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Introduction

1.1 Organic synthesis in water

Stringent environmental concerns have demanded cleaner reaction process
that use water instead of harmful organic solvents such as ethyl acetate,
dichloromethane, methanol, and tetrahydrofuran according to the 12 green
chemistry principtes.1 In particular, there are various advantages to use water as
solvent. Firstly, water is safe and cheap compared to other organic solvents. Next,
water has the largest heat capacity among solvents which facilitates controlling of
reaction ‘tempera’cure.2 In 1980, Breslow’s research group was the first to adopt these
concepts and reported Diels-Alder reactions in water (Figure 1.12).” Rate of
cycloaddition was accelerated by hydrophobic interaction of these poorly soluble
starting materials. However, the cycloaddition proceeded smoothly only when
vigorous stirring was applied since it helped prevent the precipitation of precursors.
In 1985, Grieco and co-workers reported Aza Diels-Alder reactions of diene with
iminium salt. The cycloaddition gave high yield but needed longer reaction time (up
to 48 hours, Figure 1.1b).4 Since then, several studies of organic reaction in water

. . . 2,58
have gained considerable more attention.

(a) Breslow, 1980

CHZOH i
H,0,45 C

N—Et -t .

Oee vigorous stirring

100% yield
(b) Grieco, 1985
_ HCHO, H,0
_ NHzHCI N HCl
50°C, 48 h |
X 95% yield

Figure 1.1. Water as media in organic synthesis. (a) Diels-Alder reaction reported by

Breslow’s group. (b) Aza Diels-Alder reaction reported by Grieco’s group.



The challenge of using water as media in organic synthesis is poor solubility
of organic molecules in water. Thus, longer reaction time, higher temperature, or

vigorous stirring are required to perform reaction in water.

1.2. Micellar surfactant

Recently, concept of using micellar surfactant in organic synthesis was
developed and showed promising results.” Surfactant molecules possess a polar
head and a nonpolar tail within the same molecule are called amphiphilic
molecules. It can generate micelle in water such as spherical and bilayer micelle
(Figure 1.2). They exhibit interfacial activity usually consisting in their ability to lower
the surface tension of liquid or the interfacial tension between two liquids of
different polarity. Due to their unique properties, they are widely used in many
household and industrial applications such as detergents, wetting agents, dispersants,

. . 10
emulsifiers, foaming agents.

Hydrophilic _ Hydrophilic e .
{head i | {head // Water B
{ @ 4

;' ,f !
| \ /

Hydrophobic
tail

Hydrophobic

— tails
Micelle Bilayer
(a) (b)

Figure 1.2. Structure of micelle and bilayer surfactant.”

A surfactant-type Br@nsted acid dodecylbenzenesulfonic acid (DBSA) has
been widely used as a surfactant in aqueous solution.” ™ In 2001-2002, Kobayashi
and co-workers developed several dehydration reactions such as dehydrative
esterification, etherification, thioetherification, and dithioacetalization in water (Figure

1.3). In these reactions, DBSA and hydrophobic substrates assemble through



hydrophobic interaction to form emulsion droplets whose interior is hydrophobic

enough to expel water molecules generating during dehydration out of the droplets.

Hz20 H2C
ARRR S AR ST
ST T,
“ * o P 5
e+ R + HOR e — o o R—{ + HO e
.,.:r OH e Ly O—R
o’

@~ : Surfactant-type Brensted acid

Figure 1.3. Illustration of dehydrative esterification by Kobayashi and co-workers.

This catalytic dehydration in water was applied to various substrates, for
example dehydrative esterification as shown in Table 1.1. Several hydrophobic
substrates were successfully esterified by DBSA in water. Not only a-
monosubstituted carboxylic acids but also a-disubstituted and a-trisubstituted acids
gave the corresponding ester products in high yields. Primary alcohols reacted
smoothly, but the reactions were very slow in the case of secondary alcohols.

Functional groups such a double bond also survived under these reaction conditions.

Table 1.1. DBSA-catalyzed esterification of various substrates in water

DBSA ( 10 mol%)

RCOOH + HOR' - > RCOOR'
H,0
40°C,48 h
Entry R R' Yield (%)’

1 CH(CH,)yo- -(CH,)Ph 89

2 CH5(CH, )y -CH,Ph 82

3 CH(CH,)yo- {(CHy)1,CHs 97

i CH5(CH,)yo- H(CHy)15CH; >99

5 CH4(CH,),o- C-HEX a6”, 70°




6 CHy(CHo)r- A(CH,)1;CH; 98
7 PhCH,- H(CH,)1;CHs 92
8 Ph(CH,)s- (CH)11CH; 91
9 Ph(CH,)- (CH,)yBr 91
10 CH3(CH,),CH=CH(CH,),- A(CH,)1;CH; 95
11 c-HEX H(CH,)1;CHs 90
12 1-adamantyl (CH,)1,CHs 93"

® Isolated yield. ” For 96 h. © For 288 h. © At 60 °C.

Using DBSA as a catalyst, reaction mixture became a white turbid emulsion
(Figure 1.4a), in which the formation of white turbid mixtures was important to attain
good vyields of the desired produc‘ts.17 The formation of emulsion droplets was
confirmed by optical microscopy (Figure 1.4b). The emulsion formation is attributed
to the property of DBSA as a surfactant, and as shown in Figure 1.3, this property is

crucial to accelerate the rate of the dehydrative esterification.

S

(a) 10um (b)

Figure 1.4. (a) Reaction mixture of the DBSA-catalyzed esterification of lauric acid

with 3-phenyl-1-propanol in water. (b) Optical micrograph of the reaction mixture.

Moreover, dehydrative glycosylations of both furanoside and pyranoside in
water were also reported by Kobayashi’s group. The glycosylations were performed
between lactols (1-hydroxy sugars) and alcohols nucleophile with catalytic DBSA to

afford the desired adducts in good yields (Figure 1.5).



O oH 10 mol% DBSA O ~O(CH,),,CH;
BnO + CHyCHy)OH . BnO

BnO  OBn !-IZO BnO  0Bn
40 C,12h

83% yield, a:p = 9:91

Figure 1.5. DBSA-catalyzed dehydrative gLycosyLation.18

Additionally, C-glycosylation between lactols and varieties of carbon- and
heteroatom-centered nucleophiles using catalytic DBSA in water was repor‘ted.18
Because of biological and synthetic importance of C-glycosides and C-nucleosides,
the development of methods for their stereoselective generation has been later
extensively studied.” ™ To test the viability of the methodology, slycosylation
between 1-hydroxy-D-ribofuranoside and electron-rich heteroaromatic or aromatic
compounds were carried out. It was shown that the reactions proceeded smoothly
to afford the corresponding C-nucleosides in good yields with excellent B-selectivity

(Figure 1.6).

(o) o (o]
OH 10 mol% DBSA A
Bno/\(_?'" + Ar-H ) BnO/\OM r
BnO  OBn H,0,48 h BnO  OBn
MeO,
OMe
(o)

BnO

Bno\ "’anome

61% (o / p =11/>20) 62% (o / B =11>20)
Ar-H: 1.2 equiv, 40 °C Ar-H: 3 equiv, 80 C

Figure 1.6. DBSA-catalyzed C-glycosylations of lactol in water.””

Furthermore, a practical and green method has been demonstrated for a
chemoselective synthesis of 2-substituted benzimidazoles in aqueous media using
DBSA as catalyst and iodine as co-catalyst. A broad range of 2-substituted

benzimidazoles have been synthesized from O-diaminoarenes and a variety of



aldehydes using this method (Table 1.2). The operational simplicity, excellent yields
of the products, and high chemoselectivity are the merits of this method. The
primary roles of DBSA are assisting organic substrates to solute in aqueous media by
forming micelles and acting as a catalyst to promote condensation of O-

diaminoarene with the aldehyde.21

Table 1.2. DBSA-I, catalyzed synthesis of 2-substituted benzimidazoles™

NH, 10 mol% DBSA XN

RIC + R-CHO Yig "~ S H—r'
Z
NH, I, (10 mol%)
H,0, rt, stir
Entry R R’ Time Yield (%)

1 H Ph 2.0 92"
2 H 4-NO,CHq 1.0 94°
3 4-Methyl Thiophene-2-yl 2.5 86
4 4-Nitro Cyclohexyl 6.0 81
5 4-Chloro o~=fo—c iy 5.0 93°

* AU yields refer to isolated product, characterized by melting point, 'H NMR and
mass, and also *C NMR and HRMS for new entries. ° Isolated as sole product. 3-5%
of 1,2-Disubstituted benzimidazole was also isolated. ‘ The reactions are carried out

at 40 C.

Sodium dodecyl benzenesulfonate (DBSNa) is the most abundant surfactant
used worldwide. Different generations of this surfactant exist on the market: the first
generation of so-called hard DBSNa surfactants, is highly branched, polydisperse
molecule whereas soft DBSNa is mostly bearing narrowly distributed linear alkyl
chains. Their solubility in water is generally total at usual concentrations but the
latter family often requires heating to accelerate their solubilization.” Hard DBSNa
surfactants, with a polydisperse and hyperbranched structure, combined with
different rare earth metal salts generate highly water-dispersible catalytic system

called Lewis Acid Surfactant Combined Catalysts (LASCs). This platform of new



complexes promotes fast, efficient cationic polymerization of industrially relevant
monomers in direct emulsion at moderate temperature.z}24 Homopolymerization
and copolymerization of p-methoxystyrene (p-MOS), styrene and isoprene were
synthesized by using the LASCs. The LASCs-catalyzed process does not require high
shearing, prolong polymerization time, or large catalyst loading. It allowed
reproducible generation of high-molar-mass homopolymers as well as random or
multiblock copolymers in a simple and straightforward one-pot reaction (Figure 1.7).25
Hyperbranched polydisperse DBSNa (hb-DBSNa) interacted with YbCls, and generated
a LASC complex that micellizes in water. Propagation proceeds inside the droplets to

generate polymers of high—r’nolar—mass.25

initiation \ termination

ﬂ \ln
,‘ \ H ﬁ H 20 ¢ [nitator (e} Mononwer o H,0
~§ a- H [LAS(,XI — Pn [LASCX|™ w Pn
dissociated YOl 5 P

propagation
hb-DBSNa LASC i
1
1 S, \“..\./
s — -y~
/Jl\\ 0.0 :.\ m

Figure 1.7. Chemical transformation (top) and physical illustration (bottom) of the
hb-DBSNa-catalyzed polymerization. X=OH or C4,Cl;O (initiator: H,O or C4Cl;OH,

respectively); P, and P,  —terminated and growing polymer chain, respectively.

Recently, Lipshutz’s research group has introduced series of environmentally
benign surfactants. The first generation “designer surfactant” was PTS
(polyoxyethanyl a-tocopheryl sebacate). PTS was regarded as a generally useful
nanoparticle-forming reagent. TPGS-750-M was later introduced as a second
generation surfactant which is a diester composed of racemic a-tocopherol, PEG-750-
M, and succinic acid, has been designed and readily prepared as an effective

nanomicelle-forming species (Figure 1.8).



o
OMO’%’O%OH

3 o (n=ca 12)
PTS (1)
different: different:
4-carbon diacid PEG-750-M
! 11 |
O
O o
M AT
o (n = ca. 15)

TPGS-750-M (2)

Figure 1.8. Chemical structure of PTS (1) and TPGS-750-M (2).
These Lipshutz’s surfactants have been applied for various coupling reactions
in agueous media such as Heck, Suzuki-Miyaura, Sonogashira, and Buchwald-Hartwig

couplings (Table 1.3).%

Table 1.3. Pd-catalyzed cross-couplings with PTS and TPGS-750-M in water at room

temperature
PTS
TPGS-750-M
Entry  Aryl Halide Partner Product Yield a
. Yield (%)
(%)
Heck”
| o) Q J<
1 /©/ HL0J< /@NLO 96 97
MeO I MeO
Suzuki-

i ¢ B(OH
) Miyaura (OH), 78 93
s ®

NC




. d
Sonogashira

Br CH,),ClI
/©/ // ( 2)4
MeO = (CH;),ClI

MeO

Buchwald-

Hartwige

N
4 \©/Bl' N/ \©/ \(ﬁ 83 98
N/

* Isolated yield of chromatographically pure materials. ® Reactions were carried out for 4-12 h
using aryl iodide (1 equiv), acrylate or styrene (2 equiv), triethylamine (3 equiv), catalyst Pd(P(t-
Bu)s), 2 mol%), and 5 wt% of surfactant/H,0. “ Reactions were carried out for 2-24 h using aryl
bromide (1 equiv), arylboronic acid (1.5-2 equiv), triethylamine (3 equiv), catalyst PACl,(dtbpf) (2
mol%), and 2 wt% of surfactant/H,0. ¢ Reactions were carried out for 21-25 h using aryl bromide
(1 equiv), alkyne (1.5 equiv), triethylamine (2 equiv), catalyst Pd(CH,CN),Cl, (1 mol%), X-Phos (2.5

mol%), and 3 wt% of surfactant/H,0. ° Reactions were carried out for 19-20 h using aryl bromide

(1 equiv), aryl amine (1.2 equiv), KO-t-Bu (1.5 equiv), catalyst [(7T-allyDPdCL], (0.5 mol%), cBRIDP (2
mol%), and 2 wt% of surfactant/H,0.

Furthermore, Pictet-Spengler reactions of B-arylethyl carbamates with
aldehydes in water was reported by using perfluorooctanocic acid (PFOA) and
perfluorooctanesulfonic acid (PFOS), as Brgnsted acid-surfactants catalyst (Figure
1.9).”" Fluorinated surfactants that contain hydrophobic perfluoroalkyl chain can form
micelles at low concentrations. Due to very strong C-F bonds, they can also be used
in harsh conditions that are too severe for hydrocarbon-based surfactants. These
unique properties make fluorinated surfactants suitable for many industrial processes

. . 28
and consumer applications.
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MeO.
Meom 20 mol% PFOS
+ PhCHO — g N
HN ~
MeO ~Co,Me HFIP MeO CO,Me

90°C,19h
94 %

Figure 1.9. The Pictet-Spengler reactions of B-arylethyl carbamate derivatives with

aldehydes in water using PFOS as surfactant

1.3. Decaprenolphosphoarabinose (DPA) analogue

Tuberculosis (TB) is caused by bacteria Mycobacterium tuberculosis that most
often affects lungs of a patient. Tuberculosis is curable and preventable. TB spreads
from person to person through air. A person needs to inhale only a few of these
germs to become infected. People infected with TB bacteria have a 5-15% lifetime
risk of falling ill with TB. When a person develops active TB disease, the symptoms
(such as cough, fever, night sweats, or weight loss) may be mild for many months.”
Cell walls of mycobacteria contain two polysaccharides, lipoarabinomannan and
arabinogalactan, which are crucial to mycobacterial viabiti‘ty.m31 In 2004, Lowery and
co-workers first reported the synthesis of decaprenolphophoarabinose (DPA, Figure
1.10 a), which is potential inhibitor of mycobacterial cell wall biosynthesis.z2 After
that, Fairbank and co-workers reported the synthesis of series B-arabinofuranose
glycosyl sulfones as putative mimics of DPA (Figure 1.10b), together with anti-

bacterial ac‘tivi’cy.33

)

(b
0 g
o o
0-P-0 S
Ho’\(_z’ o IN=| = Ho/\(_z” oM
Yo HO  ‘OH
9

(@)

HO

Decaprenolphosphoarabinose (DPA) Glycosyl sulfones: DPA mimic

Figure 1.10. (a) Decaprenolphosphoarabinose (DPA). (b) glycosyl sulfones structures.
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For the preparation of glycosyl sulfones (Figure 1.11), it started with Fischer
glycosylation (a-b, step 1), benzylation (a-b, step 2), hydrolysis (b—c), and conversion
to the glycosyl bromide (c-e). Then, glycosylation gave the desired thioglycoside
product (e-f). Finally, oxidation and subsequent de-protection (f-g) were performed

to yield the glycosyl sulfone products.

O. OH 1. AcCl,

o o
MeOH, 6 h OMe OH
. ~ BnO AcOH | BnO
HO™ ™" “OH 2 NaH, BnBr s . $
Y . NaH, : < 115°C, 48 h 3
oH DMF, t,16 h BnO = OBn BnO_ OBn
.G
a 80% yield 73% yield
L-arabinose
Ac,0
pyridine,
rt, 16 h
O ~SR RSH, TTBP, O +Br  TMSBr, CH,Cl, O ~OAc
BnO . Bno’\<_zM Z BnO
BnO , ‘oBn CHClart BnO  'OBn -40 "C to rt, BnO  'OBn
f 16-17 h
e 0.5h d
63-94% yield
(over two steps) 94% yield
R: alkyl J
O, ~SO;R
o~
HO  ‘OH
g

glycosyl sulfones

Figure 1.11. Synthesis of glycosyl sulfones g as DPA mimic.

It can be observed that the synthetic route from compound c-f was not
efficient. Theoretically, direct glycosylation was possible to achieve furanoside f in
only single step from lactol c. Fairbank and co-workers pursued this idea by applying
direct dehydrative glycosylation using hydrochloric acid according to the method
reported earlier by Wong’s group (Figure 1.12).34 However, the reaction gave mixtures
of the desired thiofuranoside f (as minor product) and side-product of opened-chain
dithioacetal (as major product) instead. To avoid the formation of dithioacetal,

Fairbank and co-workers conducted the substitutions over 3 steps; acetylation,

bromination, and thioglycosylation; to gain the desired thiofuranoside f. There were
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several disadvantages for this route such as it took prolonged reaction time, used

harmful organic solvents and reagents, and generated large amount of organic

wastes.
Bno O wOH RSH, conc. HC| /\C'Z/SR ° SR
Bn()sc OBn rt, 24h 0¢ OBn
major minor
dithioacetal R = alkyl

Figure 1.12. Dehydrative glycosylation of lactol c reported by Fairbank’s group.

1.4 Dithioacetal formation from glycosylation

Formation of the open-chain dithioacetals from dehydrative glycosylation was
a major hurdle and it has been reported in literature. Imbatch’s” and Voss’s™
research groups reported the synthesis of 4-thio-D-ribofuranose and 4-thio-D-
xylofuranose using hydrochloric acid as Brgnsted acid and gave dithioacetals as major

product in good yields (Figure 1.13).

Imbatch, 1992

SBn
11, /O OH BnSH, HCI /PN sBn 11, ”ONpe SBI
BnO - BnO + BnO
BnO  OBn BnO  ©OBn BnO'  OBn
66% yield 25% yield
Voss, 1999
(o) SBn o
OMe OH SBn
BnO BnSH, HCI Bno/ll"(fSBn . Bno/\p’”
BnO'  OBn BnO  OBn BnO'  OBn
84% yield 6% yield

Figure 1.13. Dithioacetal formation by using Brgnsted acid as catalyst.

Additionally, Montgomery’s research group37 described the synthesis of 4-

thio-D-ribofuranose by using SnCl, as Lewis acid afforded dithioacetal product in
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good vyield. Wei’s group reported the synthesis of thioethyl Dfucoside” in the
presence of BF;OEt, as Lewis acid. This reaction was found to be sensitive to reagent
stoichiometry; using two or more equivalents of ethanethiol and BF;OEt, produced
dithioacetal as major product instead in 75% vyield (Figure 1.14). In summary,
dithioacetals frequently obtained from dehydrative glycosylation either by using

Brgnsted or Lewis acids.

Montgomery, 1995

0 SBn o
&l OCH3 BnSH, SnC|4 2 OH SBn i, SBn
BnO LA N L BnO . 8o
BnO' OBn BnOs OBn BnO OBn
57% yield minor
Wei, 2004
> 2.0 equiv EtSH SE
O_ ,.OMe Oo_ ,SEt
Bno >2.0 equiv BF;0Et,  BnO OH] St BnO
" . ]
BnO ‘OBn BnO “I0Bn BnO "OBn
o8n OBn OBn
75% yield minor

Figure 1.14. Dithioacetal formation by Lewis acids as activators.

Mechanism for dithiacetal generation showed in Figure 1.15. Firstly,
protonation was occurred at the hydroxyl group of anomeric position. Water was
generated as leaving group resulting in oxocarbenium ion intermediate. Then, thiol
attacked at the sp2 carbon of furanoside ring, deprotonated and led to the formation
of thiofuranoside intermediate. Next, the second protonation occurred at oxygen
atom on furanose ring contributed to the cleavage of C-O bond. Concomitantly,
sulfonium ion intermediate was generated. Finally, the second molecule of thiol

attacked at sp2 carbon, deprotonation and formation of dithioacetal were proceeded.
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/N H ® R
ONwOH  we 6J.3@ HO X 0 %4

BnO/\(_Z

BnO OBn BnO OBn BnO OBn

oxocarbenium ion “

-
+ RSH R H
/—Q\f OH_Jd 20.Cs. O,.SR
Bno’\L(u@ BnO ® BnO/\(_ZM R =——= Bno/\g_z”
BnO  ‘OBn BnO  0Bn BnO'  OBn BnO  OBn
sulfonium ion thiofuranoside

SR
OH/_sr
BnO

BnO  'OBn

dithioacetal

Figure 1.15. Mechanism for dithiacetal generation by dehydrative glycosylation.

1.5 Thioglycoside as bio-surfactants

Bio-surfactants (BS) produced by a variety of microorganisms show unique
properties such as multi-functionality, high environmental compatibility compared to
other chemical analogues. Numerous advantages of BS have prompted applications
in food, cosmetic, and pharmaceutical industries. Glycolipid bio-surfactants are the
most promising among all BS, due to high productivity from renewable resources and
versatile interfacial and biochemical properties.w40 Glycolipid such as thioglycosides
(S-glycosides) represent a diverse class of compounds typically found in biological
membranes and are regarded as environmentally friendly bio-surfactants with broad
use in cosmetics and potential therapeutic drug delivery systems. S-glycosides may
be regarded as relatively inert moieties in vivo, or as chemical intermediates that can
be oxidatively activated to generate glycoside donors.”" For illustrate, synthesis of
alkyl-B-D-thioglucopyranoside (Figure 1.16) was synthesized and reported for new

types of detergent useful for biological apptica‘tions.42
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HO
HO

HO

HO
Hoﬁ/s\/\/\/\/\/

HO HO
n-alkyl (C6-C10)
Figure 1.16. Alkyl-D-thiopyranoside as new types of detergents.

