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CHAPTER |

INTRODUCTION

Diabetes mellitus (DM) is a syndrome consisting of metabolic, vascular, and
neuropathic components that are interrelated. It is defined as a group of metabolic
diseases that are characterized by hyperglycemia resulting from defects in insulin
secretion or to resistance of the body’s cells to the action of insulin, or to a
combination of these [1].

Insulin is a hormone, which is released from the pancreas and controls the
amount of glucose in the blood. When the person eats or drinks, food is digested into
glucose, which is absorbed into the bloodstream and stimulates the pancreas to
produce insulin. Glucose is thus transported into the cells when insulin binds to

insulin receptor, which straddles the cell membrane of many cells (Figure 1.1) [2].

Figure 1.1. Insulinsignaling in peripheral cells [4].

The lack of effective insulin action leads to alterations in carbohydrate, fat,
and protein metabolism. The chronic hyperglycemia of diabetes is associated with
long-term dysfunction and damage of organs including the kidneys, eyes, nerves,
heart, and blood vessels. The majority of DM is classified into two categories: type 1
diabetes or insulin-dependent diabetes mellitus (IDDM) and type 2 diabetes or non-
insulin-dependent diabetes mellitus (NIDDM), as illustrated in Figure 1.2 [1].



Type 1 Diabetes: Insufficient Insulin Type 2 Diabetes: Insulin Resistance

& Diminished  Glucose " A < {_ Glucose
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Figure 1.2. Defect from insulin secretion for type 1 DM and insulin resistant for type
2 DM (www.ucsf.mightyminnow.com/images/charts).

Type 1 DM is characterized by loss of the insulin producing of pancreatic -
cell islets, leading to a deficiency of insulin. This type of DM comprises
approximately 5% to 10% of all people with DM. It is the most common chronic
disease of children and adolescents. The cause of type 1 DM is unknown, but it is
believed that people inherit a tendency to develop diabetes, and that viruses may be
also involved [2].

Type 2 DM is characterized by insulin resistance or reduced insulin
sensitivity, combined with relatively reduced insulin secretion. The defective
responsiveness of body tissue to insulin aimost certainly involves the insulin receptor
in the cell membranes (Figure 1.2). This type of DM comprises approximately 90% to
95% of all diabetes. It usually occurs in adult, in addition to young people. In all
probability, the causes of type 2 DM lie in environmental and lifestyle factors.
Prominence among these factors is obesity, and approximately 50% to 90% of all
patients with type 2 DM are obese. Intraabdominal fat deposition is the important site
conveying enhanced risk for type 2 DM. Moreover, other risk factors contain
increasing age, high caloric intake, sedentary lifestyle, and low weight [2, 3].

Currently, type 2 DM is increasing in prevalence worldwide and is estimated
to affect 200 million people. In Thailand, there are currently over 3 million people
with type 2 DM [4, 5]. The main complications of DM include retinopathy,
nephropathy, neuropathy, and cardiovascular disease. Thus type 2 DM is a leading

cause of blindness, renal failure, amputation, and death from cardiovascular disease.



Treatment of type 2 DM has several approaches that differ at many stages of
the condition. In the early stages, many people with type 2 DM can control their blood
glucose levels by diet, exercise, and weight loss [5]. Moreover, an efficient
therapeutic approach for treatment of type 2 DM is to delay the postprandial
hyperglycemia by retarding the rate of carbohydrate digestion through the inhibition

of a-glucosidase enzyme [6].

1.1 a-Glucosidase inhibitors

In the small intestine, starch is digested to oligosaccharide by amylase, and
further digested by membrane-bound a-glucosidase (isomaltase, maltase, and sucrase)
to glucose (Figure 1.3) via the hydrolytic cleavage of a-1,4-glycosidic bond. The
mechanism of glycoside cleavage have been reviewed several times recently [7],
involving a covalent glycosyl-enzyme intermediate. The detailed mechanism of
hydrolysis is demonstrated in Figure 1.4. Generally, a-glucosidase enzyme has two
carboxyl groups in the active site that afford the catalysis. Initially, one of the
carboxyl groups functions as a general acid catalyst, protonating the glycosidic
oxygen simultaneously with bond cleavage. The remaining carboxylate group as a
nucleophile, forming a covalent glycosyl-enzyme intermediate. Further, the side-chain
carboxylate deprotonates the incoming water molecule, which attacks at the anomeric
center and displaces the sugar. This mechanism occur via transition states which

involved generating oxocarbenium ion character.

Starch - Lumen g

' Maltose
Maltotriose
Malfose + Dexirins
Isomcliase E= B+ Sucrase
Glucoamylase

Sites of
competitive
inhibition

Figure 1.3. Digestion of starch in the small intestine by a-glucosidase enzyme [1].
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The a-glucosidase inhibitors display their structures as mimic of the
oligosaccharide substrate. They competitively bind to the active site of the -
glucosidase, therefore preventing the binding and enzymatic hydrolysis of the
oligosaccharide substrate (Figure 1.5). In this way, a-glucosidase inhibition
represents a pharmacologic approach for modifying the digestion and absorption of
dietary carbohydrates as an adjunct to dietary changes. Because of their competitive

mechanism of action, a-glucosidase inhibitors need to be taken at the start of a meal.

on ?o 0 ?O o)
i} T s,
OR HO 2
OH | R O
i
0

natural substrate: D-glucose DNJ

Figure 1.5. Transition state in reaction of D-glucose with a-glucosidase (left), and
inhibitors DNJ (right).

