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Abstract

The stereoselective peracetylation @b-xylose (1) and a-L-arabinose 4) using a combination of
triethylamine and acetic anhydride in the preserme absence of a catalytic amount of
dimethylaminopyridine (DMAP) is described. The gmstylatedD-xylose andL-arabinose alpha
pyranose anometZn and5a are obtained in 97 % and 56 % yields respectivelyhe peracetylated-
xylose beta pyranose anonf is obtained in 71 % yield through simple modificatof the reaction
conditions. Details regarding synthesis and ismtabptimization studies under different conditicare
presented below. The stereoselective peracetylatiactions disclosed here have been used toasepar
mixtures ofD-xylose andL-arabinose as their peracetylated derivat@sand5a in 47 % and 42 %

yields and can provide pure pentoses after deatietyl

Keywords

acetylation; stereoselective; carbohydrate; pestogdose; arabinose



Introduction

The growing importance of carbohydrates in the tegsis of value-added chemickfs
conversion to biofuel$and the understanding of their importance to aitude of biological processes
has led to an increase in research efforts for peactical, and stereoselective methods for théhegis
of carbohydrate derivatives. While much attentias focused on the use of C6-sugars (hexosesgderiv
from cellulosé, less attention has been paid to derivatizatiah @se of C5-sugars (pentoses) obtained
from hemicellulose rich biomags.Acetylation is one of the most common reactiomsarbohydrate
chemistry since it provides an efficient method flee conversion of hydrophilic hydroxyl groups to
hydrophobic acetate functionalities that are malealde in organic solvents. A common route used fo
the peracetylation of sugars with acetic anhydritpiires pyridine as both the solvent and baséhfor
acetylation reaction despite its unpleasant oddrkamown toxicity® While the yields are acceptable, the
presence of a mixture of regioisomers (pyranosefarathose) as well as anomets andp-) makes this
reaction less than desirable when a single welhddfstereochemical product is preferred. Additibn
4-(N,N)-dimethylaminopyridine (DMAP), as a co-catalystrigases the rate of the acetylation, reaction
but does not lead to a change in the stereochemig@iome of the reactich. The solvent free
peracetylation of various mono- and disaccharidgagua catalytic amount of iodine in neat acetic
anhydride was disclosed in 2084.The method is operationally simple, leads to esiek formation of
the peracetylated sugars as their pyranosyl estenggh yields (> 90%), and results in favoralig
anomer ratios (10:1 or higher) in the case of s#w@6 mono- and disaccharides. For the C5-sugars,
xylose and.-arabinose, while the peracetylated product yialgshigh thex:3 anomer ratios are lower
(4:1 for D-xylose) as well as opposite for the two C5 su@ard a:f3 ratio forL-arabinose). The use of
anhydrous sodium acetate in refluxing acetic aribiggd? which forms theB-glycosyl acetate in good
yield, is the only known stereoselective acetylatieaction. Unfortunately, this method is not
synthetically useful if thex-glycosyl acetate is the desired product. Numeimhsr methods for the

peracetylation of carbohydrates exist in the liem'**® each with its own advantages and



disadvantages, but none of these methods leactstéheoselective formation of tBeglycosyl acetate
versusa-glycosyl acetate through simple modification af tieaction conditions. Therefore, there still is
a need for a general procedure for the sterosedeptracetylation of carbohydrates.

Hemicellulose based sugars (emxylose and.-arabinose) can provide a platform for synthesis
of a variety of industrially important chemicalsathare currently derived from petroleum. At the
beginning of the bio-refinery process, hemicellelogh biomass is selectively extracted to produ€ze5
sugar rich hydrolyzat¥. Crystalline b-xylose and L-arabinose are isolated, as their pyranose
regioisomers, from the pentose rich hydrolysategisi boronic acid mediated methodoldgyThis two-
step process provides a mixture of the two, purenasaccharides required for subsequent synthetic
transformations with the first step often being fezacetylation of the isolated C-5 sugar. Thesita
pyridine based peracetylation protdtualas initially used, but there were several drawbadhe long
reaction time (12 hrs), low yield of theepyranose peracetylated C5-sugar which we desoefufther
synthetic manipulations, and inability to isolat&rg product made the use of this methodology famfr
desirable for our integrated bio-refinery. Optiatinn of this step, in terms of both stereoselégtiand
our desire to use greener reaction conditions, asitisal to make the overall process cost effectinel
sustainable within our integrated bio-refinery. déscribe herein the stereoselective peracetylafion
xylose andL-arabinose using a combination of triethylamine awdtic anhydride in the presence or
absence of a catalytic amount of DMAP. The desilptia or beta pyranosyl esters are obtained im hig
yield and purity through simple modification of theaction conditions. Synthesis and isolation
optimization studies follow.

Results and Discussions

Peracetylation using Neat Pyridine. We sought to develop a methodology whereby Caisyg
primarily D-xylose andL-arabinose, could be peracetylated in a steredaalefashion where simple
modification of the reaction conditions led to fleemation of thea-pyranoid orf3-pyranoid hemiacetal

anomers in high yield and purity. We began by erarg the product distribution from the



peracetylation of both C5-sugars using the knownide/acetic anhydride methodology. Peracetytatio
of o-D-xylopyranose 1), whose full’H and **C NMR characterization can be found in the general
experimental section, was carried out using théhatebf Shindo (Scheme 1. To a white suspension of

1in neat pyridine, acetic anhydride

Scheme 1
OH OAc AcO 5
8 equiv. Ac,O
° — 2> O OAc y~Ohc
8 equiv. pyridine, +
ho  OHOy MN225°C12h U OAc'X OAc
1: a-D-xylose 2u0: X = a-OAc 3a: X = a-OAc
2p: X = B-OAc 3p: X = B-OAc

was added over the course of several minutes &€ 2fd then the reaction was allowed to stir uider
Within 15 minutes of stirring, the reaction mixtunad turned clear and golden in appearance. After
stirring for 12 hours at 25 °C, the clear goldetuson was subjected to an aqueous workup (see
experimental section) and the resulting isolatetbyeoil characterized byH NMR. The results are
shown in Table 1 (entries 1 and 2). The overa&ldybf the peracetylation reaction was near quatité,

but multiple products were observetH NMR characterization of the isolated reaction tonig in CDC}
showed the yellow oil was comprised of two regiaisos, tetraacetylatenxylopyranose (TXPR and
tetraacetylated-xylofuranose (TXF)3, in a ratio of 94:6. For both regioisometsand 3 there also
existeda- andf-anomers. The ratio of TXP anomers \as2p = 6:4 and the TXF anomers was:33

= 1:1. Chemical shift assignments for the four TaiRl TXF anomers were made via comparison with
literature values foRa,"” 2B,"® and3a/3B."° Relative ratios of the four products were deteed by
comparing C(1)-H integral values of each anomeatled atd 6.42 ppm (doublet, TXBa), 6 6.21 ppm
(doublet, TXP2a), & 6.11 ppm (singlet, TXBR), andd 5.71 ppm (doublet, TXRB) in the low field
region of the'H NMR . Observation of four compounds in the isedaproduct mixture came as a
surprise since we could find no mention of the @neg of furanose isomeBat/3B in the published

literature (Table 1, entries 1 and'2)?



The pyridine/acetic anhydride peracetylation metivad also examined usingL-arabinose4),
which was also characterized By and*C NMR (see general experimental section), sidamn be
obtained from the hemicellulose derived, pentosk hiydrolyzate®> Peracetylation of was carried out
using the method of Jakeman (Scheme 2). To a whipension of in neat pyridine, acetic anhydride
was added over the course of several minutes & 2fd then the suspension was allowed to stirrunde
N,. After stirring for 12 hours at 25 °C, the clemiden solution was subjected to an aqueous workup
(see experimental section) and the resulting isdlgellow oil characterized B NMR. The results are
shown in Table 1 (entries 3 and 4). The overalldyiof the peracetylatiod was near quantitative but
multiple products were identified as was observed feracetylatech-D-xylopyranose. 'H NMR

characterization of the isolated reaction

Scheme 2
OH OAc o
8 equiv. Ac,0O
O — 2 © OAc OAc
HO 8 equiv. pyridine, AcO +
OH OH N,, 25°C, 12 h OAc X AcO OAc
4: a-L-arabinose 5a: X = a-OAc 6a: X = a-OAc
5pB: X = B3-OAc 6p: X = B-OAc

mixture in CDC} showed the yellow oil was comprised of two regioigrs, tetraacetylated-
arabinopyranose (TAPand tetraacetylataedarabinofuranose (TAF, in a ratio of 75:25. For both of
the regioisomers; and6, there also existed- and(3-anomers. The ratio of TAP anomers Veas5@ =
6:4 and the TAF anomers wéea:6B = 4:6. Chemical shift assignments for the fourPTand TAF
anomers were made via comparison with literatuheegaforsa/58,%° and6a/6B.** Relative ratios of the
four products were determined by comparing C(1)atédral values of each anomer located & 37
ppm (doublet, TAFa), & 6.34 ppm (doublet, TABa), & 6.19 ppm (singlet, TABR), andd 5.64 ppm
(doublet, TAP5B) in the low field region of théH NMR . As with the peracetylation af-D-

xylopyranose, the observation of four compoundsthe isolated product mixture was unexpected,



especially with such a large proportion6of/6B present, since only the presence of the pyranaslipts
5a and5p are described in the literatuté?

Table 1. Peracetylation of C5 sugars in neat pyedi

peracetylated C5 sugars

hemiacetal ratic” anomer ratio®
entry C5sugar acetylated product yield (%)* pyranose furanose a, B, | ar B
1 a-D-Xyl (1) 2/3 10C 94 6 6C 4C |50 5C
2 a-D-Xyl (1) 2/3 10C 95 5 68 32|57 43
3 a-L-Ara (4) 5/6 10C 73 27 6C 4C |40 6C
4 a-L-Ara (4) 5/6 10C 75 25 6C 4C |40 6C

%ased on mass of all peracetylated C5 sugars priesisnlated reaction mixturépyranose/furanose and anomer
ratios determined b¥H NMR of the reaction mixture after workufpyranose =, + By, furanose = + By 9=
pyranose; f = furanose.