1.6 Lanthanide triflate as Lewis acid in water

Generally, Lewis acids are not used in agueous media as most are unstable
and undergo hydrolysis in water. However, lanthanide trifluoromethanesulfonates
(lanthanide triflates) such as La(OTf)s, Yb(OTf)s, Eu(OTf);, GA(OT)s, and Sc(OTf); Lewis
acids were reported to be stable in aqueous solution. Because of their large ionic
radii contribute to the high stability in water and can act as catalyst. pK;, values (K}, =
hydrolysis constant) of the cations are shown in Figure 1.17. Metal compounds have

pK, values from 4.3 to 10.08 are considered as tolerate in water.” ™

u [ ze B ¢ | W
1364 | — _ _
4.7x10"| — — — —
Na ' Mg+ A s p o
14.18 11.44 1.14 —_ —
1.9%10%| 53x10° 16110° | — —
K|{cad sc? m4 v cr? mMn? Fe? Co Ni9 Cud Zn+?| Ga"| Ge"| is
1446 | 1285 43 | =23 | 226 | 40 | 1058 | o5 965 | 986 | 753 | ses | 25 - —
1.5%107]_5x107 | 4.8x107 [ — 1x10° |58x107 | 3.1x107| 3.2x10° | 2x10° | 2.7%10° | 2x10° | 5x10® |7.6x10° | — —
Ry | Sr Y B 2Zr¥ Nb* Mo*| Te | Ru*®| Rh*¥| Pd* Ag*| €d*| In*Y sn*| Sb*Y
- S 7.7 | o022 | 08 | — — — a4 23 12 10.08 | 400 | — —
— — |taxio’| — — — — — lax1o? | — | =5x10° | >1x10° Jq.0x10t | — JI —
Ge | Ba | Ln®| HE [ Ta w* Re" 0s*[ Ir= Pt au*| Hg? ™ 9 Pb+= BI "
— | 1847 |7.685 | 025 (-1) — — — — 48 — | 340 | 062 | 771 | 109
— | =6x10 P10 — — — — — — — — 2x10% | 7x10° |7.5x10° | — l_
La*l Ce*¥ Pr*3 Nd*| Fm sm*®| Eu*| Gd**| Tb*Y Dy | Ho*| Er**| Tm*| Yb*| Lu*
B85 8.3 8.1 8.0 — 7.9 78 8.0 79 a0 80 7.0 7T r.7 76
2:1x10%) 2.7x10°| 3.1x10°%] 3.0010%] — | 5.9x10%| 6:6x10%| 6.9%107 | 7.8x107 6.9x107 | 6.1x107 | 1.4x10° | 6.4x108 8x10” | ex10”

Figure 1.17. Hydrolysis constant and exchange rate constants for substitution of

inner-sphere water Ligands.44
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Lanthanide triflates were screened in a Mukaiyama aldol reaction between
benzaldehyde and (2)-1-phenyl-1-(trimethylsiloxy)propene. It was found that Lewis
acids based on the rare earths such as Sc(lll), Yb(lIl), La(ll) triflate were both stable

and active as a catalyst in water (Table 1.4).

Table 1.4. Effect of rare earths metal salts in the aldol reaction.

PhCHO . OSiMe; MX,, (0.2 eq) oH O
Z>ph H,O:THF = 1:9 Ph Ph
rt, 12 h
Entry MX, Yield (%)
1 La(OTf)s 80
2 Ce(OTh), 81
3 Pr(OTf)s 83
a4 Eu(OTf); 88
5 Gd(OTf); 90
6 Ho(OTf)s 89
7 Tm(OTA), 85
8 Yb(OTH); 92

From these literature reviews summarized above, the previous reports for
synthesis of thiofuranoside under acid condition generated dithioacetal as by-product
(Figure 1.12). In order to avoid this obstacle, alternative methods were conducted
instead of three-step sequence to yield thiofuranosides (c—f, Figure 1.11). The
reactions were experimented for long reaction time as well as used many harmful
organic reagents and solvents. To miticate these disadvantages, we are interested in
development of green and novel method in the micellar media for synthesis of
thiofuranosides. The dehydrative glycosylation of furanose and pyranose with variety
of thiol nucleophiles will be investigated. Various reaction parameters such as type

of surfactants, amount of surfactant, reaction temperature, reaction time, Lewis acids,
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will be investigated for the optimal conditions. Study of substrate scope such as

aliphatic, aromatic, and heterocyclic thiols will be carried out as well (Figure 1.18).

03%%% g ?gg?o

& L D

8WWM Bno o T

% Bno’  ©OBn % —
Qs %50

hydrophobic pocket

9. ,
LN TN

%-OH
Qe Dodecylbenzenesulfonic acid (DBSA), H;C(Hzc)wH,C/©/

Figure 1.18. Illustration of dehydrative glycosylation between L-arabinose (model

substrate) and thiols in the presence of dodecylbenzenesulfonic acid (DBSA).

1.7 Objective of this work

1. To synthesize thiofuranosides by dehydrative glycosylation in micellar

media

2. To investigate optimal conditions for the synthesis of thiofuranoside
3. To study scope of furanoside and pyranoside as well as thiol nucleophile

in thiofuranoside synthesis
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CHAPTER Il

Experimental section

2.1 Chemicals and materials

All reagent grade chemicals for the synthesis of this work were purchased
from Acros, Merck, Sigma-Aldrich, or TCl. Laboratory grade organic solvents from RCl
Lab Scan were used, thin-layer chromatography (TLC), and column chromatography.
Solvents were dried with 3 A molecular sieves for anhydrous reactions. Reaction
monitoring by TLC were accomplished on silica gel 60 F254 0.2 mm pre-coated
aluminium plates and purchased from Merck. Preparative thin layer chromatography
was 0.5 mm thickness coated by silica gel 60 GF254 from Merck. Chemical spots on
TLC were observed by visualization under 254 nm UV light or stained with p-
anisaldehyde staining solution. Silica gel 60 (70-230 mesh) from Merck was used in
purification by column chromatography. Solvents for NMR experiments were
purchased from Cambridge Isotope Laboratories or Euriso-top. Milli-Q water was
obtained from ultrapure water system with Millipak® 40 filter unit 0.22 um, Millipore
(USA).

2.2 Instrument and equipment

Reactions were irradiated over CEM Discover Labmate microwave reactor at
218 psi. pH values were measured by pH meter with ATC probe, SJ pH electrode and
electrode stand from Eutech Instruments. The reaction mixture was centrifuged at 40
rom for ten minutes by Hettich EBA20 Portable Centrifuge C2002. Solvents were
concentrated to dryness by a Buchi Rotavapor R 200 together with Bichi Vacuum
pump V 700 and water aspirator. Molecular sieve was activated with heating mantle
under vacuum (Vacuubrand pump model RZ2). Starting materials were azeotroped
prior to use by a Buchi Rotavapor model R210, heating bath model B493, and a
DAIKAWA vacuum pump model 2Vp-180L 0.5 Pa. Optical rotations (fo]) were

obtained on a Jasco P-1010 Polarimeter using sodium light (D line, 589.3 nm).
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Functional group determinations were confirmed by infrared (IR) spectroscopy on
Nicolet 6700 instrument. Chemical structure identification was conducted by nuclear
magnetic resonance (NMR) spectrometer on Bruker Avance 400 operating at 400 MHz
for 'H NMR and 100 MHz for 'C NMR. Exact masses of all new compounds were
elucidated by high resolution mass spectroscopy (HRMS) operating on a SpiralTOF™
MALDI TOF Mass Spectrometer Revolutionary (Scientific and Technological Research
Equipment Centre; STREC).

2.3 Synthesis of methyl 2,3,5-tri-O-benzyl-L-arabinofuranoside and methyl 2,3,5-
tri-O-benzyl-L-arabinopyranoside (3 and 4)L15

3.3 equiv BnBr
OMe 5.0 equiv NaH O. _OMe

o
o™ O ~OH 1.0 equiv CHyCH,COCI o o, Mg’ | . 0.04 equivTBAI  u., 0. oMe (
" anh. MeOH N HO “OH DME 2 BnO “OBn
H

HO OH jjo OH 0 °C to rt, overnight BnO OBn OBn
L-arabinose 1 2 3 4

Figure 2.1. Synthesis of methyl 2,3,5-tri-O-benzyl-L-arabinofuranoside and methyl
2,3,5-tri-O-benzyl-L-arabinopyranoside (3 and 4).

Commercially available L-arabinose (5 g, 0.03 mol) was azeotroped prior to
use for synthesis of methyl L-arabinose (1 and 2) with toluene and acetronitrile.
Anhydrous methanol (50 mL) was added in a dried round bottom flask with magnetic
bar and the azetroped L-arabinose followed by dropwise addition of propionyl
chloride (2.6 mL, 0.03 mol) under nitrogen atmosphere. The reaction mixture was
stirred for 4 h at room temperature. The reaction was monitored by TLC analysis
(dichloromethane:methanol 2:1; p-anisaldehyde, Ry =0.20). After complete conversion
was observed, pH of the reaction mixture was adjusted with NaHCO; to 8 and
filtered. The filtered solution was evaporated over vacuum. The viscous colorless oily
crude mixture (1 and 2, Figure 2.1) was obtained in 4.5 g.

The crude mixture of 1 and 2 was azeotroped with toluene and acetonitrile
to remove the residual MeOH. Next, it was dissolved in DMF (40 mL) in an ice bath.

Benzyl bromine (13 mL, 0.11 mol) and tetrabutylammonium iodide (TBAI, 0.5 ¢, 0.001
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mol) were added and followed by the portion wise addition of NaH (60% dispersion
in mineral oil, 4 g, 0.17 mol). The reaction mixture was stirred at 0 OC and allowed to
warm up to room temperature for overnight. The reaction was monitored by TLC
analysis (hexanes:ethyl acetate 2:1; p-anisaldehyde, R; = 0.25). After completion, the
solution was quenched with saturated NaHCOs. Reaction mixture was extracted with
diethylether (6x15 mL). The organic layer was combined and washed with distilled
water to remove residual DMF. The combined organic extracts were washed with
saturated NaCl. Then, it was dried over anhydrous magnesium sulfate (MgSO,) and
concentrated to dryness. Finally, the crude product was purified by column
chromatography on silica gel using hexanes:ethyl acetate 4:1 as an isocratic mobile
phase to obtain methyl 2,3,5-tri-O-benzyl-L-arabinofuranoside (3) as a clear yellow oil
in 60% (o:f = 50:50) over two steps;1H NMR (400 MHz, CDCl;) a-anomer: 8y 3.45 (s,
3H), 3.60-3.67 (m, 2H), 3.92-3.95 (dd, J = 6.3, 2.8 Hz, 1H, 4.00-4.03 (dd, J =1.8 Hz, 1H),
4.21-4.27 (m,1H), 4.46-4.63 (m, 6H), 4.95-5.00 (s, 1H), 7.26-7.38 (m, 15H) and methyl
2,3,5-tri-O-benzyl-L-arabinopyranoside (4) as yellow clear oil in 25% (o/f = 50:50)
over two steps;1H NMR (400 MHz, CDCl;) a-anomer: 8, 3.30-3.37 (d, J = 12.6 Hz, 1H),
3.42 (s, 3H), 3.99-4.06 (m, 1H), 3.62-3.69 (d, J = 12.4 Hz, 1H), 3.80-3.90 (1H, m), 4.14-
4.22 (1H, m), 4.68-4.85 (6H, m), 4.89-4.95 (1H, s), 7.30-7.48 (15H, m). '"H NMR data of

compound 3 and 4 were consistent with previous report.46

2.4 Synthesis of 2,3,5-tri-O-benzyl-L-arabinofuranoside (5)

2.4.1 Optimization for acidic hydrolysis of 2,3,5-tri-O-benzyl-L-

arabinofuranoside (5)

Compound 3 (500 mg, 1.15 mmol) and acid solutions (2.5 mL) were added in
the microwave vessel. The reaction mixture was irradiated by microwave at 150 C
for 2 hours. The reaction was monitored by TLC analysis (hexanes:ethyl acetate 4:1;
p-anisaldehyde, R¢ = 0.15). After consumption of the starting material was observed,
it was quenched with saturated NaHCO;, extracted with CH,Cl, (5 X 3 mL), and

washed once with saturated NaCl (3 mL). The organic layer was dried with MgSQ,
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filtered and evaporated to dryness. The crude product was purified by column
chromatography on silica gel using gradient elution with ethyl acetate:hexanes from
0:1 to 1:0 eluent. 2,3,5-tri-O-benzyl-L-arabinofuranoside (5, Table 2.1, entry 11) was
obtained as a pale yellow solid as isomeric mixture of o: = 50:50 (379 mg, 90%). 'H
NMR (400 MHz, CDCl; a-anomer: 8y 3.47-3.63 (m, 2H), 3.91-3.99 (m, 1H), 4.00-4.04
(m, 1H), 4.13-4.18 (m, 1H), 4.42-4.69 (m, 6H), 5.29-5.42 (s, 1H), 7.18-7.42 (m, 15H). 1H
NMR data of compound 5 was consistent with previous repor‘t.46 The results and

conditions are illustrated in Table 2.1.

Table 2.1. Optimization for the hydrolysis of methyl 2,3,5-tri-O-benzyl-L-arabino-

furanoside (3).

Bno/""ﬁ"ome conditions Bno/""gi?“*OH
BnO "'OBn BnO "'OBn
3 5
Temp Time a
Entry Conditions o Yield
(O (h)
1 CHACOOH, 1.0 M H,S0, (2:1) 70 72 trace’
CH,COOH, 2.0 M H,S0,, THF ]
2 100 48 trace
(2:1:1)
3 0.1M HCL, dioxane (1:1) 60 48 NR®
4 0.1M DBSA, H,O (1:1) 80 48 NR®
5 CHsCOOH:H,O (1:4) 115 24 30%
6 0.1M HCL, dioxane (1:1) 70, uwave” 1 30%
7 CHCOOH:H,O (1:4) 115, pwave” 045  55%
8 CH,COOH:H,0 (1:4) 115, pwave’ 1 60%
9 CHsCOOH:H,O (1:4) 125, pwave” 2 65%
10 CH5COOH:H,0 (1:4) 130, pwave” 2 72%
11 CHsCOOH:H,O (1:4) 150, pwave” 2 90%

*Isolated yield. ineLd was determined by TLC. “NR = No reaction; it was determined

by TLC. ‘ pwave = microwave irradiation.
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2.5 Synthesis of 2,3,5-tri-O-benzyl-L-arabinopyranoside (6)

0. .OMe 0__.OH
CH3COOH:H,0 (4:1)
BnO “0Bn uwave, 150 °C, 2 h . BnO “0Bn
OBn OBn
4 6

Figure 2.2. Hydrolysis of 2,3,5-tri-O-benzyl-L-arabinopyranoside (6).

Compound 4 (500 mg, 1.15 mmol) and acid solutions (2.5 mL) were added in
the microwave vessel. The reaction mixture was irradiated by microwave at 150 C
for 2 hours. The reaction was monitored by TLC analysis (hexanes:ethyl acetate 4:1;
p-anisaldehyde, R¢ = 0.10). After complete consumption of starting material, it was
quenched with saturated NaHCOs;, extracted with CH,Cl, (5 X 3 mL), and washed
once with saturated NaCl (3 mL). The organic layer was dried with MgSQy, filtered and
evaporated to dryness. The crude product was purified by column chromatography
on silica gel using gradient elution with ethyl acetate:hexanes from 0:1 to 1:0 eluent.
2,3,5-tri-O-benzyl-L-arabinopyranoside (6) was obtained as a pale yellow solid as
isomeric mixture of o:f = 50:50 (253 mg, 60%). 'H NMR (400 MHz, CDCl;) a-anomer:
Oy 3.60-3.68 (d, J =11.0 Hz, 1H), 3.81-3.83 (s, 1H), 3.86-3.88 (m, 1H), 3.89-3.92 (m,
1H), 4.03-4.10 (m, 1H), 4.58-4.75 (m, 6H), 5.20-5.25 (s, 1H), 7.18-7.42 (m,15H).

Spectroscopic data (lH NMR) of compound 6 was consistent with previous report.%

2.6 Synthesis of 2,3,5-tri-O-benzyl-1-O-acetyl-L-arabinofuranoside (7)47

(o) (o)
Bno/""Sj"OH 5.0 equiv acetic anhydride Bno/""p“"OAc

BnO OBn pyridine BnO OBn
5 0°Ctort,4h 7

Figure 2.3. Synthesis of 2,3,5-tri-O-benzyl-1-O-acety!l-L-arabinofuranoside (7).
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2,3,5-Tri-O-benzyl-L-arabinofuranoside (5, 200 mg, 0.48 mmol) was dissolved
in anhydrous pyridine (1.5 ml) and cooled down to 0 "C. Acetic anhydride (0.2 ml, 2.4
mmol) was then slowly added. The reaction was allowed to continue to stir at room
temperature for 4 hours. The reaction was monitored by TLC analysis (hexanes:ethyl
acetate 4:1; p-anisaldehyde, R¢ = 0.35). After complete consumption, it was
quenched by pouring into 1M HCl solution and diluted with ethyl acetate. Two layers
were separated and the organic layer washed with 1M HCLl solution, sat. NaHCO; (aqg.)
and brine, dried over anhydrous MgSQ,, filtered and concentrated under reduced
pressure. The residue was purified by flash chromatography on silica gel using
gradient elution with ethyl acetate:hexanes from 0:1 to 1:0 eluent. 2,3,5-tri-O-benzyl-
1-O-acetyl-L-arabinofuranoside (7) was obtained as colorless syrup (200 mg, 90%, o3
= 44:56). 'H NMR (400 MHz, CDCls) a-anomer: 8y 2.05-2.08 (s, 3H), 3.60-3.64 (d, J 5.0
Hz, 2H), 4.05-4.11 (s, 1H), 4.33-4.38 (m, 1H), 4.47-4.70 (m, 6H), 6.27-6.30 (d, J 4.0 Hz,
1H), 7.21-7.37 (m, 15H). 'H NMR data of compound 7 was consistent with previous

report.46
2.7 Synthesis of methyl 6-thio-2,3,4-tri-O-benzyl-D-glucopyranoside (10)48_49

Methyl 6-thio-2,3,4-tri-O-benzyl-D-glucopyranoside (10) can be prepared from

methyl 2,3,4-tri-O-benzyl-D-glucopyranose precursor in 3 steps. Synthetic procedures

were adapted from previously reports (Figure BV ER

o_ .OMe o_ .OMe o_ .OMe
HO -~ 1.1 equivTsCl  TsO -~ 5.0 equiv KSAc AcS o
3 o, S ———— o ", R ErIEr—— “ .,
BnO“ "OBn anh. pyridine BnO" "OBn anh. DMF BnO" "OBn
OBn 0°Ctort OBn 70°C,18 h OBn
8 9

methyl 2,3,4-tri-O-benzyl-D-glucopyranoside

1.1 equiv NaOMe
MeOH
rt, overnight

Hs 0._.OMe

BnO™ “'OBn
OBn
10

Figure 2.4. Synthesis of methyl 6-thio-2,3,4-tri-O-benzyl-D-glucopyranoside (10).
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2.7.1 Methyl 6-tosyl-2,3,4-tri-O-benzyl-D-glucopyranoside (8)

0. OMe (o) OMe
HO o 11 equivTsCl  TsO o
Q v, —_— - ,
BnO“ ‘OBn anh. pyridine BnO" ‘OBn
OBn 0°Ctort OBn

8
methyl 2,3,4-tri-O-benzyl-D-glucopyranoside

Figure 2.5. Synthesis of methyl 6-tosyl-2,3,4-tri-O-benzyl-D-glucopyranoside (8).

Methyl 2,3,4-tri-O-benzyl-D-glucopyranoside (368 mg, 0.8 mmol) was dissolved
in anhydrous pyridine (1.5 mL) at 0 OC, and tosyl chloride (166 mg, 0.9 mmol) in
anhydrous pyridine (0.5 mL) was added slowly. The reaction mixture was allowed to
warm to room temperature and stirred overnight under nitrogen atmosphere. After
consumption of the starting material by TLC monitoring (hexanes:ethyl acetate 4:1; p-
anisaldehyde, R¢ = 0.20), the reaction mixture was diluted with water, and extracted
with ethyl acetate. The combined organic phases were washed with 2M HCl solution,
water and brine, dried and concentrated to dryness. The crude product was purified
by flash chromatography on silica gel wusing g¢radient elution with ethyl
acetate:hexanes from 0:1 to 1:0 eluent. Compound 8 was obtained as a white solid
(420 mg, 85%). 'H NMR (400 MHz, CDCls) a-anomer: & 2.35-2.42 (s, 3H), 3.26-3.33 (s,
3H), 3.36-3.49 (m, 2H), 3.75-3.79 (m, 1H), 4.17-4.20 (m, 1H), 4.51-4.53 (m, 1H), 4.63-
4.65 (s, 1H), 4.73-4.85 (m, 6H), 4.97-5.00 (1s, H), 7.12-7.14 (d, 2H). 7.24-7.36 (m, 15H),

7.73-7.78 (2H, d). 'H NMR data of compound 8 was consistent with previous report.48-
49

2.7.2 Methyl 6-acetyl-6-thio-2,3,4-tri-O-benzyl-D-glucopyranoside (9)
TsO O OMe 5 0 equiv KsAc AcS O wOMe
BnO™ “0Bn anh. DMF BnO™ “’OBn

OBn 70°C,18 h OBn
8 9

Figure 2.6. Synthesis of methyl 6-acetyl-6-thio-2,3,4-tri-O-benzyl-D-glucopyranoside
9)
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Methyl 6-tosyl-2,3,4-tri-O-benzyl-D-glucopyranoside 8 (300 mg, 0.48 mmol)
was dissolved in anhydrous DMF (3 mL), and the solution was heated to 70 OC.
Potassium thioacetate (348 g, 3.05 mmol) was added in portions, and the reaction
mixture was stirred at 70 C for 18 h under nitrogen atmosphere. After consumption
of the starting material by TLC monitoring (hexanes:ethyl acetate 4:1; p-anisaldehyde,
Re = 0.30), the resulting reaction mixture was diluted with water, extracted with ethyl
acetate, and the combined organic phases were washed with water, brine, dried with
Na,SO4 and concentrated to dryness. The crude product was purified by flash
chromatography on silica gel using gradient elution with ethyl acetate:hexanes from
0:1 to 1:0 eluent. Compound 9 was afforded as a white solid (199 mg, 98%). 'H NMR
(400 MHz, CDCly): &y 2.30-2.34 (s, 3H), 3.02-3.07 (d, 1H), 3.29-3.33 (d, 1H), 3.34-3.37
(s, 3H), 3.47-3.54 (dd, 1H), 3.72-3.88 (m, 1H), 3.93-4.01 (m, 1H), 4.52-4.56 (d, 1H),
4.58-4.91 (m, 6H), 4.98-5.00 (s, 1H), 7.24-7.39 (m, 15H). Spectroscopic data (‘H NMR)

K y . 48-49
of compound 9 was consistent with previous report.
2.7.3 Methyl 6-thio-2,3,4-tri-O-benzyl-D-glucopyranoside (10)

(o) OMe (o) OMe
AcS = 1.1 equiv NaOMe HS o
BnOY “0OBn ~ BnOY “'0Bn
MeOH

OBn rt, overnight OBn

9 10

Figure 2.7. Synthesis of methyl 6-thio-2,3,4-tri-O-benzyl-D-glucopyranoside (10).