After inhibiting the breakdown of carbohydrate by a-glucosidase inhibitors, in
turn causing a reduction in the rate of glucose absorption and also blunting the
postprandial plasma glucose level [8]. Moreover, the a-glucosidase inhibitors not
only decrease the postprandial increment in plasma insulin level and triglyceride
level, but also show antiviral, anticancer and anti-HIV activity [9-11]. Therefore, the
a-glucosidase inhibitors are utilized as the oral antidiabetic drugs for example
acarbose (Precose® or Glucobay®) (1); vaglibose (Basen®) (2) and miglitol (Glyset®)
(5) which are recently introduced onto the drug market [12] (Figure 1.6).
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Figure 1.6. Structures of digestive a-glucosidase inhibitors.

Acarbose (Precose® or Glucobay®, 1) (Figure 1.6), a prominent a-glucosidase
inhibitor, was first isolated from soil bacteria Actinoplanes sp [13]. Catalytic
hydrogenation of acarbose afforded fragments consisting of trisaccharide derivatives.
Acarbose was effective in carbohydrate loading tests in rats and healthy volunteer,
reducing postprandial blood glucose and increasing insulin secretion [14].

Voglibose (Basen®, 2), which has a_high-inhibitory activity against sucrase
and maltase, has been employed in Japan for the treatment of diabetes since 1994. It
was synthesized from valiolamine (3) via reductive amination with dihydroxy
acetone. In current studies based on a-glucosidase inhibitory activity [12], it was
shown to be 20 to 30 times more potent than acarbose.

In 1996, 1-deoxynojirimycin (DNJ, 4) was isolated from the roots of mulberry
tree [12]. Despite the excellent a-glucosidase inhibitory activity in vitro, its efficacy
in vivo was only moderate. Therefore, a large number of DNJ derivatives were

prepared in the expect of increasing the in vivo activity. Thus miglitol (Glyset®, 5)



was discovered as the most favorable inhibitor of in vivo active agents which showed
reducing postprandial blood glucose level.

Several investigations indicated that oral antidiabetic drugs exerted their
activity via competitive binding with a-glucosidase. They are believed to mimic the
charge of the presumed transition state for enzymatic glycoside hydrolysis, owing to
the protonation of their nitrogen atom in the enzyme active site (Figure 1.5) [3, 9].

To date, over the course of aminocyclitols have been synthesized [15] and
their biological activities, particularly glycosidase inhibition, were evaluated.

Interestingly, some of them have entered clinical trial or launched in the market.

1.2 Synthesis of aminocyclitol derivatives

Aminocyclitol is broadly defined as a cycloalkane polyol encompassing amino
group or incorporating nitrogen atom into the ring. Because of their structures closely
similar to sugars, aminocyclitols are also considered as amino-carbasugars [16]. The
nitrogen atom in aminocyclitol could be protonated at physiological pH, which
mimics the oxocarbenium intermediate formed during enzymatic catalysis (Figure
1.5) [17].

Natural aminocyclitols are abundant as subunits in some complex metabolites,
which included acarbose (1), validamycin A (6) from Streptomyces hygroscopicus
and validoxylamine A (7). However, simple aminocyclitols, such as valienamine (8)
and validamine (9) have also been encountered, presumably as microbial degrades of

the complex aminocyclitols [12, 15].

HO HO HO <—OH
HO,, o] H \
HO OH /
HO ' ,,/N '//OH OH 2 ,,/
*la'r HO OH HO OH
OH OH
validamycin A, 6 validoxylamine A, 7

valienamine, 8 validamine, 9
Figure 1.7. Aminocyclitols isolated from natural sources.



Recently, the syntheses of aminocyclitols have attracted considerable interest
and the synthetic approaches have been developed. A variety of synthetic
methodologies for aminocyclitols were described in a current literature [15], in which
the key steps involved intramolecular cyclizations, rearrangements, and nucleophilic
substitution reactions. From several studies, cyclitols have frequently been used as the
starting components instead of ordinary monosaccharides because they provided a
shortcut to the target molecules. These have been exemplified by the use of inositol
(10), quercitol (11), conduritol (12) and guinic acid (13) [18] (Figure 1.8).

H
o} OH 0 on
HO OH HO OH OH OH
HO
HO OH HO OH OH OH
OH OH OH OH
inositol, 10 quercitol, 11 conduritol, 12 quinic acid, 13

Figure 1.8. Structure of certain natural cyclitols. (Stereochemistry are not shown as

each has more than one stereoisomer)

Inositol is a group of cyclitols, in which cyclohexane ring is fully substituted
by six hydroxyl groups. It is an attractive chiral pool in synthesis of aminocyclitols
possibly due to its capability in generating a variety of products from nine naturally

available stereoisomers [19].

In 2007, Arjona et al. reported the synthesis of valiolamine from myo-Inositol
(14, Scheme 1.1) [20]. In the initial step, myo-inositol (14) was transformed into
(-)-vibo-quercitol (15) via biodeoxygenation. Then, 15 was biochemically oxidized by
microorganism to furnish 16 in high yield. Treatment of the crude ketone 16 with
diazomethane yielded spiro-epoxide 17, which was subsequently transformed into the
5-hydroxyl derivative 19. The amino group was introduced to cyclitol moiety via
nucleophilic substitution with azide to obtain, after hydrogenolysis and deprotection,

(+)-valiolamine (21).
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Biochemically

OH Bioconversion HO OH OX|d|zed CHZNZ, EtOH o
“OH HO" "OH 0 MeOH  HO"

OH OH

HO

HO"

14 15 17, 44%
Ho S __ow
3 M KOH : 1) PhCH(OMe),, TsOH, DMF Hscl, TsClpy Ts
Sl
100°C HO" "OH  2) 2,2-dimethoxypropane, TsOH, DMF Ph 0 DMAP Ph
OH
18, 32% 19 20

1) NaN; , DMF, 88%

. HOL = ~_ \NH,
2) H,, Raney-Ni, EtOH, Ac,0, 76% ‘Q
3) 2M HCI, Dowex 50W X 2(H*), 1% NH; 1O “OH
OH
21, 90%

Scheme 1.1. Synthesis of (+)-valiolamine (21) from myo-inositol (14).

