH2COOH , CO 
CH , CH = CH CH , COOH , CÓ CH - 
CH = CH - CH , CH , COOH , CO CH 
CH = CH - CH , CH , CH , COOH , CÓ CH 
CH , CH = CH2COOH , CO CH , CH , 
CH = CH2CH2COOH , CÓ CH , CH? 
CH = CH - CH2 - CH2 - COOH , CÓ CH , CH , 
CH , CH = CH - COOH , CO CHA CHA CH2 – 
CH = CH - CH2 - COOH , and CO CH , CH , — 
CH2CH2CH = CH - COOH . As further disclosed 
below regarding processes for synthesizing a poly alpha - 1 , 
3 - glucan ester compound , each of these first groups can be 
derived by reacting the appropriate cyclic organic anhydride 
with poly alpha - 1 , 3 - glucan . For example , to produce a first 
group comprising CO - CH = CH - COOH , maleic anhy 
dride can be reacted with poly alpha - 1 , 3 - glucan . Thus , a 
cyclic organic anhydride comprising a Cx - portion rep 
resented in any of the above - listed first groups ( where the 
corresponding Cx - portion of a cyclic organic anhydride 
is that portion linking each side of the anhydride group 
[ COO - CO — ] together to form a cycle ) can be reacted 
with poly alpha - 1 , 3 - glucan to produce an ester thereof 
having the corresponding first group ( CoCx COOH ) . 
[ 0061 ] The Cx - portion of the first group ( CO 
Cx - COON ) in some aspects herein can comprise at least 
one branch comprising an organic group . Examples of a first 
group in which the — C — portion comprises at least one 
organic group branch include : 

As further disclosed below regarding processes for synthe 
sizing a poly alpha - 1 , 3 - glucan ester compound , each of 
these two first groups can be derived by reacting 2 - nonen 
1 - yl succinic anhydride with poly alpha - 1 , 3 - glucan . It can be 
seen that the organic group branch ( generically termed “ Rb » 
herein ) in both these examples is _ CH2CH = CH 
CH2 CH2CH2CH2CH2 - CH3 . It can also be seen 
that the R ' group substitutes for a hydrogen in the — Cx 
carbon chain . 
[ 0062 ] Thus , for example , a first group ( C0Cc 
COON ) herein can be any of - CO - CH2 - CH2 - COOH , 
- CO CH2 - CH2 - CH2 - COOH , — CO CH2CH2 - 
CH2 - CH2 - COOH , CO CH2 = CH2CH2CH2 
CH , COOH , or — COCH , CH , CH , CH , — 
CH2 - CH2 - COOH , but in which at least one , two , three , 
or more hydrogens thereof is / are substituted with an Rb 
group . Also for example , a first group ( CO - C , COON ) 
herein can be any of CO CH = CH - CH2COOH , 
- CÓ CH = CH CH , CH , COOH , CO 
CH = CH - CH2 - CH2CH2 - COOH , CO 
CH = CH - CH2 CH2 CH2 CH2COOH , _ CO 
CH , CH2CH2COOH , CÓ CH , CH = CH 
CH , COOH , CÓ CH , CH = CH - CH , CH , 
COOH , CÓ CHÚCH - CH = CHCH , CH , 
COOH , CO CH2CH2CH = CH - COOH , CO 
CH , CH , CH2CH2CH , COOH , CÓ CH , 
CH , CH2CH2CH , CH3COOH , CÓ CH - 
CH , CH2 = CH - CH2COOH , CÓ CH?CH , 
CH , — CH = CH - CH2 - COOH , or — C0CH , CH , — 
CH2 CH2 CH = CH - COOH , but in which at least one , 
two , three , or more hydrogens thereof is / are substituted with 
an R ' group ( such first groups are examples in which the 
Cr - portion comprises at least one double - bond in the 

carbon atom chain and at least one branch comprising an 
organic group ) . Suitable examples of Rb groups herein 
include alkyl groups and alkenyl groups . An alkyl group 
herein can comprise 1 - 18 carbons ( linear or branched ) , for 
example ( e . g . , methyl , ethyl , propyl , butyl , pentyl , hexyl , 
heptyl , octyl , nonyl , or decyl group ) . An alkenyl group 
herein can comprise 1 - 18 carbons ( linear or branched ) , for 
example ( e . g . , methylene , ethenyl , propenyl , butenyl , pen 
tenyl , hexenyl , heptenyl , octenyl [ e . g . , 2 - octenyl ] , nonenyl 
[ e . g . , 2 - nonenyl ] , or decenyl group ) . 
[ 0063 ] As further disclosed below regarding processes for 
synthesizing a poly alpha - 1 , 3 - glucan ester compound , each 
of these first groups comprising a Cx - portion with at 
least one organic group branch can be derived by reacting 
the appropriate cyclic organic anhydride with poly alpha - 1 , 
3 - glucan . An example of using 2 - nonen - 1 - yl succinic anhy 
dride is described above . Another illustrative example 
includes using methylsuccinic anhydride to ester - derivatize 
poly alpha - 1 , 3 - glucan , where the resultant first group is 

CO CH , CH ( CH ) COOH or — CO - CH ( CH3 ) 
CH2 - COOH . Still another illustrative example includes 
using methylmaleic anhydride to ester - derivatize poly alpha 
1 , 3 - glucan , where the resultant first group is — CO 
CH = C ( CH2 ) – COOH or COC ( CH2 ) = CH - COOH . 
Still another illustrative example includes using itaconic 
anhydride ( 2 - methylenesuccinic anhydride ) to ester - deriva 

2 

- CO - CH - CH - COOH 
CH2 - CH = CH - CH2 – CH2 – CH2 – CH2 – CH2 - CH3 

and 
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tize poly alpha - 1 , 3 - glucan , where the resultant first group is 
- CO CH2 - C ( CH2 ) — COOH or CO C ( CH2 ) 
CH2COOH . Thus , a cyclic organic anhydride comprising 
a - Cx - portion represented in any of the above - listed first 
groups ( where the corresponding Cx - portion of a cyclic 
organic anhydride is that portion linking each side of the 
anhydride group [ CO O CO — ] together to form a 
cycle ) can be reacted with poly alpha - 1 , 3 - glucan to produce 
an ester thereof having the corresponding first group 
( CO - C1 - COOH ) . 
[ 0064 ] Poly alpha - 1 , 3 - glucan ester compounds in certain 
embodiments can contain one type of a first group compris 
ing — CO Cx - COON . For example , one or more R 
groups ester - linked to the glucose group in the above for 
mula may be COCH2 CH2 COOH ; the R groups in 
this particular example would thus independently be hydro 
gen and — CO CH2CH2COOH groups ( such an ester 
compound can be referred to as poly alpha - 1 , 3 - glucan 
succinate ) . As another example , one or more R groups 
ester - linked to the glucose group in the above formula may 
be - COCH = CH - COOH ; the R groups in this particu 
lar example would thus independently be hydrogen and 
- CO - CH = CH - COOH groups ( such an ester compound 
can be referred to as poly alpha - 1 , 3 - glucan maleate ) . 
[ 0065 ] Alternatively , poly alpha - 1 , 3 - glucan ester com 
pounds disclosed herein can contain two or more different 
types of a first group comprising Co - C - COON ( i . e . , 
they can be mixed esters ) . Examples of such poly alpha - 1 , 
3 - glucan mixed ester compounds can contain — CO 
CH2CH2COOH and CO CH = CH - COOH as 
first groups ( such an ester compound can be referred to as 
poly alpha - 1 , 3 - glucan succinate maleate ) . Other examples 
of such compounds contain both of the following first 
groups : 