Compound 9 (220 mg, 0.42 mmol) was dissolved in anhydrous DMF (2 mL),
and the solution was heated to 70 C. Sodium methoxide solution in methanol (1
mL, 0.462 mmol) was added in portions, and the reaction mixture was stirred at 70
°C for 18 h under nitrogen atmosphere. Consumption of the starting material was
observed by TLC monitoring (hexanes:ethyl acetate 4:1; p-anisaldehyde, R; = 0.20).
Then reaction mixture was diluted with water, extracted with ethyl acetate, and the
combined organic phases were washed with water, brine, dried and concentrated to

dryness. The crude product was purified by flash chromatography on silica gel using
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gradient elution with ethyl acetate:hexanes 0:1 to 1:0 eluent. Compound 10 was
obtained as a white solid (234 mg, 88%). 'H NMR (400 MHz, CDCls): &y 2.70-2.79 (d,
1H), 3.14-3.18 (dd, 1H), 3.29-3.33 (d, 1H), 3.35-3.37 (s, 3H), 3.49-3.51 (d, 1H), 3.81-
3.88 (d, 1H), 3.93-3.99 (d, 1H), 4.50-4.91 (m, 6H), 4.98-5.00 (s, 1H), 7.21-7.37 (m, 15H).

'H NMR data of compound 10 was consistent with previous repor’c.%_49

2.8 Dehydrative glycosylation in micellar system: A model study

2,3,5-Tri-O-benzyl-L-arabinofuranoside (5) and 1-dodecanethiol were chosen
as model compounds to investigate the optimal parameters for the dehydrative
glycosylation to give dodecylthio 2,3,5-tri-O-benzyl-L-arabinofuranoside (11). The
parameters were surfactant type, surfactant loading, reaction temperatures, and

additional Lewis acids.

2.8.1 Effect of different surfactants

2,3,5-Tri-O-benzyl-L-arabinofuranoside 5 (100 mg, 0.24 mmol) and 1-
dodecanethiol (70 ulL, 0.29 mmol) were added in a microwave vessel followed by
stock solutions of 100 mol% of different Bronsted acid-surfactants (0.5 M, 0.5 mL).
Vessel was stired in a microwave reactor at 80 C for 5 h. The reaction was
monitored by thin-layer chromatography (hexanes:ethyl acetate 4:1; p-anisaldehyde,
R = 0.40). After the reaction reached to the completion, it was quenched with
saturated NaHCO; solution (1.5 mL), extracted with ethyl acetate (5 X 2.5 mL), and
washed with brine (3.0 mL). The combined organic layer was dried using anhydrous
MgSO,4 and concentrated to dryness in a rotary evaporator. The crude product was
purified by column chromatography on silica gel using gradient elution with ethyl
acetate:hexanes 0:1 to 3:7 eluent. Dodecylthio 2,3,5-tri-O-benzyl-L-arabinofuranoside
(11) was obtained as a yellow syrup. The results and conditions were shown in Table

2.2.
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Table 2.2. Effect of different surfactants on dehydrative glycosylation

o o
B no/“hgo“ 1.2 equiv CHy(CH,)1oCH,SH Bno/""SJ“SCHZ(CHZ)WCHS

BnO OBn 100 mol% surfactants BnO OBn
5 H,0 11
uwave, 80 °C, 5 h
Entry Surfactant Yield (a:p)’
1 PFOS” (pka <1) 17% (71:29)
2 PFOA’ (pka <1) 72% (71:29)
3 DBSA (pka <1) 72% (50:50)
4 TPGS-750-M° NR'
5 TPGS-750-M : p-TSA® 56% (91:9)
6 0.1 M H,SO, (pka = 1.92) trace”
7 CH,COOH (pka = 4.75) NR'
8 p-TSA (pka = -2.6) 17% (67:33)

9 4-hydroxybenzenesulfonic acid (pka < 1) 27% (71:29)

? yield and o:p selectivity were determined by "H NMR signal integration of anomeric
proton. ® PFOS = heptadecafluorooctanesulfonic acid (CF5(CF,);SOsH). ° PFOA =
perfluorooctanoic acid (CF5(CF,);COOH). “ DBSA = 4-dodecylbenzenesulfonic acid. ¢
TPGS-750-M = DL-a-tocopherol methoxypolyethylene glycol succinate. 'NR = No
reaction; reaction mixture was observed by TLC. ® p-TSA = p-toluenesulfonic acid. "

Reaction mixture was observed by TLC. pwave = microwave irradiation.

2.8.2 Effect of DBSA amount

2,3,5-Tri-O-benzyl-L-arabinofuranoside 5 (100 mg, 0.24 mmol) and 1-
dodecanethiol (70 plL, 0.29 mmol) were added in a microwave vessel followed by
stock solutions of DBSA at various concentrations (0.5 mL). It was stirred in a

microwave reactor at 80 C for 5 h. The reaction was monitored by thin-layer
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chromatography (hexanes:ethyl acetate 4:1; p-anisaldehyde, Ri = 0.40). After the

reaction reached to the completion, it was quenched with saturated NaHCO,

solution (1.5 mL), extracted with ethyl acetate (5 X 2.5 mL), and washed with brine
(3 mL). The combined organic layer was dried using anhydrous MgSO, and
concentrated to dryness in a rotary evaporator. The crude product was purified by
column chromatography on silica gel wusing gradient elution with ethyl
acetate:hexanes 0:1 to 3:7 eluent. Dodecylthio 2,3,5-tri-O-benzyl-L-arabinofuranoside
(11) was obtained as a yellow syrup (105 mg, 72%, o.p = 1:1,). 1H NMR (400 MHz,
CDCly) a-anomer: oy 0.88 (t, J = 6.7 Hz, 3H), 1.15-1.45 (m, 18H), 1.65-1.73 (m, 2H),
2.50-2.76 (m, 2H), 3.44-3.77 (m, 2H), 3.98 (s, 1H), 4.04 (d, J = 3.8 Hz, 1H), 4.11-4.19
(m, 1H), 4.40-4.70 (m, 6H), 5.30-5.42 (m, 1H, anomeric proton), 7.14-7.42 (m, 15H).

The results and conditions were illustrated in Table 2.3.

Table 2.3. Optimization of DBSA loading

o
Bno/""ﬁOH 1.2 equiv CH3(CH,),CH,SH Bno/""SJ”SCHZ(CHZ)WCH‘"‘

BnO OBn mol% DBSA BnO OBn
5 H,0 11
uwave, 80 °C, 5 h

Entry  DBSA (mol%)  Yield (wp)’  Brsm" Yield

1 10 36% (50:50) 40%
2 20 56% (50:50) 75%
3 30 51% (50:50) 98%
4 40 50% (50:50) 77%
5 50 54% (50:50) 78%
6 80 65% (50:50) 93%
7 100 72% (50:50) 99%
8 200 69% (50:50) 95%
9 0 NR™ NR™

* Yield and o selectivity was determined by "H NMR signal integration of anomeric
proton. " brsm = based on recovered starting material. “NR = No reaction; it was

observed by TLC. pwave = microwave.
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2.8.3 Effect of reaction temperatures

2,3,5-Tri-O-benzyl-L-arabinofuranoside 5 (100 mg, 0.24 mmol) and
1-dodecanethiol (70 uL, 0.29 mmol) were added in a microwave vessel followed by
a stock solution of 10 mol% DBSA (0.5 mL). It was stirred in a microwave reactor at
various temperatures for 5 h. The reaction was monitored by thin-layer
chromatography (hexanes:ethyl acetate 4:1; p-anisaldehyde, R = 0.40). After the
reaction reached to the completion, it was quenched with saturated NaHCO,
solution (1.5 mL), extracted with ethyl acetate (5 X 2.5 mL), and washed with brine
(3 mL). The combined organic layer was dried using anhydrous MgSO, and
concentrated to dryness in a rotary evaporator. The crude product was purified by
column chromatography on  silica gel using gradient elution with ethyl
acetate:hexanes 0:1 to 3:7 eluent. Characterization of dodecylthio 2,3,5-tri-O-benzyl-
L-arabinofuranoside (11) was previously described.The results and conditions were

summarized in Table 2.4.

Table 2.4. Optimization of reaction temperature

o o)
BnO/":.SJ«OH 1.2 equiv CH,(CH,);oCH,SH Bno/""gSCHZ(CHZ)”CHS

Bno’  OBn 100 mol% DBSA, H,0 Bno’ “OBn
5 pwave, temp, 5 h 1
Entry Temp (CC) Yield (a:p)° Brsm® Yield
1 40 44% (50:50) 99%
2 60 57% (50:50) 99%
3 80 72% (50:50) 99%
4 100 649% (50:50) 80%
5 120 decompositionC -
6 80° 54% (50:50) 84%

* Yield and o selectivity was determined by "H NMR signal integration of anomeric

b
proton. Brsm = based on recovered starting material. ° Reaction mixture
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decomposed at 120 "C within 1 h. ¢ Product was obtained under conventional oil-

bath heating for 28 h. pwave = microwave.

2.8.4 Dehydrative glycosylation by conventional heating

[o) (0}
BnO/II"QOH 1.2 equiv CH3(CH,);oCH,SH Bno/""Q”SCHz(CHz)1°CH3

BnO OBn 100 mol% DBSA BnO OBn
5 H,0 11
80 °C, oil bath, 48 h

Figure 2.8. Synthesis of dodecylthio 2,3,5-tri-O-benzyl-L-arabinofuranoside (11) by

conventional heating.

2,3,5-Tri-O-benzyl-L-arabinofuranoside 5 (100 mg, 0.24 mmol) was added in
sealed-tube containing magnetic stirrer bar followed by 1-dodecanethiol (70 uL, 0.29
mmol). A stock solution of 100 mol% of DBSA was added. The reaction mixture was
stirred at 80 C in an oil bath for 48 h. It was monitored by thin-layer chromatography
(hexanes:ethyl acetate 4:1; p-anisaldehyde, R; = 0.40). After complete conversion, it

was quenched with saturated NaHCO; solution (1.5 mL), extracted with ethyl acetate

(5 X 2.5 mL), and washed with brine (3 mL). The combined organic layer was dried
using anhydrous MgSO, and concentrated to dryness in a rotary evaporator. The
crude product was purified by column chromatography on silica gel using gradient
elution with ethyl acetate:hexanes from 0:1 to 3:7 eluent. Dodecylthio 2,3,5-tri-O-
benzyl-L-arabinofuranoside (11) was obtained as a yellow syrup (78 mg, 54%,0.3 =

1:1)

2.8.5 Effect of Lewis acids

2,3,5-Tri-O-benzyl-L-arabinofuranoside 5 (100 mg, 0.24 mmol), 1-
dodecanethiol (70 uL, 0.29 mmol), and 10 mol% of Lewis acids were added in a
microwave vessel followed by a stock solution of 10 mol% DBSA. It was stirred in a

microwave reactor at 80 C for 5 h. The reaction was monitored by thin-layer
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chromatography (hexanes:ethyl acetate 4:1; p-anisaldehyde, R; = 0.40). After the
reaction reached to the completion, it was quenched with saturated NaHCO,
solution (1.5 mL), extracted with ethyl acetate (5 X 2.5 mL), and washed with brine
(3 mL). The combined organic layer was dried using anhydrous MgSO, and
concentrated to dryness in a rotary evaporator. The crude product was purified by
column chromatography on silica gel wusing gradient elution with ethyl
acetate:hexanes from 0:1 to 3:7 eluent. Dodecylthio 2,3,5-tri-O-benzyl-L-
arabinofuranoside (11) was obtained as a yellow syrup. The results and conditions

were concluded in Table 2.5.

Table 2.5. Optimization of additive Lewis acids

o o
BnO/II"QOH 1.2 equiv CHy(CH,)1oCH,SH g7 ™" SCH;(CH2)10CH,

%,

Bno' OBn 100 mol% DBSA, H,0 BnO  ©OBn
5 10 mol% Lewis acids 11
uwave, 80 °C, 5 h
Entry Lewis acids Yield (o:B)”
1 Sc(OTH); 59% (50:50)
2 Yb(OTf), 63% (50:50)
3 La(OTh), 67% (50:50)
4 Gd(OTf)s 64% (50:50)
5 Nd(OTf)s 64% (50:50)
6 PHOTH), 56% (50:50)
7 Cu(OTf), 56% (50:50)
8 Zn(OTH), 15% (50:50)

9 CrCls 58% (50/50)
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10 SrCl, 56% (50/50)

* Yield and o:f selectivity was determined by 'H NMR signal integration of anomeric

proton. pwave = microwave.

2.8.6 Effect of acids and other surfactants (DBSNa)

2,3,5-Tri-O-benzyl-L-arabinofuranoside 5 (100 mg, 0.24 mmol) and 1-
dodecanethiol (70 L, 0.29 mmol) were added in a microwave vessel followed by
stock solutions of acids and surfactants. It was stired in a microwave reactor at 80 C
for 5 h. The reaction was monitored by thin-layer chromatography (hexanes:ethyl
acetate 4:1; p-anisaldehyde, R¢ = 0.40). After the reaction reached to completion, it
was quenched with saturated NaHCO; solution (1.5 mL), extracted with ethyl acetate
(5 X 2.5 mL), and washed with brine (3 mL). The combined organic layer was dried
using anhydrous MgSO, and concentrated to dryness in a rotary evaporator. The
crude product was purified by column chromatography on silica gel using gradient
elution with ethyl acetate:hexanes from 0:1 to 3:7 eluent. Dodecylthio 2,3,5-tri-O-
benzyl-L-arabinofuranoside (11) was obtained as a yellow syrup. The results and

conditions are shown in Table 2.6.

Table 2.6. Effect of acids and surfactant.

o H 0}
I, (e} . I, SCH,(CH CH
Bno/ g 1.2 equiv CH3(CH;)4oCH,SH BnO/ S_?/‘” 2(CH2)10CH3

BnO OBn acids:surfactants BnO OBn
5 uwave, 80 °C, 5 h 11
Entry Acid Surfactant Yield®
1 0.5 M p-TSA’ i .

2 0.5 M p-TSA 5 mol% DBSNa™ 55
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3 0.5 M p-TSA 10 mol% DBSNa 60
a4 0.5 M p-TSA 30 mol% DBSNa a3
5 0.5 M p-TSA 50 mol% DBSNa 38
6 0.5 M p-TSA 80 mol% DBSNa aq
7 0.5 M p-TSA 100 mol% DBSNa 36
8 - 100 mol% DBSNa NR’
9 10 mol% Sc(OTf); ; NR’
10 30 mol% Sc(OTf); 100 mol% DBSNa trace”
11 100 mol% Sc(OTh, 100 mol% DBSNa 13"
12 30 mol% Yb(OTf)s 100 mol% DBSNa trace”

* Yield and o:p selectivity was determined by "H NMR signal integration of anomeric
proton, o:ff = 67:33. b p-TSA = p-toluenesulfonic acid. © DBSNa = sodium
dodecylbenzenesulfonate. “NR = No reaction; it was monitored by TLC. ° Reaction

mixture was monitored by TLC. pwave = microwave.

2.9 Substrate scopes of glycosylation

2.9.1 Synthesis of dodecylthio 2,3,5-tri-O-benzyl-L-arabinofuranoside (11)

by optimal conditions

0. (o)
BnO/““Q"OH 1.2 equiv CH3(CHy,),oCH,SH Bno/'lupmSCHz(CHz)1oCH3

Bno’ OBn 100 mol% DBSA, H,0 BnO  ©OBn
5 uwave, 80 °C, 5 h 11

Figure 2.9. Synthesis of dodecylthio 2,3,5-tri-O-benzyl-L-arabinofuranoside (11) by

optimal conditions.
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2,3,5-Tri-O-benzyl-L-arabinofuranoside 5 (100 mg, 0.24 mmol) and 1-
dodecanethiol (70 pL, 0.29 mmol) were added in a microwave vessel followed by
stock solutions of acids and surfactants. It was stirred in a microwave reactor at 80 C
for 5 h. The reaction was monitored by thin-layer chromatography (hexanes:ethyl
acetate 4:1; p-anisaldehyde, R; = 0.40). After the reaction reached to the completion,
it was quenched with saturated NaHCO; solution (1.5 mL), extracted with ethyl
acetate (5 X 2.5 mL), and washed with brine (3 mL). The combined organic layer was
dried using anhydrous MgSO, and concentrated to dryness in a rotary evaporator.
The crude product was purified by column chromatography on silica gel using
gradient elution with ethyl acetate:hexanes from 0:1 to 3:7 eluent. Dodecylthio 2,3,5-
tri-O-benzyl-L-arabinofuranoside (11) was obtained as a yellow syrup (105 mg, 72%,
o:f = 50:50).

2.9.2 Study of leaving groups of furanoside donor

Dodecylthio 2,3,5-tri-O-benzyl-L -arabinofuranoside (11) from 3

o) (o)
BnO/III'Qome 1.2 equiv CH3(CH,)1CHSH  Bno” " SCH(CHa)10CHs

.,
2,

Bno’ “OBn 100 mol% DBSA, H,0 BnO’ ‘OBn
3 pwave, 80 °C, 5 h 1

Figure 2.10. Synthesis of dodecylthio 2,3,5-tri-O-benzyl-L-arabinofuranoside (11).

Methyl 2,3,5-tri-O-benzyl-L-arabinofuranoside 3 (100 mg, 0.24 mmol) and 1-
dodecanethiol (70 pL, 0.29 mmol) were added in a microwave vessel followed by
stock solutions of acids and surfactants. It was stirred in a microwave reactor at 80 C
for 5 h. The reaction was monitored by thin-layer chromatography (hexanes:ethyl
acetate 4:1; p-anisaldehyde, R: = 0.40). After the reaction reached to the completion,
it was quenched with saturated NaHCO; solution (1.5 mL), extracted with ethyl
acetate (5 X 2.5 mL), and washed with brine (3 mL). The combined organic layer was

dried using anhydrous MgSO4 and concentrated to dryness in a rotary evaporator.
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The crude product was purified by column chromatography on silica gel using
gradient elution with ethyl acetate:hexanes 0:1 to 3:7 eluent. Dodecylthio 2,3,5-tri-O-
benzyl-L-arabinofuranoside (11) was obtained as a yellow syrup (14 mg, 10%, a.pp =

91:9).

Dodecylthio 2,3,5-tri-O-benzyl-L-arabinofuranoside (11) from 7

o o H,(CH,),,CH
BnO/“l'SjwoAc 1.2 equiv CH3(CH,);o,CH,SH BnO/““ SCH,(CH)10CHs

2

BnO "OBn 100 mol% DBSA, H,0 BnO OBn
7 uwave, 80 °C, 5 h 11

Figure 2.11. Synthesis of dodecylthio 2,3,5-tri-O-benzyl-L-arabinofuranoside (11) by

optimal condition.

2,3,5-Tri-O-benzyl-1-O-acetyl-L-arabinofuranoside 7 (100 mg, 0.24 mmol) and 1-
dodecanethiol (70 pL, 0.29 mmol) were added in a microwave vessel followed by
stock solutions of acids and surfactants. It was stirred in a microwave reactor at 80 C
for 5 h. The reaction was monitored by thin-layer chromatography (hexanes:ethyl
acetate 4:1; p-anisaldehyde, R = 0.40). After the reaction reached to the completion,
it was quenched with saturated NaHCOj; solution (1.5 mL), extracted with ethyl

acetate (5 X 2.5 mL), and washed with brine (3 mL). The combined organic layer was
dried using anhydrous MgSQO,4 and concentrated to dryness in a rotary evaporator.
The crude product was purified by column chromatography on silica gel using
gradient elution with ethyl acetate:hexanes 0:1 to 3:7 eluent. Dodecylthio 2,3,5-tri-O-
benzyl-L-arabinofuranoside (11) was obtained as a yellow syrup (67 mg, 60%, a.p =

99:1).
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2.9.3 Substrate scope of thiol acceptors

Dodecylthio 2,3,5-tri-O-benzyl-L-arabinofuranose (11)

Bno” " OOt 12cquiv CH3(CHa)1oCH,SH g o7 O SCH;(CHo)14CHy
Bno'  0Bn 100 mol% DBSA Bno’  OBn
H,0
5 mwave, 80 °C,5h "

Figure 2.12. Synthesis of dodecylthio 2,3,5-tri-O-benzyl-L-arabinofuranoside (11).

2,3,5-Tri-O-benzyl-L-arabinofuranoside 5 (100 mg, 0.24 mmol) and 1-
dodecanethiol (50 uL, 0.29 mmol) were added in a microwave vessel followed by a
stock solution of DBSA (0.5 mL). It was stirred in @ microwave reactor at 80 ‘Cfor 5 h,
The reaction was monitored by thin-layer chromatography (hexanes:ethyl acetate

4:1; p-anisaldehyde, R¢ = 0.40). After the reaction reached to the completion, it was

quenched with saturated NaHCO; solution (2.5 mL), extracted with ethyl acetate (5 X
2.5 mL), and washed with brine (3 mL). The combined organic layer was dried using
anhydrous MgSO4 and concentrated to dryness in a rotary evaporator. The crude
product was purified by column chromatography on silica gel using gradient elution
with ethyl acetate:hexanes from 0:1 to 3:7 eluent. Dodecylthio 2,3,5-tri-O-benzyl-L-
arabinofuranoside (11) was obtained as a yellow syrup (105 mg, 72%, o = 50:50,).
a-anomer: [ay . +61.9° (c 0.25, CHCLy). 'H NMR (400 MHz, CDCLy) 8y, 0.88 (t, J = 6.7 Hz,
3H), 1.15-1.45 (m, 18H), 1.65-1.73 (m, 2H), 2.50-2.76 (m, 2H), 3.44-3.77 (m, 2H), 3.98
(s, 1H), 4.04 (d, J = 3.8 Hz, 1H), 4.11-4.19 (m, 1H), 4.40-4.70 (m, 6H), 5.30-5.42 (m, 1H,
anomeric proton), 7.14-7.42 (m, 15H). PC NMR (100 MHz, CDCl,) 6 14.14, 22.71, 29.03,
29.28, 29.38, 29.58, 29.65, 29.67, 29.69, 30.00, 30.92, 31.95, 71.43, 71.92, 72.39, 73.37,
82.09, 83.86, 84.39, 87.18, 127.75, 127.78, 127.91, 128.35, 128.41, 137.61, 137.90,
138.24. HRMS (MALDI-TOF): m/z calculated for CsgH5,0,SNa 627.3484 [M+Na'; found
627.3484. B-anomer: [l -50.0° (c 0.25, CHCly). 'H NMR (400 MHz, CDCl,) 8, 0.78—
0.84 (t, J = 6.6 Hz, 3H), 1.15-1.23 (m, 18H), 1.55-1.78 (m, 2H), 2.58-2.64 (t, J = 7.4 Hz,
2H), 3.54-3.59 (m, 2H), 3.85-3.90 (dd, J = 6.8, 3.1 Hz, 1H), 4.01-4.04 (s, 1H), 4.14-4.19
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(m, 1H), 4.35-4.57 (m, 6H), 5.41-5.43 (s, 1H, anomeric proton), 7.13-7.31 (m, 15H). " C
NMR (100 MHz, CDCL) § 14.09, 22.68, 28.54, 29.24, 29.34, 29.51, 29.59, 29.63, 29.65,
29.69, 31.92, 39.27, 69.84, 71.92, 72.17, 73.42, 81.23, 83.83, 87.97, 102.16, 127.56,
127.69, 127.72, 128.33, 128.40, 137.49, 137.89, 138.15. HRMS (MALDI-TOF): m/z
calculated for CsgHs,0.SNa 627.3484 [M+Na']; found 627.3484.