Peracetylation in Presence of DMAP/Amine.The product regiochemistry and lack of
stereochemical control observed in our initial petglation reactions led us to explore alternative
conditions that would allow for the isolation of anomerically pure pyranose product in high yield.
Our idea was to optimize the peracetylation reactily making the reaction more atom economic,
decreasing the reaction time, and using greengergs where possible. The use and amount of pgridi
required in these reactions was not acceptableyadine is a harmful, noxious chemical that is
environmentally detrimental and harmful to humaraltie We decided to evaluate the use of
triethylamine (NE§) as a greener alternative to pyridine in thesetimas?® Use of NEj for the
peracetylation of glucose, xylose, and rhamnose disgosed in 2000 as a footnote in a table but no
indication of the reaction’s stereochemical outcomas discussed. Furthermore, no actual experithenta
details were given in the text of the paper norabeompanying supporting information. Based os thi
initial literature lead, we explored the peracdigia of 1 to form 2a (Scheme 3) Acetic anhydride was

added to a CKCl,



Scheme 3

OH OAc
0o 0.1 DMAP / 8 amine / 7 Ac;O 0o
CHJCl,, N» + 2B + 3a/3B
OH 0 AcO
HO OH 1)0°C, t4 AcO OAc
1 2)25°C, t, 20,

suspension that containdd(10.0 g, 66.6 mmol), eight equivalents MEt;, and a catalytic amount of
DMAP cooled to 0 °C. After one hour of stirring@fC, the reaction mixture was clear and orange in
color. The reaction was stirred at 25 °C for 19r8psubjected to an aqueous workup (see experment
section), a viscous orange oil was isolated andsassl usinH NMR. The results are shown in Table 2
(entry 9). As observed previously with neat pyrali the peracetylation yield was quantitative.
Gratifyingly, our acetylation reaction conditiongelgded excellent regio- and stereochemical resasts
well. The isolated orange oil consisted of tetedgatedD-xylopyranose2a, characterized by a doublet
ato 6.21 ppm J = 4.0, equatorial C(1)-H), ar#f, characterized by the doublet@b.71 ppm J = 6.8,
axial C(1)-H),in a 94:6 ratio of the two anomers. The furandseofsomersa and3p were not present
in the isolated oil. This result was in stark cast to the peracetylation dfin neat pyridine where
formation of tetraacetylated xylopyranosgs and 2B was favored but a 60:40 mixture of anomers
prevented the isolation of either. With this vercouraging result in hand, we sought to optimiee t

reaction conditions further towards the exclusiwarfation of2a.



Table 2. Peracetylation ofD-xylose () in the presence of DMAP/amihe

peracetylatedD-xylos€

hemiacetal ratic’ anomer ratio®
entry amine 0°C,t;(h) 25°C,tp(h) yield (%)°  2a/p 30/ | 2a 2B | 30 3B
1 NEt; 1 4 99 10C - 98 2 - -
2 NEt; 1 4 81 10C - 98 2 - -
3 NEt; 0.t 2 94 10C - 98 2 - -
4 NEt; 0.t 0.t 10C 10C - 98 2 - -
5 NEt; 0.t 0.t 99 10C - 98 2 - -
6 NEt; 0.t - 99 10C - 98 2 - -
7 NEt; - 2.5 87 93 7 72 28 | 50 5C
8 pyridine 1 2 97 10C - 99 1 - -
o NEt; 1 19 10C 10C - 94 6 - -

aConditions:a-D-xylose (2 g, 13 mmol, 1 equiv), DMAP (10 mol %iniae (8 equiv), and A© (7 equiv) reacted

in CH,Cl, (10 mL) at indicated temperatures for indicatedeti®based on mass of all peracetylated C5 sugars
present in isolated reaction mixturgpyranose/furanose and anomer ratios determinéé ByMR of the reaction
mixture after workup. pyranose =a, + By furanose =a; + Br. °p = pyranose; f = furanosdarge scale
peracetylationo-D-xylose (10.0 g, 66.6 mmol, 1 equiv), DMAP (10 n¥6), amine (8 equiv), and A© (7 equiv)
reacted in CKCl, (50 mL) at indicated temperatures for indicateakti

In an effort to streamline the reaction conditions, first explored the length of time required for
the reaction to stir at 25 °C after the additioraoétic anhydride at 0 °C. Our hope was to mairttaé
high product selectivity for the formation 2@ observed in our first experiment and considerahlyrten
the time required, thus making our reactions mfficient. The effect of time at 25 °C on yield asl|
as regiochemistry/stereochemistry was evaluategebfprming the peracetylation @f(2 g, 13 mmol) at
0 °C then allowing the reaction to stir for diffatdengths of time (4, 2, 0.5 hours) at 25 °C fokal by
aqueous work-up and isolation (Table 2, entried. 1Assessment of each isolated reaction mixturtHoy
NMR showed that regardless of the time the reactias allowed to stir at 25 °C the peracetylaticeldyi
of 1 was high with only TXP anomeg&x and2f3 present. Next, we investigated shortening the tilne
reaction was stirred at 0 °C. We had observed tieatwhite CHCI, suspension dissolved completely
within 30 minutes at 0 °C to yield a clear, paldlox solution after the addition of acetic anhydridias

complete. When we allowed the reaction to onlyfsti 30 minutes at 0 °C, complete dissolution o t



reactants was observed in each case and no chatlge ¢onversion of and product distribution of the
TXP anomer2a and 2B was observed (Table 2, entries 3-5). If the additif acetic anhydride to a
CH.CI, suspension of and NE}f is conducted at 25 °C an exothermic event is eleseand some Cigl,

is lost to evaporation. Assessment of the isolaéedtion mixture byH NMR revealed that multiple
peracetylated products were present (Table 2, @trifhe TXP and TXF regioisomers were observed in
a 97:3 ratio and all four possible anomers werasgrein amounts similar to those observed when the
reaction was performed in neat pyridine (Table riffies 1 and 2). It was clear that performing the
reaction at 0 °C was crucial to obtaining the higvel of regio- and stereocontrol we desired fa th
peracetylation of. Combining the time and temperature results dised above together (Table 2, entry
6), we performed the acetylation bfit 0 °C. The CkLl, suspension was stirred for 30 minutes at 0 °C
at which time no precipitate was observed, and themeaction was quenched withHat 0 °C.  Using
this optimized set of conditions, we were abletevenselectively peracetylateDd-xylopyranose to form

2a along with a trace o2B (2a:28 = 98:2) in 99 % vyield. The results for the stesmlective
peracetylation of xylose detailed above comparg fevorably with the solvent free method developed
by Field® where a high peracetylation yield bfwas obtained but the stereochemical outcome of the
reaction was not as higBd:2p = 4:1).

The amount of control obtained over the productritistion for peracetylation ol through
simple modifications of the reaction conditions wgste surprising. It is clear that the acetylatio
reaction is fast and control of the reaction terapee is crucial to limiting the number of products
isolated. While it is clear that a catalytic amboh DMAP does increase the rate of the esterificat
reaction;**° keeping the reaction temperature at 0 °C is nacgse prevent the faster isomerization of
xylose between the pyranose and furanose regioiséhd he nature of the amine base used during the
peracetylation ofl is not crucial with regards to obtaining a higelgtiof 2a. When pyridine is used in

place of NEf (Table 2, entry 8) the TXP regioisomer was obtaiime97 % isolated yield with anomers



2a and2p present in a 99:1 ratio. The presence of a datadynount of DMAP in the reaction is crucial
to obtaining a high yield of anom2a as will be illustrated later.

Our new method for the formation a8& from 1 is a considerable improvement over published
literature method$ with regards to choice of reagents, overall reactime, and most importantly
product regio- and stereoselectivity. We next esgal the peracetylation afL-arabinose4) with acetic
anhydride using the conditions developed for tlegestselective peracetylatidn(Scheme 4). Acetic
anhydride was added to a gH, suspension that containdd2.0 g, 13.0 mmol), eight equivalents of

NEt;, and a catalytic amount of DMAP cooled to 0 *Qnlikk the peracetylation of

Scheme 4
OH OAc
(0] 0.1 DMAP / 8 amine / 7 Aczo‘ (0]
HO oh CH4Cly, Ny AcO b + 5B + 6a/6
OH 1)0°C, t4 °~ oAc
4 2)25°C, t, 5o,

1, the white suspension df present at 0 °C did not dissolve within 30 minutdastead, the white
suspension was stirred for two hours at 0 °C bedocempletely dissolved and became a clear yellow
solution. Once all oft had dissolved the reaction mixture was warmedstéQ@, stirred for 2 hours,
subjected to an aqueous workup (see experimeragbsewhere a yellow crystalline solid was isothte
and assessed usirgi NMR. The results are shown in Table 3 (entry 1As observed in the
peracetylation ofl, the overall yield of peracetylatedwas high. The ratio of regio- and stereoisomers
was dramatically improved versus the peracetylatioh performed in neat pyridine but did not have the
high degree of stereoselectivity observed in tmégion of2a from 1. 'H NMR characterization of the
isolated reaction mixture in CDg&$howed the yellow solid was comprised of TAP aAdF Tegioisomers
5and6 in a 95:5 ratio. For regioisomefsand6 there also existed- andp-anomers. The ratio of TAP
anomers wasa:5B = 99:1 and the TAF anomers wés:6f3 = 1:1. This result differs from the solvent

free peracetylation of disclosed by the research group of Fi8ldjhere the presence of furanosyl esters

10



6a and 6B was not observed and the ratio of pyranosyl edSarand B was 1:3.  While the two
furanosyl esteréa:6B could not be completely eliminated from the isethteaction mixture, the minor
amounts of both present along with the signifigadiminished quantity o5 allowed for the isolation of
5a as a white solid in 56 % vyield by recrystallizatiof the reaction mixture using absolute ethanol
(Table 3, entry 2).

Table 3. Peracetylation ofL-arabinose4) in the presence of DMAP/amihe

peracetylatedL -arabinosée

hemiacetal ratid’ anomer ratio®
entry amine 0°C,t(h) 25°C,t(h) yield (%)°  5a/p 6a/p 50 5B| 60 6P
1 NEt; 2 2 88 95 5 99 1|50 50
2 NEt; 2.t 2 91(56! 95 5 98 2 | 6C 40
3 NEt; - 2.t 98 77 23 85 15| 53 47
4 pyridine 4.5 2 10C 94 6 o8 2 | 67 33

®Conditions:a-L-arabinose (2 g, 13 mmol, 1 equiv), DMAP (10 mol, %nine (8 equiv), and A® (7 equiv)
reacted in ChCl, (10 mL) at indicated temperatures for indicatedeti®based on mass of all peracetylated C5
sugars present in isolated reaction mixtufpyranose/furanose and anomer ratios determinetHoyMR of the
reaction mixture after workup’pyranose =, + Bp; furanose =0 + Br. “p = pyranose; f = furanosésolated yield

of 5a.

The melting point of the isolated white crystalliselid was determined to be 96-97 °CH NMR
analysis in CDGlconfirmed that the isolated solid was ind&eadas a doublet & 6.34 ppm J = 3.2 Hz)
was observed for the equatorially disposed hydregthed to C1 iBa.° The published melting point
for 5a was incorrectly assigned & in the literaturé! 'H NMR analysis of filtrate residue (1.12 g)
showed that it was still enriched %m versus5B/6a/6p@ with an observed ratio of 81:19. Attempts to
improve the yield oba through recrystallization of the filtrate residuging smaller amounts of absolute
ethanol met with no success.