anionic groups can interact with salt cations such as potas 
sium , sodium , or lithium cations , if present . 
[ 0068 ] Poly alpha - 1 , 3 - glucan ester compounds herein 
have a degree of substitution ( DoS ) with one or more first 
groups CO C COOH ) of about 0 . 001 to about 3 . 0 . 
Alternatively , the DoS of a poly alpha - 1 , 3 - glucan ester 
compound can be about 0 . 001 to about 0 . 02 , 0 . 025 , 0 . 03 , 
0 . 035 , 0 . 04 , 0 . 05 , 0 . 06 , 0 . 07 , 0 . 08 , 0 . 09 , 0 . 1 , 0 . 25 , 0 . 5 , or 
1 . 0 , for example . Alternatively still , it is believed that the 
DoS can be at least about 0 . 001 , 0 . 01 , 0 . 05 , 0 . 1 , 0 . 2 , 0 . 3 , 0 . 4 , 
0 . 5 , 0 . 6 , 0 . 7 , 0 . 8 , 0 . 9 , 1 . 0 , 1 . 1 , 1 . 2 , 1 . 3 , 1 . 4 , 1 . 5 , 1 . 6 , 1 . 7 , 1 . 8 , 
1 . 9 , 2 . 0 , 2 . 1 , 2 . 2 , 2 . 3 , 2 . 4 , 2 . 5 , 2 . 6 , 2 . 7 , 2 . 8 , 2 . 9 , or 3 . 0 , for 
example . The DoS can optionally be expressed as a range 
between any two of these values . It would be understood by 
those skilled in the art that , since a poly alpha - 1 , 3 - glucan 
ester compound herein has a degree of substitution between 
about 0 . 001 to about 3 . 0 , the R groups of the compound 
cannot only be hydrogen . 
[ 0069 ] The wt % of one or more first groups ( CO 
Cx COOH ) in a poly alpha - 1 , 3 - glucan ester compound 
herein can be referred to , if desired , instead of or in addition 
to referencing a DoS value . For example , the wt % of a first 
group in a poly alpha - 1 , 3 - glucan ester compound can be at 
least about 0 . 1 % , 1 % , 2 % , 3 % , 4 % , 5 % , 6 % , 7 % , 8 % , 9 % , 
10 % , 11 % , 12 % , 13 % , 14 % , 15 % , 16 % , 17 % , 18 % , 19 % , 
20 % , 21 % , 22 % , 23 % , 24 % , 25 % , 26 % , 27 % , 28 % , 29 % , 
30 % , 31 % , 32 % , 33 % , 34 % , 35 % , 36 % , 37 % , 38 % , 39 % , 
40 % , 41 % , 42 % , 43 % , 44 % , 45 % , 46 % , 47 % , 48 % , 49 % , 
50 % , 51 % , 52 % , 53 % , 54 % , 55 % , 56 % , 57 % , 58 % , 59 % , or 
60 % . The wt % can optionally be expressed as a range 
between any two of these values . 
[ 0070 ] poly alpha - 1 , 3 - glucan ester compound herein 
can have at least about 50 % , 60 % , 70 % , 80 % , 90 % , 95 % , 
96 % , 97 % , 98 % , 99 % , or 100 % ( or any integer between 
50 % and 100 % ) glycosidic linkages that are alpha - 1 , 3 . In 
such embodiments , accordingly , the poly alpha - 1 , 3 - glucan 
ester compound has less than about 50 % , 40 % , 30 % , 20 % , 
10 % , 5 % , 4 % , 3 % , 2 % , 1 % , or 0 % ( or any integer value 
between 0 % and 50 % ) of glycosidic linkages that are not 
alpha - 1 , 3 . A poly alpha - 1 , 3 - glucan ester compound prefer 
ably has at least about 98 % , 99 % , or 100 % glycosidic 
linkages that are alpha - 1 , 3 . 
[ 0071 ] The backbone of a poly alpha - 1 , 3 - glucan ester 
compound herein is preferably linear / unbranched . In certain 
embodiments , the compound has no branch points or less 
than about 10 % , 9 % , 8 % , 7 % , 6 % , 5 % , 4 % , 3 % , 2 % , or 1 % 
branch points as a percent of the glycosidic linkages in the 
polymer . Examples of branch points include alpha - 1 , 6 
branch points . 
[ 0072 ] The formula of a poly alpha - 1 , 3 - glucan ester com 
pound in certain embodiments can have an n value of at least 
6 . Alternatively , n can have a value of at least 10 , 50 , 100 , 
200 , 300 , 400 , 500 , 600 , 700 , 800 , 900 , 1000 , 1100 , 1200 , 
1300 , 1400 , 1500 , 1600 , 1700 , 1800 , 1900 , 2000 , 2100 , 
2200 , 2300 , 2400 , 2500 , 2600 , 2700 , 2800 , 2900 , 3000 , 
3100 , 3200 , 3300 , 3400 , 3500 , 3600 , 3700 , 3800 , 3900 , or 
4000 ( or any integer between 10 and 4000 ) , for example . 
The value of n in still other examples can be in a range of 
25 - 250 , 50 - 250 , 75 - 250 , 100 - 250 , 150 - 250 , 200 - 250 , 
25 - 200 , 50 - 200 , 75 - 200 , 100 - 200 , 150 - 200 , 25 - 150 , 50 - 150 , 
75 - 150 , 100 - 150 , 25 - 100 , 50 - 100 , 75 - 100 , 25 - 75 , 50 - 75 , or 
25 - 50 . 
[ 0073 ] The molecular weight of a poly alpha - 1 , 3 - glucan 
ester compound disclosed herein can be measured as num 

- CO - CH2 - CH - COOH 
CH2 - CH = CH - CH2 - CH2 - CH2 - CH2 - CH2 - CH3 CH2 

and 

- CO - CH - CH2 - COOH 
CH2 - CH = CH - CH2 - CH2 - CH2 - CH2 - CH2 - CH3 

These two first groups can be derived by reacting a single 
cyclic organic anhydride ( 2 - nonen - 1 - yl succinic anhydride ) 
with poly alpha - 1 , 3 - glucan . Thus , it would be understood 
that certain cyclic organic anhydrides , when used to ester 
derivatize poly alpha - 1 , 3 - glucan , can yield two different 
esterified first groups , since there are two ways , structurally 
speaking , in which the cyclic anhydride can react with 
glucan hydroxyl groups . 
[ 0066 ] The Cx - portion of the first group ( C0 — 
Cx - COOH ) of a poly alpha - 1 , 3 - glucan ester compound in 
some aspects does not comprise any cycle / ring structure 
such as a benzene ring . 
[ 0067 ] Those skilled in the art would understand that in 
certain embodiments herein , a poly alpha - 1 , 3 - glucan ester 
compound can be in an anionic form under aqueous condi 
tions . This anionic behavior is due to the presence of a 
carboxyl group ( COOH ) in the esterified first group 
( C0 Cx - COOH ) . Carboxyl ( COOH ) groups of a poly 
alpha - 1 , 3 - glucan ester compound herein can convert to 
carboxylate ( COO ) groups in aqueous conditions . These 



US 2018 / 0155455 A1 Jun . 7 , 2018 

10077 ] . The tear resistance , tensile strength , temperature 
stability , haze and transmittance of a film herein can be 
determined by any known method . As used herein , the term 
" tear resistance ” is defined as a measure of how well a film 
can withstand the effects of tearing . The term " tensile 
strength ” as used herein refers to the maximum tension a 
film can withstand without tearing . The suitable tear resis 
tance for a poly alpha - 1 , 3 - glucan ester film disclosed herein 
can be at least about 0 . 1 gf / mil , for example . The tensile 
strength of a film herein can be at least about 5 or 10 
kg / mm² , for example . As used herein , the term “ haze ” refers 
to the percentage of light that is deflected more than 2 . 5 
degrees from the incoming light direction . Low haze values 
typically correspond to better clarity . The term “ transmit 
tance ” as used herein refers to the fraction of incident light 
at a specified wavelength that passes through a film . A poly 
alpha - 1 , 3 - glucan ester film herein can have a haze below 
about 20 % , and / or a transmittance of at least about 80 % , for 
example . 
[ 0078 ] Embodiments of the present disclosure also con 
cern a method of producing a poly alpha - 1 , 3 - glucan ester 
compound . This method comprises : 
( a ) contacting poly alpha - 1 , 3 - glucan in a reaction with a 
cyclic organic anhydride , thereby producing a poly alpha 
1 , 3 - glucan ester compound represented by the structure : 