Another synthesis of aminocyclitol derivatives using myo-inositol was
elaborated by Sureshan and co-workers [21]. In the first step, they attempted to
protect hydroxyl groups using 2,2-dimethoxypropane, thus giving racemic 1,2:4,5 di-
O-isopropylidine-myo-inositol  (£)-22. Acylation of (¥)-22 with (S)-O-acetyl-
mandeloyl chloride, as a chiral auxiliary reagent, afforded diastereomeric di-(S)-O-
acetyl-mandelate derivative. This mixture was separated by crystallization, and the
chiral auxiliaries were removed by aminolysis, yielding optically active derivatives 25
and 26. Finally, aminocyclitol 29 was obtained from 26 through azidolysis with

sodium azide.

HO (S)-O-Acetylmandeloyl O OR RO O
.. Me,C(OMe), chloride .
myo-inositol o o
py, 0°C RO OR

o o
07Q Aio
3 2

R=(S)-0O-acetylmandeloyl
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OR isobutylamine isobutylamine HO

“o MeOH, reflux po “or MeOH, reflux o

07L 07',2 g%o )YO

23 25 24 26
OAT o)ﬁ o)ﬁ OH
© Tf,0,py TfO O NaNj, DMF Ng.,, O 1) TFA-H,0 HoN,,. OH
“'oH CH,ClI,, -20°C o oy (0°C = “ioH 2) Hy, Pd-C, MeOH  Ho™' “IOH
)(O )<O )YO OH
26 27, 90% 28, 84% 29, 84%

Scheme 1.2. Synthesis of azidocyclitols and aminocyclitols from myo-inositol.

On the other hand, conduritols were also used as the starting material for the
synthesis of aminocyclitols. The regio- and stereocontrolled epoxide opening of a
suitably protected conduritol-B epoxide (30) was reported by Gabas and co-workers
[22]. Treatment of epoxide 30 with LiCIO, followed by sodium azide gave
corresponding C1 regioadduct 31 (Scheme 1.3). This result showed that Li salt
promoted epoxide opening via an intramolecular chelation process, which would
require the participation of an apparently highly energetic all-axial conformation.
Amide analogues 37-39 were obtained from azide 32 via reduction, nucleophilic
substitution and O-benzyl deprotection, respectively. On the other hand, treatment of
epoxide 30 with sodium azide under acidic condition (excess NH,Cl) afforded the
corresponding C2 regioadduct 43. Aminocyclitols 49-51 were eventually obtained in
good overall yield via reduction of azide 43 followed by reductive amination and

O-benzyl deprotection (Scheme 1.4).
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B0~k 2N LiCIo, Bro. @ +Ns BnCl, NaH B”Om LiAIH, B”O’/@NHZ
NaNs THF Bn THF
OBn

OBn
32, 95% 33, 87%
|| H ||
RCOCI, NEt, BnO,/@\ -R BCl :@N Cc-
CH2C|2 Bn CHchZ HO
OBn
34 (R=C;H;5) 37 (R=C;Hy5)
35 (R=Cy3H,7) 38 (R=Cy3Hy7)
36 (R=CH,OPh) 39 (R=CH,0Ph) Ph
OBn OBn H OBn\ 9
B”O:G:NHZ PhCH,CHO, NaBH,CN B0 A\ aN A~ o 1y cocl, NEt,  BNOx. ~~ wN=C—C7Hys
Bno” > Nopn  ACOH, MeOH 50" "0py CH,Cl,  Bno” > oBn
OBn OBn OBn
33 Ph 40, 85% 41, 81-87%
OH (”)
BC|3 HO/,'QN_C_C7H15
—_— >
CHCl,  Ho”™>"oH
OH
42

Scheme 1.3. Synthesis of N-acylcyclitols 37-39 and 42 hy regioselective C1 opening

of epoxide 30.
OH OH OH OH
o—>2 4, _HAT o3,
Bno” 2  MeOH-H0 gno™>~""n, THF BnOo” ™ , CHCl, Ho “INH,
OBn OBn OBn oM
30 43, 80-81% 44, 81% 45
OH OH OH
BnO;@,OH RCHO, NaBH,CN Bno:@,OH BCl, HO:C,OH
> —
BnO” > “NH, ACOH MeOH g o\ ~yr CHCl o™ "Npr
OBn OBn OH
44 46 (R=C,4Ho) 49 (R=C4Ho)
47 (R=CH,CH,Ph) 50 (R=CH,CH,Ph)

48 (R=CgH,7) 51 (R=CgH17)
Scheme 1.4. Synthesis of aminocyclitols 45 and 49-51 by regioselective C2 opening
of epoxide 30.
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Quinic acid is one of naturally versatile chiral blocks frequently applied for
synthesis of several pharmacological drugs, which include aminocyclitol analogues.
Synthesis of valiolamine (61) and its diastereomers (66 and 69) from (-)-quinic acid
(52) were reported by Shing and Wan [23]. Valiolamine (61) was obtained in 14 steps
with a total yield of 8.4% (Scheme 1.5). On the other hand, two diastereomers of
valiolamine named 1-epi-valiolamine (66) and 2-epi-valiolamine (69) were also
prepared from the intermediate 56 in 5 and 4 steps, respectively (Scheme 1.6 and 1.7).