Octylthio 2,3,5-tri-O-benzyl-L-arabinofuranose (12)

o o
y OH - y SCH,(CH,)sCH
Bno” " S_7~‘ 1.2 equiv CHy(CHp)eCHSH g o”" 5_7«* 2(CH2)6CH,
Bn0’ “OBn gaimol¥ DESA: Bno’ “OBn

5 mwave, 80 °C, 5 h 12

Figure 2.13. Synthesis of octylthio 2,3,5-tri-O-benzyl-L-arabinofuranoside (12).

2,3,5-Tri-O-benzyl-L-arabinofuranoside 5 (100 mg, 0.24 mmol) and 1-
octanethiol (50 pl, 0.29 mmol) were added in a microwave vessel followed by a
stock solution of DBSA (0.5 mL). It was stirred in a microwave reactor at 80 C for 5 h.
The reaction was monitored by thin-layer chromatography (hexanes:ethyl acetate

4:1; p-anisaldehyde, R¢ = 0.40). After the reaction reached to the completion, it was

quenched with saturated NaHCO; solution (2.5 mL), extracted with ethyl acetate (5 X
2.5 mL), and washed with brine (3 mL). The combined organic layer was dried using
anhydrous MgSO4 and concentrated to dryness in a rotary evaporator. The crude
product was purified by column chromatography on silica gel using gradient elution
with ethyl acetate:hexanes from 0:1 to 3:7 eluent. Octylthio 2,3,5-tri-O-benzyl-L-
arabinofuranoside (12) was obtained as a yellow syrup (, 94 mg, 71%, a.p = 83:17). '
NMR (400 MHz, CDCl;) a-anomer: Oy 0.84-0.91 (t, J = 6.5 Hz, 3H), 1.22-1.32 (m, 10H),
1.59-1.66 (m, 2H), 2.62-2.68 (t, J = 6.8 Hz, 2H), 3.60-3.76 (m, 2H), 4.02-4.06 (t, J = 3.9
Hz, 1H), 4.12-4.18 (m, 2H), 4.47-4.64 (m, 6H), 5.36-5.39 (s, 1H, anomeric proton), 7.21-
7.45 (m, 15H). "C NMR (100 MHz, CDCly) & 14.14, 22.71, 29.03, 29.28, 29.34, 29.59,

30.93, 31.93, 71.44, 71.93, 72.40, 73.38, 82.10, 83.88, 84.40, 87.19, 127.61, 127.76,
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127.83, 128.36, 128.41, 137.52, 137.91, 138.26. HRMS (MALDI-TOF): m/z calculated for
CsaHas04SNa 571.2858 [M+Na']; found 571.2859.

Decylthio 2,3,5-tri-O-benzyl-L-arabinofuranoside (13)

o o
y OH . y SCH,(CHy)sCH
Bno”" Sj«* 1.2 equiv CHy(CH,)sCHSH  go”" Q«* 2(CHz)gCH,
BnO  OBn 100 mol% DBSA BnO OBn
H,0

5 uwave, 80 °C, 5 h 13

Figure 2.14. Synthesis of decylthio 2,3,5-tri-O-benzyl-L-arabinofuranoside (13)

2,3,5-Tri-O-benzyl-L-arabinofuranoside 5 (100 mg, 0.24 mmol) and 1-
decanethiol (61 uL, 0.29 mmol) were added in a microwave vessel followed by a
stock solution of DBSA (0.5 mL). It was stirred in a microwave reactor at 80 ‘Cfor 5 h,
The reaction was monitored by thin-layer chromatography (hexanes:ethyl acetate

4:1; p-anisaldehyde, R¢ = 0.40). After the reaction reached to the completion, it was

quenched with saturated NaHCO; solution (2.5 mL), extracted with ethyl acetate (5 X
2.5 mL), and washed with brine (3 mL). The combined organic layer was dried using
anhydrous MgSO4 and concentrated to dryness in a rotary evaporator. The crude
product was purified by column chromatography on silica gel using gradient elution
with ethyl acetate:hexanes from 0:1 to 3:7 eluent. Decylthio 2,3,5-tri-O-benzyl-L-
arabinofuranoside (13) was obtained as a yellow syrup (91 mg, 67%, o.p = 84:16). "H
NMR (400 MHz, CDCl;) a-anomer: Oy 0.82-0.91 (t, J = 6.6 Hz, 3H), 1.21-1.33 (m, 14H),
1.59-1.66 (m, 2H), 2.63-2.67 (t, J = 7.0 Hz, 2H), 3.61-3.75 (m, 2H), 4.02-4.07 (t, / = 3.8
Hz, 1H), 4.12-4.18 (m, 2H), 4.45-4.65 (m, 6H), 5.36-5.39 (s, 1H, anomeric proton), 7.21-
7.37 (m, 15H). "C NMR (100 MHz, CDCly) & 14.07, 22.64, 28.99, 29.13, 29.19, 29.69,
29.95, 30.89, 31.82, 32.30, 71.41, 71.90, 72.37, 73.35, 82.06, 83.84, 84.35, 87.15,
127.59, 127.75, 127.81, 127.88, 128.33, 128.39, 137.49, 137.89. HRMS (MALDI-TOF):
m/z calculated for C34HqgO4SNa 599.3171 [I\/\+Na+]; found 599.3161.
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Tetradecylthio 2,3,5-tri-O-benzyl-L-arabinofuranoside (14)

0. (o)
BnO/““SJMOH 1.2 equiv CHy(CH)1,CHSH  gpo” ™ SCH;(CH,)12CH;

BnO "OBn 100 mol% DBSA BnO "OBn
H,0
14

5 uwave, 80 °C, 5 h

Figure 2.15. Synthesis of tetradecylthio 2,3,5-tri-O-benzyl-L-arabinofuranoside (14).

2,3,5-Tri-O-benzyl-L-arabinofuranoside 5 (100 mg, 0.24 mmol) and
1-tetradecanethiol (79 pL, 0.29 mmol) were added in a microwave vessel followed
by a stock solution of DBSA (0.5 mL). It was stirred in a microwave reactor at 80 C for
5 h. The reaction was monitored by thin-layer chromatography (hexanes:ethyl
acetate 4:1; p-anisaldehyde, R: = 0.41). After the reaction reached to the completion,
it was quenched with saturated NaHCO; solution (2.5 mL), extracted with ethyl
acetate (5 X 2.5 mL), and washed with brine (3 mL). The combined organic layer was
dried using anhydrous MgSO, and concentrated to dryness in a rotary evaporator.
The crude product was purified by column chromatography on silica gel using
gradient elution with ethyl acetate:hexanes from 0:1 to 3:7 eluent. Tetradecylthio
2,3,5-tri-O-benzyl-L-arabinofuranoside (14) was obtained as a yellow syrup (99 mg,
65%, o.p = 80:20). 'H NMR (400 MHz, CDCl5) a-anomer: Oy 0.85-0.95 (t, J = 6.6 Hz,
3H), 1.19-1.33 (m, 22H), 1.58-1.65 (m, 2H), 2.61-2.69 (t, J = 6.8 Hz, 2H), 3.61-3.75 (m,
2H), 4.03-4.06 (t, J = 3.9 Hz, 1H), 4.11-4.18 (m, 2H), 4.44-4.64 (m, 6H), 5.36-5.40 (s, 1H,
anomeric proton), 7.20-7.37 (m, 15H). “C NMR (100 MHz, CDCls) & 14.14, 22.72, 29.03,
29.28, 29.39, 29.59, 29.65, 29.69, 29.70, 29.71, 29.72, 30.00, 30.90, 31.96, 71.44, 71.93,
72.40, 73.38, 82.09, 83.88, 84.40, 87.19, 127.61, 127.78, 127.83, 127.91, 128.41, 137.62,
137.91, 138.26. HRMS (MALDI-TOF): m/z calculated for C4qHsc04SNa 655.3797 [M+Na+];
found 655.3788.
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Pentadecylthio 2,3,5-tri-O-benzyl-L-arabinofuranoside (15)

(o) (o)
BnO/Hhs_?MOH 1.2 equiv CH3(CH,);;CH,SH Bno/u..gSCHz(CHz)nCHs
2 100 mol% DBSA k

BnO OBn BnO "OBn
H,0

5 uwave, 80 °C, 5 h 15

Figure 2.16. Synthesis of pentadecylthio 2,3,5-tri-O-benzyl-L-arabinofuranoside (15).

2,3,5-Tri-O-benzyl-L-arabinofuranoside 5 (100 mg, 0.24 mmol) and
1-pentadecanethiol (83 uL, 0.29 mmol) were added in a microwave vessel followed
by a stock solution of DBSA (0.5 mL). It was stirred in a microwave reactor at 80 C for
5 h. The reaction was monitored by thin-layer chromatography (hexanes:ethyl
acetate 4:1; p-anisaldehyde, R: = 0.42). After the reaction reached to the completion,
it was quenched with saturated NaHCO; solution (2.5 mL), extracted with ethyl

acetate (5 X 2.5 mL), and washed with brine (3 mL). The combined organic layer was
dried using anhydrous MgSO, and concentrated to dryness in a rotary evaporator.
The crude product was purified by column chromatography on silica gel using
gradient elution with ethyl acetate:hexanes from 0:1 to 3:7 eluent. Pentadecylthio
2,3,5-tri-O-benzyl-L-arabinofuranoside (15) was obtained as a yellow syrup (90 mg,
58%, a.p = 92:8,). 'H NMR (400 MHz, CDCl;) ai-anomer: Oy 0.85-0.92 (t, J = 7.0 Hz, 3H),
1.17-1.33 (m, 24H), 1.57-1.65 (m, 2H), 2.61-2.68 (t, J = 6.8 Hz, 2H), 3.61-3.75 (m, 2H),
4.02-4.06 (t, J = 3.9 Hz, 1H), 4.11-4.19 (m, 2H), 4.47-4.65 (m, 6H), 5.36-5.40 (s, 1H,
anomeric proton), 7.22-7.38 (m, 15H). “C NMR (100 MHz, CDCls) 8 14.12, 22.70, 29.02,
29.27, 29.37, 29.57, 29.64, 29.67, 29.69, 29.70, 29.71, 29.72, 29.98, 30.91, 30.94, 71.42,
71.92, 72.38, 73.36, 82.07, 83.86, 84.37, 87.16, 127.60, 127.76, 127.90, 128.34, 128.40,
137.60, 137.88, 138.23. HRMS (MALDI-TOF): m/z calculated for C41Hs504SNa 669.3953
[M+Na']; found 669.3957.
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Hexadecylthio 2,3,5-tri-O-benzyl-L-arabinofuranoside (16)

(o] . (o)
m, OH 1.2 CH,(CH,),,CH,SH m, SCH,(CH,),4CH
BnO/’ 5_7'*’ equiv CH3(CH3)14CH, H BnO/I 5_7- 2(CH3)14CH3
% 100 mol% DBSA “

BnO  ©OBn BnO  ©OBn
H,0

5 uwave, 80 °C, 5 h 16

Figure 2.17. Synthesis of hexadecylthio 2,3,5-tri-O-benzyl-L-arabinofuranoside (16).

2,3,5-Tri-O-benzyl-L-arabinofuranoside 5 (100 mg, 0.24 mmol) and
1-hexadecanethiol (89 pL, 0.29 mmol) were added in a microwave vessel followed
by a stock solution of DBSA (0.5 mL). It was stirred in a microwave reactor at 80 C for
5 h. The reaction was monitored by thin-layer chromatography (hexanes:ethyl
acetate 4:1; p-anisaldehyde, R¢ = 0.44). After the reaction reached to the completion,
it was quenched with saturated NaHCO; solution (2.5 mL), extracted with ethyl

acetate (5 X 2.5 mL), and washed with brine (3 mL). The combined organic layer was
dried using anhydrous MgSO, and concentrated to dryness in a rotary evaporator.
The crude product was purified by column chromatography on silica gel using
gradient elution with ethyl acetate:hexanes from 0:1 to 3:7 eluent. Hexadecylthio
2,3,5-tri-O-benzyl-L-arabinofuranoside (16) was obtained as a yellow syrup (92 meg,
58%, a.p = 54:46). 'H NMR (400 MHz, CDCl;) a-anomer: Oy 0.84-0.90 (t, J = 6.7 Hz,
3H), 1.17-1.35 (m, 26H), 1.55-1.68 (m, 2H), 2.59-2.71 (m, 2H), 3.57-3.77 (m, 2H), 4.02-
4.08 (t, J = 3.9 Hz, 1H), 4.10-4.20 (m, 2H), 4.43-4.66 (m, 6H), 5.36-5.41 (d, J = 4.9 Hz,
1H, anomeric proton), 7.21-7.41 (m, 15H). PC NMR (100 MHz, CDCl,) & 14.16, 22.70,
28.96, 29.26, 29.27, 29.37, 29.57, 29.64, 29.67, 29.69, 29.71, 29.72, 29.98, 30.91, 30.93,
30.94, 71.42, 71.91, 72.38, 73.38, 82.07, 83.85, 84.36, 87.16, 127.60, 127.74, 127.90,
128.34, 128.40, 137.53, 137.88, 138.23. HRMS (MALDI-TOF): m/z calculated for
CaoHeoOaSNa 683.4110 [M+Na'J; found 683.4132.
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Octadecylthio 2,3.5-tri-O-benzyl-L-arabinofuranoside (17)

(o] , o
BnO/""QOH 1.2 equiv CH;(CH,),,CH,SH Bno” """ SCH;(CH;)16CH;
BnO' OBn 100 mol% DBSA BnO'  ‘OBn
H,0
5 17

uwave, 80 °C,5 h

Figure 2.18. Synthesis of octadecylthio 2,3,5-tri-O-benzyl-L-arabinofuranoside (17).

2,3,5-Tri-O-benzyl-L-arabinofuranoside 5 (100 mg, 0.24 mmol) and 1-
octadecanethiol (83 mg, 0.29 mmol) were added in a microwave vessel followed by
a stock solution of DBSA (0.5 mL). It was stirred in a microwave reactor at 80 C for 5
h. The reaction was monitored by thin-layer chromatography (hexanes:ethyl acetate

4:1; p-anisaldehyde, R; = 0.48). After the reaction reached to the completion, it was

quenched with saturated NaHCO; solution (2.5 mL), extracted with ethyl acetate (5 X
2.5 mL), and washed with brine (3 mL). The combined organic layer was dried using
anhydrous MgSO4 and concentrated to dryness in a rotary evaporator. The crude
product was purified by column chromatography on silica gel using gradient elution
with ethyl acetate:hexanes from 0:1 to 3:7 eluent. Octadecylthio 2,3,5-tri-O-benzyl-L-
arabinofuranoside (17) was obtained as a yellow syrup (104 mg, 63%, a.p = 90:10,).
'H NMR (400 MHz, CDCly) a-anomer: Oy 0.82-0.93 (t, J = 6.7 Hz, 3H), 1.19-1.35 (m,
30H), 1.56-1.66 (m, 2H), 2.61-2.70 (t, J = 7.4 Hz, 2H), 3.60-3.77 (m, 2H), 4.01-4.07 (t, J
= 3.9 Hz, 1H), 4.10-4.20 (m, 2H), 4.46-4.65 (m, 6H), 5.36-5.40 (d, J = 4.9 Hz, 1H,
anomeric proton), 7.21-7.41 (m, 15H). "C NMR (100 MHz, CDCls) & 11.98, 20.56, 26.88,
27.13, 27.23, 27.44, 27.51, 27.53, 27.54, 27.55, 27.56, 27.57, 27.58, 27.59, 27.60, 27.85,
28.77, 29.80, 69.28, 69.77, 70.24, 71.22, 79.93, 81.72, 82.24, 85.03, 125.46, 125.59,
125.76, 126.20, 126.29, 135.46, 135.75, 136.10. HRMS (MALDI-TOF): m/z calculated for
CagHeaOoSNa 711.4423 [M+Na']; found 711.4414.
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Cyclohexylthio 2,3.5-tri-O-benzyl-L-arabinofuranoside (18)

0 o 7
l,, OH i i " S
BnO/ $_7~’ 1.2 equiv cyclohexanethiol Bno/" Qﬁ
P 100 mol% DBSA e

BnO OBn BnO OB
H,0 n n
5 18

uwave, 80 °C,5 h

Figure 2.19. Synthesis of cyclohexylthio 2,3,5-tri-O-benzyl-L-arabinofuranoside (18).

2,3,5-Tri-O-benzyl-L-arabinofuranoside 5 (100 mg, 0.24 mmol) and
1-cyclohexanethiol (35 uL, 0.29 mmol) were added in a microwave vessel followed
by a stock solution of DBSA (0.5 mL). It was stirred in a microwave reactor at 80 C for
5 h. The reaction was monitored by thin-layer chromatography (hexanes:ethyl
acetate 4:1; p-anisaldehyde, R: = 0.35). After the reaction reached to the completion,
it was quenched with saturated NaHCO; solution (2.5 mL), extracted with ethyl

acetate (5 X 2.5 mL), and washed with brine (3 mL). The combined organic layer was
dried using anhydrous MgSO4 and concentrated to dryness in a rotary evaporator.
The crude product was purified by column chromatography on silica gel using
gradient elution with ethyl acetate:hexanes from 0:1 to 3:7 eluent. Cyclohexylthio
2,3,5-tri-O-benzyl-L-arabinofuranoside (18) was obtained as a yellow syrup (o/f =
50/50, 56 mg, 45%). 'H NMR (400 MHz, CDCls) a-anomer: Oy 1.19-1.44 (m, 6H), 1.53—
1.66 (m, 2H), 1.69-1.79 (m, 1H), 1.95-2.11 (m, 1H), 2.83-2.97 (m, 1H), 3.55-3.68 (m,
2H), 3.93-4.00 (m, 2H), 4.28-4.33 (m, 1H), 4.43-4.63 (m, 6H), 5.43-5.46 (d, J = 1.9 Hz,
1H, anomeric proton), 7.21-7.38 (m, 15H). "C NMR (100 MHz, CDCl)) & 25.79, 29.69,
33.77, 33.98, 43.67, 56.24, 69.23, 72.20, 73.34, 79.83, 83.64, 89.20, 95.08, 96.23,
127.49, 127.72, 127.82, 128.34, 128.41, 137.59, 137.75, 137.87. HRMS (MALDI-TOF):
m/z calculated for Cs,Hz50,SNa 541.2388 [M+Na+]; found 541.2384.
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2-Phenylethylthio 2,3,5-tri-O-benzyl-L-arabinofuranoside (19)

o : , 110 PO S
BnO/““QFOH 1.2 equiv 2-phenylethanethiol Bno” " 5_7""
% 100 mol% DBSA Bno’ OBn

BnO OBn
H,0

5 o 19
uwave, 80 C,5h

Figure 2.20. Synthesis of 2-phenylethylthio 2,3,5-tri-O-benzyl-L-arabinofuranoside
(19).

2,3,5-Tri-O-benzyl-L-arabinofuranoside 5 (100 mg, 0.24 mmol) and 2-
phenylethanethiol (34 mg, 0.29 mmol) were added in a microwave vessel followed
by a stock solution of DBSA (0.5 mL). It was stirred in a microwave reactor at 80 C for
5 h. The reaction was monitored by thin-layer chromatography (hexanes:ethyl
acetate 4:1; p-anisaldehyde, R = 0.35). After the reaction reached to the completion,
it was quenched with saturated NaHCO; solution (2.5 mL), extracted with ethyl
acetate (3 X 2.5 mL), and washed with brine (3 mL). The combined organic layer was
dried using anhydrous MgSO4 and concentrated to dryness in a rotary evaporator.
The crude product was purified by column chromatography on silica gel using
gradient elution with ethyl acetate:hexanes from 0:1 to 3:7 eluent. 2-Phenylethylthio
2,3,5-tri-O-benzyl-L-arabinofuranoside (19) was obtained as a yellow syrup (54 mg,
42%, a.f = 60:40). 'H NMR (400 MHz, CDCls) o-anomer: Oy 2.86-2.99 (m, 4H), 3.58-
3.74 (m, 2H), 3.93-3.98 (m, 1H), 4.00-4.07 (t, J = 4.0 Hz, 1H), 4.11-4.19, m, 1H), 4.44-
4.61 (m, 6H), 5.35-5.40 (d, J = 4.9 Hz, 1H, anomeric proton), 7.17-7.37 (m, 15H). e
NMR (100 MHz, CDCls) & 32.13, 36.64, 71.36, 71.99, 72.39, 73.39, 82.08, 83.74, 84.33,
87.13, 126.31, 127.60, 127.76, 127.82, 127.85, 127.92, 127.97, 128.34, 128.40, 128.60,
137.59, 137.75, 137.87. HRMS (MALDI-TOF): m/z calculated for CzqH3s04SNa 563.2232
[M+Na'T; found 563.2285.
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tert-Butylthio 2,3,5-tri-O-benzyl-L-arabinofuranoside (20)

) ] \L
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Figure 2.21. Synthesis of tert-butylthio 2,3,5-tri-O-benzyl-L-arabino-
furanoside (20).