As was observed in the peracetylationlafising DMAP/NE$, the temperature of the reaction
mixture after the addition of acetic anhydride plan important role. When the reaction was rioest
at 0 °C, allowing all solids to completely dissqham exothermic event was observed and somg&GH

was lost to evaporation. Assessment of the istlggdlow syrup by'H NMR revealed that multiple

11



peracetylated products were present (Table 3, &htryrhe TAP and TAF regioisomers were observed in
a 77:23 ratio and all four anomers were prese@niounts similar to those observed when the reaction
was run in neat pyridine (Table 1, entries 3 and Zhe nature of the amine base used during the
peracetylation ofl is not crucial with regards to obtaining good stigty for the formation oba. When
pyridine is used in place of NHfTable 3, entry 4) the overall conversiordhto peracetylated products
was quantitative, although a longer time stirrih@ 8C was required for all solids to completelgstilve.
'"H NMR characterization (CDg)l of the isolated reaction mixture showed the dekw crystalline solid
was comprised of TAP and TAF regioisomé&and 6 in a 94:6 ratio, with anomesa being highly
enriched (93:7)very similar to what was observed when N&Eas employed in this reaction. This is the
first reported example of the synthesis and ismtatf pureba in good yields. It was reported recently
that heatingt at 130 °C in the presence of KOAc and,@groduced a mixture da and5f that was
enriched in5a (5.4:1) although ndH NMR data was provided and no attempt to isoBaewas
discussed® The method disclosed here provides access toSpuiieat is straightforward and scalable.

Peracetylation in the Absence of DMAP. The synthesis oRa and 5a discussed above
illustrates that temperature plays an importarg moldetermining the regio- and stereochemicalamt
of the peracetylation reactions. Our results iagiche identity of the amine base is not cruciahiese
peracetylation reactions. All of the reactioncdi&sed above were performed with a catalytic amgiuint
mol %) of DMAP present. ltis clear that DMAP ddrsrease the rate of esterification reactitifs put
it is unknown what affect the absence of DMAP wiive on the peracetylation reaction’s product
distribution. In an effort to further streamlineetreaction conditions, both in terms of overabtcand
atom economy, we were interested in exploring tredyct distribution of the peracetylation reaction
when it was performed in the absence of DMAP.

Using the reaction conditions outlined for the steselective synthesis 2t but omitting DMAP
(Scheme 5), acetic anhydride was added to gOGHuspension that containéd2.0 g, 13.0 mmol) and

NEt; (8 equiv.) cooled to 0 °C. After two hours of stig at 0 °C, the reaction mixture was still a whit

12



suspension. The suspension was warmed to 25 € stiiting and the white solid slowly dissolved.
After stirring the clear yellow solution for two s at 25 °C, it was subjected to an aqueous wofsep
experimental section), and a white crystallinedsalas isolated. The results of this reaction hmws in
Table 4 (entry 1). As observed in our earlier tieas, the overall yield of peracetylated xyloseswa
almost quantitative (95 %). The regiochemical oate of the peracetylation reaction in the abselfice o
DMAP again favored the formation of the pyranoserisrs2 over the furanose isome3sn a 94:6 ratio.
The stereochemical outcome of the reaction waspew&d in both physical appearance and molecular
composition. The isolated white crystalline satimhsisted of tetraacetylat@dxyloses2a and2f3 with

an anomer ratio of the 19:81 f2a (doublet a® 6.21 ppm { = 4.0, equatorial C(1)-H)) arzf3 (doublet

atd 5.71 ppm J = 6.8, axial C(1)-H)) which was opposite the resulbtained when the peracetylation

reactions were performed in the presence of DMAP.

Scheme 5
OH OAc
0 8 amine / 7 Ac,O 0
o CH,Cly, N 20 + Ty R+ 303
HO OH 1) 0 °C, t4 AcO
1 2)25°C, t, 2p

While the two furanose anomeBs:3B could not be completely eliminated from the isethteaction
mixture, the minor amounts of both as well as fgaicantly diminished quantity a2a allowed for the
isolation of2f3 as a white solid in 71 % vyield by recrystallizatiof the reaction mixture using absolute 1-
propanol (Table 4, entry 8). The melting pointlué isolated white crystalline solifs was determined
to be 124-125 °C. The observed melting point iisilar to the value published in the literatdteH
NMR analysis in CDGl confirmed that the isolated solid was ind@@das a doublet a} 5.71 ppm { =
6.8 Hz) was observed for the axially disposed hgeroattached to C1 i28.% *H NMR analysis of
filtrate residue (4.76 g) showed that it was degulein 2B versus2a/3a/33 with an observed ratio of

12:88.

13



Table 4. Peracetylation aftD-xylose @) in the presence of amihe

peracetylatedD-xylos€

hemiacetal ratic’ anomer ratio®
entry amine 0°C,t;(h) 25°C,tp(h) yield (%)°  2a/p 30/ | 2a 2B | 30 3B
1 NEt; 2 2 95(48" 94 6 19 81| 25 75
2 NEt; 2 2 88(51" 94 6 14 86|29 71
3 NEt; 4.5 2 87(40' 95 5 20 80 | 17 83
4 NEt; - 2 83(49' 93 7 11 89 | 25 75
5 NEt; - 2 82(44" 93 7 12 88| 22 78
6 NEt; - 2 90(48°? 95 5 9 91|33 67
7" NEt; - 2 92(63¢ 93 7 12 88 | 33 67
8 NEt; - 2 93(71°¢ 92 8 9 91|20 8C
9  pyridine - 2 84 95 5 68 32 | 57 43

dconditions:a-D-xylose (2 g, 13 mmol, 1 equiv), amine (8 equivid £c,0 (7 equiv) reacted in Gi&l, (10 mL) at
indicated temperatures for indicated tifteased on mass of all peracetylated C5 sugars priesisnlated reaction
mixture; value in parenthesis is isolated yiel@pf “pyranose/furanose and anomer ratios determinéti BYMR

of the reaction mixture after workufpyranose =, + PBy; furanose = + Br. °p = pyranose; f = furanosethanol
used as crystallization solverftL-propanol used as crystallization solvéoanditions:a-D-xylose (5 g, 33.3 mmol,
1 equiv), amine (8 equiv), and &2 (7 equiv) reacted in Gi&l, (25 mL) at indicated temperatures for indicated
time. 'conditions:a-D-xylose (10 g, 66.6 mmol, 1 equiv), amine (8 equar)d AcO (7 equiv) reacted in Gigl, (50
mL) at indicated temperatures for indicated time.

It was determined that the peracetylatiord @f the absence of DMAP does not have to be caol€d°C
and the reaction can be performed at 25 °C withawadverse effect on the isolated yiel@Bf(Table 4,
entries 4 through 8). This makes the synthesBdfom 1 in the presence of NE&nd acetic anhydride
operationally straightforward and simple.

Unlike our earlier results for the stereoselectigacetylation oRa, where the nature of the
amine base used was not crucial to obtaining highegselectivity, a change in the amine used fer th
peracetylation ol in the absence of DMAP led to very different résulWhen pyridine is used in place
of NEt; (Table 4, entry 9), the overall conversionlofo peracetylated products was high but multiple
products were observedH NMR characterization of the isolated reaction tuig in CDC} showed the
colorless oil was comprised of regioisom2mnd3 in a ratio of 95:5. For bothand3 there also existed

a- andf-anomers. The ratio of TXP anomers vas2p = 68:32 and the TXF anomers wWaes:3f =
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57:43. These isomer ratios are identical to thasmined wherl was peracetylated in neat pyridine
(Table 1, entry 2) and are not desirable. It &aclthat to obtain high isolated yields2ff the choice of
amine base is important. The success of thisiomacsing NE{ creates an ideal situation where the
outcome of the reaction can be predetermined bypthsence or absence of DMAP. This shows the
potential for using this reaction early in a biamefy chemical process, forming two products thaild
be used in different applicationgx for continued processing into fuels and mateffalsnd 2B for
surfactants and medical applicatidfs.

Our new method for the formation 8B from 1 is an improvement over published literature
methodé® with regards to choice of reagents and overalctiea time. We next explored the
peracetylation ofa-L-arabinose 4) with acetic anhydride using the conditions depebb for the

peracetylation in the absence of DMARcheme 6). Acetic anhydride was added to aGTH$uspension

Scheme 6
OH OAc OAc (0]
OAc
OAc
Hom 8 amine / 7 Ac,0 A Om A Om OA Q
> Ac c C+ A
OH CHyCly, N, AcO | AcO * A0 OAc
OH 1o-c,t OAc 60 X = a-OAc
4 2) 25 °C, t, 50 58 6p: X = B-OAc

that contained4 (2.0 g, 13.0 mmol) and eight equivalents MEt; cooled to 0 °C. Unlike the
peracetylation oft in the presence of DMAP, the white suspensiod did not dissolve even after 4
hours at 0 °C. The white suspension was warmexh t«C, stirred for 2 hours, the resulting clealosl
solution was subjected to an aqueous workup (seeriexental section), and a yellow glass was isdlate
The results are shown in Table 5 (entry 1). Aseoled in previous peracetylation reactions, theale
yield of peracetylated was high. The regiochemical outcome of the péytatéon reaction o# in the
absence of DMAP favored the formation of the pysh@sters over the furanozyl est&. 'H NMR
characterization of the isolated reaction mixtawr€DCk showed the yellow glass was comprised of TAP

and TAF regioisomerS and6 in a 67:33 ratio. The ratio of TAP anomers was5p = 9:91 and the TAF
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anomers wasa:6B = 44:56. Attempts to isola&f from the reaction mixture via crystallization were
not successful.

Table 5. Peracetylation aofL-arabinose4) in the presence of amihe

peracetylatedL -arabinose

hemiacetal ratid’ anomer ratio®
entry amine 0°C,t(h) 25°C,t(h) yield (%)°  5a/p 6a/f | 5a 5B | 6o 6B
1 NEt; 4 2 78 67 33 9 91| 44 56
2 NEt; 4 2 82 66 34 11 89 | 46 54
3 NEt; - 4 88 7C 30 7 93| 43 57

#Conditions:a-L-arabinose (2 g, 13 mmol, 1 equiv), amine (8 equimpl AcO (7 equiv) reacted in Gigl, (10 mL)
at indicated temperatures for indicated tifiased on mass of all peracetylated C5 sugars préseasolated
reaction mixture. °pyranose/furanose and anomer ratios determinedHb)MR of the reaction mixture after
workup. “pyranose =, + By, furanose = + Pr. °p = pyranose; f = furanose.

Peracetylation as a Separation Method.As mentioned above, we are pursuing the use-of
xylose and.-arabinose as starting materials for synthesis\afreety of industrially important chemicals
traditionally obtained from petroleum. We have ttised a boronic acid mediated isolation protocol
which deliversp-xylose and.-arabinose in a 83:17 ratio of the two pentdseShis process does provide
a mixture of pure monosaccharides but separatidrisaation of each pentose is required for subsetju
synthetic transformations to be accomplished. @aseour ability to isolate purg3 and5a using our
peracetylation methodologies followed by selectimgstallization, we felt this could be a route solate
pureD-xylose and.-arabinose, albeit as their acetylated derivati@ehieme 7 and 8).