HO, COOH BnO—,, OH BnO OAC
@\ 5 steps é 0s0,, MesNO ©,OH Ac,0, NEt; @,OAC
t _ : . .
OH [24] ‘oBn PY: BUOH, reflux. 5o 08N DMAP, reflux " "OBn
yé i(’)

52 53, 47% 54, 75% 55, 90%

OAC 1) SOCIy, NEt;, CH,Cl, OAC

BnO—,, OA BnO—,, OAC BnO—,,
TFA, H,0O @/ ¢ 2) RuClg, NalO,, CCl,, CH,CN /@’ .
_— -
CHCl;  Ho"™>""0Bn 3)LiN3, DMF, 20% H,SO,, THF N> "“0Bn HO"

- 3 -
OH OH

56, 90% 57 58
80%, 57:58=1:10

BnO—.,, JOAC BnO—.,, JOAC BnO—/, ,OAC HO—,,,
/@/OA" Tf,0, py /@OAC Bu",NOAC OAC 1) K,CO,, MeOH
—_— —» r
Ny~ > “oBn CH2Cl, 0°C N ""0Bn  THF Ny “0OBn  2) Ha, Pd(OH)z, EtOH H,N
OH OTf OAC
57 59, 90% 60, 80%

Scheme 1.5. Synthesis of valiolamine (61).

_ OAC OAcC —
BnO—,, BnO—,, BnO—,,
@OAC 1) 1,1-(thiocarbonyl)diimidazole, toluene ©/OAC RuCl,, NalO, )
HO" ™ “OBn 2) P(OMe);, reflux “oBn CClg, CH3CN Ho
OH
56 62, 64%

BnO—,, JOAC BnO—,
1) SOCl,, NEts, CH,Cl, OAC 1) LiN,, DMF H,, Pd(OH),/C
2) RuCls, NalO,, CCl, o “0Bn  2) HpS0, THF Ns’\\\‘ EtOH
\
:s\\/o
O
64, 74% 65, 50% 66, 85%

Scheme 1.6. Synthesis of 1-epi-valiolamine (66).
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BnO—,, JOAC BnO—,, JOAC BnO—/,, JOAC
G,OAC T£,0, py G,OAC NaNj3, benzo-15-crown-5 /@,OAC
S — -
Ho\“ v "/OBn CHZCIZ, OOC Tfo\\‘ ; "/OBn DMF N3 . "/OBn
OH OH OH
56 67, 93% 57, 60%
BnO—,,. OHOH HO—,, OH
K2COs /@’ H,, Pd(OH), /é/OH
—_— —_— =
MeOH  nN>""0Bn  EtOH N> “OH
OH OH
68, 80% 69, 80%

Scheme 1.7. Synthesis of 2-epi-valiolamine (69).

During the development of the synthesis of an aminocyclitol analog, Kok et al.
demonstrated new strategy to install effectively the amino group into the
polyhydroxycyclohexane skeleton using a regio- and stereospecific palladium-
catalyzed reaction [25]. In the report, (-)-quinic acid was used as starting material in
the synthesis of valienamine. In early steps, preparation of intermediate 70 was
carried out in 13 steps using the similar procedures of a previous literature [26]. Later,
alcohol 71 was converted into alkene 72 employing Martin sulfurane dehydrating
agent in dry benzene under reflux. The diacetate 72 obtained as a precursor for the
syntheses of various N-alkylated valienamine derivatives through palladium-catalyzed
allylic amination. From this stage, 72 was allowed to react with benzylamine in the
presence of a catalytic amount of tetrakis-(triphenylphosphine) palladium [Pd(PPhs),]
and with triphenylphosphine (PPh3z) in CH3CN under reflux, affording amine 73 in
65% vyield. The valienamine (75) was then generated via deprotection as illustrated in
Scheme 1.8.
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OBn OBnN BnO
HO, ,COOH OAC L o

H .
Martin sulf
@\ 13 steps OBN 1) K,CO,, MeOH OBN ehycrating agent
OH [26] HO “0Bn 2) Ac,0, py, CH,Cl,, oco “'0Bn AcO

DMAP OAC

(-)-quinic acid 71, 96% 72,

cat. [PA(PPhz)a], PPhy OBn _NaOMe OBn NH; Na OH
BNNH,, CHLCN, reflux  gnHN "‘OBn MeOH BnHN THF H,N OH

73, 65% 74, 60% 75
Scheme 1.8. Synthesis of valienamine (75) from (-)-quinic acid.

Recently, several syntheses of aminocyclitols have been accomplished using
cyclohexanepentols or trivially called quercitols as starting components. In fact,
quercitol has 16 possible sterecisomers in its family. Of all isomers, there are only
(+)-proto-, (-)-proto-, and (-)-vibo-quercitols being encountered abundantly in nature
[27].

The syntheses of aminocyclitols starting from quercitols were described by
Ogawa [28, 29]. In 2001, 1-, 2-, and 3-C-(amino)-1,2,3,4,5-cyclohexanepentols and
N-acetyl derivatives were prepared from (+)-epi-quercitol. Treatment of 76 with large
excess of 2,2-dimethoxypropane gave, after fractionation over a silica gel column,
1,2:3,4-, 1,2:4,5-, and 2,3:4,5-di-O-isopropylidine derivatives (77-79) in 22, 22, and
33% isolated vyield, respectively. Later, bisacetonide analogues (77-79) were
separately oxidized with acetic anhydride in DMSO to give the ketone compounds
(80-82) in 91, 70, and 96% yield, respectively. The ketones 80-82 were treated with
nitromethane to afford moderate yield of nitromethyl-branched derivatives, which
were subsequently treated with acetic anhydride in the presence of Raney nickel
catalyst to give N-acetyl derivatives 83-85 in 25, 71, and 63% Yyield, respectively.
Finally, deprotection of 83-85 yielded N-acetyl aminocyclitols 86-88 in 89, 88, and
90% vyield, respectively. In addition, aminocyclitols 89-91 were also prepared in high
yield by treatment of 83-85 with 2 M hydrochloric acid [28].