2,3,5-Tri-O-benzyl-L-arabinofuranose 5 (100 mg, 0.24 mmol) and tert-
butylthiol (34 mg, 0.29 mmol) were added in a microwave vessel followed by a stock
solution of DBSA (0.5 mL). It was stirred in a microwave reactor at 80 C for 5 h. The
reaction was monitored by thin-layer chromatography (hexanes:ethyl acetate 4:1; p-

anisaldehyde, R; = 0.35). After the reaction reached to the completion, it was

quenched with saturated NaHCO; solution (2.5 mL), extracted with ethyl acetate (3 X
2.5 mL), and washed with brine (3 mL). The combined organic layer was dried using
anhydrous MgSO4 and concentrated to dryness in a rotary evaporator. The crude
product was purified by column chromatography on silica gel using gradient elution
with ethyl acetate:hexanes from 0:1 to 3:7 eluent. tert-Butylthio 2,3,5-tri-O-benzy!l-L-
arabinofuranoside (20) was obtained as a yellow syrup (28 mg, 24%, a.p = 50:50,). "H
NMR (400 MHz, CDCls) a-anomer: 8 1.37-1.43 (s, 9H), 3.56-3.70 (m, 2H), 3.93-4.02 (m,
2H), 4.26-4.34 (m, 1H), 4.43-4.63 (m, 6H), 5.50-5.55 (d, J = 2.7 Hz, 1H, anomeric
proton), 7.20-7.39 (m, 15H). "C NMR (100 MHz, CDCly) & 31.47, 31.48, 31.49, 44.27,
69.32, 72.06, 72.16, 73.28, 79.76, 83.48, 85.94, 89.50, 127.52, 127.67, 127.81, 128.33,
128.40, 137.59, 137.75, 138.26. HRMS (MALDI-TOF): m/z calculated for CsyHzs04SNa
515.2232 [M+Na+]; found 515.2239.
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6-Thiopyranosyl 2,3,5-tri-O-benzyl-L -arabinofuranoside (21)

OMe
0
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Figure 2.22. Synthesis of 6-thiopyranosyl 2,3,5-tri-O-benzyl-L-arabinofuranoside (21).

2,3,5-Tri-O-benzyl-L-arabinofuranoside 5 (100 mg, 0.24 mmol) and methyl 6-
thio-2,3,4-tri-O-benzyl-D-glucopyranoside 10 (138 mg, 0.29 mmol) were added in a
microwave vessel followed by a stock solution of DBSA (0.5 mL). It was stirred in a
microwave reactor at 80 C for 5 h. The reaction was monitored by thin-layer
chromatography (hexanes:ethyl acetate 4:1; p-anisaldehyde, Ri = 0.27). After the
starting material 5 was consumed, reaction mixture was quenched with saturated
NaHCO; solution (2.5 mL), extracted with ethyl acetate (5 X 2.5 mL), and washed
with brine (3 mL). The combined organic layer was dried using anhydrous MgSO, and
concentrated to dryness in a rotary evaporator. The crude product was purified by
column chromatography on silica gel wusing gradient elution with ethyl

acetate:hexanes 0:1 to 3:7 eluent. However, the desired product was not obtained.

4-Methylphenylthio 2,3,5-tri-O-benzyl-L -arabinofuranoside (22)

CH,

O, (o)
", OH A : ", S
BnO/ " 1.2 equiv 4-methylbenzenethiol Bno/ ¢ §_7~‘

BnO  ©OBn 100 mol% DBSA BnO' OBn
H,0

pwave, 80 °C, 5 h 22

Figure 2.23. Synthesis of 4-methylphenylthio 2,3,5-tri-O-benzyl-L-arabinofuranoside
(22).
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2,3,5-Tri-O-benzyl-L-arabinofuranoside 5 (100 mg, 0.24 mmol) and 4-
methylbenzenethiol (36 mg, 0.29 mmol) were added in a microwave vessel followed
by a stock solution of DBSA (0.5 mL). It was stirred in a microwave reactor at 80 C for
5 h. The reaction was monitored by thin-layer chromatography (hexanes:ethyl
acetate 4:1; p-anisaldehyde, R; = 0.36). After the reaction reached to the completion,
it was quenched with saturated NaHCO; solution (2.5 mL), extracted with ethyl

acetate (5 X 2.5 mL), and washed with brine (3 mL). The combined organic layer was
dried using anhydrous MgSO, and concentrated to dryness in a rotary evaporator.
The crude product was purified by column chromatography on silica gel using
gradient elution with ethyl acetate:hexanes from 0:1 to 3:7 eluent. 4-
Methylphenylthio 2,3,5-tri-O-benzyl-L-arabinofuranoside (22) was obtained as a
yellow syrup (52 mg, 41%, a:p = 82:18,). 'H NMR (400 MHz, CDCLl,) a-anomer: 8 2.27-
2.35 (s, 3H), 3.65-3.82 (m, 2H), 4.07-4.11 (t, J = 3.6 Hz, 1H), 4.16-4.22 (m, 1H), 4.24-
4.28 (m, 1H), 4.47-4.63 (m, 6H), 5.58-5.63 (d, J = 4.9 Hz, 1H, anomeric proton), 7.06-
7.12 (d, J = 7.9 Hz, 2H), 7.22-7.45 (m, 17H). 13C NMR (100 MHz, CDCls) & 29.70, 71.11,
71.89, 72.51, 73.59, 82.42, 83.47, 84.34, 90.36, 127.59, 127.78, 127.82, 127.94, 128.34,
128.43, 128.52, 131.62, 132.06, 136.99, 137.46, 137.81, 138.24. HRMS (MALDI-TOF):
m/z calculated for Cs3H340,SNa 549.2075 [M+Na+]; found 549.2092.

4-Chlorophenylthio 2,3,5-tri-O-benzyl-L -arabinofuranoside (23)

Cl

o o
Bno/”"SJN’OH 1.2 equiv 4-ch|orobenzenethioi Bno/""5—7~'s

4 H,0 23
uwave, 80 °C, 5 h

Figure 2.24. Synthesis of 4d-chlorophenylthio 2,3,5-tri-O-benzyl-L-arabinofuranoside
(23).
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2,3,5-Tri-O-benzyl-L-arabinofuranoside 5 (100 mg, 0.24 mmol) and
4-chlorobenzenethiol (34 upL, 0.29 mmol) were added in a microwave vessel
followed by a stock solution of DBSA (0.5 mL). It was stirred in a microwave reactor
at 80 °C for 5 h. The reaction was monitored by thin-layer chromatography
(hexanes:ethyl acetate 4:1; p-anisaldehyde, R¢ = 0.35). After the reaction reached to
the completion, it was quenched with saturated NaHCO; solution (2.5 mL), extracted
with ethyl acetate (5 X 2.5 mL), and washed with brine (3 mL). The combined
organic layer was dried using anhydrous MgSO, and concentrated to dryness in a
rotary evaporator. The crude product was purified by column chromatography on
silica gel using gradient elution with ethyl acetate:hexanes from 0:1 to 3:7 eluent. 4-
Chlorophenylhio 2,3,5-tri-O-benzyl-L-arabinofuranoside (23) was obtained as a yellow
syrup (57 mg, 43%, a.p = 86:14,). "H NMR (400 MHz, CDCl;) a-anomer: O, 3.61-3.78
(m, 2H), 4.08-4.11 (t, J = 3.6 Hz, 1H), 4.18-4.24 (m, 1H), 4.24-4.28 (m, 1H), 4.45-4.62
(m, 6H), 5.60-5.65 (d, J = 7.5 Hz, 1H, anomeric proton), 7.21-7.39 (m, 17H), 7.41-7.46
(d, J = 8.6 Hz, 2H). 13C NMR (100 MHz, CDCls) & 70.89, 71.94, 72.58, 73.39, 82.61, 83.19,
84.28, 89.95, 127.65, 127.76, 127.85, 127.93, 127.99, 128.36, 128.45, 128.48, 128.97,
132.31, 137.25, 137.68, 138.12. HRMS (MALDI-TOF): m/z calculated for Cs,H3,ClO,SNa
569.1529 [I\/\+Na+]; found 569.1531.

1-Napthylthio 2,3 5-tri-O-benzyl-L -arabinofuranoside (24)

i, /O wOH Jiin POanS
BnO S_7M 1.2 equiv 1-napthalenethiol BnO S_7m

BnO OBn H,0 BnO OBn

5 100 mol% DBSA 24
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Figure 2.25. Synthesis of 1-napthylthio 2,3,5-tri-O-benzyl-L-arabinofuranoside (24).

2,3,5-Tri-O-benzyl-L-arabinofuranoside 5 (100 mg, 0.24 mmol) and

napthalenethiol (40 pL, 0.29 mmol) were added in a microwave vessel followed by a
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stock solution of DBSA (0.5 mL). It was stirred in a microwave reactor at 80 C for 5 h.
The reaction was monitored by thin-layer chromatography (hexanes:ethyl acetate

4:1; p-anisaldehyde, R = 0.3). After the reaction reached to the completion, it was

quenched with saturated NaHCO; solution (2.5 mL), extracted with ethyl acetate (5 X
2.5 mL), and washed with brine (3 mL). The combined organic layer was dried using
anhydrous MgSO4 and concentrated to dryness in a rotary evaporator. The crude
product was purified by column chromatography on silica gel using gradient elution
with ethyl acetate:hexanes from 0:1 to 3:7 eluent. 1-Napthylthio 2,3,5-tri-O-benzyl-L-
arabinofuranoside (24) was obtained as a pale yellow solid (64 mg, 47%, o =
14:86,). 1H NMR (400 MHz, CDCl;) B-anomer: Oy 3.62-3.68 (m, 2H), 4.02-4.06 (dd, J =
6.7, 3.1 Hz, 1H), 4.23-4.26 (t, J = 2.8 Hz, 1H), 4.43-4.60 (m, 7H), 5.58-5.62 (d, J = 2.2
Hz, 1H, anomeric proton), 7.21-7.37 (m, 15H), 7.38-7.56 (m, 3H), 7.77-7.87 (m, 3H),
8.44-8.49 (d, J = 8.1 Hz, 1H). C NMR (100 MHz, CDCls) 6 69.18, 72.16, 72.31, 73.32,
80.86, 83.78, 88.77, 90.58, 125.53, 125.73, 126.18, 126.58, 127.57, 127.71, 127.75,
127.80, 127.89, 128.03, 128.31, 128.55, 131.68, 131.83, 134.04, 137.36, 137.78, 138.13.
HRMS (MALDI-TOF): m/z calculated for Cs¢Hs40,SNa 585.2075 [I\/\+Na+]; found
585.2066.

2, 2-Thiazolylthio 2,3 .5-tri-O-benzyl-L-arabinofuranoside (25)

N )
Y?®
o 1 /O S
Bn 0/"'.$_7»°H 1.2 equiv 2,2-thiazolinethiol Bno” 5_7“’
BnG’ “oBn 100 mol% DBSA BnO' OBn

5 uwave, 80 °C,5 h

25
Figure 2.26. Synthesis of 2, 2-thiazolylthio 2,3,5-tri-O-benzyl-L-arabinofuranoside (25).
2,3,5-Tri-O-benzyl-L-arabinofuranoside 5 (100 mg, 0.24 mmol) and

2,2-thiazolinethiol (39 uL, 0.29 mmol) were added in a microwave vessel followed by

a stock solution of DBSA (0.5 mL). It was stirred in a microwave reactor at 80 OC for 5
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h. The reaction was monitored by thin-layer chromatography (hexanes:ethyl acetate
4:1; p-anisaldehyde, R = 0.3). After the starting material 5 was consumed, it was
quenched with saturated NaHCO5 solution (2.5 mL), extracted with ethyl acetate (3 X
2.5 mL), and washed with brine (3 mL). The combined organic layer was dried using
anhydrous MgSO4 and concentrated to dryness in a rotary evaporator. The crude
product was purified by column chromatography on silica gel using gradient elution
with ethyl acetate:hexanes from 0:1 to 3:7 eluent. However, there was no undesired

product.

2-Benzothiazolylthio 2,3.5-tri-O-benzyl-L-arabinofuranose (26)

0

NS S
O _OH " . n, O 2/
BnO/“uS_?w 1.2 equiv 2-mercaptobenzothiazole Bno/ Q
Bno’ “oBn 100 mol% DBSA Bno' OBn
5 H,0 26

uwave, 80 °C, 5 h

Figure 2.27. Synthesis of 2-benzothiazolylthio  2,3,5-tri-O-benzyl-L-arabino-
furanoside (26).

2,3,5-Tri-O-benzyl-L-arabinofuranoside 5 (100 mg, 0.24 mmol) and
2-mercaptobenzothiazole (48 mg, 0.29 mmol) were added in a microwave vessel
followed by a stock solution of DBSA (0.5 mL). It was stirred in a microwave reactor
at 80 °C for 5 h. The reaction was monitored by thin-layer chromatography
(hexanes:ethyl acetate 4:1; p-anisaldehyde, R = 0.3). After the starting material 5 was
consumed, it was quenched with saturated NaHCO; solution (2.5 mL), extracted with
ethyl acetate (5 X 2.5 mL), and washed with brine (3 mL). The combined organic
layer was dried using anhydrous MgSO, and concentrated to dryness in a rotary

evaporator. The crude product was purified by column chromatography on silica gel
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using gradient elution with ethyl acetate:hexanes from 0:1 to 3:7 eluent. However,

there was no undesired product.

2.9.4 Substrate scope of furanoside and pyranoside donors

Dodecylthio 2,3,5-tri-O-benzyl-B-D-arabinofuranoside (27)

o o
Bno/\qo"' 1.2 equiv CHy(CHy)1oCH,SH Bno/\(_Z“SCHZ(CHZ)‘°CH3
BnO  'OBn 100 mol% DBSA, H,0 BnO  OBn

uwave, 80 °C, 5 h

2,3,5-tri-O-benzyl-p-D-arabinofuranoside 27

Figure 2.28. Synthesis of dodecylthio 2,3,5-tri-O-benzyl-B-D-arabinofuranoside (27).

2,3,5-Tri-O-benzyl-B-D-arabinofuranose (100 mg, 0.24 mmol) and 1-
dodecanethiol (70 pL, 0.29 mmol) were added in a microwave vessel followed by a
stock solution of DBSA (0.5 mL). It was stirred in a microwave reactor at 80 ‘Cfor 5 h,
The reaction was monitored by thin-layer chromatography (hexanes:ethyl acetate
4:1; p-anisaldehyde, R = 0.4). After the reaction reached to the completion, it was
quenched with saturated NaHCO; solution (2.5 mL), extracted with ethyl acetate (5 X
2.5 mL), and washed with brine (3 mL). The combined organic layer was dried using
anhydrous MgSO4 and concentrated to dryness in a rotary evaporator. The crude
product was purified by column chromatography on silica gel using gradient elution
with ethyl acetate:hexanes from 0:1 to 3:7 eluent. Dodecylthio 2,3,5-tri-O-benzyl-D-
arabinofuranoside (27) was obtained as a pale yellow syrup (o = 83/17, 96 mg,
66%). 'H NMR (400 MHz, CDCl;) a-anomer: &y 0.82-0.94 (t, J = 6.7 Hz, 3H), 1.21-1.34
(m, 18H), 1.56-1.65 (m, 2H), 2.62-2.68 (t, J = 6.7 Hz, 2H), 3.61-3.76 (m, 2H), 4.02-4.07
(t, d, J = 3.9 Hz, 2H), 4.11-4.19 (m, 2H), 4.47-4.61 (m, 6H), 5.36-5.40 (d, J = 4.9 Hz, 1H,
anomeric proton), 7.22-7.36 (m, 15H). MALDI-TOF: m/z calculated for CsgHs,O4SNa
627.3484 [M+Na J; found 627.3466.
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Dodecylthio 2,3,5-tri-O-benzyl-D-ribofuranoside (28)

o ) O~ SCH,(CH,);,CH
Bno/\Q'"OH 1.2 equiv CH3(CH,);oCH,SH BnO/\QW 2(CH2)10CH,

& >

BnO  OBn 100 mol% DBSA, H,O BnO  ©OBn
uwave, 80 °C, 5 h

2,3,5-tri-O-benzyl-D-ribofuranose 28

Figure 2.29. Synthesis of dodecylthio 2,3,5-tri-O-benzyl-D-ribofuranoside (28).

2,3,5-Tri-O-benzyl-D-ribofuranose (100 mg, 0.24 mmol) and 1-dodecanethiol
(70 pL, 0.29 mmol) were added in a microwave vessel followed by a stock solution
of DBSA (0.5 mL). It was stirred in a microwave reactor at 80 'C for 5 h. The reaction
was monitored by thin-layer chromatography (hexanes:ethyl acetate 4:1; p-

anisaldehyde, Rf = 0.4). After the reaction reached to the completion, it was

quenched with saturated NaHCO; solution (2.5 mL), extracted with ethyl acetate (5 X
2.5 mL), and washed with brine (3 mL). The combined organic layer was dried using
anhydrous MgSO4 and concentrated to dryness in a rotary evaporator. The crude
product was purified by column chromatography on silica gel using gradient elution
with ethyl acetate:hexanes from 0:1 to 3:7 eluent. Dodecylthio 2,3,5-tri-O-benzyl-D-
ribofuranose (32) was obtained as a pale yellow syrup (105 mg, 73%, o3 = 15:85,). '
NMR (400 MHz, CDCl3) B-anomer: 8y 0.86-0.90 (t, J = 6.7 Hz, 3H), 1.15-1.40 (m, 18H),
1.52-1.68 (m, 2H), 2.23-2.71 (m, 2H), 3.51-3.62 (m, 2H), 3.85-3.88 (m, 1H), 3.98-4.03
(m, 1H), 4.25-4.31 (m, 1H), 4.45-4.65 (m, 6H), 5.20-5.23 (m, J = 4.0 Hz, 1H, anomeric
proton), 7.23-7.37 (m, 15H). MALDI-TOF: m/z calculated for CsgH5,0O,SNa 627.3484
[M+Na'T; found 627.3463.

Dodecylthio 2,3,5-tri-O-benzyl-D-xylofuranoside (29

(0] (o]

. SCH,(CH,),,CH
Bno’\p"o” 1.2 equiv CH3(CH,);oCH,SH B"O/\S_T‘ 2(CH2)10CH,

BnO OBn 100 mol% DBSA, H,0 BnO OBn
uwave, 80 °C, 5 h

2,3,5-tri-O-benzyl-D-xylofuranoside 29

Figure 2.30. Synthesis of dodecylthio 2,3,5-tri-O-benzyl-D-xylofuranoside (29).
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2,3,5-Tri-O-benzyl-D-xylofuranoside (100 mg, 0.24 mmol) and 1-dodecanethiol
(70 pL, 0.29 mmol) were added in a microwave vessel followed by a stock solution
of DBSA (0.5 mL). It was stirred in a microwave reactor at 80 'C for 5 h. The reaction
was monitored by thin-layer chromatography (hexanes:ethyl acetate 4:1; p-

anisaldehyde, R; = 0.4). After the reaction reached to the completion, it was

quenched with saturated NaHCO; solution (2.5 mL), extracted with ethyl acetate (5 X
2.5 mL), and washed with brine (3 mL). The combined organic layer was dried using
anhydrous MgSO4 and concentrated to dryness in a rotary evaporator. The crude
product was purified by column chromatography on silica gel using gradient elution
with ethyl acetate:hexanes from 0:1 to 3:7 eluent. Dodecylthio 2,3,5-tri-O-benzyl-D-
xylofuranoside (29) was obtained as a pale yellow syrup (105 mg, 73%, a.f = 50:50).
lH NMR (400 MHz, CDCls) a-anomer: &y 0.85-0.90 (t, J = 6.6 Hz, 3H), 1.21-1.42 (m,
18H), 1.56-1.67 (m, 2H), 2.62-2.69 (t, J = 6.6 Hz, 2H), 3.64-3.85 (m, 2H), 3.96-4.01 (m,
1H), 4.06-4.11 (m, 1H), 4.12-4.16 (m, 1H), 4.42-4.66 (m, 6H), 5.52-5.55 (s, 1H,
anomeric proton), 7.20-7.45 (m, 15H). MALDI-TOF: m/z calculated for CsgHs,O4SNa
627.3484 [M+Na'J; found 627.3463.

Dodecylthio 2,3,5-tri-O-benzyl-L -arabinopyranoside (30)

o_ ,OH O._,.SCH,(CH,);oCH;
1.2 equiv CH(CH,);oCH,SH

“ ”
BnO OBn 100 mol% DBSA BnO OBn
OBn H,0 OBn
6 pwave, 80 °C, 5 h 30

Figure 2.31. Synthesis of Dodecylthio 2,3,5-tri-O-benzyl-L-arabinopyranoside (30).

2,3,5-Tri-O-benzyl-L-arabinopyranose 6 (100 mg, 0.24 mmol) and 1-
dodecanethiol (70 uL, 0.29 mmol) were added in a microwave vessel followed by a
stock solution of DBSA (0.5 mL). It was stirred in a microwave reactor at 80 C for 5 h.
The reaction was monitored by thin-layer chromatography (hexanes:ethyl acetate

4:1; p-anisaldehyde, R; = 0.40). After the reaction reached to the completion, it was

quenched with saturated NaHCO; solution (2.5 mL), extracted with ethyl acetate (5 X
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2.5 mL), and washed with brine (3 mL). The combined organic layer was dried using
anhydrous MgSO4 and concentrated to dryness in a rotary evaporator. The crude
product was purified by column chromatography on silica gel using gradient elution
with ethyl acetate:hexanes from 0:1 to 3:7 eluent. Dodecylthio 2,3,5-tri-O-benzy!-L-
arabinopyranoside (30) was obtained as a pale yellow syrup (86 mg, 60%, ap =
50:50). 1H NMR (400 MHz, CDCls) a-anomer: &y 0.76-0.84 (t, J = 6.6 Hz, 3H), 1.09-1.32
(m, 18H), 1.46-1.62 (m, 2H), 2.42-2.65 (m, 2H), 3.58-3.67 (m, 2H), 3.70-3.77 (m, 1H),
3.84-3.96 (m, 2H), 4.51-4.65 (m, 6H), 5.11-5.15 (d, J = 3.5 Hz, 1H, anomeric proton),
7.17-7.32 (m, 15H). MALDI-TOF: m/z calculated for CsgHs,0,SNa 627.3484 [M+Na+];
found 627.3485.

Dodecylthio 2,3,4,6-tetra-O-benzyl-D-galactopyranoside (31)

O__.OH 0. .SCH,(CH,)1,CH
BnO 1.2 equiv CH;(CH,)1oCH,SH ~ BnO 272N
BnO “0Bn 100 mol% DBSA BnO “/0Bn

OBn H,0 OBn
uwave, 80 °C, 5 h
2,3,4,6-tetra-O-benzyl-D-galactopyranoside 31

Figure 2.32. Synthesis of dodecylthio 2,3,4,6-tetra-O-benzyl-D-galactopyranoside (31).