R07 

ber - average molecular weight ( M , ) or as weight - average 
molecular weight ( Mw ) . Alternatively , molecular weight can 
be measured in Daltons or grams / mole . It may also be useful 
to refer to the DP , ( weight average degree of polymeriza 
tion ) or DP , ( number average degree of polymerization ) of 
the poly alpha - 1 , 3 - glucan polymer component of the com 
pound . The M , or Mw of a poly alpha - 1 , 3 - glucan ester 
compound herein can be at least about 1000 , for example . 
Alternatively , the M , or M . , can be at least about 1000 to 
about 600000 . Alternatively still , the M , , or M . , can be at 
least about 10000 , 25000 , 50000 , 75000 , 100000 , 125000 , 
150000 , 175000 , 200000 , 225000 , 250000 , 275000 , or 
300000 ( or any integer between 10000 and 300000 ) , for 
example . 
[ 0074 ] Suitable compositions comprising a poly alpha - 1 , 
3 - glucan ester compound as presently disclosed are contem 
plated to include fibers ( e . g . , spun fiber ) and films , for 
example . 
100751 . A fiber in certain aspects can be a continuous 
filament , discontinuous filament , or staple fiber . For prepar 
ing a spun fiber herein , a poly alpha - 1 , 3 - glucan ester com 
pound is typically first dissolved in a solvent such as an 
organic halide , organic acid , fluorinated alcohol , or mixture 
thereof . Representative of such solvents are methylene chlo 
ride ( dichloromethane ) , trifluoroacetic acid , trichloroacetic 
acid , dichloroacetic acid , formic acid , hexafluoroisopropa 
nol , and mixtures such as trifluoroacetic acid / methylene 
chloride , trichloroacetic acid / methylene chloride , dichloro 
acetic acid / methylene chloride , and formic acid / methylene 
chloride . Other suitable solvents include molecules which 
are nonsolvents by themselves ( e . g . , water ) in combination 
with strong organic acids , such as trifluoroacetic acid / water , 
trichloroacetic acid / water , dichloroacetic acid / water , or for 
mic acid / water . A solution thus prepared can then be used for 
spinning . A spinning solution can be forced by means such 
a piston or pump through a single or multi - holed spinneret 
or other form of die , for example . A spinneret can be of any 
cross - sectional shape , including round , flat , multi - lobal , and 
the like , for example . An extruded strand can then be passed 
by ordinary means into a coagulation bath containing a 
liquid that dissolves the solvent of the spinning solvent but 
not the ester compound , thus causing the highly oriented 
polymer to coagulate into a spun fiber . A fiber herein can 
comprise other components , such as a pigment or dye . 
[ 0076 ] A poly alpha - 1 , 3 - glucan ester compound herein is 
believed to be useful for preparing a film in some aspects . A 
poly alpha - 1 , 3 - glucan ester compound as presently dis 
closed typically can be dissolved in one or more solvents to 
provide a solution of the compound . Solvents that may be 
useful for this purpose include , but are not limited to , 
methylene chloride ( dichloromethane ) ; methanol ; chloro 
form ; tetrachloroethane ; formic acid ; acetic acid ; nitroben 
zene ; bromoform ; pyridine ; dioxane ; ethanol ; acetone ; alco 
hols ; aromatic compounds such as monochlorobenzene , 
benzene and toluene ; esters such as ethyl acetate and propyl 
acetate ; ethers such as tetrahydrofuran , methyl cellosolve 
and ethylene glycol monomethyl ether ; or combinations 
thereof . A solution thus prepared can be applied to a surface 
after which the solvent is allowed to evaporate to form a film 
of desired thickness . Surfaces suitable for this application 
can be , for example , glass , Teflon® , plastic , or various types 
of substrates . Methods of making films using any of the 
foregoing solutions include , but not limited to , solution 
casting , spin coating , thermal and regular spraying . 

OR 

wherein 
[ 0079 ] ( i ) n is at least 6 ; 
[ 0080 ] ( ii ) each R is independently an - H or a first 

group comprising CO Cx COOH , wherein the 
Cx - portion of the first group typically comprises a 

chain of 2 to 6 carbon atoms ; and 
[ 0081 ] ( iii ) the compound has a degree of substitution 
with the first group of about 0 . 001 to about 3 . 0 ; and 

( b ) optionally , isolating the poly alpha - 1 , 3 - glucan ester 
compound produced in step ( a ) . It is believed that any poly 
alpha - 1 , 3 - glucan ester compound as presently disclosed can 
be produced following this method , which can also be 
characterized as an esterification reaction or esterification 
method , for example . Significantly , an esterification reaction 
herein can optionally comprise a limited number of reagents 
( e . g . , only poly alpha - 1 , 3 - glucan and cyclic organic anhy 
dride ) . Also , glucan ester products of this reaction can be 
isolated in a facile manner . 
[ 0082 ] Poly alpha - 1 , 3 - glucan is contacted with at least one 
cyclic organic anhydride in the disclosed reaction . A cyclic 
organic anhydride herein can have the formula : 

0 O = 
O = C O - 
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The Cx - portion of formula I typically comprises a chain 
of 2 to 6 carbon atoms , each carbon atom preferably having 
four covalent bonds . It is contemplated that , in some 
embodiments , the Cr portion can comprise a chain of 2 
to 16 , 2 to 17 , or 2 to 18 carbon atoms . During a reaction of 
the present method , the anhydride group COO 
CO ) of the cyclic organic anhydride breaks such that one 
end of the broken anhydride becomes a COOH group and 
the other end is esterified to a hydroxyl group of the poly 
alpha - 1 , 3 - glucan , thereby rendering an esterified first group 
( CO Cx - COOH ) . Depending on the cyclic organic 
anhydride used , there typically can be one or two possible 
products of such an esterification reaction . 
[ 0083 ] Examples of cyclic organic anhydrides that can be 
included in a reaction herein include succinic anhydride , 
glutaric anhydride , adipic anhydride , pimelic anhydride , and 
suberic anhydride . These can be used , respectively , to 
esterify CO CH2 - CH2 - COOH , CO CH2 
CH2CH2COOH , CO CH2CH2CH2CH2 
COOH , CO CH2 CH2 CH2 CH2 - CH2 - COOH , 
and CO CH2CH2CH2CH2CH2CH2 — 
COOH as a first group to poly alpha - 1 , 3 - glucan . These are 
all examples of first groups in which the Cx - portion 
comprises only CH2 groups . Thus , a cyclic organic anhy 
dride herein can be one in which the Cx - portion of 
formula I comprises only CH , groups ( e . g . , 2 to 6 CH , 
groups ) . 
[ 0084 ] A cyclic organic anhydride herein can be , in some 
aspects , one in which the Cx - portion of formula I 
comprises at least one double - bond in the carbon atom 
chain . Examples of such cyclic organic anhydrides include 
those that would yield any of the following first groups : 
CÓ CH = CH - COOH , CÓ CH = CH CH? 

COOH , COCH = CHCH , CH3COOH , CÓ – 
CH = CH - CH2 CH2 = CH - COOH , CÓ 
CH = CH2 CH2 CH2 CH2 CH2 – COOH , CO2 
CH , CH = CH COOH , CÓ CH , CH CH? 
CH , COOH , CO CH , CH = CHCH3CH , 
COOH , CO CH CH = CH2 CH2 CH2CH2 
COOH , CO CH , CH2CH = CHCOOH , CO 
CH , CH , CH = CH - CH2 - COOH , CÓ CHÚ – 
CH , CH2CH CH , CH , COOH , CÔ CH? 
CH , CH3CH = CH2COOH , CÓ CH , CH? 
CH2 - CH = CH - CH2COOH , or CO CH2 CH2 
CH2CH2CH = CH - COOH . One of skill in the art 
would understand , based on formula I and its involvement in 
the disclosed esterification process ( described above ) , what 
particular cyclic organic anhydride is suitable for deriving 
any of these first groups . 
[ 0085 ] A cyclic organic anhydride herein can be , in some 
aspects , one in which the Cx - portion of formula I 
comprises at least one branch comprising an organic group . 
Examples of such cyclic organic anhydrides include those 
that would yield CO CH2 CH 
( CH2CH = CHCH2CH2CH2CH2CH2CH3COOH or 
- CO - CH ( CH2CH = CHCH2CH2CH2CH2CH2CH3 ) 
CH2COOH as first groups . Other examples of such cyclic 
organic anhydrides include those that would yield — CO — 
CH , CH , COOH , CO CH , CH , CH , COOH , 
- CO - CH2 - CH2 - CH2 - CH2 - COOH , — CO CH2 – 
CH2CH2CH2CH2COOH , or CO CH2 
CH2CH2CH2CH2CH2 - COOH as first groups , 
but in which at least one , two , three , or more hydrogens 
thereof is / are substituted with an organic group branch ( R ) . 