Using the reaction conditions outlined for theretselective synthesis @B, acetic anhydride
was added to a GBI, suspension that contained a 85:15 mixturé afd4 (2.0 g, 13.0 mmol) and NEt
(8 equiv.) cooled to 0 °C (Scheme 7). After twautsoof stirring at 25 °C, the reaction mixture veas
clear yellow solution. The solution was subjedtedn aqueous workup (see experimental sectiod)aan

white crystalline solid was isolated. The resaftthis reaction are shown in Table 6 (entry 1).
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Scheme 7

OH OH OAc
- OAc + 3/5/6
OH! * OH CH,Cly, Ny 2a
HO OH OH 5500, ¢ Aco OAc
1 4 2p

The overall yield of peracetylated pentoses was Higp %). The ratio of peracetylatedxylose
compared to peracetylatedarabinose (81:19) was very close to the ratioheftivo starting pentoses.
The ratio of2f3 versus2a/3/5/6in the reaction residue was determined to be 66:3ecystallization of
the reaction mixture using ethanol allowed for ig@ation of theD-xylose derivative? in 45 % vyield.
Melting point and'H NMR analysis verified the identity of the cryditaé white solid a®2B. 'H NMR
analysis of crystallization filtrate showed thawis depleted i@ versus2a/3/5/8with an observed ratio
of 18:82. Doubling the peracetylation reactiondito 4 hours at 25 °C, led to an increase in thezaily
yield of peracetylated products as shown in entrgf Zable 6. The ratio of peracetylateekylose
compared to peracetylatedarabinose (81:19) was identical to the previowtion with only a minor
increase in the isolated yield 88 obtained. The pentose mixtures used in entriaad23 of Table 6
were obtained from DDG derived hydrolyzate.

Table 6. Isolation 02 from a mixture of pentoseéi¢4 using NE¥/Ac,0%

peracetylated pentoses

acetylated C5 ratic | rxn mixture | filtrate residue

entry ratio 1:4 25°C, t(h) vyield (%) 2/3 : 5/¢ 2B:2a/3/5/6 | 2B :2a/3/5/6
1 85:1%° 2 76(45" 81:1¢ 66:3¢ 18:82
2 83:17 4 97(47' 81:1¢ 68:32 24:7¢
3 83:17 2 87(40' 78:22 63:37 20:8(

#Conditions: pentose¥4 (2 g, 13 mmol, 1 equiv), amine (8 equiv), and@¢7 equiv) reacted in Gi&l, (10 mL)
at 25 °C for indicated time mixture (m/m) made using commercially purchagesylosel-arabinose, pentose
ratio determined usingH NMR. Cisolated sugar mixture from ref 15, pentose ragtetmined usingH NMR.
Ybased on mass of all peracetylated C5 sugars piresiolated reaction mixture; value in parenthdsiisolated
yield of 2B. °pentose, pyranose/furanose and anomer ratios detatrbyH NMR of the reaction mixture after
workup. ‘ethanol used as crystallization solvent.
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Isolation of pure_-arabinose derivativea can be achieved starting with an arabinose erdiche
(4.4:1) mixture o#4 and1 using a catalytic amount of DMAP in the presentcBBt; at 0 °C (Scheme 8).

Acetic anhydride was added to a £LH} suspension that contained a mixturdahdl (4.4:1)

Scheme 8
OH OH OAc
0] 0] 0]
HO 0.1 DMAP / 8 NEt3 / 7 Ac,0O _
= AcO + 5B + 2/6
OH + OH CH5Cl5, Ny AcO
HO OH OH 1) 0 °C, 2h OAc
1 4 2)25°C, 2 h 50,

(2.0 g, 13.0 mmol), eight equivalents MEt;, and a catalytic amount of DMAP cooled to 0 °CheT
white suspension was stirred for two hours at hére all solids completely dissolved and became a
clear yellow solution. Once all of the solids Hhdidsolved the reaction mixture was warmed to 25 °C,
stirred for 2 hours, subjected to an aqueous wofkap experimental section), and a yellow crystalli
solid was isolated. The results are shown in TableThe overall yield of peracetylated pentoses wa
almost quantitative (98 %). The ratio of peracsdiL-arabinosecompared to peracetylatedxylose
(81:19)

Table 7. Isolation oba from a mixture of pentose#1 using DMAP/NE#/Ac,0%

peracetylated pentoses

acetylated C5 ratic  rxn mixture filtrate residue

entry ratio 4:1° yield (%)° 5/6: 2 5a : 2/5/6 5a : 2/5/6
1 4.4:1 98(42° 81:1¢ 74:2¢ 53:47
2 4.4:1 99(40° 81:1¢ 75:2¢ 55:4¢

aConditions: pentosed/1 (2 g, 13 mmol, 1 equiv), DMAP (10 mol %), amineg@uiv), and AgO

(7 equiv) reacted in C}€1, (10 mL) at 0 °C for 2 hours and at 25 °C for 2 tsolimixture (m/m) made
using commercially purchas@dxylosel-arabinose, pentose ratio determined ush@MR.

“based on mass of all peracetylated C5 sugars jpriesisolated reaction mixture; value in parentbesi
is isolated yield oBa. “pentose, pyranose/furanose and anomer ratios dettiy'H NMR

of the reaction mixture after workufil-propanol used as crystallization solvent.

was very close to the ratio of the two startingtpses. The ratio dba versus2/5/6 in the reaction
residue was determined to be 74:26. Recysttbizaf the reaction mixture using 1-propanol akmv

for the isolation of the-arabinose derivativéa in 42 % yield. Melting point andH NMR analysis
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verified the identity of the crystalline white sblas5a. 'H NMR analysis of crystallization filtrate
showed that it was depletedd versus2/5/6with an observed ratio of 53:47.

Peracetylation is a very common protection stratbgy is widely implemented in carbohydrate
synthesis. In summary, we developed a straightfiahwame-conservative that allows for stereo-sélect
peracetylation of the C5 sugars, D-xylose and lbiase, to form eithes or p pyranosyl esters in high
yields. The stereoselective peracetylation reastiwere used to separate mixtureofylose andL-
arabinose obtained from hydrolyzate of distillerged grains (DDG) to provide pure pentoses as their
peracetylated derivatives in good yields.

Experimental Section

General Experimental Details. All reactions were carried out in oven-dried glaare under Nunless
otherwise specifiedN, was purified by passage through columns contaiaictyated molecular
sieves and Q-5 oxygen scavenger. Dichloromethaseparified by passage through columns of
activated 4 A molecular sieves. All reagents warehased from commercial sources and used
without further purification unless notedd and**C NMR spectra were recorded in capped tubes on
Varian 400 and 500 spectrometers at ambient pref@drature unless otherwise indicatéti.and**C
chemical shifts are reported versus SiMead were determined by reference to the resithiand*C
solvent peaks. Chemical shift, regiochemical aedeschemical assignments for the starting D-xylose
andL-arabinose were made by preparing samples of eaEMiSOds; and obtaining NMR spectra for
both solutions. Fob-xylose,'H, **C*, and multidimensional NMR'-'H COSY and'H-**C one bond
correlation) were obtained and comparison to litgeachemical shift valuésallowed for the assignment
of hydroxyl protons, the C1 (anomeric) proton amdlyax-D-xylose was observedFor L-arabinose in
DMSO-ds, very little information exists in the literatumxcept for hydroxyl proton chemical shift
values® so'H, *C* and multidimensional NMR'd-*H COSY and'H-'*C one bond correlation) were
obtained to assign the anomeric proton and deteritérstereochemcial orientation. Interpretatibthe

data from these NMR experiments allowed for thégassent of the starting-arabinose as the anomer.
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a-D-xylopyranose (1) *H NMR (DMSO-d): & 6.12 (d,J = 4.8, 1H, 1-®1), 4.84 (tJ = 8.4, 1H, H-1),
4.80 (dJ=5.2, 1H, 4-®l), 4.68 (dJ= 4.4, 1H, 3-®), 4.45 (dJ = 6.4, 1H, 2-®f), 3.47 (m, 1H, H-5),
3.35 (m, 2H, H-5', H-3), 3.22 (m, 1H, H-4), 3.11,(fiH, H-2).2*C** NMR (DMSOy): § 92.5 (C1), 73.2

(C3), 72.4 (C2), 70.2 (C4), 61.6 (C5).

a-L-arabinopyranose (4) *H NMR (DMSO-d): & 6.00 (d,J = 5.6, 1H, 1-®1), 4.85 (ddJ = 5.2, 2.4,
1H, H-1), 4.49 (dJ = 5.2, 1H, 3-®), 4.39 (s, 1H, 4-@), 4.38 (d,J = 2.4, 1H, 2-®f), 3.67 (M, 2H, H-4,
H-5), 3.59 (m, 1H, H-3), 3.46 (m, 1H, H-2), 3.34(d = 12.4, 4.8, 1H, H-5)).*C* NMR (DMSO-dy): &

92.7 (C1), 69.5 (C3), 69.3 (C2), 67.5 (C4), 62.6)(C

Tetra-O-acetyl-u-D-xylopyranose (r): ‘H NMR (CDCL): § 6.21 (d,J = 4.0, H-1 of &), 5.42 (t,J =
10.0, H-3 of &), 4.98 (m, H-2H-4), 3.89 (dd,) = 10.8, 6.0 H-5 of @), 3.66 (t,J = 10.8, H-5’ of &),

2.14 (s, 3H, OAc 8,), 2.02 (s, 6H, OAc H5), 1.99 (s, 3H, OAc 85).

Tetra-O-acetylf3-D-xylopyranose (3): *H NMR (CDCk): § 5.71 (d,J = 6.8, 1H, H-1), 5.20 (1] = 8.0,
1H, H-3), 5.01 (m, 2H, H-2, H-4), 4.14 (d#i= 12.0, 4.8, 1H, H-5), 3.52 (dd~= 12.0, 8.8, 1H, H-5",

2.10 (s, 3H, OAC B13), 2.06 (s, 3H, OAC Hy), 2.05 (s, 6H, OAC B,).

Tetra-O-acetyl-u-L-arabinopyranose (5u): '"H NMR (CDCE): § 6.34 (d,J = 3.2, 1H, H-1), 5.35 (m, 3H,
H-2), 4.06 (dJ = 13.2 1H, H-4), 3.82 (dd,= 13.2, 2.0, 1H, H-3), 2.15 (s, 6H, OA&lg), 2.02 (s, 6H,

OAC CHa).

Tetra-O-acetyl$-L-arabinopyranose (3): *H NMR (CDCk):  5.60 (d,J = 7.2, 1H, H-1), 5.23 (m, 3H,

H-2, H-4), 5.05 (ddJ = 8.8, 3.6, 1H, H-3), 3.96 (dd= 13.2, 4.0, 1H, H-5).