OBn

"’0Bn

OAc

90%
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HO OH O H O] O OH
MeZC(OME)Z )<O © .
.
HO™ DMF, p-TsOH ~ O -~ o
OH Aio

OH O

(+)-ep|-7q6uerCIt0I 77, 22% 78, 22% 79, 33%

O/P
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80, 91% 81, 70%

0]
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o)
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83, 25% 84, 71% 85, 63%
Ho T HO OHQH
AcHNHzc“¢/OH ‘ [ CHaNHAC
HO™ T HO r
87, 88% 88, 90%

OH

OH

89, 100% 90, 85% 91, 100%
Scheme 1.9. Synthesis of aminocyclitols (89-91) and N-acetyl aminocyclitols (86-88)

from (+)-epi-quercitol.
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In 2005, 5-amino-1,2,3,4-cyclohexanetetrol derivatives were prepared using
(-)-vibo-quercitol as the starting material. Protection of 92 with 2,2-dimethoxypropane
gave an inseparable mixture of 1,2:3,4- and 1,2:4,5-di-O- isopropylidine derivatives
(93 and 94) in 86% vyield. The mixture was treated with sulfuryl chloride in the
presence of DMAP in pyridine, giving two chloro compounds 95 (40%) and 96
(58%). Further transformation of 95 into the aminocyclitol 101 involved azidolysis,
tosylation, acetolysis, hydrogenation, and deprotection (Scheme 1.10) [29].

OH 0 O)f

OH O

Me,C(OMe),
HO" “'o4 DMF, p-TsOH Ho™ O o) “'OH

53
OH oﬁL Aio
A

(-)-vibo-quercitol

93 94
ol o
0 0
cl 0 o
o\ﬁ AYO
95, 40% 96, 58%

e b A o

© NaNj3, 15-crown-5 ether 2 1) p-TsOH, MeOH o Ac,0O
Cl "/O DMF, 100°C Ng\“' "/O 2) TsCl, py N?’\\" ',/OTS py N?,\\\.

OTs
O\f 0\# OH OAc
95 97,50% 98, 43% 99, 97%

O/F OH OH

O 4steps C[OH 1) H,, Pd/C C[OH

Ny “OTs ACHN" Y7 oBn = 2) Dowex-50W x 2(H"), ', N >"oH
OAc OBn 1% NH, OH

99 100 101

Scheme 1.10. Synthesis of 5-amino-1,2,3,4-cyclohexanetetrol (101) from (-)-vibo-
quercitol.
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From the above mention, many research groups reported the preparation of
aminocyclitols from the natural carbasugars such as quercitols, conduritols, quinic
acid and etc. However, the synthetic procedure required multi-step synthesis and
generated unavoidable by-products, resulting in difficult separation and causing lower
yield. Thus, in order to reach various families of aminocyclitols displaying various
configuration at chiral centers and carrying diverse substituent groups, selection of
starting material and excellent synthesis design are crucial.

In this research, we choose (+)-proto-quercitol (102) as the starting material
because there is no report in synthesis of aminocyclitols using this compound.
Moreover, (+)-proto-quercitol (102) could be isolated from Arfeuillea arborescens
which was first reported in 1998 [30]. Importantly, the isolated (+)-proto-quercitol
(102) is an enantiomeric pure compound and available in large quantities.

With proper configuration of (+)-proto-quercitol (102), we believe that in the
protection of (+)-proto-quercitol (102) would generate regioselectively single product.
Further, the remaining hydroxyl moiety was functionalized into target amino group.

Therefore, the objectives of this research are to synthesize the aminocyclitol
derivatives from naturally available (+)-proto-quercitol and to determine the o-

glucosidase inhibitory activity of the synthesized compounds.

4 )
OH
~OH solective protection SERC
L ) ) ———
HO™ “OH GPO" ‘o
OH OPG
(C)-proto-quercitol, 102 PG = protecting group aminocyclitol derivati\e

Scope of this research



CHAPTER Il

(+)-proto-Quercitol, A NATURAL VERSATILE CHIRAL
BUILDING BLOCK FOR THE SYNTHESIS OF THE
a-GLUCOSIDASE INHIBITORS 5-AMINO-1,2,3,4-
CYCLOHEXANETETROLS

2.1. Isolation of (+)-proto-quercitol from Arfeuillea arborescens

(+)-proto-Quercitol (102) utilized in this research was isolated from the stems
of Arfeuillea arborescens using the method previously described with slight
modification [30]. Briefly, the MeOH soluble fraction was defatted by partitioning
with n-hexane. The resulting MeOH soluble part was concentrated under vacuum.
After standing the concentrated MeOH soluble part overnight, sugarlike crystal was
obtained. It was recrystallized in hot water for several times to obtain pure (+)-proto-
quercitol. Its structure and relative configuration were characterized by spectroscopic
techniques and by comparison with authentic sample. The isolation procedure was

summarized in Scheme 2.1.

dried and coarsely ground stems of
Arfeuillea arborescens (5.0 kg)

1) soxhlet with MeOH
2) partition with n-hexane

hexane crude extract MeOH soluble fraction
(14.0 g, 0.3%w/w)