Still other examples of such cyclic organic anhydrides 
include those that would yield — CO CH = CH - CH2 
COOH , CÓ CH = CH2CH2CH2COOH , CO2 
CH = CH - CH2 - CH2 - CH2 - COOH , 
CH = CH2CH2CH2 CH2 = CH - COOH , CO 
CH , CH = CH2COOH , COCH , CH = CH 
CH , COOH , COCH3CH = CH - CH CH2 
COOH , CÓ CHÚCH = CH - CH2 - CH2 - CH2 
COOH , CO CH , CH , CH = CHCOOH , CO 
CH2 - CH2CH = CH - CH2COOH , COCH , 
CH , CH = CH - CH2 CH2COOH , _ COCH3 
CH2 - CH2 - CH = CH - COOH , CO CH2 - CH2 
CH , - CH = CH - CH , - COOH , or — COCH , CH , — 
CH2 = CH2CH = CH - COOH as first groups , but in 
which at least one , two , three , or more hydrogens thereof 
is / are substituted with an R group . Suitable examples of Rb 
groups herein include alkyl groups and alkenyl groups . An 
alkyl group herein can comprise 1 - 18 carbons ( linear or 
branched ) , for example ( e . g . , methyl , ethyl , propyl , butyl , 
pentyl , hexyl , heptyl , octyl , nonyl , or decyl group ) . An 
alkenyl group herein can comprise 1 - 18 carbons ( linear or 
branched ) , for example ( e . g . , methylene , ethenyl , propenyl , 
butenyl , pentenyl , hexenyl , heptenyl , octenyl [ e . g . , 2 - octe 
nyl ] , nonenyl [ e . g . , 2 - nonenyl ] , or decenyl group ) . One of 
skill in the art would understand , based on formula I and its 
involvement in the disclosed esterification process ( de 
scribed above ) , what particular cyclic organic anhydride is 
suitable for deriving any of these first groups . 
[ 0086 ] Examples of cyclic organic anhydrides by name 
that can be included in a reaction herein include maleic 
anhydride , methylsuccinic anhydride , methylmaleic anhy 
dride , dimethylmaleic anhydride , 2 - ethyl - 3 - methylmaleic 
anhydride , 2 - hexyl - 3 - methylmaleic anhydride , 2 - ethyl - 3 
methyl - 2 - pentenedioic anhydride , itaconic anhydride 
( 2 - methylenesuccinic anhydride ) , 2 - nonen - 1 - yl succinic 
anhydride , and 2 - octen - 1 - yl succinic anhydride . In particu 
lar , for example , maleic anhydride can be used to esterify 
CO CH = CH - COOH as a first group to poly alpha - 1 , 

3 - glucan ; methylsuccinic anhydride can be used to esterify 
CO - CH2 - CH ( CH3 ) COOH and / or CO CH 

( CH3 ) - CH2 - COOH as a first group to poly alpha - 1 , 3 
glucan ; methylmaleic anhydride can be used to esterify 
COCH = C ( CH3 ) COOH and / or COC ( CH3 ) 

= CH - COOH as a first group to poly alpha - 1 , 3 - glucan ; 
dimethylmaleic anhydride can be used to esterify — CO 
C ( CH3 ) C ( CH3 ) COOH as a first group to poly alpha - 1 , 
3 - glucan ; 2 - ethyl - 3 - methylmaleic anhydride can be used to 
esterify co _ C ( CH2CH3 ) = C ( CH3 ) COOH and / or 
COC ( CH3 ) = C ( CH2CH3COOH as a first group to 

poly alpha - 1 , 3 - glucan ; 2 - hexyl - 3 - methylmaleic anhydride 
can be used to esterify — CO C 
( CH2CH2CH2CH2CH2CH3 ) C ( CH3 ) COOH and / or 
COC ( CH3 ) = C ( CH2CH2CH2CH2CH2CH3 ) COOH 

as a first group to poly alpha - 1 , 3 - glucan ; itaconic anhydride 
can be used to esterify — CO CH2 - C ( CH2 ) COOH 
and / or — CO C ( CH ) CH2COOH as a first group to 
poly alpha - 1 , 3 - glucan ; 2 - nonen - 1 - yl succinic anhydride can 
be used to esterify C0CH2 CH 
( CH2CH = CHCH2CH2CH2CH2CH2CH3 ) - COOH and / or 
CO - CH ( CH2CH = CHCH2CH2CH2CH2CH2CH3 ) 

CH2COOH as a first group to poly alpha - 1 , 3 - glucan . 
[ 0087 ] One , two , three , or more cyclic organic anhydrides 
as presently disclosed can be used in an esterification 
reaction , for example . A cyclic organic anhydride can typi 
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cally be obtained commercially in a concentrated ( e . g . , 
> 95 % , 96 % , 97 % , 98 % , or 99 % pure ) form . The amount of 
cyclic organic anhydride in an esterification reaction herein 
can be at least about 25 , 30 , 35 , 40 , 45 , 50 , 55 , 60 , 65 , 70 , 
75 , 80 , 85 , or 90 wt % ( or any integer value between 25 and 
90 wt % ) , for example . 
[ 0088 ] The Cx - portion of a cyclic organic anhydride 
in some aspects does not comprise any cycle / ring structure 
such as a benzene ring . 
[ 0089 ] In certain embodiments , an esterification reaction 
initially consists of poly alpha - 1 , 3 - glucan and cyclic organic 
anhydride , where the cyclic organic anhydride is melted . 
Such a reaction thus does not initially comprise any addi 
tional components such as a catalyst ( e . g . , acid catalyst such 
as sulfuric acid ) , organic solvent ( beyond the solvent that is 
provided by virtue of using melted cyclic organic anhy 
dride ) , or aqueous solvent . It is believed that just after , or 
within a few moments ( e . g . , 5 - 10 seconds ) of initial reaction 
setup , glucan ester product and water are formed . No 
exogenous components ( e . g . , catalyst , organic or aqueous 
solvent ) are added to an ongoing reaction ( post - initial reac 
tion conditions ) in some embodiments . 
[ 0090 ] A cyclic organic anhydride herein can typically be 
melted by raising its temperature over its melting point by at 
least 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , or 10° C . Melting points for 
cyclic organic anhydrides herein are believed to be known in 
the art or readily determinable . Melting of cyclic organic 
anhydride can be performed first , followed by addition of 
poly alpha - 1 , 3 - glucan , or can be performed in the presence 
of poly alpha - 1 , 3 - glucan . Such reactions can be agitated 
( e . g . , stirred , rotated ) , if desired . In some aspects of this 
process , an esterification reaction can be held for about 1 , 2 , 
3 , 4 , 5 , 6 , or more hours at , or above , a temperature that 
keeps the cyclic organic anhydride ( s ) melted . 
[ 0091 ] In some alternative embodiments , an esterification 
reaction herein can comprise poly alpha - 1 , 3 - glucan , melted 
cyclic organic anhydride and one or more additional com 
ponents . Suitable additional components include , for 
instance , one or more catalysts ( e . g . , acid catalyst ) and / or 
organic solvents . 
[ 0092 ] An esterification reaction in some aspects can 
comprise aqueous conditions ( e . g . , when preparing the ini 
tial reaction ) . For example , an esterification reaction , as 
initially set up , can comprise about 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 
10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 24 , 25 , 
26 , 27 , 28 , 29 , or 30 wt % water . As another example , there 
can initially be about 1 - 30 , 5 - 30 , 10 - 30 , 15 - 30 , 20 - 30 , 25 - 30 , 
1 - 25 , 5 - 25 , 10 - 25 , 15 - 25 , 20 - 25 , 1 - 20 , 5 - 20 , 10 - 20 , 15 - 20 , 
1 - 15 , 5 - 15 , 10 - 15 , 1 - 10 , 5 - 10 , or 1 - 5 wt % water in an 
esterification reaction herein . An esterification reaction 
herein thus does not need to be anhydrous in some embodi 
ments . 
[ 0093 ] In certain embodiments in which aqueous condi 
tions are comprised in an esterification reaction herein , a 
basic pH in maintained during the reaction . For example , a 
basic pH can be maintained throughout most of , or all of , the 
reaction . A basic pH can be between about 7 . 5 - 10 . 0 , for 
example . In other examples , a basic pH can have a range of 
about 7 . 5 - 9 . 5 , 7 . 5 - 9 . 0 , 7 . 5 - 8 . 5 , 7 . 5 - 8 . 0 , 8 . 0 - 9 . 5 , 8 . 0 - 9 . 0 , or 
8 . 0 - 8 . 5 . Maintenance of a particular basic pH during an 
esterification reaction can be done following various means , 
such as by adding an alkali hydroxide ( e . g . , NaOH ) accord 
ingly . 