Peracetylation of xylose in neat pyridine (Table 1, entry 1)* a-D-xylose (1) (8.00 g, 53.3 mmol) was
added to a flask under,NPyridine (34.4 mL, 426.4 mmol) was added to thekf and the white
suspension was stirred at 25 °C. Acetic anhydd@e3(mL, 426.4 mmol) was added slowly to the flask.

The suspension was stirred at 25 °C overnight.sbhation turned clear after 15 minutes at 25 *GeAf
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stirring overnight, the solution flask was quenchséith chilled DI water (100 mL). The solution was
transferred to a 500 mL separatory funnel, washéud @H,Cl, (3 x 100 mL) and the organic layer from
each wash was collected. The combined organic ([8#6,Cl,) was then washed with 1M HCI (3 x 100
mL), chilled DI water (4 x 100 mL), saturated NaH{®@ x 100 mL), and chilled DI water (2 x 100 mL).
The CHCI, layer was dried over N8Q,, filtered through celite, and the solvent was reetbunder
vacuum to yield a yellow oil (20.14 g, 1009 NMR characterization of the isolated reaction tomig

in CDCl; showed it contained both tetraacetylabexllopyranose2a/B and tetraacetylatent
xylofuranoses3a/B in a ratio of 94:6. The ratio of stereocisomersfaars waa:23 = 6:4 and3a:3p =
1:1."H NMR (CDCL): key resonances of four produéts.38 (d,J = 4.4, H-1 of &), 6.21 (d,J = 4.0,

H-1 of ), 6.07 (s, H-1 of B), 5.67 (dJ = 6.8, H-1 of B), 5.42 (tJ = 10.0, H-3 of &), 5.16 (t,J = 8.0,

H-3 of 23), 4.98 (m, H-2 of @/28, H-4 of 20/2p), 4.10 (ddJ=12.0, 4.8, H-5 of @, 3.89 (ddJ =10.8,

6.0, H-5 of 2r), 3.66 (t,J = 10.8, H-5’ of &), 3.48 (ddJ = 12.0, 8.8, H-5’ of B).

Peracetylation of arabinose in neat pyridine (Table 1, entry 3)*° a-L-arabinose 4) (4.50 g, 30.0
mmol) was added to a flask undes. Ryridine (19.3 mL, 240.0 mmol) was added to thskf and the
white suspension was stirred at 25 °C. Acetic arilgd(22.6 mL, 240.0 mmol) was added slowly to the
flask. The suspension was stirred at 25 °C ovetni@ifter stirring overnight, the solution flask was
guenched with chilled DI water (75 mL). The solatiwas transferred to a 500 mL separatory funnel,
washed with CEKCI, (3 x 75 mL) and the organic layer from each wasis wollected. The combined
organic layer (CHCl,) was then washed with 1M HCI (3 x 75 mL), chilled water (2 x 75 mL),
saturated NaHCO(1 x 75 mL), and chilled DI water (1 x 75 mL). TkH.Cl, layer was dried over
Na,SQ,, filtered through celite, and the solvent was reetbunder vacuum to yield a yellow oil (11.11 g,
100%).1H NMR characterization of the isolated reaction tonig in CDC} showed it contained both
tetraacetylated -arabinopyranosesa/p and tetraacetylated-arabinofuranose8a/f in a ratio of 73:27.
The ratio of sterecisomers/anomers Bassp = 6:4 andéa:6fB = 4:6. '"H NMR (CDCk): key resonances

of four products 6.38 (m, H-1 of &), 6.34 (d,J = 3.2, H-1 of &), 6.19 (s, H-1 of B), 5.65 (d,J = 7.2,
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H-1 of 5), 5.36 (m, H-2 of &), 5.32 (m, H-4 of B), 5.30 (m, H-2 of B), 5.11 (dd,J = 8.8, 3.6, H-3 of
58), 4.37 (m, H-4 of &), 4.22 (m, H-3 of &), 3.78 (m, H-5 of & and B).

DMAP/NEt; mediated peracetylation of xylose (Table 2, entry 1) o-D-xylose () (2.03 g, 13.32
mmol) and DMAP (0.17 g, 1.33 mmol) were added ftask under N. CH,Cl, (10 mL) and NEt (15
mL, 106.56 mmol) were added to the flask and th#enduspension was stirred at 25 °C. The flask was
cooled to 0 °C and stirred for 10 minutes. Acetibyadride (9 mL, 93.25 mmol) was added dropwise to
the flask. The white suspension was stirred at ®fQ@ hour. After 1 hour, the clear, yellow sobartiwas
removed from the ice bath and warmed to 25 °C. Sdiation was stirred at 25 °C for 4 hours. After 4
hours, the solution flask was placed in an ice laath quenched with chilled DI water (20 mL). The ic
bath was removed after 20 minutes and the bi-phgsitow solution was stirred for 12 hours. The
solution was transferred to a 250 mL separatorpdélinvashed with CHCl, (3 x 20 mL) and the organic
layer from each wash was collected. The combirrgdroc layer (CHCI,) was then washed with 1M
HCI (4 x 20 mL), chilled DI water (3 x 20 mL), sastted NaHC®@ (3 x 20 mL), and chilled DI water (2 x
20 mL). The CHCI, layer was dried over MgSfiltered through celite, and the solvent was reatb
under vacuum to yield a yellow glass (4.20 g, 99%)NMR characterization of the isolated reaction
mixture in CDC} showed it containeda as the major product (98%) and a trace amouB ¢2%).
DMAP/NEt; mediated peracetylation of xylose (Table 2, entry 3) a-D-xylose () (2.00 g, 13.32
mmol) and DMAP (0.17 g, 1.33 mmol) were added ftagk under N. CH,Cl, (10 mL) and NEt (15
mL, 106.56 mmol) were added to the flask and th#enduspension was stirred at 25 °C. The flask was
cooled to 0 °C and stirred for 10 minutes. Acetibyaride (9 mL, 93.25 mmol) was added dropwise to
the flask. The white suspension was stirred at fC30 minutes. After 30 minutes, the clear, y&ilo
solution was removed from the ice bath and warneed5t °C. The solution was stirred at 25 °C for 2
hours. After 2 hours, the solution flask was plaiceen ice bath and quenched with chilled DI w#gr
mL). The ice bath was removed after 20 minutese HiFphasic, yellow solution was then transferied t
250 mL separatory funnel, washed with £LH (3 x 20 mL) and the organic layer from each wasis w

collected. The combined organic layer ({CH) was then washed with 1M HCI (4 x 20 mL), chilledl
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water (3 x 20 mL), saturated NaHE@3 x 20 mL), and chilled DI water (2 x 20 mL). Th&1,Cl, layer
was dried over MgSg) filtered through celite, and the solvent was reetbunder vacuum to yield a
yellow glass (3.98 g, 94%)H NMR characterization of the isolated reaction tanig in CDC} showed it
contained?2a as the major product (98%) and a trace amoud ¢2%).

DMAP/NEt; mediated peracetylation of xylose (Table 2, entry 4) o-D-xylose () (2.00 g, 13.32
mmol) and DMAP (0.17 g, 1.33 mmol) were added ftask under M. CH,Cl, (10 mL) and NEf (15
mL, 106.56 mmol) were added to the flask and th#enduspension was stirred at 25 °C. The flask was
cooled to 0 °C and stirred for 10 minutes. Acetibyadride (9 mL, 93.25 mmol) was added dropwise to
the flask. The white suspension was stirred at ®tC30 minutes. After 30 minutes, the clear, yallo
solution was removed from the ice bath and warneed5t °C. The solution was stirred at 25 °C for 30
minutes. After 30 minutes, the solution flask wadacpd in an ice bath and quenched with chilled DI
water (20 mL). The ice bath was removed after 20uteis. The bi-phasic, yellow solution was then
transferred to a 250 mL separatory funnel, washigd @GH,Cl, (3 x 20 mL) and the organic layer from
each wash was collected. The combined organic &#d.Cl,) was then washed with 1M HCI (4 x 20
mL), chilled DI water (3 x 20 mL), saturated NaHC@ x 20 mL), and chilled DI water (2 x 20 mL).
The CHCI, layer was dried over MgSQfiltered through celite, and the solvent was reetbunder
vacuum to yield a yellow glass (4.26 g, 100%).NMR characterization of the isolated reaction tonig

in CDCl; showed it containeda as the major product (98%) and a trace amouB ¢2%).

DMAP/NEt; mediated peracetylation of xylose (Table 2, entry 6) o-D-xylose () (2.00 g, 13.32
mmol) and DMAP (0.17 g, 1.33 mmol) were added ftagk under N. CH,Cl, (10 mL) and NEt (15
mL, 106.56 mmol) were added to the flask and th@enduspension was stirred at 25 °C. The flask was
cooled to 0 °C and stirred for 10 minutes. Acetibyaride (9 mL, 93.25 mmol) was added dropwise to
the flask. The white suspension was stirred at ®@fG0 minutes. After 30 minutes, chilled DI wafgo
mL) was added to the clear, yellow solution andrésailting biphasic solution was stirred at 0 €0

minutes. The solution was transferred to a 250 eplasatory funnel, washed with @&, (3 x 20 mL)
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and the organic layer from each wash was collectEde combined organic layer (@El,) was then
washed with 1M HCI (4 x 20 mL), chilled DI water 320 mL), saturated NaHG@3 x 20 mL), and
chilled DI water (2 x 20 mL). The CiI, layer was dried over MgSQfiltered through celite, and the
solvent was removed under vacuum to yield a yelipass (4.23 g, 99%fH NMR characterization of
the isolated reaction mixture in CDQGIhowed it containe@a as the major product (98%) and a trace
amount of23 (2%).

DMAP/NEt; mediated peracetylation of xylose (Table 2, entry 7) a-D-xylose @) (2.03 g, 13.32
mmol) and DMAP (0.17 g, 1.33 mmol) were added ftask under N. CH,Cl, (10 mL) and NEt (15
mL, 106.56 mmol) were added to the flask and thétevBuspension was stirred at 25 °C. Acetic
anhydride (9 mL, 93.25 mmol) was added dropwisthéoflask, where the white suspension warmed to
the touch. The white suspension was stirred at®2%f 2 hours and 30 minutes. After 2 hours and 30
minutes, the solution flask was placed in an idbd bad quenched with chilled DI water (20 mL). Tite
bath was removed after 20 minutes and the bi-phgsitow solution was transferred to a 250 mL
separatory funnel. The solution was washed with@H3 x 20 mL) and the organic layer from each
wash was collected. The combined organic layer,@I}was then washed with 1M HCI (4 x 20 mL),
chilled DI water (3 x 20 mL), saturated NaHEC@ x 20 mL), and chilled DI water (2 x 20 mL). The
CHJCI, layer was dried over MgS¢filtered through celite, and the solvent was reaetbunder vacuum

to yield a yellow syrup (3.67 g, 87%MH NMR characterization of the isolated reaction tonig in CDC}
showed it contained bo2u/B and3a/B in a ratio of 93:7. The ratio of stereoisomersfaers wa2a:23
=72:28 andBa:3p = 1:1.