/ OH N\ 3) concentration

S _\OH 4) recrystallization with hot water
0 3
HO" "“OH colorless crystal of
OH (+)-proto-quercitol
(+)-proto-quercitol (9.0 9, 0.2%w/w)

(102)

Scheme 2.1. The isolation procedure of (+)-proto-quercitol from the stems of

Arfeuillea arborescens.
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2.2. Structural characterization of (+)-proto-quercitol

(+)-proto-Quercitol was isolated as a colorless crystal, mp 235-236 °C, [a]o”’
+27.9 (c 0.02, H,0), from the MeOH soluble fraction of the stems of A. arborescens.
The molecular formula was determined to be CgH12,05 (M.W. 164) on the basis of
ESIMS. The *H NMR data of 102 in D,O indicated the presence of two proton types,
methine and methylene protons. Five downfield signals from & 3.44 to 3.90 were
assigned as methine protons (H-1 to H-5) and two upfield signals from the chemical
shifts at ¢ 1.86 and 1.69 were also assigned as methylene protons (H-6). The B¢
NMR spectrum displayed six signals, five of which (& 74.2, 71.8, 70.6, 68.5 and
68.2) were assignable to methine carbons and the remaining signal (&c 32.9) was
designed to methylene carbon. From the results of MS and 1D NMR data, the
structure of compound 102 could be confirmed as (+)-proto-quercitol, which was
completely characterized by 2D NMR data [30].

Although the structure of 102 was established, its absolute configuration has
not been addressed. Thus, in this research, we reported the first determination of
absolute stereochemistry of 102 using modified Mosher’s method [31]. Prior to
applying this approach, protection of four hydroxyl groups was required to avoid
combined anisotropy effects caused by multiple MTPA moieties [32]. Generally,
treatment of 102 with 2,2-dimethoxypropane lead to three possible structures (Scheme
2.2). In fact, from this result, protection of 102 with large excess of 2,2-
dimethoxypropane in DMF at 80 °C yielded 1,2:3,4-di-O-isopropylidene derivative
(103) as a single product in 75% vyield, without detection of 104 and 105 (Scheme
2.3). The molecular formula of 103 was determined to be Ci;H200s5 (M.W. 244) on
the basis of ESIMS.

OH OH

5 5 ] o) sl O
\\\OH MGZC(OME)Z “\O o B
1 3 > 1 3 oL 3 " 1 3
HO" "“OH o ‘0 o “OH  HO" K6

OH A<o Aio 07L

102 103 104 105

Scheme 2.2. Possible structures of bis-acetonide derivatives (103, 104 and 105) from
reaction of 102 with Me,C(OMe)s,.
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OH
> \‘\OH Me2C(OME)2 ><
1 3
HO\\\ ""OH DMF, p- TSOH
OH 75%
102

Scheme 2.3. Preparation of 1,2:3,4-di-O-isopropylidene derivative (103).

The structure and relative configuration of 103 were elucidated using the data
of COSY, HMBC and NOESY experiments. The COSY data was used to assign
chemical shifts of each signal in cyclohexane ring system. Starting from methylene
proton (H-6) at & 1.95-2.05 (2H, m), the protons showed %J, correlations were
assigned to H-1 and H-5. Therefore, the remaining signals could be further assigned
on the basis of three bond correlation. Prior to establishing relative configuration of
quercitol, all methyl groups of bis-acetonide were assigned by HMBC data (Figure
2.1). The NOESY caorrelations (Figure 2.2) indicated that acetonides formed between
C-1 and C-2 and between C-3 and C-4 were trans- and cis-oriented, respectively.
From all above data, the structure of 103 was completely confirmed. In the next step,
the bis-acetonide 103 was then treated with (R)-(-)- and (S)-(+)-MTPACI (Scheme
2.4) separately to furnish the desired (S)-(-)- and (R)-(+)-MTPA esters (103a and
103b). The Adsr distribution pointed out the 5R configuration, therefore addressing

absolute configurations of remaining chiral centers as shown in Figure 2.3.
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3 H\’<CH3 EORNS S

CH3 —1.90

[ppm (fL;

114.0 113.0 112.0 111.0 110.0 109.0 108.0 107.0
ppm (f2)

Figure 2.1. Diagnostic HMBC correlations observed in 103. Expansion (A) shows
cross peaks of CHz to C-7 and C-8.
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Figure 2.2. Selected NOESY correlations of 103. For clarity, certain H atoms are

omitted.
OH OR
e (S)- or (R)-MTPACI e
o "0 py o "0
%/o %/o
103 103a R = (-)-MTPA

103b R = (+)-MTPA

Scheme 2.4. Preparation of 103a and 103b.

MTPAO -0.118
+0.062 /
+0.056 O>< -0.002
+0.06% -0.011
o 0
%O
+0.005
+0.028

Figure 2.3. Adsg Values for the MTPA esters (103a and 103b) of 103.
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2.3. Synthesis of 5-amino-1,2,3,4-cyclohexanetetrols

After the absolute stereochemistry of 103 was established, the synthesis of 5S-
amino-1,2,3,4-cyclohexanetetrol (111) was launched. The first attempt to synthesis of
chloride 106 using thionyl chloride (3 equiv) in the presence of DMAP in pyridine as
solvent was failed. The starting material, alcohol (103) was recovered in moderate
yield. However, it might be noted that this approach has been succeeded by Ogawa et
al. [29]. This result can be rationalized in term of steric hindrance from two adjacent
acetonide groups which prohibit the attacking of chloride anion (Figure 2.4).
Additionally, conversion of acetonide 103 to the corresponding tosylate 107 using p-
toluenesulfonyl chloride (TsCl) was also unsuccessful; only starting material was

recovered.