[ 0094 ] By “ all of ” a reaction , it is meant that a basic pH 
is maintained starting from the beginning of the reaction , for 
example , when at least poly alpha - 1 , 3 - glucan and a cyclic 
organic anhydride are put together under aqueous condi 
tions , to the end of the reaction . The end of a reaction can 
be arbitrarily set ( e . g . , ester product formed at a given point 
in time can then be isolated ) , or can be when the basic pH 
remains relatively unchanged ( within 0 . 1 - 0 . 3 from the pH 
value being maintained ) ( e . g . , exogenous base such as alkali 
hydroxide no longer has to be added to maintain the target 
basic pH ) . By “ most of a reaction , it is meant that a basic 
pH is maintained through at least about 90 % or 95 % of the 
reaction , such as from the beginning of the reaction to a time 
at which most of the anticipated ester product has been 
produced . An esterification reaction in any of these embodi 
ments can be ended , for example , by dropping the pH to 
about neutral ( e . g . , pH of about 6 . 75 - 7 . 25 , or about 7 . 0 ) . 
10095 ] Aqueous conditions of an esterification reaction 
herein , such as those held at a constant basic pH , can be at 
a temperature of about 30 - 50° C . or 35 - 45° C . ( e . g . , 40° C . ) , 
for example . The amount of cyclic organic anhydride can be 
as disclosed elsewhere herein , such as those amounts of 
melted anhydride applied in some other aspects . While an 
esterification reaction under aqueous conditions can be set 
up in various ways , an example is to provide poly alpha - 1 , 
3 - glucan in water at a basic pH , afterwhich cyclic organic 
anhydride is added . An esterification reaction under aqueous 
conditions can be held for about 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 or more 
hours . 
[ 0096 ] An esterification reaction in some aspects of the 
present disclosure does not comprise an organic solvent 
( other than a melted cyclic organic anhydride in certain 
embodiments , if one is to consider a melted cyclic organic 
anhydride as an organic solvent ) . Examples of organic 
solvents that can be excluded ( e . g . , toluene ) are disclosed 
below . 
[ 0097 ] In some alternative embodiments , one or more 
organic solvents can be included in an esterification reaction . 
Suitable organic solvents include formamide ; methylene 
chloride ( dichloromethane ) ; alcohols such as methanol and 
ethanol ; chloroform ; bromoform ; tetrachloroethane ; organic 
acids such as formic acid and acetic acid ; pyridine ; dioxane ; 
acetone ; aromatic compounds such as monochlorobenzene , 
benzene , nitrobenzene , and toluene ; esters such as ethyl 
acetate and propyl acetate ; and ethers such as tetrahydro 
furan , methyl cellosolve and ethylene glycol monomethyl 
ether . 
[ 0098 ] An esterification reaction in certain embodiments 
does not comprise a catalyst . In some alternative embodi 
ments , one or more catalysts can be included . Examples of 
catalysts herein include acid catalysts , such inorganic acid . 
Examples of an inorganic acid include sulfuric acid and 
perchloric acid . Other examples of inorganic acid catalysts 
include hydrochloric , phosphoric , nitric , boric , hydrofluoric , 
hydrobromic , sulfonic , any mineral acid , and any combina 
tion thereof . Another example of a catalyst is pyridine . 
[ 0099 ] Poly alpha - 1 , 3 - glucan substrate can be provided in 
an esterification reaction herein at a weight percentage of 
about , or at least about 5 % , 10 % , 15 % , 20 % , 25 % , 30 % , 
35 % , 40 % , 45 % , or 50 % , for example . 
( 0100 ) Poly alpha - 1 , 3 - glucan used to prepare poly alpha 
1 , 3 - glucan ester compounds herein can have at least about 
50 % , 60 % , 70 % , 80 % , 90 % , 95 % , 96 % , 97 % , 98 % , 99 % , or 
100 % ( or any integer between 50 % and 100 % ) glycosidic 
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linkages that are alpha - 1 , 3 , for example . In such embodi 
ments , accordingly , the poly alpha - 1 , 3 - glucan substrate has 
less than about 50 % , 40 % , 30 % , 20 % , 10 % , 5 % , 4 % , 3 % , 
2 % , 1 % , or 0 % ( or any integer value between 0 % and 50 % ) 
of glycosidic linkages that are not alpha - 1 , 3 . A poly alpha 
1 , 3 - glucan substrate preferably has at least about 98 % , 99 % , 
or 100 % glycosidic linkages that are alpha - 1 , 3 . 
[ 0101 ] The backbone of poly alpha - 1 , 3 - glucan used to 
prepare poly alpha - 1 , 3 - glucan ester compounds herein is 
preferably linear / unbranched . In certain embodiments , poly 
alpha - 1 , 3 - glucan substrate has no branch points or less than 
about 10 % , 9 % , 8 % , 7 % , 6 % , 5 % , 4 % , 3 % , 2 % , or 1 % 
branch points as a percent of the glycosidic linkages in the 
polymer . Examples of branch points include alpha - 1 , 6 
branch points . 
[ 0102 ] Poly alpha - 1 , 3 - glucan used to prepare poly alpha 
1 , 3 - glucan ester compounds in certain embodiments can 
have a DP or DP , of at least 6 . Alternatively , DP or DP , 
can be at least 10 , 50 , 100 , 200 , 300 , 400 , 500 , 600 , 700 , 800 , 
900 , 1000 , 1100 , 1200 , 1300 , 1400 , 1500 , 1600 , 1700 , 1800 , 
1900 , 2000 , 2100 , 2200 , 2300 , 2400 , 2500 , 2600 , 2700 , 
2800 , 2900 , 3000 , 3100 , 3200 , 3300 , 3400 , 3500 , 3600 , 
3700 , 3800 , 3900 , or 4000 ( or any integer between 10 and 
4000 ) , for example . DP or DP , in still other examples can 
be in a range of 25 - 250 , 50 - 250 , 75 - 250 , 100 - 250 , 150 - 250 , 
200 - 250 , 25 - 200 , 50 - 200 , 75 - 200 , 100 - 200 , 150 - 200 , 
25 - 150 , 50 - 150 , 75 - 150 , 100 - 150 , 25 - 100 , 50 - 100 , 75 - 100 , 
25 - 75 , 50 - 75 , or 25 - 50 . 
[ 0103 ] The M , or M of a poly alpha - 1 , 3 - glucan substrate 
useful herein can be at least about 1000 , for example . 
Alternatively , the M , , or M . , can be at least about 1000 to 
about 600000 . Alternatively still , the M , or My can be at 
least about 5000 , 10000 , 25000 , 50000 , 75000 , 100000 , 
125000 , 150000 , 175000 , 200000 , 225000 , 250000 , 275000 , 
or 300000 ( or any integer between 10000 and 300000 ) , for 
example . 
[ 0104 ] Poly alpha - 1 , 3 - glucan used for preparing poly 
alpha - 1 , 3 - glucan ester compounds herein can optionally be 
enzymatically produced from sucrose using one or more 
glucosyltransferase ( gtf ) enzymes . Poly alpha - 1 , 3 - glucan 
produced by such an enzymatic reaction can be purified 
before using it to prepare an ester . Alternatively , a poly 
alpha - 1 , 3 - glucan product of a gtf reaction can be used with 
little or no processing for preparing poly alpha - 1 , 3 - glucan 
ester compounds . Examples of suitable gtf enzymes and 
reaction conditions for synthesizing poly alpha - 1 , 3 - glucan 
substrate are disclosed in U . S . Appl . Publ . No . 2014 / 
0087431 , for example . Poly alpha - 1 , 3 - glucan does not have 
to be acid - exchanged before providing it as a substrate in an 
esterification reaction . 
[ 0105 ] A poly alpha - 1 , 3 - glucan slurry can be used directly 
in any of the above processes for producing a poly alpha 
1 , 3 - glucan ester compound disclosed herein . As used herein , 
a “ poly alpha - 1 , 3 - glucan slurry ” refers to a mixture com 
prising the components of a gtf enzymatic reaction . A gtf 
enzymatic reaction can include , in addition to poly alpha 
1 , 3 - glucan itself , various components such as sucrose , one 
or more gtf enzymes , glucose , fructose , leucrose , buffer , 
FermaSure® , soluble oligosaccharides , oligosaccharide 
primers , bacterial enzyme extract components , borates , 
sodium hydroxide , hydrochloric acid , cell lysate , proteins 
and / or nucleic acids . Minimally , the components of a gtf 
enzymatic reaction can include , in addition to poly alpha - 
1 , 3 - glucan itself , sucrose , one or more gtf enzymes , glucose , 