2,3,5-Tri-O-benzyl-D-galactopyranoside (100 mg, 0.24 mmol) and 1-
dodecanethiol (70 uL, 0.29 mmol) were added in a microwave vessel followed by a
stock solution of DBSA (0.5 mL). It was stirred in a microwave reactor at 80 C for 5 h.
The reaction was monitored by thin-layer chromatography (hexanes:ethyl acetate

4:1; p-anisaldehyde, R; = 0.32). After the reaction reached to the completion, it was

quenched with saturated NaHCOj; solution (2.5 mL), extracted with ethyl acetate (5 X
2.5 mL), and washed with brine (3 mL). The combined organic layer was dried using
anhydrous MgSO4 and concentrated to dryness in a rotary evaporator. The crude
product was purified by column chromatography on silica gel using gradient elution
with ethyl acetate:hexanes from 0:1 to 3:7 eluent. Dodecylthio 2,3,4,6-tetra-O-benzyl-
D-galactopyranoside (31) was obtained as a pale yellow syrup (551 mg, 32%, a.p =
40:60,). "H NMR (400 MHz, CDCls) B-anomer: &y 0.84-0.91 (t, J = 6.7 Hz, 3H), 1.17-1.37
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(m, 18H), 1.52-1.65 (m, 2H), 2.38-2.60 (m, 2H), 3.47-3.61 (m, 2H), 3.76-3.82 (m, 1H),
3.90-3.96 (m, 1H), 4.24-4.45 (m, 2H), 4.65-4.91 (m, 6H), 5.42-5.48 (d, J = 5.5 Hz, 1H,
anomeric proton), 7.20-7.41 (m, 15H). MALDI-TOF: m/z calculated for CggHgoO4SNa
747.4059 [M+Na'J; found 747.4084.

Dodecylthio 2,3.4,6-tetra-O-benzyl-D-glucopyranoside (32)

O._,.SCH,(CH,);CH
BnO O ~OH 1.2 equiv CH4(CH,),,CH,SH  BnO 2(CH2)10CHs
BnO“ Y~ “OBn 100 mol% DBSA BnO“ Y~ “0Bn

OBn H,0 OBn
uwave, 80 °C, 5 h

2,3,4,6-tetra-O-benzyl-D-glucopyranoside 32

Figure 2.33 Synthesis of dodecylthio 2,3,4,6-tetra-O-benzyl-D-glucopyranoside (32).

2,3,5-Tri-O-benzyl-D-galactopyranoside (100 mg, 0.24 mmol) and 1-
dodecanethiol (70 pL, 0.29 mmol) were added in a microwave vessel followed by a
stock solution of DBSA (0.5 mL). It was stirred in a microwave reactor at 80 ‘Cfor 5 h,
The reaction was monitored by thin-layer chromatography (hexanes:ethyl acetate

4:1; p-anisaldehyde, R = 0.32). After the reaction reached to the completion, it was

quenched with saturated NaHCO; solution (2.5 mL), extracted with ethyl acetate (5 X
2.5 mL), and washed with brine (3 mL). The combined organic layer was dried using
anhydrous MgSO4 and concentrated to dryness in a rotary evaporator. The crude
product was purified by column chromatography on silica gel using gradient elution
with ethyl acetate:hexanes from 0:1 to 3:7 eluent. Dodecylthio 2,3,4,6-tetra-O-benzyl-
D-glucopyranoside (32) was obtained as a pale yellow syrup (551 mg, 45%, o =
40:60,). "H NMR (400 MHz, CDCl;) B-anomer: &y 0.84-0.91 (t, J = 6.7 Hz, 3H), 1.19-1.40
(m, 18H), 1.54-1.66 (m, 2H), 2.43-2.60 (m, 2H), 3.41-3.49 (m, 1H), 3.57-3.70 (m, 2H),
3.72-3.78 (m, 1H), 3.80-3.89 (m, 2H), 4.40-4.87 (m, 6H), 5.35-5.39 (d, J = 4.9 Hz, 1H,
anomeric proton), 7.12-7.39 (m, 15H). MALDI-TOF: m/z calculated for CggHgoO4SNa
747.4059 [M+Na'J; found 747.4035.
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2.10 Mitigation of using organic solvent in work-up

2.10.1 Dilution with water

2,3,5-Tri-O-benzyl-L-arabinofuranoside 5 (100 mg, 0.24 mmol) and
1-dodecanethiol (70 pL, 0.29 mmol) were added in a microwave vessel followed by
stock solutions of acids and surfactants. It was stired in a microwave reactor at 80 C
for 5 h. The reaction was monitored by thin-layer chromatography (hexanes:ethyl
acetate 4:1; p-anisaldehyde, R = 0.40). After the reaction reached to the completion,
water (1.5 mL) was added and centrifuged. The precipitated phase was filtered and
concentrated to dryness in a rotary evaporator. The crude product was purified by
column chromatography on  silica gel using gradient elution with ethyl
acetate:hexanes from 0:1 to 3:7 eluent. Dodecylthio 2,3,5-tri-O-benzyl-L-
arabinofuranoside (11) was obtained as a yellow syrup (48 mg, 33%, a.p = 50:50).

2.10.2 Dilution with saturated sodium hydrogen carbonate (sat. NaHCO,)

2,3,5-Tri-O-benzyl-L-arabinofuranoside 5 (100 mg, 0.24 mmol) and
1-dodecanethiol (70 pL, 0.29 mmol) were added in a microwave vessel followed by
stock solutions of acids and surfactants. It was stired in a microwave reactor at 80 C
for 5 h. The reaction was monitored by thin-layer chromatography (hexanes:ethyl
acetate 4:1; p-anisaldehyde, R; = 0.40). After the reaction reached to the completion,
sat. NaHCO; (1.5 mL) was added and then centrifuged. The emulsion phase was
concentrated to dryness in a rotary evaporator. The crude product was purified by
column chromatography on silica gel wusing gradient elution with ethyl
acetate:hexanes from 0:1 to 3:7 eluent. Dodecylthio 2,3,5-tri-O-benzyl-L-
arabinofuranoside (11) was obtained as a yellow syrup. (73 mg, 50%, o = 50:50).
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CHAPTER IlI

Results and discussion

Here in, a facile and environmentally friendly method for the synthesis of
thioglycosides by dehydrative glycosylation was developed. The dehydration was
carried out using DBSA micellar system. This method was developed in order to
reduce multi-step synthesis and generation of waste according to previous report33
Various reaction parameters such as surfactants, amount of surfactant, reaction
temperature, and Lewis acids were investigated for the optimal conditions. Study of
substrate scope of thiols (aliphatic, aromatic, and heterocyclic) and carbohydrates

(furanoside and pyranoside) were also carried out (Figure 3.1).

O__oH O___sR
Bno/\q BnO/\Q/

BnO OBn - BnO OBn

1. surfactants
2. amount of surfactant
3. Lewis acids
4. reaction temperature
5. scope of thiols
6. scope of sugars

BnO o OH > BnO 0 SR

BnO OBn BnO OBn
OBn OBn

R = alkyl, heterocyclic, and aromatic

Figure 3.1. Scope of this work; dehydrative glycosylation in micellar system enabled

by DBSA.

Working mechanism of this work is based on micellar formation of DBSA
surfactant. In aqueous media, formation of emulsion by DBSA surfactant generates
hydrophobic pocket. This would concentrate acidic proton on the surface of the
emulsion droplet and enhance the rate of dehydration to reach equilibrium. Water

molecules generated during the dehydration is then removed from the droplet due
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to the hydrophobic nature of their interior (Figure 3.2). As a result, the dehydration
reaction would efficiently proceed even in the presence of large amount of water as

53
solvent.

9990, 79

oy

2 BReT =0 ~Q HSR O i O SR 2
OVW )—7 """O OWV BnO Q

Q i o

Q Q Q.

ﬁ%ggggﬁg’ RN

$_OH
Qe @ Dodecylbenzenesulfonic acid (DBSA), H;,C(HZC)WHZC/@/

Figure 3.2. Illustration of dehydrative glycosylation between L-arabinose model and

thiols in the presence of dodecylbenzenesulfonic acid (DBSA).

3.1 Optimization for dehydrative glycosylation

3.1.1 Synthesis of methyl 2,3,5-tri-O-benzyl-L-arabinofuranoside and
methyl 2,3,5-tri-O-benzyl-L-arabinopyranoside (3 and 4) as glycosyl donors

L-arabinose was first used as a model substrate in this study due to its lower
cost compared to other furanosides. Preparation of methyl 2,3,5-tri-O-benzyl-L-
arabinofuranoside (3) and methyl 2,3,4-tri-O-benzyl-L-arabinopyranoside (4) was
achieved following methanolysis and benzylation (Figure 33)% Methyl L-
arabinofuranoside (1) was synthesized by dissolving commercially available L-
arabinose in anhydrous methanol followed by dropwise addition of propionyl
chloride. The in situ generated HCl in MeOH then acted as a catalyst to accelerate
MeOH substitution at anomeric position of L-arabinose. The reaction mixture was

stired for 4 hours at room temperature to yield a mixture of methyl L-
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arabinofuranoside and methyl L-arabinopyranoside. Reaction mixture was

concentrated to dryness and subjected to next step without further purification.

i ONwOH  CH,CH,COCI i, ONwOMe Onprome BnBr, NaH, TBAI i, PO nOMe OO
HO' Qﬁ 3CHy HO' Q" R ) ) ) BnO Qﬁ . j
", ", BnO “OBn ., BnO' “OBn
Ho" “oH anh. MeOH Ho" “ow Sen DMF Bno’  “OBn SBn
L-arabinose 1 2 3 4

Figure 3.3. Synthesis of methyl 2,3,5-tri-O-benzyl-L-arabinofuranoside and methyl
2,3,5-tri-O-benzyl-L-arabinopyranoside (3 and 4).

Protection of the remaining free hydroxyl groups as benzyl ethers was
performed by using standard benzylation conditions (BnBr, NaH, catalytic TBAI in
DMF). Methyl 2,3,5-tri-O-benzyl-L-arabinofuranoside (3) and pyranoside (4) were
obtained as colorless syrup in 60% (a:p = 50:50) and 25% (a: = 50:50), respectively
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over two steps.

3.1.1.1. Synthesis of 2,3,5-tri-O-benzyl-L-arabinofuranose (3)

Optimization for acidic hydrolysis reaction of 2,3,5-tri-O-benzyl-L-

arabinofuranoside (3)

Deprotection of the anomeric methoxy group was carried out under acidic
conditions. Surprisingly, the cleavage was not straightforward as originally expected
due to the high stability of the O-methyl furanoside 3. Several hydrolysis conditions
were examined. The investigation of this deprotection was presented in Table 3.1.
Initially, heating precursor 3 at 70 “C in a mixture of 2:1 acetic acid and sulfuric acid
provided only trace amount of the desired lactol product (5) monitored by TLC
(entry 1). Addition of polar organic solvent such as tetrahydrofuran and increasing
temperature were considered to enhance the solubility of furanoside 3 in the

hydrolysis media (entry 2). However, the product was still detected in trace amount.
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Then, a mixture of 1:1 HCl and dioxane was used, but there was no reaction

occurred (entry 3).

Table 3.1. Optimization for the hydrolysis of methyl 2,3,5-tri-O-benzyl-L-

arabinofuranose (3)

o o
Bno” '5_7”' OMe conditions Bno” ""S_T’OH

BnO OBn BnO OBn
3 5

o Time a

Entry Conditions Temp (C) ) Yield
1 CH5COOH: 1.0 M H,S0, (2:1) 70 72 trace”
2 CH;COOH: 2.0 M H,SO4: THF (2:1:1) 100 a8 trace’
3 0.1M HCL: dioxane (1:1) 60 48 NR™
i 0.1M DBSA: H,O (1:1) 80 48 NR®
5 CH5COOH:H,0 (4:1) 115 24 30%
6 0.1M HCldioxane (1:1) 70, pwave” 1 30%
7 CH5COOH:H,0 (4:1) 115, pwave” 0.45 55%
8 CH5COOH:H,0 (4:1) 115, pwave” 1 60%
9 CH,COOH:H,O (4:1) 125, pwave” 2 65%
10 CHACOOH:H,0 (4:1) 130, pwave” 2 72%
11 CH5COOH:H,0 (4:1) 150, pwave” 2 90%

“ Isolated yield. ® Reaction mixture was monitored by TLC. “ NR = No reaction; it was

mornitored by TLC. ‘ pwave = microwave irradiation

DBSA in water was applied for hydrolysis reaction (entry 4). Unfortunately,
there was no reaction occurred. Next, 4:1 mixture of acetic acid and water was used,
however only poor yield (30%) of the hydrolysis product was obtained (entry 5).
Heating by microwave irradiation was then employed instead of conventional oil

bath heating. The hydrolysis media in entry 3 (1:1 HCl: dioxane) was conducted again
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by microwave irradiation instead of by oil bath. Nevertheless, the product was still
obtained in low yield (entry 6). Thus, we decided to use 4:1 CH;COOH: H,O as
hydrolysis media and the reaction temperature and reaction time were optimized
(entries 7-11). It was found that the best conditions were CH;COOH: H,O (4:1) under
microwave irradiation at 150 oC for 2 h (entry 11), which gave the desired lactol

product 5 in 90% (a: = 50:50).

3.1.1.2. Synthesis of 2,3,5-tri-O-benzyl-L-arabinopyranoside (6)

Methyl 2,3,5-tri-O-benzyl-L-arabinopyranoside (4) were hydrolyzed by the
same hydrolysis conditions as previously described by using CH;COOH: H,O (4:1)
under microwave irradiation at 150 C for 2 hours (Figure 3.4). It gave the desired
product 6 in 63% vyield (a:p = 50:50) along with some staring material left over.
Hydrolysis reaction did not proceed completely possibly due to conformational

rigidity of the six-membered pyranoside ring.

(o) OMe (o) OH
CH;COOH:H,0 (4:1)
BnO "IOBI'I uwave, 150 DC, 2h ¢ BnO IIIOBn
OBn OBn
4 6

Figure 3.4. Hydrolysis of 2,3,5-tri-O-benzyl-L-arabinopyranoside (6).

3.1.2 Reaction optimization

Dehydrative thioglycosylation in micellar system: A study model

2,3,5-Tri-O-benzyl-L-arabinofuranoside (5) and 1-dodecanethiol were chosen
for this optimization. Both precursors are relatively hydrophobic molecules thus they
were selected as model substrates. Optimal reaction conditions for dehydrative

glycosylation in the micellar media were investigated by varying several parameters
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such as type of surfactants, amount of surfactant, reaction time, reaction

temperature, and type of Lewis acid.

3.1.2.1. Effect of different surfactants

Effect of surfactants on the dehydrative glycosylation are shown in Table 3.2.
Initial attempt was commenced by investigating Br@nsted acid-type surfactants in the
glycosylation between lactol 5 and 1-dodecanethiol, starting with DBSA surfactant.
Thiofuranoside product was afforded in good yield without selectivity (entry 1). Then,
perfluorooctanesulfonic acid (PFOS; CF5(CF,);SOsH) and perfluorooctanoic acid (PFOA;
CF4(CF,)sCOOH) were elucidated. Both of them (sulfonic and carboxylic acid) were
reported as efficient Braonsted acid-type surfactants in emulsion polymerization. The
results revealed that the desired dodecylthio 2,3,5-tri-O-benzyl-L-arabinofuranoside
product (11) was obtained in low yield in the presence of PFOS (entry 2). On the
other hand, yield was dramatically increased to 72% when using PFOA as surfactant

(entry 3). In both cases the a—-anomer was inferentially formed.

Table 3.2. Effect of different surfactants on dehydrative glycosylation

(o)
Bno/lu.Q,«OH CH3CH,(CH,)4SH Bno/““QSCHZ(CHZ)mCHs
2 100 mol% surfactants K

BnO OBn BnO OBn
5 H,0 11
uwave, 80 °C, 5 h
Entry Surfactant Yield (a:p)’
1 PFOS” (pka <1) 17% (71:29)
2 PFOA" (pka <1) 72% (71:29)
3 DBSA’ (pka <1) 729% (50:50)
4 TPGS-750-M° NR'

5 TPGS-750-M : p-TSA® 56% (91:9)
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6 0.1 M H,SO, (pka = 1.92) trace"
7 CH,COOH (pka = 4.75) NR'
8 p-TSA (pka = -2.6) 17% (67:33)

9 4-hydroxybenzenesulfonic acid (pka < 1) 27% (71:29)

* Yield and o:f selectivity was determined by "H NMR signal integration of anomeric
proton. ® PFOS = heptadecafluorooctanesulfonic acid (CF5(CF,),SOsH). ~ PFOA =
perfluorooctanoic acid (CF5(CF,);COOH). “ DBSA = 4-dodecylbenzenesulfonic acid. ©
TPGS-750-M = DL-a-tocopherol methoxypolyethylene glycol succinate. "NR = No
reaction; it was observed by TLC. : p-TSA = p-toluenesulfonic acid. " Reaction mixture

was observed by TLC. pwave = microwave irradiation.

It’s also worth mentioning that the reaction mixture of PFOS formed a bilayer
between organic and aqueous phase (Figure 3.5a). However, when using PFOA the
reaction mixture appeared as white turbid emulsion (Figure 3.5b). Formation of
emulsion droplet is crucial for the promotion of the present dehydrative
glycosylation. This could explain superior activity of PFOA over PFOS. Despite of good
reaction yield, PFOA was not considered as a suitable surfactant in this study, since it
is extremely persistent in environment, bio-accumulative and relatively toxic

compared to other surfactants.”

(@ (b)

Figure 3.5. The reaction mixture vessels containing (a) PFOS (bilayer), (b) PFOA

(yellow turbid emulsion).
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Next, TPGS-750-M surfactant was applied in the glycosylation, but no reaction
was occurred (entry 4). Addition of p-TSA to increase the acidity of the reaction gave
moderate yield of the desired product (56%, entry 5). This clarify emphasizes the
crucial roles of both Br@nsted acid and surfactant. Other organic and inorganic
Broinsted acids were also studied. The reaction performed with 0.1 M H,SO, only
provided product in trace amount (entry 6). When using short chain carboxylic acid;
CH;COOH, there was no product formation (entry 7). Next, small molecules of
sulfonic acid such as p-toluenesulfonic acid (p-TSA) and 4-hydroxybenzenesulfonic
acids were investigated (entries 8 and 9). The products were obtained in low yields in
both cases, 17% and 27% respectively. It was clear that the micellar formation
capability of Bronsted acid is necessary for successful dehydrative glycosylation.
Therefore, this research will focus in using DBSA as Br@nsted acid-type surfactants

because of the highest yield and efficiency.

3.1.2.2 Effect of DBSA amount

Investigation of optimal DBSA loading was performed (Table 3.3). Addition of
10 mol% DBSA at 80 C according to the previous reported,17 afforded a mixture of
anomeric products 10, albeit in poor 36% yield (entry 1). From TLC monitoring, some
starting material was not consumed and was recovered after column
chromatography. Thus we also calculated the product yield in term of yield based
on recovered starting material (brsm) in order to elucidate the reaction efficiency

more accurately.

Table 3.3. Optimization of DBSA loading

o 10 2O SCH,(CH,),oCH
Bno” 'S_?’“ OH CHyCH,(CHy)1SH  Bno” ' 5_7"' 2ACHz}oCHs

BnO  ©OBn mol% DBSA BnO  ©OBn
5 H,0 11
uwave, 80 °C, 5 h

Entry DBSA (mol%) Yield (oi:p)’ Brsm" Yield
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1 10 36% (50:50) 40%
2 20 56% (50:50) 75%
3 30 519% (50:50) 98%
4 40 50% (50:50) 77%
5 50 549% (50:50) 78%
6 80 65% (50:50) 93%
7 100 72% (50:50) 99%
8 200 69% (50:50) 95%
9 - NR™ -

* Yield and o selectivity was determined by 'H NMR signal integration of anomeric
proton. " brsm = based on recovered starting material. “NR = No reaction; it was

observed by TLC. pwave = microwave.

When amount of surfactant was increased to 20-50 mol%, the product 10
was obtained in higher yield (entries 2-5). The yield were significantly improved when
the amount of DBSA were used up to 80 and 100 mol% (entries 6-7). Employing
excess DBSA (200 mol%) resulted in comparable yield, however the reaction mixture
was viscous and very difficult to stir (entry 8). There was no formation of the product
in the absence using DBSA (entry 9). Hence, the optimal DBSA loading for was 100
mol% which yielded product up to 72% isolated yield and 99% brsm vyield (entry 7).

The reaction profile of DBSA loading in dehydrative reaction was illustrated in
Figure 3.6. Firstly, the desired product was obtained poor yield of 10 mol% DBSA
loading. Then, product yields were risen rapidly as catalytic amount of DBSA (20-50
mol%). The yields were enhanced considerably at 80-100 mol%. . It was becoming
the highest yield at 100 mol% of DBSA, which was the optimal DBSA loading. Finally,
yields were gradually decreasing at 200 mol% because of the high viscosity of the

reaction.
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Reaction profile for dehydrative reaction

80
g —
8 60
o
5 40
7
(]
.% 20
X

0

0 50 100 150 200 250

Mol% of DBSA

Figure 3.6. Reaction profile of dehydrative reaction in the presence of various

concentration of DBSA.

3.1.2.3 Effect of reaction temperatures

With the optimal DBSA loading (100 mol%) in hand, we next examined the
effect of reaction temperatures (Table 3.4). From the results, it was shown that yields
of the dehydrative glycosylation were also affected by the reaction temperature.
When the temperature was lowered from 80 C (entry 3) to 60 "C and 40 oC, % yield
decreased from 72 to 57 and 44, respectively (entries 1-2). On the other hand, when
the temperature was raised to 100 oC, lower yield was obtained (entry 4) and at 120

"C the reaction mixture decomposed within 1 h (entry 5).

Table 3.4. Optimization of reaction temperature

(0)
BnO/I“'QOH CH3CH,(CHy)1oSH Bno/""SJwSCHz(CHz)mCHs

BnO OBn 100 mol% DBSA, H,0 BnO OBn
5 uwave, temp, 5 h 1
. b,
Entry Temp (°C) Yield (oc:ﬁ)a Brsm Yield

1 40 44% (50:50) 99%
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2 60 57% (50:50) 99%
3 80 72% (50:50) 99%
a4 100 64% (50:50) 80%
5 120 decompositionC -

6 80° 54% (50:50) 84%

* Yield and o selectivity was determined by "H NMR signal integration of anomeric
proton. " brsm = based on recovered starting material. “NR = No reaction; it was
observed by TLC. “The reaction mixture decomposed at 120 "C within 1 h. ° The

product was obtained under conventional heating for 28 h. pwave = microwave.