Cl
SOCl,, DMAP ><
not obhserved
¢)

» No reaction o
OH / py, 0°C to rt gi

106

OTs
0] TsCl, DMAP ) O
\ \ » No reaction ' >< not observed
O\\ 1/
*O

103 py, 0°C to 80°C

107

Steric
hindrance

Figure 2.4. Steric effect from acetonide groups for the chlorination of 103.



24

From the above result, we need an alternative method to activate hydroxyl
moiety of acetonide 103. Instead of using TsCI, we decided to use a smaller and more
reactive reagent, mesyl chloride (MsCI). Treatment of alcohol substrate 103 with this
reagent in the presence of DMAP vyielded the mesyl analogue (108) smoothly
(Scheme 2.5). The *H NMR spectrum of 108 showed obvious separation compared
with 103, the starting material of this reaction. In addition, the most downfield signal
at oy 5.03 was assigned as H-5 which is adjacent with the mesyl group and the signal
of methyl from mesyl group appeared at oy 3.07.

With the 108 in hands, the synthesis of target aminocyclitol 111 was
accomplished in a straight forward manner as illustrated in Scheme 2.5. Azidolysis of
108 with an excess of sodium azide in DMF at 100 °C in the presence of 15-crown 5-
ether afforded selectively the azide 109 (79%) as a sole product after flash
chromatography. Interestingly, upon treatment with sodium azide without the
introduction of 15-crown 5-ether gave the similar result (74% yield). Therefore, 15-
crown 5-ether reagent has no effect in this transformation. The chemical shift at oy
3.30 with a large coupling constant (Jseqsax = 10.6 Hz) suggested that the azido group
was incorporated through a direct Sy2 fashion with inversion of configuration.
Furthermore, the IR spectrum of 109 showed a very strong and sharp absorption at
Vmax 2100 cm™ was also indicated as azido group. In the next reaction sequence,
reduction of azide 109 proceeded smoothly upon treatment of LiAlIH,4, leading to the
formation of corresponding amine 110 in 71% vyield. In the final step, treatment of
amine 110 with trifluoroacetic acid (TFA) in THF at room temperature furnished the
target molecule, 5S-amino-1,2,3,4-cyclohexanetetrol (111) in 63% vyield. The 'H
NMR spectrum of which fully supported: the . assigned-structure. Particularly, the
signals at oy 1.27-1.41 disappeared, indicated that the protecting group of 110 was
removed by TFA.
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OH
MsCI, NEt; >< NaN, DMF ><
—_
o "/O DMAP, 78% o 15-crown-5-ether \\
o) 0o 100°C
-0 A0 79% TN ©°
103 108 109
N3 NHz NH,

‘\\O>< L|A|H4 \\\OH
o ‘ 0, ‘y
5 O\ THE 71% | THF, 63% . Ho oH
*O OH

109 110 111

Scheme 2.5. Synthesis of 55-amino-1,2,3,4-cyclohexanetetrol (111) from bis-
acetonide 103.

To gain insight into the relationship between stereochemistry of 5-amino
group and inhibitory effect toward a-glucosidase, 5SR-amino congener 117 was also
prepared. Initially, oxidation of bis-acetonide 103 with pyridinium dichromate (PDC)
in CH,Cl, gave the ketone in low yield (7%) (Scheme 2.6). Later, we tried to improve
the yield using Swern oxidation reaction (Scheme 2.6). Unfortunately, this was also
unsuccessful. The desired ketone 112 was isolated in small amout. We suspected that
the staring material was decomposed under the reaction condition presumably due to
acidity from the oxidizing agent. Finally, the bis-acetonide 103 was subjected to
oxidation reaction using Albright-Goldman reagent (Ac,O/DMSOQ) [33], affording the

desired ketone 112 .in 55%
0
.\o Oxidant @"‘ ><
N v ‘h
o o o
Aio

103
Oxidant Yield of 112 (%)
(Swern oxidation) No reaction

(cocl),, DMSO
PDC 7
Ac,0, DMSO 55
Scheme 2.6. Oxidation of bis-acetonide 103.
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Selective reduction of 112 was carried out with LiAIH, in THF as a solvent,
and diastereomeric 5-hydroxy-bis-acetonide 113 (93%) was isolated without any
detection of analogue 103. This could be rationalized by the preferential hydride
attack to the less hindered face of ketone 112. Obviously, compounds 103 and 113
could be differentiated by H NMR spectra (Figure 2.5); H,-6 of the former
aggregately resonated about &y 2.04-2.11 while those of the latter were well separated

[S1 2.36 (H-6¢q) and 1.88 (H-6a)].

e L|AIH4
93%

Scheme 2.7. Reduction of ketone 112.

Figure 2.5. Partial 'H NMR spectra of 103 (top) and 113 (bottom).
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With these exciting results, we therefore have the opportunity to prepare the
new derivative of aminocyclitol 117. The synthesis of 5R-amino congener 117 was
accomplished through similar manner as aminocyclitol 111 starting from the alcohol
113 (Scheme 2.8). Mesylation of alcohol followed by azylation gave rise to the
formation of azide 115 in an excellent yield (84% for two steps). The azide 115 was
then allowed to react with lithium aluminum hydride and the amine 116 was isolated.
To finish the synthesis of aminocyclitol 117, the amine 116 was exposed to TFA in

THF as solvent generated the target aminocyclitol 117 in 86%.

QMS N3
\\o _ MSCL NEt; —— NaN3, DMF
- ™
DMAP, 82% ¢ oy 15-crown-5-ether
(o) 100°C 0
Aio 84% )<O
113 114 115
NH,
_LiAH, ~OH
THF, 43% THF 86% HO™ “'OH
OH
115 116 117

Scheme 2.8. Synthesis of 5R-amino-1,2,3,4-cyclohexanetetrol (117) from bis-
acetonide 113.