DMAP/pyridine mediated peracetylation of xylose (Table 2, entry 8) a-D-xylose @) (2.00 g, 13.32
mmol) and DMAP (0.17 g, 1.33 mmol) were added ftask under N. CH,Cl, (10 mL) and Pyridine (9
mL, 106.56 mmol) were added to the flask and th#enduspension was stirred at 25 °C. The flask was
cooled to 0 °C and stirred for 10 minutes. Acetibyadride (9 mL, 93.25 mmol) was added dropwise to

the flask. The white suspension was stirred at @fCl hour. After 1 hour, the clear, colorlessusioin
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was removed from the ice bath and warmed to 29 h@.solution was stirred at 25 °C for 2 hours. Afte
2 hours, the solution flask was placed in an idé bad quenched with chilled DI water (20 mL). Tite
bath was removed after 20 minutes and the bi-phasiorless solution was stirred for 12 hours. The
solution was transferred to a 250 mL separatorpdélinvashed with CHCl, (3 x 20 mL) and the organic
layer from each wash was collected. The combingdrac layer (CHCl,) was then washed with 1M
HCI (4 x 20 mL), chilled DI water (3 x 20 mL), sastted NaHC® (3 x 20 mL), and chilled DI water (2 x
20 mL). The CHCI, layer was dried over MgSQfiltered through celite, and the solvent was reetb
under vacuum to vield a colorless syrup (4.12 §P7H NMR characterization of the isolated reaction
mixture in CDC} showed it containeda as the major product (99%) and a trac2f(1%).

DMAP/NEt; mediated peracetylation of xylose (Table 2, entry 9) a-D-xylose () (10.0 g, 66.6 mmol)
and DMAP (0.817 g, 6.66 mmol) were added to a flaséler N. CH,Cl, (50 mL) and NEf (74 mL,
532.8 mmol) were added to the flask and the whiggpension was stirred at 25 °C. The flask was cbole
to 0 °C and stirred for 10 minutes. Acetic anhydrfd4 mL, 466.2 mmol) was added in 15 mL portians t
the flask. The Ag portions were added in 10 minute intervals tovené excessive heating of the
mixture. The white suspension was stirred at 0 SC1f hour. After 1 hour, the clear, yellow-orange
solution was removed from the ice bath and warneed5t°C. The solution was stirred at 25 °C for 19
hours. After 19 hours, the solution flask was pthgean ice bath and quenched with chilled DI water
(100 mL). The ice bath was removed after 20 minated the bi-phasic, yellow-orange solution was
stirred for 12 hours. The reaction mixture wasdfamed to a 1 L separatory funnel and was washtd w
CH.CI, (3 x 100 mL) and the organic layer from each wasls collected. The combined organic layer
(CH.CI,) was then washed with 1M HCI (4 x 100 mL), chilletiwater (3 x 100 mL), saturated NaHgO
(3 x 100 mL), and chilled DI water (2 x 100 mL). giCHCI, layer was dried over MgSQfiltered
through celite, and the solvent was removed undenwm to yield an orange glass (23.56 g, 100pb).

NMR characterization of the isolated reaction migtin CDC} showed it containe@a as the major

product (96%) and a trace amoun®ff(4%).
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DMAP/NEt; mediated peracetylation of arabinose (Table 3, entry 1) a-L-arabinose4) (2.00 g,
13.32 mmol) and DMAP (0.17 g, 1.33 mmol) were adtbed flask under N CH,Cl, (10 mL) and NEt

(15 mL, 106.56 mmol) were added to the flask amdwhite suspension was stirred at 25 °C. The flask
was cooled to 0 °C and stirred for 10 minutes. iscanhydride (9 mL, 93.25 mmol) was added dropwise
to the flask. The white suspension was stirred & fr 2 hours. After 2 hours, the clear, yellovlugion
was removed from the ice bath and warmed to 29 h@.solution was stirred at 25 °C for 2 hours. Afte
2 hours, the solution flask was placed in an idl bad quenched with chilled DI water (20 mL). Tite
bath was removed after 20 minutes and the bi-phgsitow solution was transferred to a 250 mL
separatory funnel. The solution was washed with@H3 x 20 mL) and the organic layer from each
wash was collected. The combined organic layer,@I}was then washed with 1M HCI (4 x 20 mL),
chilled DI water (3 x 20 mL), saturated NaHE@ x 20 mL), and chilled DI water (2 x 20 mL). The
CHJCI, layer was dried over MgSfiltered through celite, and the solvent was reaetbunder vacuum

to yield a yellow crystal (3.75 g, 88%)'H NMR characterization of the isolated reaction tunig in
CDCl; showed it contained botba/B and6a/f in a ratio of 95:5. The ratio of sterecisomersfagrs
washa:53 = 99:1 andba:6B = 1:1.

DMAP/NEt; mediated peracetylation of arabinose (Table 3, entry 2) a-L-arabinose 4) (2.00 g,
13.32 mmol) and DMAP (0.17 g, 1.33 mmol) were adtted flask under N CH,Cl, (10 mL) and NE{

(15 mL, 106.56 mmol) were added to the flask amdvthite suspension was stirred at 25 °C. The flask
was cooled to 0 °C and stirred for 10 minutes. iscanhydride (9 mL, 93.25 mmol) was added dropwise
to the flask. The white suspension was stirred @ @or 2 hours and 30 minutes. After 2 hours a@d 3
minutes, the clear, yellow solution was removednfthe ice bath and warmed to 25 °C. The solutios wa
stirred at 25 °C for 2 hours. After 2 hours, thiugon flask was placed in an ice bath and quenati¢ul
chilled DI water (20 mL). The ice bath was remowadigr 20 minutes and the bi-phasic, yellow solution
was transferred to a 250 mL separatory funnel. Sdietion was washed with G@l, (3 x 20 mL) and

the organic layer from each wash was collectede ddmbined organic layer (GEl,) was then washed
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with 1M HCI (4 x 20 mL), chilled DI water (3 x 20l saturated NaHC£(3 x 20 mL), and chilled DI
water (2 x 20 mL). The C}I, layer was dried over MgSfiltered through celite, and the solvent was
removed under vacuum to yield a yellow crystal 4338 91%)."H NMR characterization of the isolated
reaction mixture in CDGIshowed it contained bo#u/f3 and6a/p in a ratio of 95:5 while the ratio &tx

to 5p/6a/6 was 93:7. The ratio of stereoisomers/anomers5aesf3 = 98:2 andba:6B = 3:2. Absolute
EtOH (60 ml) was used to transfer the crystals 1®@& mL beaker with stir bar. The mixture was heate
and stirred to dissolve the crystals. The solutiolume was reduced to 30 mL with heating. The beake
was then removed from the heat and allowed to @b °C. The solution was agitated which yielded
white crystals. The crystals were collected bydtibn with a Buchner funnel and dried to afforditate,
crystalline solid (2.38 g, 56%), mp 96-97 °C. Twid was characterized B4 NMR (CDC}L) and
identified asba. The solvent from the filtrate was removed underuvae to yield 1.12 g of an orange oil.
'"H NMR characterization of the filtrate residue iDCl; showed the ratio dsa/p and6a/p was 85:15
while the ratio oba to 58/6a/6@ had changed to 81:19. The ratio of stereoisoeoshers wasSa:5p =
95:5 andba:6B = 63:37.

DMAP/NEt; mediated peracetylation of arabinose (Table 3, entry 3) a-L-arabinose 4) (2.00 g,
13.32 mmol) and DMAP (0.17 g, 1.33 mmol) were adtted flask under N CH,Cl, (10 mL) and NE{
(15 mL, 106.56 mmol) were added to the flask. Acenhydride (9 mL, 93.25 mmol) was added
dropwise to the flask, where the white suspensiamed to the touch. The solution was stirred at®@5
for 2 hours and 30 minutes. After 2 hours and 30uteis, the solution flask was placed in an ice bath
guenched with chilled DI water (20 mL). The icetbatas removed after 20 minutes and the bhi-phasic,
yellow solution was allowed to stir for 12 hourselsolution was transferred to a 250 mL separatory
funnel, washed with Ci€l, (3 x 20 mL) and the organic layer from each wass wollected. The
combined organic layer (GBI,) was then washed with 1M HCI (4 x 20 mL), chilled water (3 x 20
mL), saturated NaHC{(3 x 20 mL), and chilled DI water (2 x 20 mL). Ta#l,Cl, layer was dried over

MgSQ,, filtered through celite, and the solvent was reeabunder vacuum to yield a yellow syrup (4.17
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g, 98%).1H NMR characterization of the isolated reaction tumig in CDC} showed it contained both
5a/B and6a/pB in a ratio of 77:23. The ratio of sterecisomarsfaers wada:58 = 85:15 andba:6B =
53:47.

DMAP/pyridine mediated peracetylation of arabinose (Table 3, entry 4) a-L-arabinose4) (2.00 g,
13.32 mmol) and DMAP (0.17 g, 1.33 mmol) were adtiea flask under N CH,Cl, (10 mL) and
pyridine (9 mL, 106.56 mmol) were added to theklasd the suspension was stirred at 25 °C. Theewhit
suspension was then stirred at 0 °C for 10 minuAestic anhydride (9 mL, 93.25 mmol) was added
dropwise to the flask. The mixture was stirred aC0for 4 hours and 30 minutes. After 4 hours afid 3
minutes, the clear, colorless solution was stimeédoom temperature for 2 hours. After 2 hours, the
reaction flask was placed in an ice bath and thatiea was quenched with chilled DI water (20 mL).
The ice bath was removed after 20 minutes anditpbdsic, colorless solution was allowed to stir 1@
hours. The solution was transferred to a 250 mlaspry funnel, washed with GEl, (3 x 20 mL) and
the organic layer from each wash was collectede ddmbined organic layer (GEl,) was then washed
with 1M HCI (4 x 20 mL), chilled DI water (3 x 201y, saturated NaHC£X3 x 20 mL), and chilled DI
water (2 x 20 mL). The CiI, layer was dried over MgSfiltered through celite, and the solvent was
removed under vacuum to yield clear crystals (42700%)."H NMR characterization of the isolated
reaction mixture in CDGlshowed it contained botba/f and 6a/f in a ratio of 94:6. The ratio of
stereoisomers/anomers Wats 53 = 98:2 andba:6f = 2:1.

NEt; mediated peracetylation of xylose (Table 4, entry 1) a-D-xylose () (2.00 g, 13.32 mmol) was
added to a 100 mL round bottom flask under GH,Cl, (10 mL) and NEf (15 mL, 106.56 mmol) were
added to the flask and the white suspension wasdtat 25 °C. The flask was cooled to 0 °C anulesti
for 10 minutes. AgO (9 mL, 93.25 mmol) was added dropwise to thekfldfhie white suspension was
stirred at 0 °C for 2 hours. After 2 hours, theusioh was still a white suspension and the flasls wa
removed from the ice bath and warmed to 25 °C. rBlaetion mixture was stirred at 25 °C for 2 hours.