and fructose , for example . In another example , the compo 
nents of a gtf enzymatic reaction can include , in addition to 
poly alpha - 1 , 3 - glucan itself , sucrose , one or more gtf 
enzymes , glucose , fructose , leucrose and soluble oligosac 
charides ( and optionally bacterial enzyme extract compo 
nents ) . It should be apparent that poly alpha - 1 , 3 - glucan , 
when in a slurry as disclosed herein , has not been purified or 
washed . It should also be apparent that a slurry typically 
represents a gtf enzymatic reaction that is complete or for 
which an observable amount of poly alpha - 1 , 3 - glucan has 
been produced , which forms a solid since it is insoluble in 
the aqueous reaction milieu ( has pH of 5 - 7 , for example ) . A 
poly alpha - 1 , 3 - glucan slurry can be prepared by setting up 
a gtf reaction as disclosed in U . S . Appl . Publ . No . 2014 / 
0087431 , for example , which is incorporated herein by 
reference . 
[ 0106 ] Alternatively , a wet cake of poly alpha - 1 , 3 - glucan 
can be used directly in any of the above processes for 
producing a poly alpha - 1 , 3 - glucan ester compound herein . A 
“ wet cake of poly alpha - 1 , 3 - glucan ” as used herein refers to 
poly alpha - 1 , 3 - glucan that has been separated ( e . g . , filtered ) 
from a slurry and washed with water or an aqueous solution . 
Awet cake can be washed at least 1 , 2 , 3 , 4 , 5 , or more times , 
for example . The poly alpha - 1 , 3 - glucan is not dried when 
preparing a wet cake . A wet cake is termed as “ wet ” given 
the retention of water by the washed poly alpha - 1 , 3 - glucan . 
[ 0107 ] A wet cake of poly alpha - 1 , 3 - glucan can be pre 
pared using any device known in the art for separating solids 
from liquids , such as a filter or centrifuge . For example , poly 
alpha - 1 , 3 - glucan solids in a slurry can be collected on a 
Buchner funnel using a mesh screen over filter paper . 
Filtered wet cake can be resuspended in water ( e . g . , deion 
ized water ) and filtered one or more times to remove soluble 
components of the slurry such as sucrose , fructose and 
leucrose . As another example for preparing a wet cake , poly 
alpha - 1 , 3 - glucan solids from a slurry can be collected as a 
pellet via centrifugation , resuspended in water ( e . g . , deion 
ized water ) , and re - pelleted and resuspended one or more 
additional times . A poly alpha - 1 , 3 - glucan wet cake can be 
entered into a reaction for producing any ester compound 
herein . 
[ 0108 ] The poly alpha - 1 , 3 - glucan substrate and poly 
alpha - 1 , 3 - glucan ester product components of an esterifica 
tion reaction can each remain in a solid form ( i . e . , be in an 
undissolved state ) during the reaction in certain embodi 
ments . Thus , an esterification reaction can sometimes be 
visually characterized as a mixture or slurry . Such embodi 
ments thus take advantage of not having to dissolve poly 
alpha - 1 , 3 - glucan substrate ( which typically entails using 
strongly acidic or basic solvents ) and precipitating poly 
alpha - 1 , 3 - glucan ester product . 
[ 0109 ] Optionally , an esterification reaction herein can be 
maintained under an inert gas ( e . g . , nitrogen ) . As used 
herein , the term " inert gas ” refers to a gas which does not 
undergo chemical reactions under a set of given conditions , 
such as those disclosed for preparing a reaction herein . 
[ 0110 ] An esterification reaction is typically quenched at 
or near completion of the reaction . Quenching herein serves 
to degrade , and thus deactivate , any unreacted cyclic organic 
anhydride . Quenching can be accomplished by contacting 
the reaction with water or base , for example . In certain 
embodiments , an excess amount of water is used that is at 
least about 1 . 5 , 2 , 3 , 4 , or 5 times the volume of the reaction . 
The temperature of water for quenching can be elevated , 
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such as at or above 60 , 70 , 80 , 90 , 95 or 100° C . Other 
suitable quenching materials include alkali hydroxide ( e . g . , 
10 - 20 % ) ( e . g . , NaOH ) and sodium bicarbonate ( e . g . , 5 - 10 % ) 
at about room temperature . 
[ 0111 ] Poly alpha - 1 , 3 - glucan ester compound can option 
ally be washed . For example , any of the steps listed in the 
below Examples can be performed . 
[ 0112 ] A poly alpha - 1 , 3 - glucan ester produced in a reac 
tion herein can optionally be isolated . Isolation can be 
performed with glucan ester product using a funnel , centri - 
fuge , press filter , or any other method or equipment known 
in the art that allows removal of liquids from solids . An 
isolated poly alpha - 1 , 3 - glucan ester product can be dried 
using any method known in the art , such as vacuum drying , 
air drying ( e . g . , ~ 16 - 35° C . ) , or freeze drying . In some 
embodiments , isolating a glucan ester product can simply be 
done by ( or consist of ) adding an excess amount of water , 
followed by separating and / or drying the ester product . 
[ 0113 ] Any of the above esterification reactions can be 
repeated using a poly alpha - 1 , 3 - glucan ester product as the 
starting material for further modification . This approach 
may be suitable for increasing the DoS of an ester group , 
and / or adding one or more different ester groups to the 
product . 
[ 0114 ] The structure , molecular weight and DoS of a poly 
alpha - 1 , 3 - glucan ester product herein can be confirmed 
using various physiochemical analyses known in the art such 
as NMR spectroscopy and size exclusion chromatography 
( SEC ) . 
[ 0115 ] Non - limiting examples of compositions and meth 
ods disclosed herein include : 
[ 0116 ] 1 . A composition comprising a poly alpha - 1 , 3 

glucan ester compound represented by the structure : 

[ 0127 ] 4 . The composition of embodiment 1 , wherein the 
- Cx - portion of the first group comprises : 
[ 0128 ] ( i ) at least one double - bond in the carbon atom 

chain , and / or 
[ 0129 ] ( ii ) at least one branch comprising an organic 

group . 
[ 0130 ] 5 . The composition of embodiment 4 , wherein the 

- C portion of the first group comprises at least one 
double - bond in the carbon atom chain . 