Dehydrative glycosylation was later conducted by conventional oil bath
heating, in order to compare with microwave reactor’s results (entry 6). The reaction
mixture was stirred at 80 C in oil bath for 48 hours. The obtained product (549%) was
lower than using microwave reactor as well as the reaction time was much longer (48
h compared to 5 h). Thus, performing the reaction under microwave irradiation was
more efficient since shorter reaction time and less energy consumption were
required. Hence, the optimal reaction temperature for this reaction was 80 'C under
microwave irradiation with 100 mol% DBSA loading (entry 3).

Figure 3.7 represents typical TLCs and reaction vessels of the dehydrative
glycosylation described in Table 3.3 and Table 3.4. It showed that the milky
suspension of 10 mol% DBSA at 80 °C (Table 3.3, entry 1) gave low yield (Figure
3.7a). In contrast, high yield of the product was obtained from a pale-yellow
suspension with 100 mol% DBSA at 80 °C (Table 3.3, entry 7, Figure 3.7b). In addition,
the reaction mixture decomposed within 1 hour of microwave irradiation and turned

to black-brown solution at 120 °C (Table 3.4, entry 5, Figure 3.7¢).
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Starting Starting
Material Material

Thiol

3 (a) 3) (b) (c)

Figure 3.7. TLCs and reaction mixture vessels. (a) 10 mol% DBSA, 80 C (Table 3.3,
entry 1). (b) 100 mol% DBSA, 80 C (Table 3.4, entry 3). (c) 100 mol% DBSA, 120 C
(Table 3.4, entry 5).

3.1.2.4 Effect of Lewis acids

Lanthanide salts have been reported as stable Lewis acids in aqueous
solution. They were applied as catalysts in numerous chemical transformations.
Glycosylation of lactol 5 with 1-dodecanethiol in the presence of triflate and
chloride salts of metal group 1-11 as well as rare earth metals were screened,;
Cu(QTA),, Zn(OTA),, Sc(OTHs, Yb(OTH)s, LalOTf)s, GA(OTT)s, Nd(OTH)s, Pr(OTf)s, CrCls, and

SrCl,. The results are summarized in Table 3.5.

Table 3.5. Optimization of additive Lewis acids

0. (o)
. OH n, SCH,(CH;)4oCH
BnO/“ 'Q" CH3CH2(CH2)1°SH‘ BnO/ ' 2(CH3)19CH;
BnG’ OBn 100 mol% DBSA, H,0 BnO’ OBn
5 10 mol% Lewis acids 11
uwave, 80 °C, 5 h
. . . a
Entry Lewis acids Yield (a:3)
1 Sc(OTo)s 59% (50:50)

2 Yb(OTf)s 63% (50:50)
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3 La(OTf) 67% (50:50)
q Gd(OTh; 64% (50:50)
5 Nd(OTf), 64% (50:50)
6 PH(OTh), 56% (50:50)
7 Cu(OTH), 56% (50:50)
8 Zn(OT), 15% (50:50)
9 CrcCly 58% (50:50)
10 SiCly 56% (50:50)

* Yield and o:f selectivity was determined by 'H NMR signal integration of anomeric

proton. pwave = microwave.

The effect of lanthanide salts were investicated under our standard
dehydrative glycosylation conditions. Addition of 10 mol% lanthanide Lewis acid
such as Sc(OTf)s, Yb(OTf)s, LalOThs, GA(OTf)s, Nd(OTf)s, and Pr(OTf); all provided
similar yields (56-67%) of the desired product 11 (entries 1-6). Other Lewis acids
such as Cu(OTf),, CrCls, and SrCl, also gave comparable yield to the lanthanide Lewis
acid (entries 7, 9-6). Interestingly, decomposition of lactol 5 was observed in the
presence of Zn(OTf),, resulting in a much lower yield (entry 8). On the contrary of
previous reports, additions of lanthanide Lewis acid did not show promotion of the
glycosylation under the DBSA micellar condition since the products were obtained in
a range of 50-60 %. This was lower that our optimized conditions without Lewis acid
(entry 11, 72% vyield), thus we concluded that Lewis acid was not necessary for our

dehydrative glycosylation.
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3.1.2.5 The effect of acids and surfactant (DBSNa)

It was shown that addition of DBSA was essential for the successful
dehydrative glycosylation (entry 7, Table 3.3). In the absence of DBSA, no desired
product was afforded (entry 9, Table 3.3). We wondered that this success was due to
either micellar formation capability of dodecylbenzene sulfonate anion or acidity of
the catalyst or both. Next, we set investigation to probe whether acid
(Lewis/Bransted acid) or surfactant alone could generate the corresponding
thioglycoside products 11 (Table 3.6). In case of p-toluenesulfonic acid (p-TSA) whose
chemical structure and pK, were similar to DBSA. However, it gave very low yield of
the product (entry 1). The methyl group of p-TSA does not form micelles, even
though it helps to solubilize organic molecule by the formation of hydrogen bond as
hydrotropes. Hydrotropes have a much smaller size than micelles resulting in lower
yield of the  thioglycoside produc‘t.56 Therefore,  DBSNa  (sodium
dodecylbenzenesulfonate) was added to increase hydrophobic interiors forming
larger micellar pockets and improve the yield of product. The amount of DBSNa was
varied from 5 to 100 mol%. The results indicated that the yield increased evidently
at of 5 mol% DBSNa (entry 2). When DBSNa was added up to 10 mol%, the highest
yield was obtained in 60% vyield (entry 3). When, DBSNa were used as stoichiometric
levels, the yields were reduced gradually (entries 4-7). Importantly, no product was
identified in the presence of DBSNa alone without acid (entry 8). The ionic
distribution at charge aqueous interface has the influence with micelle structure. The
more DBSNa added, the lower yield of products obtained and this might be a result

of smaller size of micelle. !



71

Table 3.6. The effect of acids and surfactants

(o) (0]
N OH 1y, SCHz(CH2)10CH
Bno/ll Q Bno/ Qﬂ' 3
2 acids:surfactants “

BnO OBn . BnO OBn
pwave, 80 C,5h

CH3CH,(CH,)4,SH

5 11

Entry Acid Surfactant Yield’
1 100 mol% p-TSA’ - 17
2 100 mol% p-TSA 5 mol% DBSNa® 55
3 100 mol% p-TSA 10 mol% DBSNa 60
q 100 mol% p-TSA 30 mol% DBSNa 43
5 100 mol% p-TSA 50 mol% DBSNa 38
6 100 mol% p-TSA 80 mol% DBSNa a4
7 100 mol% p-TSA 100 mol% DBSNa 36
8 - 100 mol% DBSNa NR’
9 10 mol% Sc(OT; - NR’
10 30 mol% Sc(OTh), 100 mol% DBSNa trace”
11 100 mol% Sc(OTf); 100 mol% DBSNa 13'
12 30 mol% Yb(OTf), 100 mol% DBSNa trace

* Yield and o:p selectivity was determined by "H NMR signal integration of anomeric
proton, o:ff = 67:33. b p-TSA = p-toluenesulfonic acid. © DBSNa = sodium
dodecylbenzenesulfonate. “NR = No reaction; it was observed by TLC. ° Reaction

mixture was observed by TLC. pwave = microwave.

Sc(OTf); and Yb(OTf); were chosen to study of the influence of Lewis acid. No

reaction was occurred in the presence of 10 mol% of Sc(OTf); by TLC monitoring



72

(entry 9). A combination of 100 mol% DBSNa and 30 mol% Sc(OTf); or Yb(OTf); gave
only trace amount of the product (entries 10 and 11). When the amount of Sc(OTf)s
was increased to 100 mol%, the product was obtained in 13% vyield (entry 12).
Consequently, from the results in Table 6, Br@nsted acid-surfactant has substantial
influence over only either surfactant (DBSNa) or acid (Br@nsted and Lewis acid) to
perform the desired thioglycoside product. When p-TSA was added without the
association of surfactant (DBSNa), low yield of product was gained. On the other

hand, it gave the good yield of product when DBSNa as used in catalytic amount.

3.2 Synthesis of 2,3,5-tri-O-benzyl-1-O-acetyl-L-arabinofuranoside (7)

(o) (o)
Bno/”"Q"OH 5.0 equiv acetic anhydride Bno/""Q"OAc

BnO OBn pyridine BnO OBn
5 0’Ctort,4h 7

Figure 3.8. Synthesis of 2,3,5-tri-O-benzyl-1-O-acetyl-L-arabinofuranoside (7).

2,3,5-Tri-O-benzyl-1-O-acetyl-L-arabinofuranoside  (7) was prepared by
acetylation reaction of 5 under acetic anhydride in pyridine at 0 C to room
temperature for 4 hours. The desired product 7 (Figure 3.8) was obtained as a clear

yellow syrup in 90% vyield (o = 44:56).

3.3 Synthesis of methyl 6-thio-2,3,4-tri-O-benzyl -D-glucopyranoside (10)

The study of glycosylation between lactol 5 and 10 as thiol acceptor was
next explored. Methyl 6-thio-2,3,4-tri-O-benzyl-D-glucopyranoside (10) was prepared
from methyl 2,3,4-tri-O-benzyl-D-glucopyranoside precursor in 3 steps. The synthesis
was adapted from previous repor’ts.EO_52 The preparation of methyl 6-thio-2,3,4-tri-O-
benzyl-D-glucopyranoside (10) was shown in Figure 3.9. First, tosylation at a free
hydroxyl of methyl 2,3,4-tri-O-benzyl-D-glucopyranoside was carried out. The reaction

was conducted in anhydrous pyridine as solvent. TsCl in anhydrous pyridine was
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added slowly at 0 °C and the reaction was stirred for overnight at room temperature

under nitrogen atmosphere. The reaction gave the desired product 8 in 85% vyield.

o OMe O OMe O OMe
HO S 11 equivTscl  TsO ~ 5.0 equiv KSAc AcS o
8 o, E——— - o, _ > R .
BnO" ‘OBn anh. pyridine BnO" ‘OBn anh. DMF BnO" “OBn
OBn 0°Ctort OBn 70°C,18 h OBn

8 9
methyl 2,3,4-tri-O-benzyl-D-glucopyranoside

1.1 equiv NaOMe

MeOH
rt, overnight
HS O .OMe
Bno“ “’0Bn

OBn
10

Figure 3.9. Synthesis of methyl 6-thio-2,3,4-tri-O-benzyl-D-glucopyranoside (10).

Next, nucleophilic displacement of 8 with potassium thicacetate in dry DMF
was conducted. Potassium thicacetate was added in several portions, and the
reaction mixture was stirred at 70 C for 18 h under nitrogen protection. The desired
product methyl 6-thioacetyl-2,3,4-tri-O-benzyl-D-glucopyranoside (9) was obtained in
98%. The last step for the preparation of 10 was deprotection of the thiol group in
the presence of NaOMe in MeOH. Intermediate 9 was dissolved in MeOH. Then,
sodium methoxide in MeOH was added dropwise, and the reaction mixture was
stirred at room temperature overnight under nitrogen protection. It gave the product

10 as a clear yellow oil as in 88% yield.
3.4 Substrate scopes of thioglycosylation

3.4.1 Thiofuranosides of aliphatic and aromatic thiols

The scope of the S-nucleophile was investigated as shown in Table 3.7
according to the optimal conditions. All reactions were performed in the presence of

100 mol% of DBSA under microwave irradiation at 80 C for 5 h. The desired products

from the primary and secondary aliphatic thiols (11-19) were obtained in the good
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yields. Only the product (20) derived from tertiary aliphatic thiol was obtained in low
yield. Unfortunately, thioglycosylation of the lactol 5 and methyl 6-thio-2,3,4-tri-O-
benzyl-D-glucopyranoside (10) gave a pale yellow syrup (64 mg), that was not the
desired product. Additionally, aromatic thiols bearing electron donating and
withdrawing groups gave the moderate yields of the desired products (22-23). The
product from of 1-napthalenethiol was also obtained in moderate yield (24). In case
of the less reactive heterocyclic thiol nucleophiles, the products 25-26 could not be
obtained. The reasons for low yielding of product may be explained by low
hydrophobicity and reactivity of thiols. Nonetheless, highly water soluble tertiary
aliphatic thiol such as tert-butylthiol did not penetrate into the micelle pockets, so
the dehydrative glycosylation took place inefficiently resulting in low vyield of

product.
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Table 3.7. Synthesis of thiofuranosides by dehydrative glycosylation with aliphatic

and aromatic thiols

(o) (o)
n, OH . ", SR
BnO/ Q’ thiols N BnO/ Q"
BnO "OBn 100 mol % DBSA BnO "OBn
5 uwave, 80 °C, 5 h
Aliphatic thiols?®
(o) O,
. SCH,(CH,);,CH ", SCH,(CH,)sCH n, SCH,(CH,)sCH
BnO/ 2(CH32)10CH3 BnO/ S_7- 2(CH3)eCH3 Bno/ Qﬁ 2(CH3)gCH3
BnO "’OBn BnO "'OBn BnO "’OBn

11 (o/ = 50/50, 72% yield)>®

- O~ SCH,(CH,);,CH;

2

BnO ©oBn

14 (a/p = 80/20, 65% yield)

i, SCH,(CH,);6CH;
n

BnO

BnO OBn

17 (/B = 90/10, 63% yield)

B0 ,,,,,517,.30(%3)3

BnO OBn

W

20 (a/p = 50/50, 24% yield)

12 (o/p = 83/17, 71% yield)

- O~ SCH,(CHy);5CHs

BnO

2,

0Bn

15 (o/p = 92/8, 58% yield)

O

o
e s
Bno”

BnO  ©Bn
18 (a/p = 50:50, 45% yield)

Me

rO\\('.)Bn
(0] OBn
BnO/“";JNs Bn

BnO OBn

"o

Oun,

"

21
No desired product

13 (o/p = 84/16, 67% yield)

_— O~ SCH,(CH,);,CHs

2,

BnO OBn

16 (a/p = 54146, 58% yield)

o
i s
BnO/ ) §_7M
BnO  ©OBn

19 (o/p = 60/40, 42% yield)
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Aromatic thiols?
CHj; Cl

O,

1, S
B O/III,Q«S B o/m,gs BnO/ Q
n n ’o

K7

BnO  ©OBn BnO  ©OBn
22 (/P = 82118, 41% yield) 23 (/B = 86/14, 43% yield) 24 (/B = 14/86, 47% yield)

a o

S NS
o { o{

" 1,
e e

2,

BnO  ©OBn BnO'  OBn
25 (No desired product) 26 (No desired product)

? Isolated yield and o:p selectivity was determined by 'H NMR signal integration of

anomeric proton. pwave = microwave.

3.4.2 Effect of leaving group at anomeric carbon (C1)

Additionally, the effects of leaving groups at anomeric carbon were explored
in both methoxy (3) and acetate (7) groups (Table 3.8). Acetate group provided
decent yield of the product (entry 1), while methoxy as leaving group gave very poor
yield (entry 2). It can be assumed that hydrolysis reaction may compete with

dehydrative glycosylation and converse to hydroxyl group.

Table 3.8. Synthesis of furanosides by dehydrative glycosylation in various leaving

groups
110, PONwOR 1, Oy SCH,(CH,)1oCHy
BnO Q CH;(CH,)4oCH,SH BnO 5_7«*
BnO  ©OBn 100 mol % DBSA BnO  ©OBn
H,0
pwave, 80 °C, 5 h
Entry Furanoside Yield (o:B)”

1



7

S, 0 .OMe 10 (91:9)
BnO

BnO OBn

(o)
n, OAc
BnO/ '

2 2
BnO OBn 60 (99:1)

7

? Isolated yield and o} selectivity was determined by "H NMR signal integration of

anomeric proton. pwave = microwave.

3.4.3 Dehydrative glycosylation of various furanoside and pyranoside

Next, dehydrative glycosylation of various substrates of both furanose and
pyranose sugars by 1-dodecanethiol were investigated as shown in Table 3.9. 2,3,5-
Tri-O-benzyl-B-D-arabinofuranoside, 2,3,5-tri-O-benzyl-D-ribofuranoside, and 2,3,5-tri-
O-benzyl-D-xylofuranoside (entry 1-3) gave good yield of products (27-29) under the
same optimal conditions. The pyranose sugar, 2,3,5-tri-O-benzyl-L-arabinopyranose
(entry 4) also provided the desired product (30) in good yield. The corresponding
products (31-32) from 2,3,4,6-tetra-O-benzyl-D-galactopyranoside and 2,3,4,6-tetra-O-
benzyl-D-glucopyranoside (entry 5-6) were obtained in low yield due to the poor
reactivity of six-membered rings. Hence, the developed protocol for dehydrative
glycosylation in micellar media can be applied for both furanose and pyranose

sugars.
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Table 3.9. Synthesis of thioglycosylation of various furanoside and pyranoside

O_~OH  CH3CHy(CH,)4,SH O ~SCH,(CH,);(CH;
m 100 mol% DBSA m

n n
H,0
uwave, 80 °C, 5 h n=12
Entry Lactol Product Yield (o::p)’
O_.OH SCH,(CH,)10CHs
N (o) .
1 8. oBn 66% (83:17)
B-D-arabinofuranoside 27

O ~OH
BnO/\QW /\QNVSCHz CHy)1oCH3

2 BnO  ©OBn
D-ribofuranoside 73% (15:85)
28
O, ~OH SCH,(CH,)1oCHs3
3 0 .
BnG BN 75% (50:50)
3 D-xylofuranoside 29
Oo. ,OH SCH3(CH3)1oCH3
q BnOL‘/\r ‘OBn /0B 60% (50:50)
OBn
L-arabinopyranoside 30
- O ,.SCH,(CH,)10CHj
5 BnO “/OBn 32% (40:60)

OBn
D-galactopyranoside 31
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O_ .OH
6 o 50 O ~SCHy(CHy)1oCHj3
BnO™ “'OBn BnO™ “'OBn 45% (40:60)

OBn OBn

D-glucopyranoside 32

? Isolated yield and o:f} selectivity was determined by 'H NMR signal integration of

anomeric proton. pwave = microwave.

3.5 Mitigation of using organic solvent in work-up

Attempt to avoid from using organic solvents in work-up procedures was also
considered in order to achieve a truly “green” synthesis. The experiments were
carried out by using water and saturated NaHCO; instead of organic solvent
extractions. Dilution the reaction mixture with water and saturated NaHCO; followed
by centrifugation provided product 11 in only 10% and 50% respectively after
column chromatography. Unfortunately, these methods gave diminished vyield
possibly due to a formation of emulsion phases and some of product was trapped in
the aqueous layer. The reaction mixture separated into three phases after
centrifugation (Figure 3.10). Emulsion phase of reaction at the top (the mixture of
starting material and product), aqueous phase at the middle, and precipitated of
inorganic salt at the bottom. To confirm the assumption that some of products were
trapped in the aqueous phase, water layer was later extracted by ethyl acetate and
analyzed by TLGs. It was found that some product was indeed present in the
aqueous layer. Therefore, these procedures were not suitable replacement for

organic extraction.
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Figure 3.10. Work-up by using sat. NaHCO; (after centrifuge): emulsion phase of

reaction at the top, aqueous phase at the middle, and precipitation at the bottom.

3.6 Proposed mechanism

According to the experiment results, we propose that the reaction begins by
protonation of the anomeric hydroxyl group to form an oxocarbenium ion. The
hydrophobic micelle core repels water and expulses it out of the micelle. Lastly, the
thiol nucleophile attacks the oxocarbenium ion and the acid is regenerated58 as

shown in Figure 3.11.
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Figure 3.11. A proposed mechanism for the DBSA mediated synthesis of

thiofuranoside in aqueous solutions.
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CHAPTER IV

Conclusion

A novel and environmentally friendly method for the synthesis of
dehydrative glycosylation in the presence of DBSA as a Brgnsted acid-surfactant in
water was developed. The use of water as the solvent makes the reaction very easy
to perform without requiring anhydrous conditions and avoids the use of toxic and
hazardous organic solvents. The emulsion hydrophobic pocket of DBSA surfactant
was performed by hydrophobic interaction, when it was in water. The surfactant
molecules would concentrate proton onto the surface of the emulsion droplets and
then enhance the rate to reach equilibrium. Water molecules generated during the
reaction would then be removed from the droplets due to the hydrophobic nature
of their interior, making the reactions efficiently proceed even in the presence of a
large amount of water as a solvent.

Performing the reaction in a microwave reactor significantly increased the
yields and reduced the reaction times compared to conventional heating. The
reaction conditions were optimized and it was found that the optimal condition was
100 mol% of DBSA in water at 80 C under microwave irradiation for 5 hours afford
the highest yield of the desired products. The study of effect of surfactant and acid
confirmed that the reactions required the combination of Brgnsted acid-surfactant.
Either acids or surfactants alone were not efficient for generating the products.

Addition of water-tolerated Lewis acids did not improve the yield.
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Table 4.1. Substrate scopes of dehydrative glycosylation.

o)
i,

OH
BnO

BnO OBn

Aliphatic thiols?

(0}

SR
HSR BnO” g
H,0 BnO  ©OBn

100 mol% DBSA
uwave, 80 'C,5h

(o) (o]
", SCH,(CH,)4,CH ",
Bno/'S_?m 2(CH2)10CH3 Bno/'pw

Bno’ OBn Bn0’ OBn

11 (a/p = 50/50, 72% yield)

BnO'  OBn BnO'  OBn

15 (/B = 92/8, 58% yield)

(o] O,
SCH,(CH,)6CH. n, SCH,(CH,)gCH. ",
2(CH2)eCH3 BnO/'Q 2(CH2)sCH3 Bno/'Sj«

12 (/p = 8317, 71% yield)

- Si?..scnz(cn-lz)ﬂcn3 ane”" 517,,.scr-|z(cuz)1,,cu3 oo /’“'QSCHZ(CHZ)mcm

16 (/B = 54146, 58% yield)

SCH,(CH;)1,CH;
Bno’ OBn Bno’ OBn
13 (o/p = 84116, 67% yield) 14 (/B = 80/20, 65% yield)

O,
", S
BnO/ " g

BnO Bn0' OBn

“oBn

17 (/B = 90/10, 63% yield) 18 (a/p = 50/50, 45% yield)

OMe
o wOBn
i, PO S i ONywSC(CH3); .
BnO S_?’" BnO Q i, 4 _ & YoBn
> / BnO' BnO
BnO  ©OBn BnO' OBn .,
BnO  ©OBn
19 (o/p = 60/40, 42% yield) 20 (a/p = 50/50, 24% yield)

Heterocyclic and aromatic thiols?

CH, cl

S

i, O,
BnO g

Bno’ OBn

(o]
, S
BnO/ ) Q

BnO'  OBn
22 (0/p = 82118, 41% yield)

S, 0.
BnO g

BnO

23 (oJp = 86/14, 43% yield)

21 (No desired product)

O s
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" s " s
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0
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Furanosides and pyranosides?

(o)
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BnO  OBn
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BnO “OBn

0.
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\\’
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31 (a/p = 40/60, 32% yield) 32 (a/p = 40/60, 45% yield)

? Isolated yield and o:f selectivity was determined by

anomeric proton. pwave = microwave.