After 2 hours, the clear yellow solution was plagean ice bath and quenched with chilled DI w#gr
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mL). The ice bath was removed after 20 minutesthadi-phasic, yellow suspension was stirred for 12
hours. The solution was transferred to a 250 mlasgpry funnel, washed with GEl, (3 x 20 mL) and
the organic layer from each wash was collectede ddmbined organic layer (GEl,) was then washed
with 1M HCI (4 x 20 mL), chilled DI water (3 x 201y saturated NaHC£X(3 x 20 mL), and chilled DI
water (2 x 20 mL). The C}I, layer was dried over MgSfiltered through celite, and the solvent was
removed under vacuum to yield a white crystalliodids(4.03 g). 'H NMR characterization of the
isolated reaction mixture in CDE£$howed it contained botta/B and3a/f in a ratio of 94:6 while the
ratio of 2p to 2a/3a/3p was 76:24. The ratio of sterecisomers/anomers2aeé2f = 19:81 andBa:3p =
25:75. Absolute EtOH (60 mL) was then added toctlystals. The crystals dissolved in EtOH when the
solution was heated. The solution volume was reditce30 mL with heating. The flask was then
removed from heat and allowed to cool to 25 °C. 3bletion was agitated which yielded white crystals
The crystals were collected by filtration with adBaer funnel and dried to afford a white, crystedli
solid (2.05g, 48%), mp 123-124 °C @it125-128 °C). The solid was characterized4dyNMR (CDCh)
and identified a2p.

NEt; mediated peracetylation of xylose (Table 4, entry 3) a-D-xylose () (2.00 g, 13.32 mmol) was
added to a 100 mL round bottom flask under GH,Cl, (10 mL) and NEf (15 mL, 106.56 mmol) were
added to the flask and the white suspension wasdtat 25 °C. The flask was cooled to 0 °C anulesti

for 10 minutes. AgO (9 mL, 93.25 mmol) was added dropwise to thekfldhe white suspension was
stirred at 0 °C for 4.5 hours. After 4.5 hours, tdution was still a white suspension and thekflaas
removed from the ice bath and warmed to 25 °C. fBlaetion mixture was stirred at 25 °C for 2 hours.
After 2 hours, the clear yellow solution was plagedn ice bath and quenched with chilled DI w#gr
mL). The ice bath was removed after 20 minutesthadi-phasic, yellow suspension was stirred for 12
hours. The solution was transferred to a 250 mlaspry funnel, washed with GEl, (3 x 20 mL) and
the organic layer from each wash was collectede ddmbined organic layer (GEl,) was then washed

with 1M HCI (4 x 20 mL), chilled DI water (3 x 201y saturated NaHC£X(3 x 20 mL), and chilled DI
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water (2 x 20 mL). The CiI, layer was dried over MgS(filtered through celite, and the solvent was
removed under vacuum to yield a white crystalliokds(3.86 g)."H NMR characterization of the isolated
reaction mixture in CDGIshowed it contained bo2u/f and3a/f in a ratio of 95:5 while the ratio @

to 2a/3a/3B was 76:24. The ratio of stereoisomers/anomers 2033 = 20:80 and3a:33 = 17:83.
Absolute EtOH (60 mL) was then added to the crgsfBhe crystals dissolved in EtOH when the solution
was heated. The solution volume was reduced to I3vith heating. The flask was then removed from
heat and allowed to cool to 25 °C. The solution agsated which yielded white crystals. The crystal
were collected by filtration with a Buchner funraid dried to afford a white, crystalline solid @.6,
40%), mp 124 °C (lit?125-128 °C).

NEt; mediated peracetylation of xylose (Table 4, entry 4) a-D-xylose () (2.00 g, 13.32 mmol) was
added to a 100 mL round bottom flask under®©H,Cl, (10 mL), NEt (15 mL, 106.56 mmol) and A©

(9 mL, 93.25 mmol) were added to the flask, whaewhite suspension warmed to the touch. The white
suspension was stirred at 25 °C for 2 hours. Adtbpurs, the clear yellow solution was placed irican
bath and quenched with chilled DI water (20 mL).eTibe bath was removed after 20 minutes. The
solution was transferred to a 250 mL separatorpdélinvashed with CHCl, (3 x 20 mL) and the organic
layer from each wash was collected. The combirrgdroc layer (CHCI,) was then washed with 1M
HCI (4 x 20 mL), chilled DI water (3 x 20 mL), sastted NaHC®@ (3 x 20 mL), and chilled DI water (2 x
20 mL). The CHCI, layer was dried over MgSfiltered through celite, and the solvent was reatb
under vacuum to yield a white crystalline solid5(8). '"H NMR characterization of the isolated reaction
mixture in CDC} showed it contained botka/B and3a/B in a ratio of 93:7 while the ratio & to
2a/3a/3B was 88:12. The ratio of stereoisomers/anomers 2@e23 = 11:89 and3a:3p = 25:75.
Absolute EtOH (60 mL) was then added to the crgsfBhe crystals dissolved in EtOH when the solution
was heated. The solution volume was reduced to I3@vith heating. The flask was then removed from
heat and allowed to cool to 25 °C. The solution agsated which yielded white crystals. The crystal

were collected by filtration and dried to affordvhite, crystalline solid (2.09 g, 49%), mp 123-TZ%
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(Iit.?® 125-128 °C). The solid was characterized'HyNMR (CDCL) and identified agp. The solvent
from the filtrate was removed under vacuum to yielil g of a yellow oil'H NMR characterization of
the filtrate residue in CDglshowed the ratio oRa/f3 and 3a/f3 was 72:28 while the ratio df to
2a/3a/3B had changed to 30:70. The ratio of stereoisomeosiers waga:23 = 58:42 andBa:3f =
23:77.

Pyridine mediated peracetylation of xylose (Table 4, entry 9) a-D-xylose (1) (2.00 g, 13.32 mmol)
was added to a 100 mL round bottom flask undeiQ¥#,Cl, (10 mL), pyridine (9 mL, 106.56 mmol) and
Ac,O (9 mL, 93.25 mmol) were added to the flask arelwhite suspension was stirred at 25 °C for 2
hours. After 2 hours, the clear yellow solution vpdaced in an ice bath and quenched with chilled DI
water (20 mL). The ice bath was removed after 20uteis. The solution was transferred to a 250 mL
separatory funnel, washed with g, (3 x 20 mL) and the organic layer from each wasis wollected.
The combined organic layer (GEl,) was then washed with 1M HCI (4 x 20 mL), chilldwater (3 x

20 mL), saturated NaHG{3 x 20 mL), and chilled DI water (2 x 20 mL). Th#,Cl, layer was dried
over MgSQ, filtered through celite, and the solvent was reetbunder vacuum to yield a colorless, clear
oil (3.55 g, 84%)*H NMR characterization of the isolated reaction tuig in CDC} showed it contained
both 2a/B and 3a/B in a ratio of 95:5 while the ratio dIp to 2a/3a/3B was 31:69. The ratio of
stereoisomers/anomers Waes.2B = 68:32 and3a:3f = 57:43."H NMR (CDCL): key resonances of four
productss: 6.42 (d,J = 4.4, H-1of 8), 6.25 (d,J = 4.0, H-1of 2), 6.10 (s, H-1 of B), 5.70 (d,J = 6.8, H-

1 of 28), 5.45 (t,J = 10.0, H-3 of &), 5.19 (t,J = 8.0, H-3 of B), 5.02 (m, H-2 of &/2 and H-4 of
20/2), 3.92 (ddJ = 10.8, 6.0, H-5 of @, 3.70 (t,J = 10.8, H-5'0f 2).

NEt; mediated peracetylation of arabinose (Table 5, entry 1) a-L-arabinose 4) (2.00 g, 13.32
mmol) was added to a 100 mL round bottom flask umge CH,CI, (10 mL) and NEt (15 mL, 106.56
mmol) were added to the flask and the white suspengas stirred at 25 °C. The flask was cooled € 0
and stirred for 10 minutes. 4@ (9 mL, 93.25 mmol) was added dropwise to thekflaghe white

suspension was stirred at 0 °C for 4 hours. Afteodrs, the solution was still a white suspensiah the
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flask was removed from the ice bath and warmedbtd2 The reaction mixture was stirred at 25 “C2or
hours. After 2 hours, the clear yellow solution vpdaced in an ice bath and quenched with chilled DI
water (20 mL). The ice bath was removed after 20uteis and the bi-phasic, yellow suspension was
stirred for 12 hours. The solution was transfetced 250 mL separatory funnel, washed with,CHl (3 x

20 mL) and the organic layer from each wash wakect@ld. The combined organic layer (i) was
then washed with 1M HCI (4 x 20 mL), chilled DI wat(3 x 20 mL), saturated NaHG@3 x 20 mL),
and chilled DI water (2 x 20 mL). The GEl, layer was dried over MgSQfiltered through celite, and
the solvent was removed under vacuum to yield mweglass (3.30 g, 78%jH NMR characterization

of the isolated reaction mixture in CRGhowed it contained bofu/B and6a/f in a ratio of 67:33. The
ratio of stereoisomers/anomers veas5p = 9:91 andba:6B = 44:56. No attempt was made to isolate pure
p

NEt; mediated peracetylation of arabinose (Table 5, entry 3) a-L-arabinose 4) (2.00 g, 13.32
mmol) was added to a 100 mL round bottom flask uide CH,Cl, (10 mL), NEt (15 mL, 106.56
mmol) and AgO (9 mL, 93.25 mmol) were added to the flask, whbeswhite suspension warmed to the
touch. The white suspension was stirred at 257@ thours. After 4 hours, the clear yellow solatigas
placed in an ice bath and quenched with chilledvater (20 mL). The ice bath was removed after 20
minutes. The solution was transferred to a 250 eplagatory funnel, washed with @&, (3 x 20 mL)
and the organic layer from each wash was collectEde combined organic layer (@El,) was then
washed with 1M HCI (4 x 20 mL), chilled DI water 320 mL), saturated NaHG@3 x 20 mL), and
chilled DI water (2 x 20 mL). The CiI, layer was dried over MgSQfiltered through celite, and the
solvent was removed under vacuum to yield a yelipass (3.47 g, 88%fH NMR characterization of
the isolated reaction mixture in CDGlhowed it contained botu/p and6e/p in a ratio of 70:30. The
ratio of stereocisomers/anomers viasSp = 7:93 andba:6p = 43:57. No attempt was made to isolate pure

B arabinopyranose due to a higher ratio of arabnamiose in the reaction mixture.
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NEt; mediated peracetylation of 5:1 pentose mixture (Table 6, entry 1) A 5:1 (m/m) mixture of
commercially obtained and4 (2.00 g, 13.32 mmol) was added to a 100 mL rouritbin flask under
N. CHCl, (10 mL), NE§ (15 mL, 106.56 mmol) and A© (9 mL, 93.25 mmol) were added to the flask,
where the white suspension warmed to the touche White suspension was stirred at 25 °C for 1.5sou
where the solids reached dissolution. After 2 hotlrs clear yellow solution was placed in an icéhba
and quenched with chilled DI water (20 mL). The imh was removed after 20 minutes. The solution
was transferred to a 250 mL separatory funnel, aéstith CHCI, (3 x 20 mL) and the organic layer
from each wash was collected. The combined ordagyear (CHCI,) was then washed with 1M HCI (4 x
20 mL), chilled DI water (3 x 20 mL), saturated Na&; (3 x 20 mL), and chilled DI water (2 x 20 mL).
The CHCI, layer was dried over MgSQfiltered through celite, and the solvent was reetbunder
vacuum to yield a white crystalline solid (3.2 gf NMR characterization of the isolated reaction
mixture in CDC} showed it contained peracetylatedylose and.-arabinose in a ratio of 81:19 (4.3:1),
xyloses2a/p and3a/p in a ratio of 93:7 and arabinosag/p and6e/p in a ratio of 72:28. The ratio @

to 2a/3/5/6 was 66:34. Absolute EtOH (50 mL) was added toctiystals. The crystals dissolved in EtOH
when the solution was heated. The solution voluras meduced to 30 mL with heating. The flask was
then removed from heat and allowed to cool to 25Te solution was chilled in an ice bath which
yielded white crystals. The crystals were colledgdfiltration and dried to afford a white, crydiaé¢
solid (1.58g, 45%), mp 120-122 °C @it125-128 °C). The solid was characterized'HyNMR (CDCL)
and identified agB. '*H NMR characterization of the crystallization fite in CDC} showed the ratio of
2p to 2a/3/5/6 had changed to 18:82.