0131 ] 6 . The composition of embodiment 5 , wherein the 
first group comprises : 
[ 0132 ] COCH = CHCOOH . 

[ 0133 ] 7 . The composition of embodiment 4 , wherein the 
- Cx — portion of the first group comprises at least one 

branch comprising an organic group . 
[ 0134 ] 8 . The composition of embodiment 7 , wherein the 

first group comprises : 

- CO - CH - CH - COOH 
CH2 - CH = CH - CH2 - CH2 - CH2 - CH2 - CH2 - CH3 , 

or 
— 00 - CH - CH2 - COOH 

or 

CH2 - CH = CH - CH2 - CH2 - CH2 - CH2 - CH2 - CH3 . 

[ 0135 ] 9 . A method of producing a poly alpha - 1 , 3 - glucan 
ester compound , the method comprising : 
[ 0136 ] ( a ) contacting poly alpha - 1 , 3 - glucan in a reac 

tion with a cyclic organic anhydride , thereby producing 
a poly alpha - 1 , 3 - glucan ester compound represented by 
the structure : 

OR 

RON 

OR 

wherein 
10117 ] ( i ) n is at least 6 ; 
[ 0118 ] ( ii ) each R is independently an - H or a first 

group comprising Co Cx - COON , wherein the 
Cx - portion of the first group comprises a chain of 

2 to 6 carbon atoms ( each carbon atom preferably has 
four covalent bonds ) ; and 

[ 0119 ] ( iii ) the compound has a degree of substitution 
with the first group of about 0 . 001 to about 3 . 0 . 

10120 ] 2 . The composition of embodiment 1 , wherein the 
Cx - portion of the first group comprises only CH , 

groups . 
[ 0121 ] 3 . The composition of embodiment 2 , wherein the 

first group comprises : 
[ 0122 ] CO _ CH2CH2COON , 
[ 0123 ] CO CH2CH2CH2COON , 
[ 0124 ] CO CH , CH?CH , CH? COON , 
[ 0125 ] - CO CH2CH2CH2CH2CH2 — 
COON , or 

[ 0126 ] CO _ CH2CH2CH2CH2CH , — 
CH , COON . 

wherein 
[ 0137 ] ( i ) n is at least 6 ; 
[ 0138 ] ( ii ) each R is independently an - H or a first 

group comprising — CO Cx - COON , wherein the 
- Cx - portion of the first group comprises a chain 
of 2 to 6 carbon atoms ( each carbon atom preferably 
has four covalent bonds ) ; and 

[ 0139 ] ( iii ) the compound has a degree of substitution 
with the first group of about 0 . 001 to about 3 . 0 ; and 

[ 0140 ] ( b ) optionally , isolating the poly alpha - 1 , 3 - glu 
can ester compound produced in step ( a ) . 

10141 ] 10 . The method of embodiment 9 , wherein the 
reaction initially consists of the poly alpha - 1 , 3 - glucan and 
cyclic organic anhydride , wherein the cyclic organic 
anhydride is melted . 

[ 0142 ] 11 . The method of embodiment 9 , wherein the 
reaction does not comprise an organic solvent . 

[ 0143 ] 12 . The method of embodiment 9 or 11 , wherein 
the reaction comprises aqueous conditions . 

[ 0144 ] 13 . The method of embodiment 12 , wherein a basic 
pH is maintained during the reaction . 
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[ 0145 ] 14 . The method of embodiment 9 , 10 , 11 , 12 , or 13 , 
wherein the poly alpha - 1 , 3 - glucan and poly alpha - 1 , 3 
glucan ester are each in a solid form during the reaction . 

[ 0146 ] 15 . The method of embodiment 9 , 11 , 12 , 13 , or 14 , 
wherein the reaction does not comprise a catalyst . 

EXAMPLES 

washed in a beaker with 80° C . DI water , then with methanol 
( 100 % ) , and finally with 5 % sodium bicarbonate until a 
neutral pH was achieved . The solids were then dried in a 
vacuum oven with a slight nitrogen bleed until constant 
dryness was achieved . The succinate functionality of the 
derivatized poly alpha - 1 , 3 - glucan was confirmed via IR 
spectroscopy . 
[ 0153 ] Thus , the glucan ester derivative , poly alpha - 1 , 3 
glucan succinate , was prepared and isolated . It is apparent 
from Example 1 and this Example that reactions using at 
least one cyclic organic acid anhydride to ester - derivatize 
poly alpha - 1 , 3 - glucan can be performed with or without the 
presence of a catalyst . 

[ 0147 ] The present disclosure is further exemplified in the 
following Examples . It should be understood that these 
Examples , while indicating certain preferred aspects herein , 
are given by way of illustration only . From the above 
discussion and these Examples , one skilled in the art can 
ascertain any essential characteristics of the disclosed 
embodiments , and without departing from the spirit and 
scope thereof , can make various changes and modifications 
to adapt the disclosed embodiments to various uses and 
conditions . 

Example 3 

Example 1 

Preparation of Poly Alpha - 1 , 3 - Glucan Succinate 
[ 0148 ] This Example describes producing the glucan ester 
derivative , poly alpha - 1 , 3 - glucan succinate . 
[ 0149 ] 1 g of dry poly alpha - 1 , 3 - glucan ( weight average 
degree of polymerization [ DP ] = 800 ) was mixed with 6 . 4 g 
of succinic anhydride . This preparation was stirred in a 
50 - mL round bottom flask on a magnetic stir plate at 120° 
C . for 3 hours . This step allowed for melting of the succinic 
anhydride , allowing its reaction with the poly alpha - 1 , 3 
glucan . The reaction was then dispersed in deionized ( DI ) 
water ( 80° C . ) to degrade any remaining ( unreacted ) suc 
cinic anhydride , thereby quenching the reaction . The solids 
were washed in a beaker with 80° C . DI water until a neutral 
pH was achieved , after which they were dried in a vacuum 
oven with a slight nitrogen bleed until constant dryness was 
achieved . The succinate functionality of the derivatized poly 
alpha - 1 , 3 - glucan was confirmed via infrared ( IR ) spectros 
copy . 
[ 0150 ] Thus , the glucan ester derivative , poly alpha - 1 , 3 
glucan succinate , was prepared and isolated . It is apparent 
from this Example that an organic solvent is not necessary 
for carrying out esterification of poly alpha - 1 , 3 - glucan with 
a cyclic organic acid anhydride . 

Preparation of Poly Alpha - 1 , 3 - Glucan Nonenyl 
Succinate 

[ 0154 ] This Example describes producing the glucan ester 
derivative , poly alpha - 1 , 3 - glucan nonenyl succinate . 
[ 0155 ] 8 . 1 g of poly alpha - 1 , 3 - glucan wet cake ( 37 % 
solids ) ( M , = 71127 ) was mixed with 4 . 9 g of DI water to 
make a 30 % glucan suspension . 4 . 5 % sodium hydroxide was 
then added to the suspension until the pH was about 8 . 5 . 
2 - nonen - 1 - yl succinic anhydride ( 8 . 2 g ) was added to the 
preparation , and then the pH was adjusted to 8 . 0 with 4 . 5 % 
sodium hydroxide . The preparation was stirred in a 500 - ml 
glass beaker on a magnetic stir plate at 40° C . for 6 hours 
while maintaining the pH at 8 . 5 throughout the reaction . 
When the pH remained constant for at least 30 minutes , the 
reaction was neutralized to pH 7 using 10 % hydrochloric 
acid . The solids were filtered using a Buchner funnel with 
35 - micrometer filter paper , and then washed in a beaker by 
stirring with aqueous methanol ( 70 % ) for 20 minutes . After 
removing the methanol by filtration , the solids were washed 
two more times with 70 % methanol . The solids were then 
dried in a vacuum oven with a nitrogen bleed . The nonenyl 
succinate functionality of the derivatized poly alpha - 1 , 3 
glucan was confirmed via IR spectroscopy . 
[ 0156 ] Thus , the glucan ester derivative , poly alpha - 1 , 3 
glucan nonenyl succinate , was prepared and isolated . This 
Example demonstrates , for example , that derivatization of 
poly alpha - 1 , 3 - glucan with at least one cyclic organic acid 
anhydride can be performed under aqueous conditions . 