"H NMR signal integration of



84

As for the scope of substrates (Table 4.1), the reaction between the lactols
could be performed with a wide variety of thiols, including primary, secondary, and
tertiary alkyls as well as aryl, but not heterocyclic, thiols. Hydrophobic substrates
gave better yields of the thiofuranoside products than hydrophilic substrates, which
could not efficiently penetrate in the micelle pocket. Additionally, numerous O-
benzyl-protected furanosides and pyranosides were elucidated as glycosyl donors.
The thioglycoside products were generally obtained in moderate to good yield. The
yields of thiopyranosides were lower than furanosides.

Noteworthily, the open-chain dithioacetal side product potentially obtained
was not detected by using this protocol. The developed reaction needed neither
dehydrating agents nor azeotropic removal of water. Moreover, this methodology
avoided multi-step procedures to ensured anhydrous conditions compared to the
previous reports. The simple and convenient preparation was easy to handle.
Furthermore, since the solvent in the reactions are water, the reactions may lead to
a method which solves some environmental problems. This work not only leads to a
new reaction systems which works in water but also provides a new aspect of using

micellar acidic catalyst for performing organic chemistry in water.



85

REFERENCES
1. Anastas, P. T.; Warner, J. C. Green Chemistry - Theory and Practice. Oxford
University, 1998.
2. Grieco, P. A. Oreanic Synthesis in Water. Blackie Academic & Professional:
London, 1998.
3. Rideout, D. C.; Breslow, R. "Hydrophobic Acceleration of Diels-Alder Reactions"
1980, 102, 7816-7817.
4. Larsen, S. D.; Grieco, P. A. "Aza Diels-Alder Reactions in Aqueous Solution:

Cyclocondensation of Dienes with Simple Iminium Salts Generated under Mannich

Conditions " J. Am. Chem. Soc. 1985, 107, 1769-1771.

5. Cho, S. H.; Yoo, E. J; Bae, I; Chang, S. "Copper-Catalyzed Hydrative Amide
Synthesis with Terminal Alkyne, Sulfonyl Azide, and Water" J. Am. Chem. Soc. 2005,
16046-16047.

6. Larrow, J. F.; Jacobsen, E. N.; Gao, Y.; Hong, Y.; Nie, X,; Zepp, C. M. "A Practical
Method for the Large-Scale Preparation of [N,N'-Bis(3,5-di-tertbutylsalicylidene)-1,2-
cyclohexanediaminato(2-)lmanganese(lll)  chloride, a Highly  Enantioselective
Epoxidation Catalyst" J. Org. Chem. 1994, 1939-1942.

7. Gajewski, J. J. "The Claisen Rearrangement. Response to Solvents and
Substituents: The Case for Both Hydrophobic and Hydrogen Bond Acceleration in
Water and for a Variable Transition State" Acc. Chem. Res. 1997, 30, 219-225.

8. Coucouvanis, D., ; Swenson, D.; Stremple, P.; Baenziger, N. C. "Peptide
Synthesis in Water and the Use of Immobilized Carboxypeptidase Y for Deprotection
" J. Am. Chem. Soc. 1979, 101, 3394-3395.

9. La Sorella, G.; Strukul, G.; Scarso, A. "Recent Advances in Catalysis in Micellar
Media" Green Chemistry 2015, 17, 644-683.

10. Sorrenti, A; Ila, O.; Ortuno, R. M. "Amphiphiles in aqueous solution: well
beyond a soap bubble" Chem Soc Rev 2013, 42, 8200-8219.



86

11. Averill, B. General Chemistry: Principles, Patterns, and Applications. Saylor
Foundation: Washington, DC, 2011; p 1635.

12. Dwars, T.; Paetzold, E.; Oehme, G. "Reactions in Micellar Systems" Angew.
Chem., Int. Ed. Engl. 2005, 44, 7174-7199.

13. Shiri, M.; Zolfigol, M. A. "Surfactant-Type Catalysts in Organic Reactions"
Tetrahedron 2009, 65, 587-598.

14. Dong, D.; Ouyans, Y.; Yu, H.; Liu, Q.; Liu, J.; Wang, M.; Zhu, J. "Chemoselective
Thioacetalization in Water: 3-(1,3-Dithian-2-ylidene)pentane- 2,4-dione as an Odorless,

Efficient, and Practical Thioacetalization Reagent" J. Org. Chem. 2005, 70, 4535-4537.

15. Manabe, K. limura, S.; Sun, X.-M.; Kobayashi, S. "Dehydration Reactions in
Water. Brgnsted Acid-Surfactant-Combined Catalyst for Ester, Ether, Thioether, and
Dithioacetal Formation in Water" J. Am. Chem. Soc. 2002, 124, 11971-11978.

16. Manabe, K.; Kobayashi, S. "Dehydrative Esterification of Carboxylic Acids with
Alcohols Catalyzed by Polymer-Supported Sulfonic Acids in Water" Adv. Synth. Catal.
2002, 344, 270-273.

17. Manabe, K. Sun, X.-M.; Kobayashi, S. "Dehydration Reactions in Water.
Surfactant-Type Brgnsted Acid-Catalyzed Direct Esterification of Carboxylic Acids with
Alcohols in an Emulsion System" J. Am. Chem. Soc. 2001, 123, 10101-10102.

18. Aoyama, N.; Kobayashi, S. "Dehydrative Glycosylation in Water Using a
Brgnsted Acid-Surfactant-Combined Catalyst" Chem. Lett. 2006, 35, 238-239.

19. Du, Y.; Linhardt, R. J. "Recent Advances in Stereoselective C-Glycoside
Synthesis " Tetrahedron 1998, 54, 9913-9959.

20. Simons, C.; Wu, Q. "Synthetic Methodologies for C-Nucleosides" Synthesis
2004, 2004, 1533-1553.

21. Kumar, V.; Khandare, D. G.; Chatterjee, A.; Banerjee, M. "DBSA Mediated
Chemoselective Synthesis of 2-Substituted Benzimidazoles in Aqueous Media"
Tetrahedron Lett. 2013, 54, 5505-55009.

22. Scheibel, J. J. "The Evolution of Anionic Surfactant Technology to Meet the



87

Requirements of the Laundry Detergent Industry" J. Surfactants Deterg. 2004, 7, 319-
328.

23, Touchard, V.; Graillat, C.; Boisson, C.; Agosto, F. D'; Spitz, R. "Use of a Lewis
Acid Surfactant Combined Catalyst in Cationic Polymerization in Miniemulsion:

Apparent and Hidden Initiators" Macromolecules 2004, 37, 3136-3142.

24, Vasilenko, I. V.; Ganachaud, F.; Kostjuk, S. I. V. "New Insights into the Cationic
Polymerization in Emulsion Catalyzed by Water-Dispersible Lewis Acid Surfactant
Complexes: A Case Study with p-Methoxystyrene" Macromolecules 2016, 49, 3264-
3273.

25. Vasilenko, I. V.; Yeong, H. Y.; Delgado, M.; Ouardad, S.; Peruch, F.; Voit, B,
Ganachaud, F.; Kostjuk S. V. "A Catalyst Platform for Unique Cationic
(Co)Polymerization in Aqueous Emulsion" Angew. Chem. Int. Ed. 2015, 54, 12728-
12732.

26. Lipshutz, B. H.; Ghorai, S.; Abela, A. R.; Moser, R.; Nishikata, T.; Duplais, C;
Krasovskiy, A.; Gaston, R. D.; Gadwood, R. C. "TPGS-750-M: a Second-Generation
Amphiphile for Metal-Catalyzed Cross-Couplings in Water at Room Temperature" J.
Org. Chem. 2011, 76, 4379-4391.

27. Saito, A.; Numaguchi, J.; Hanzawa, Y. "Pictet-Spengler Reactions Catalyzed by
Brgnsted  Acid-Surfactant-Combined  Catalyst in Water or Aqueous Media"
Tetrahedron Lett. 2007, 48, 835-839.

28. Kang, E-K; Jung, G. Y.; Jung, S. H.; Lee, B. M. "Synthesis and Surface Active
Properties of Novel Anionic Surfactants with Two Short Fluoroalkyl Groups" Ind. Eng.
Chem. 2018, 61, 216-226.

29. Tuberculosis. http://www.who.int/mediacentre/factsheets/fs104/en/ (accessed

January 2018).

30. Pathak, A.; Pathak, V.; Maddry, J. A; Suling, W. J.; Gurcha, S. S.; Besrac, G. S;;
Reynoldsa, R. C. "Studies on (15) Linked Octyl Arabinofuranosyl Disaccharides for
Mycobacterial Arabinosyl Transferase Activity" Bioorg. Med. Chem. 2001, 3145-3151.


http://www.who.int/mediacentre/factsheets/fs104/en/

88

31. Cociorva, O. M.; Gurcha, S. S.; Besra, G. S.; Lowary, T. L. "Oligosaccharides as
inhibitors of mycobacterial arabinosyltransferases. Di- and trisaccharides containing C-
3 modified arabinofuranosyl residues" Bioorg. Med. Chem. 2005, 13, 1369-1379.

32. Cociorva, O. M.; Lowary, T. L. "Synthesis of oligosaccharides as potential
inhibitors of mycobacterial arabinosyltransferases. Di- and trisaccharides containing C-
5 modified arabinofuranosyl residues" Carbohydr. Res. 2004, 339, 853-865.

33. Ayers, B.; Long, H.; Sim, E.; Smellie, I. A.; Wilkinson, B. L.; Fairbanks, A. J.
"Stereoselective synthesis of beta-arabino glycosyl sulfones as potential inhibitors of
mycobacterial cell wall biosynthesis" Carbohydr. Res. 2009, 344, 739-746.

34. Hiranuma, S.; Kajimoto, T., Wong, C.-H. "A Facile Synthesis of 1-
Thiopentofuranoside" Tetrahedron Lett. 1994, 35, 5257-5260.

35. Bellon, L.; Barascut, J. L.; Imbach, J. L. "Efficient Synthesis of 4-Thio-D-
ribofuranose and Some 4’-Thioribonucleosides" Nucleosides and Nucleotides 2006,
11,1467-1479.

36. Wirsching, J.; Voss, J. "Preparation of 2,3,5-Tri-O-benzyl-d4-thio-L-arabino-
furanosides and the Corresponding 4'-Thionucleoside Analogues" Eur. J. Org. Chem.

1999, 1999, 691-696.

37. Secrist, J.; Parker, W.; Tiwari, K.; Messini, L.; Shaddix, S.; Rose, L.; Bennett, L. L,;
Montgomery, J. "The Synthesis and Biological Activity of Certain 4'-Thionucleosides"
Nucleosides, Nucleotides and Nucleic Acids 1995, 14, 675-686.

38. Boulineau, F. P.; Alexander Wei, A. "Mirror-Image Carbohydrates: Synthesis of
the Unnatural Enantiomer of a Blood Group Trisaccharide" J. Org. Chem. 2004, 3391-
3399.

39, Ines, M.; Dhouha, G. "Glycolipid Biosurfactants: Potential Related Biomedical
and Biotechnological Applications" Carbohydr. Res. 2015, 416, 59-69.

40. Kitamoto, D.; Morita, T.; Fukuoka, T.; Konishi, M.-a.; Imura, T. "Self-Assembling
Properties of Glycolipid Biosurfactants and Their Potential Applications" Curr. Opin.
Colloid Interface Sci. 2009, 14, 315-328.



89

41. Szabo, L. Z.; Hanrahan, D. J.; Jones, E. M.; Martin, E.; Pemberton, J. E.; Polt, R.
"Preparation of S-glycoside Surfactants and Cysteine Thioglycosides Using Minimally
Competent Lewis Acid Catalysis" Carbohydr Res 2016, 422, 1-4.

42. Saito, S.; Tsuchiya, T. "Synthesis of Alkyl-B-D-thiodlucopyranoside, a Series of
New Nonionic Detergents" Chem. Pharm. Bull. 1985, 33, 503-508.

43, Kobayashi, S.; Hachiya, I.; Yamanoi, Y. "Repeated Use of Catalyst in Ln(OTf); -
Catalyzed Aldol and Allylation Reactions" Bull. Chem. Soc. Jpn. 1994, 67, 2342-2344.
44, Kobayashi, S.; Nagayama, S.; Busujima, T. "Lewis Acid Catalysts Stable in Water.
Correlation Between Catalytic Activity in Water and Hydrolysis Constants and
Exchange Rate Constants for Substitution of Inner-Sphere Water Ligands" J. Am.
Chem. Soc. 1998, 120, 8287-8288.

45, Achmatowicz, M. M.; Allen, J. G.; Bio, M. M.; Bartberger, M. D.; Borths, C. J;
Colyer, J. T.; Crockett, R. D.; Hwang, T. L.; Koek, J. N.; Osgood, S. A.; Roberts, S. W.;
Swietlow, A.; Thiel, O. R, Caille, S. "Telescoped Process to Manufacture 6,6,6-
Trifluorofucose via Diastereoselective Transfer Hydrogenation: Scalable Access to an
Inhibitor of Fucosylation Utilized in Monoclonal Antibody Production" J. Org. Chem.
2016, 81, 4736-4743.

46. Suthagar, K.; Polson, M. I; Fairbanks, A. J. "Unexpected Furanose/Pyranose
Equilibration of N-Glycosyl Sulfonamides, Sulfamides and Sulfamates" Org. Biomol.
Chem. 2015, 13, 6573-6579.

47. van Rijssel, E. R.;; van Delft, P.; Lodder, G.; Overkleeft, H. S.; van der Marel, G.
A.; Filippov, D. V.; Codee, J. D. "Furanosyl Oxocarbenium lon Stability and
Stereoselectivity" Angew. Chem., Int. Ed. Engl. 2014, 53, 10381-10385.

48. Pei, Z.; Larsson, R.; Aastrup, T.; Anderson, H.; Lehn, J. M.; Ramstrom, O. "Quartz
Crystal Microbalance Bioaffinity Sensor for Rapid Identification of Glycosyldisulfide
lectin Inhibitors from a Dynamic Combinatorial Library" Biosens. Bioelectron. 2006, 22,
42-48.

49, Wu, B.; Ge, J.; Ren, B.; Pei, Z,; Dong, H. "Synthesis and Binding Affinity Analysis
of Positional Thiol Analogs of Mannopyranose for the Elucidation of Sulfur in

Different Position" Tetrahedron 2015, 71, 4023-4030.



90

50. Miao, Y.; Phuphuak, Y.; Rousseau, C.; Bousquet, T.; Mortreux, A.; Chirachanchai,
S.; Zinck, P. "Ring-Opening Polymerization of Lactones Using Binaphthyl-Diyl Hydrogen
Phosphate as Organocatalyst and Resulting Monosaccharide Functionalization of
Polylactones" J. Polym. Sci., Part A: Polym. Chem. 2013, 51, 2279-2287.

51. Zou, L.; Zheng, R. B.; Lowary, T. L. "Studies on the Substrate Specificity of a
GDP-Mannose Pyrophosphorylase from Salmonella Enterica" Beilstein J. Org. Chem.
2012, 8, 1219-1226.

52. Imagawa, H.; Tsuchihashi, T., Singh, R. K; Yamamoto, H.; Sugihara, T
Nishizawa, M. "Triethyl- (or Trimethyl-)Silyl Triflate-Catalyzed Reductive Cleavage of
Triphenylmethyl (Trityl) Ethers with Triethylsilane" Org. Lett. 2003, 5, 153-155.

53. Suda, S.; Uyama, H.; Kobayashi, S. "Dehydration polycondensation in water for
synthesis of polyesters by lipase catalyst" Proc. Japan Acad. 1999, 75, 201-206.

54, Bosse, F.; Marcaurelle, L. A.; Seeberger, P. H. "Linear Synthesis of the Tumor-
Associated Carbohydrate Antigens Globo-H, SSEA-3, and Gb3" J. Org. Chem. 2002, 67,
6659-6670.

55. Manabe, K.; Mori, Y.; Wakabayashi, T.; Nagayama, S.; Kobayashi, S. "Organic
Synthesis Inside Particles in Water: Lewis Acid-Surfactant-Combined Catalysts for
Organic Reactions in Water Using Colloidal Dispersions as Reaction Media" J. Am.

Chem. Soc. 2000, 122, 7202-7207.

56. Buurma, N. J; Blandamer, M. J.; Engbertsa, J. B. F. N. "Association of
Hydrotropes in Aqueous Solution Studied by Reaction Kinetics" Adv. Synth. Catal.
2002, 344, 413-420.

57. Bunton, C. A.; Nome, F.; Quina, F. H.; Romsted, L. S. "lon Binding and Reactivity
at Charged Aqueous Interfaces" Acc. Chem. Res. 1991, 24, 364-3T71.

58. Hashmi, S. M.; Zhong, K. X.; Firoozabadi, A. "Acid—-Base Chemistry Enables
Reversible Colloid-to-Solution Transition of Asphaltenes in Non-Polar Systems" Soft

Matter 2012, 8, 8778-8785.



APPENDIX

91



92

734
731
7.27
725

/
X

0 [
i, OH :
o0 ()

BnO OBn

29.87 -1

T T T T T T T T T T T
100 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0
f1 (ppm)

Figure Al. 'H NMR spectrum (400 MHz, CDCls) of 2,3,5-tri-O-benzyl-L-arabino-
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Figure A3. 'H NMR spectrum (400 MHz, CDCls) of dodecylthio 2,3,5-tri-O-benzyl-a.-L-
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Figure A12. Mass spectrum of octylthio 2,3,5-tri-O-benzyl-L-arabinofuranoside (12).
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Figure A16. 'H NMR spectrum (400 MHz, CDCl;) of tetradecylthio 2,3,5-tri-O-benzyl-L-

arabinofuranoside (14).
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Figure A17. PC NMR spectrum (100 MHz, CDCl;) of tetradecylthio 2,3,5-tri-O-benzyl-L-

arabinofuranoside (14).
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(14).
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Figure A20. PC NMR spectrum (400 MHz, CDCls) of pentadecylthio 2,3,5-tri-O-benzyl-

L-arabinofuranoside (15).
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Figure A22. 'H NMR spectrum (400 MHz, CDCl3) of hexadecylthio 2,3,5-tri-O-benzy!-L-

arabinofuranoside (16).
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Figure A23. 'C NMR spectrum (400 MHz, CDCL,) of hexadecylthio 2,3,5-tri-O-benzyl-L-

arabinofuranoside (16).
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Figure A25. 'H NMR spectrum (400 MHz, CDCls) of octadecylthio 2,3,5-tri-O-benzyl-L-
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Figure A26. 13C NMR spectrum (400 MHz, CDCl;) of octadecylthio 2,3,5-tri-O-benzyl-L-

arabinofuranoside (17).
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Figure A28. 'H NMR spectrum (400 MHz, CDCls) of cyclohexylthio 2,3,5-tri-O-benzy!l-L-

arabinofuranoside (18).
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Figure A29. € NMR spectrum (100 MHz, CDCl3) of cyclohexylthio 2,3,5-tri-O-benzyl-

L-arabinofuranoside (18).
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Figure A31. 'H NMR spectrum (400 MHz, CDCly) of 2-phenylethylthio 2,3,5-tri-O-

benzyl-L-arabinofuranoside (19).
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Figure A32. PC NMR spectrum (100 MHz, CDCl;) of 2-phenylethylthio 2,3,5-tri-O-

benzyl-L-arabinofuranoside (19).
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Figure A34. "H NMR spectrum (400 MHz, CDCls) of 27,2’-methylpropylthio 2,3,5-tri-O-

benzyl-L-arabinofuranoside (20).
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Figure A35. C NMR spectrum (100 MHz, CDCl3) of 2’,2’-methylpropylthio 2,3,5-tri-O-

benzyl-L-arabinofuranoside (20).

xtot o
2,00
1.80 -
2
1.60 o &
w
(0] o
s S
BnO
1.40 5
BnO OBn
20
1.20 -
>
2 1.00 -
2
2
=
0.80 4
0.60
0.40 - o -
< 2 8 g
N a B P &
8 ] § © 3 &
3 g > N s 8
e 8 & 8
0.20 4 g l 8 3
3
3
.00 l l " L | ! Ll l L " }
T T T T T T T T T T T T 1
460 480 500 520 540 560 580 600 620 640 660 680 700m/z

Figure A36. Mass spectrum of 2’,2’-methylpropylthio  2,3,5-tri-O-benzyl-L-

arabinofuranoside (20).
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Figure A38. C NMR spectrum (100 MHz, CDCls) of 4-methylphenylthio 2,3,5-tri-O-

benzyl-L-arabinofuranoside (22).
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Figure A40. 'H NMR spectrum (400 MHz, CDCls) of 4-chlorophenyllthio 2,3,5-tri-O-

benzyl-L-arabinofuranoside (23).
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Figure A43. 'H NMR spectrum (400 MHz, CDCl3) of 1-napthylthio 2,3,5-tri-O-benzyl-L-

arabino-furanoside (24).

r138.13

N o
2

RSN

T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20 -30
f1 (ppm)

Figure A44. PC NMR spectrum (100 MHz, CDCls) of 1-napthylthio 2,3,5-tri-O-benzyl-L-

arabino-furanoside (24).
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Figure A47. 13C NMR spectrum (100 MHz, CDCl;) of dodecylthio 2,3,5-tri-O-benzyl-D-

arabinofuranoside (27).
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Figure A51. Mass spectrum of dodecylthio 2,3,5-tri-O-benzyl-D-ribofuranoside (28).
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Figure A53. °C NMR spectrum (100 MHz, CDCl,) of dodecylthio 2,3,5-tri-O-benzyl-D-
xylofuranoside (29).
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Figure A54. Mass spectrum of dodecylthio 2,3,5-tri-O-benzyl-D-xylofuranoside (29).
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Figure A55. 'H NMR spectrum (400 MHz, CDCl;) of dodecylthio 2,3,5-tri-O-benzyl-L-
arabinopyranoside (30).
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Figure A56. “C NMR spectrum (100 MHz, CDCl;) of dodecylthio 2,3,5-tri-O-benzyl-L-
arabinopyranoside (30).
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Figure A57. Mass spectrum of dodecylthio 2,3,5-tri-O-benzyl-L-arabinopyranoside
(30).
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Figure A58. 'H NMR spectrum (400 MHz, CDCls) of dodecylthio 2,3,5-tri-O-benzyl-D-
galactopyranoside (31).
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Figure A59. 'H NMR spectrum (400 MHz, CDCls) of dodecylthio 2,3,5-tri-O-benzyl-D-
galactopyranoside (31).
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Figure A60. Mass spectrum of dodecylthio 2,3,5-tri-O-benzyl-D-galactopyranoside
(31).
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