NEt; mediated peracetylation of 5:1 pentose mixture (Table 6, entry 2) A 5:1 (m/m) mixture of
extractedl and4 (2.00 g, 13.32 mmol) was added to a 100 mL rowrttbn flask under N CH,Cl, (10
mL), NEt (15 mL, 106.56 mmol) and A© (9 mL, 93.25 mmol) were added to the flask. Wiite
suspension was stirred at 25 °C for 30 minutes evtiee solids reached dissolution. After 4 hours, th

clear yellow solution was placed in an ice bath quenched with chilled DI water (20 mL). The icdtha
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was removed after 20 minutes. The solution wassfeaired to a 250 mL separatory funnel, washed with
CHCI, (3 x 20 mL) and the organic layer from each wagls wollected. The combined organic layer
(CHxCI,) was then washed with 1M HCI (4 x 20 mL), chilBtdwater (3 x 20 mL), saturated NaHg(3

x 20 mL), and chilled DI water (2 x 20 mL). The ¢ layer was dried over MgSfiltered through
celite, and the solvent was removed under vacuwretd a white crystalline solid mixed with yellooi
(4.11 g).'H NMR characterization of the isolated reaction tmig in CDC} showed it contained
peracetylatet-xylose and.-arabinose in a ratio of 81:19 (4.3:1), xylo2e# and3a/p in a ratio of 94:6
and arabinoseSe/p and6a/p in a ratio of 75:25. The ratio @p to 2a/3/5/6 was 68:32. Absolute EtOH
(60 mL) was added to the crystals. The mixture staged and heated to dissolve all solids. Thetswiu
volume was then reduced to 30 mL with heating. fldsk was removed from heat and allowed to cool to
25 °C. The solution was chilled in an ice bath agifated which yielded white crystals. The crysteése
collected by filtration and dried to afford a whitaystalline solid (2.01 g, 47%), mp 121-122 “€%
125-128 °C). The solid was characterized B NMR (CDCk) and identified as2B. '"H NMR
characterization of the crystallization filtrate@DCl; showed the ratio d&2p to 2a/3/5/6 had changed to
24:76.

NEt; mediated peracetylation of 5:1 pentose mixture (Table 6, entry 3) A 5:1 mass (m/m) mixture
of extractedl and4 (2.00 g, 13.32 mmol) was added to a 100 mL rousttbin flask under p CH,Cl,

(10 mL), NEg (15 mL, 106.56 mmol) and A© (9 mL, 93.25 mmol) were added to the flask. White
suspension was stirred at 25 °C for 1 hour whegestilids reached dissolution. After 2 hours, tleaucl
yellow solution was placed in an ice bath and gbedaowith chilled DI water (20 mL). The ice bath was
removed after 20 minutes. The solution was trarsfieto a 250 mL separatory funnel, washed with
CH.ClI, (3 x 20 mL) and the organic layer from each wasis wollected. The combined organic layer
(CH.CI,) was then washed with 1M HCI (4 x 20 mL), chilBtdwater (3 x 20 mL), saturated NaHg(3

x 20 mL), and chilled DI water (2 x 20 mL). The &, layer was dried over MgSfiltered through

celite, and the solvent was removed under vacuuyietd a yellow oil (3.69 g). Crystals then grewrfr

35



the isolated oil after drying under dynamig Ahd agitation'H NMR characterization of the isolated
reaction mixture in CDGlshowed it contained peracetylatecylose and.-arabinose in a ratio of 78:22
(3.6:1), xylosea/p and3a/p in a ratio of 93:7 and arabinoses/f and6a/p in a ratio of 71:29. The
ratio of 2p to 2a/3/5/6 was 63:37. Absolute EtOH (60 mL) was added todfystals. The mixture was
stirred and heated to dissolve all solids. Thet&muwolume was then reduced to 30 mL with heating.
The flask was removed from heat and allowed to tod@5 °C. The solution was chilled in an ice bath
and agitated which yielded white crystals. The tatgswere collected by filtration and dried to affa
white, crystalline solid (1.71 g, 40 %), mp 121-T23(lit.* 125-128 °C). The solid was characterized by
'"H NMR (CDCL) and identified agB. ‘H NMR characterization of the crystallization fiite in CDC}
showed the ratio df to 2a/3/5/6 had changed to 20:80.

DMAP/NEt; mediated peracetylation of 4.4:1 pentose mixture (Table 7, entry 1) A 4.4:1 (m/m)
mixture of commercially obtainedl and1 (2.00 g, 13.32 mmol) and DMAP (0.17 g, 1.33 mmedre
added to a 100 mL round bottom flask undgr GH,CI, (10 mL) and NEf (15 mL, 106.56 mmol) were
added to the flask and the white suspension wasdtat 25 °C. The flask was cooled to 0 °C anulesti
for 10 minutes. Acetic anhydride (9 mL, 93.25 mmaids added dropwise to the flask. The white
suspension was stirred at 0 °C for 2 hours. Afteo@rs, the clear, yellow solution was removed ftbm
ice bath and warmed to 25 °C. The solution wasestiat 25 °C for 2 hours. After 2 hours, the soluti
flask was placed in an ice bath and quenched whilled DI water (20 mL). The ice bath was removed
after 20 minutes and the bi-phasic, yellow solutias stirred overnight. The solution was transfto

a 250 mL separatory funnel, washed with,CH (3 x 20 mL) and the organic layer from each wasls w
collected. The combined organic layer ({CH) was then washed with 1M HCI (4 x 20 mL), chilled
water (3 x 20 mL), saturated NaHg@3 x 20 mL), and chilled DI water (2 x 20 mL). Th&1,Cl, layer
was dried over MgSg filtered through celite, and the solvent was reetbunder vacuum to yield of a
yellow crystalline solid (4.15 g).*H NMR characterization of the isolated reaction tonig in CDC}

showed it contained peracetylatedarabinose ana-xylose in a ratio of 81:19 (4.3:1). The reaction
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mixture contained arabinosBsand6 in a ratio of 94:6 and only contained xylopyrarsie The ratio of
5a to 5B/2/6 was 74:26. The ratio of arabinose stereoisomevatars wabe:58 = 98:2 and6éa:6p =
71:29 and the ratio of xylopyranoses Wa#} = 92:8. The yellow solid was broken up with atsfmand

0 °C 1-propanol (5 mL) was added. The slush was kean ice bath for 20 minutes and white solid
collected by filtration, washed with 10 mL of 0 dGropanol and dried to afford a white solid (1g7%2
%), mp 95.5-97 °C. The solid was characterizedHhyNMR (CDC}L) and identified asa. *H NMR
characterization of the crystallization filtrate @DCl showed the ratio da to 53/2/6 had changed to
53:47.

DMAP/NEt; mediated peracetylation of 4.4:1 pentose mixture (Table 7, entry 2) A 4.4:1 (m/m)
mixture of commercially obtainedl and1 (2.00 g, 13.32 mmol) and DMAP (0.17 g, 1.33 mmedre
added to a 100 mL round bottom flask undgr GH,Cl, (10 mL) and NEf (15 mL, 106.56 mmol) were
added to the flask and the white suspension wasdtat 25 °C. The flask was cooled to 0 °C anulesti
for 10 minutes. Acetic anhydride (9 mL, 93.25 mmaids added dropwise to the flask. The white
suspension was stirred at 0 °C for 2 hours. Afteo@rs, the clear, yellow solution was removed ftbm
ice bath and warmed to 25 °C. The solution wasestiat 25 °C for 2 hours. After 2 hours, the soluti
flask was placed in an ice bath and quenched willed DI water (20 mL). The ice bath was removed
after 20 minutes and the bi-phasic, yellow solutias stirred overnight. The solution was transfto

a 250 mL separatory funnel, washed with,CH (3 x 20 mL) and the organic layer from each wasls w
collected. The combined organic layer ({CH) was then washed with 1M HCI (4 x 20 mL), chilledl
water (3 x 20 mL), saturated NaHg@@ x 20 mL), and chilled DI water (2 x 20 mL). Th&1,Cl, layer
was dried over MgSg) filtered through celite, and the solvent was reetbunder vacuum to yield of a
yellow crystalline solid (4.2 g).'"H NMR characterization of the isolated reaction toig in CDC}
showed it contained peracetylatedairabinose ana-xylose in a ratio of 81:19 (4.3:1). The reaction
mixture contained arabinosBsand6 in a ratio of 94:6 and only contained xylopyrars®e The ratio of

5a to 5B/2/6 was 75:25. The ratio of arabinose stereoisomevatars wabe:58 = 98:2 and6éa:6p =
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71:29 and the ratio of xylopyranoses Wa# = 92:8. The yellow solid was broken up with atafmand

0 °C 1-propanol (9 mL) was added. The slush was kean ice bath for 30 minutes and white solid
collected by filtration, washed with 10 mL of 0 iGpropanol and dried to afford a white solid (1620
%), mp 96-97 °C. The solid was characterized'fyNMR (CDC}L) and identified asa. 'H NMR
characterization of the crystallization filtrate @DCl; showed the ratio dba to 53/2/6 had changed to

55:45.
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» Stereoselective peracetylationoeb-xylopyranose and-L-arabinose is described.
« 'H NMR characterization af-D-xylopyranose and-L-arabinose was obtained.
« 'H NMR characterization of all peracetylated progugas obtained.

* Peracetylation was used to separate mixturesxylose and.-arabinose.