Example 2 Example 4 
Preparation of Poly Alpha - 1 , 3 - Glucan Succinate 

Using Sulfuric Acid Catalyst 
[ 0151 ] This Example describes producing the glucan ester 
derivative , poly alpha - 1 , 3 - glucan succinate , in a process 
employing a catalyst . 
[ 0152 ] 25 . 4 g of succinic anhydride was added to a 50 - ml 
round bottom flask equipped with an overhead stirrer . The 
succinic anhydride was heated to 130° C . using an oil bath 
controlled by a hot plate equipped with a thermocouple . The 
solid was stirred until it was completely melted ( ~ 45 min 
utes ) . Three drops of sulfuric acid was added to the melted 
anhydride , which was then stirred at 130° C . for another 1 
minute . 3 g of dry poly alpha - 1 , 3 - glucan ( DP . = 800 ) was 
then added , after which the reaction was stirred at 130° C . 
for 1 hour . The reaction was then dispersed in DI water ( 80° 
C . ) to degrade any remaining ( unreacted ) succinic anhy 
dride , thereby quenching the reaction . The solids were 

Preparation of Poly Alpha - 1 , 3 - Glucan Maleate 
[ 0157 ] This Example describes producing the glucan ester 
derivative , poly alpha - 1 , 3 - glucan maleate . 
[ 0158 ] 5 g of dry poly alpha - 1 , 3 - glucan ( weight - average 
molecular weight [ Mw ] = ~ 200000 ) was mixed with 30 g of 
maleic anhydride . This preparation was stirred in a 50 - mL 
round bottom flask on a magnetic stir plate at 87° C . for 5 
hours . This step allowed for melting of the maleic anhydride , 
allowing its reaction with the poly alpha - 1 , 3 - glucan . The 
reaction was then dispersed in DI water ( 97° C . ) to degrade 
any remaining ( unreacted ) maleic anhydride , thereby 
quenching the reaction . The solids were washed in a beaker 
with 80° C . DI water , then with 5 % sodium bicarbonate , and 
then with methanol ( 100 % ) until a neutral pH was achieved . 
The solids were then dried in a vacuum oven with a slight 
nitrogen bleed until constant dryness was achieved . The 
maleate functionality of the derivatized poly alpha - 1 , 3 
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glucan was confirmed via IR and NMR spectroscopic analy 
ses . The degree of substitution ( DoS ) of the poly alpha - 1 , 
3 - glucan maleate was measured to be 0 . 139 by NMR . 
[ 0159 ] Additional samples of poly alpha - 1 , 3 - glucan 
maleate were prepared using the above process , but with 
some modifications as delineated in the Table 1 . 

TABLE 1 

4 . The composition of claim 1 , wherein the Cx 
portion of said first group comprises : 

( i ) at least one double - bond in said carbon atom chain , 
and / or 

( ii ) at least one branch comprising an organic group . 
5 . The composition of claim 4 , wherein the Cz 

portion of said first group comprises at least one double 
bond in said carbon atom chain . 

6 . The composition of claim 5 , wherein said first group 
comprises : 

COCH = CH - COOH . 
7 . The composition of claim 4 , wherein the CC 

portion of said first group comprises at least one branch 
comprising an organic group . 

8 . The composition of claim 7 , wherein said first group 
comprises : 

Poly Alpha - 1 , 3 - Glucan Maleate Samples 
Prepared under Various Conditions 

Product 
Sample 
Designation 

Glucan 
Substrate 

Maleic 
Anhydride Quench 

Solution Dos 
124 - 1 6 . 1 0 . 027 

un al 
124 - 2 6 . 1 09 

125 a 9 . 2 0 . 049 

130 - 1 

DI water 
( 100° C . ) 
20 % sodium 
hydroxide 
DI water 
( 100° C . ) 
5 % sodium 
bicarbonate 
15 % sodium 
hydroxide 
5 % sodium 
bicarbonate 

7 . 8 0 . 048 

130 - 2 7 . 8 0 . 024 

- CO - CH2 - CH - COOH 
CH2 - CH = CH - CH2 - CH2 - CH2 - CH2 - CH2 - CH3 , 

or 

– CO CH - CH2 - COOH 
CH2 - CH = CH - CH2 – CH2 – CH2 – CH2 – CH2 – CH . 

140 100 180 0 . 072 

Quenching the reaction with 20 % sodium hydroxide resulted in hydrolysis of ester groups 
and thus no functionalization of the poly alpha - 1 , 3 - glucan substrate . 
" This was used to quench the reaction , thereby consuming any remaining ( unreacted ) 
anhydride . The listed sodium hydroxide and sodium bicarbonate solutions were at room 
temperature . After quenching , the solids were washed with 80° C . DI water , and then with 
methanol ( 100 % ) . 

9 . A method of producing a poly alpha - 1 , 3 - glucan ester 
compound , the method comprising : 

( a ) contacting poly alpha - 1 , 3 - glucan in a reaction with a 
cyclic organic anhydride , thereby producing a poly 
alpha - 1 , 3 - glucan ester compound represented by the 
structure : 

[ 0160 ] Thus , the glucan ester derivative , poly alpha - 1 , 3 
glucan maleate , was prepared and isolated . This Example is 
further to Examples 1 - 3 in showing that esterification of 
poly alpha - 1 , 3 - glucan using a cyclic organic acid anhydride 
can be performed without an organic solvent . 
What is claimed is : 
1 . A composition comprising a poly alpha - 1 , 3 - glucan 

ester compound represented by the structure : 
RO 

OR 
RO 

OR 

wherein 
( i ) n is at least 6 ; 
( ii ) each R is independently an H or a first group 

comprising Co Cx COON , wherein the 
- Cx - portion of said first group comprises a chain 
of 2 to 6 carbon atoms ; and 

( iii ) the compound has a degree of substitution with the 
first group of about 0 . 001 to about 3 . 0 ; 

and 

wherein 
( i ) n is at least 6 ; 
( ii ) each R is independently an — H or a first group 

comprising CO Cx COON , wherein the Cx 
portion of said first group comprises a chain of 2 to 6 
carbon atoms ; and 

( iii ) the compound has a degree of substitution with the 
first group of about 0 . 001 to about 3 . 0 . 

2 . The composition of claim 1 , wherein the Cx 
portion of said first group comprises only CH2 groups . 

3 . The composition of claim 2 , wherein said first group 
comprises : 

COCH , CH2COON , 
CO CH , CH , CH , COON , 
CO CH2CH2CH2CH2COON , 
CO CH2 CH2 CH2 CH2 CH2 COON , or 
CO CH2CH2CH2CH2CH2CH2 — 
COON . 

( b ) optionally , isolating the poly alpha - 1 , 3 - glucan ester 
compound produced in step ( a ) . 

10 . The method of claim 9 , wherein the reaction initially 
consists of the poly alpha - 1 , 3 - glucan and cyclic organic 
anhydride , wherein the cyclic organic anhydride is melted . 

11 . The method of claim 9 , wherein the reaction does not 
comprise an organic solvent . 

12 . The method of claim 9 , wherein the reaction com 
prises aqueous conditions . 

13 . The method of claim 12 , wherein a basic pH is 
maintained during the reaction . 
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14 . The method of claim 9 , wherein the poly alpha - 1 , 3 
glucan and poly alpha - 1 , 3 - glucan ester are each in a solid 
form during the reaction . 

15 . The method of claim 9 , wherein the reaction does not 
comprise a catalyst . 

* * * * 