In order to gain more information on the pharmacophore required for C-5, we
prepared other cyclitol derivatives. Cleavage of bis-acetonide protecting groups of
compound 112 and 113 were carried out under the aforementioned conditions. The
crude products were purified by recrystallization with hexane afforded pure target

cyclitols 118 and 119 in reasonable yields (Scheme 2.9).
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0
O/ TFA THF ~OH
T HO" Y~ “OH
OH
112 118
OH
WO / TEA THF A~ WOH
—_—
"0 A% O ™ "OH
OH
113 119

Scheme 2.9. Preparation of 118 and 119.

2.4. a-Glucosidase inhibitory effect

5-Amino-1,2,3,4-cyclohexanetetrols (111 and 117) and deprotected analogues
(118 and 119) were evaluated for c.-glucosidase inhibitory effect using colorimetric
method [34] with slight modification. In brief, a-glucosidase hydrolyzed the substrate
p-nitrophenyl-a-D-glucopyranoside (PNP-G) to produce p-nitrophenol and glucose
(Scheme 2.10). Therefore, the inhibitory effect of synthesized compounds towards a-

glucosidase was quantified by UV (405 nm), in term of p-nitrophenol decline.

9@ OH OH
N HO,, WOH a—glucosidase O\\I\Fr) HO,,, ~OH
- OH S ( ) ¢ OH
0" "o O HO™ ~O
p-nitrophenyl-a—D-glucopyranoside p-nitrophenol glucose

Scheme 2.10. Hydrolysis of a-glucosidase.

The synthesized compounds were tested for the o-glucosidase inhibitory
activity, and the results are shown in Table 2.1. All of the synthesized compounds
showed weak inhibitory effect (ICso 670-2890 uM) compared with antidiabetes drugs
(Acarbose® and DNJ), except for amino cyclitol 117 (ICso 12.5 pM). A tremendous
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difference in inhibitory effect of two diastereomeric aminocyclitols 111 and 117 (ICxp
2890 vs 12.5 uM) suggested that the configuration of 5-NH; was possibly essential

for mimicking the conformation and charge of the oxycarbenium ion intermediate [7].

Table 2.1. a-Glucosidase® inhibitory effect of compounds 102, 111, 117, 118 and 119

Compound Inhibitory effect (1Cso, uM)
102 NIP
111 2890
= L5
118 670
119 921
Acarbose® 570
DNJ 173

%a-Glucosidase was obtained from baker yeast. "Inhibitory effect less than 30% at
10 mg/mL.

2.5. Experimental section
2.5.1 General experiment procedures

NMR spectra were recorded with a Varian Mercury” 400 NMR spectrometer
operated at 400 MHz for *H and 100 MHz for **C nuclei and JEOL JNM-A500 FT
NMR spectrometer operated at 500 MHz for *H and 125 MHz for **C nuclei. The
chemical shift in-d (ppm) was assigned with reference to the signal from the residual
protons in deuterated solvents and using TMS as an internal standard in some cases.
The IR spectrum was recorded on a Perkin-Elmer FT-IR spectroscopy spectrum RXI
spectrometer (Perkin Elmer Instruments LLC., Shelton.,, U.S.A)). ESIMS and
HRESIMS were obtained from mass spectrometer model VG TRIO 2000 and a
Micromass LCT mass spectrometer, respectively. Silica gel 60 Merck cat. No. 7734
was used for open column chromatography. Thin layer chromatography (TLC) was

performed on precoated Merck silica gel 60 Fys4 plates (0.25 mm thick layer).
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2.5.2 Plant material

The stems of Arfeuillea arborescens were purchased from Chao-Krom-Per, a
Thai medical plant shop, Bangkok, Thailand, in October, 2007.

2.5.3 Isolation procedure

Dried and coarsely ground stems of Arfeuillea arborescens (5.0 kg) were
extracted with MeOH in Soxhlet extractor to yield MeOH soluble fraction which was
defatted by partitioning with n-hexane (3 x 500 mL). The MeOH soluble part was
evaporated in vacuum to give the concentrated one. After standing the concentrated
MeOH soluble part overnight, sugarlike crystal was obtained. It was recrystallized in

hot water for several times to obtained pure (+)-proto-quercitol (9.0 g, 0.2 % wi/w).

(+)-proto-Quercitol (102)
OH Colorless crystal: mp 235-236 °C; [a]p?’ +27.9 (c 0.02, H,0);
~OH 1 NMR (DMSO-ds, 500 MHZz) 64.66 (d, J = 3.4 Hz, OH), 4.49 (d,
HO™ "o J=3.7Hz, OH), 4.42 (d, J = 4.3 Hz, OH), 4.37 (d, J = 4.9 Hz, OH),
OH 4.26 (d, J = 6.1 Hz, OH), 3.67 (ddd, J = 7.0, 6.7, 3.7 Hz, 1H), 3.59
(dd, J = 3.7, 3.3 Hz, 1H), 3.40-3.51 (m, 2H), 3.28 (dt, J = 12.8, 4.0 Hz, 1H), 1.56-1.66
(m, 2H); *°C NMR (DMSO-ds, 125 MHz) & 75.0, 72.9, 71.4, 68.9, 68.4. 34.9; 'H
NMR (D0, 400 MHz) § 3.90 (dd, J = 6.4, 3.2 Hz, 1H), 3.80 (dd, J = 3.2, 2.4 Hz,
1H), 3.57-3.66 (m, 2H), 3.44 (dd, J = 9.6, 9.2 Hz, 1H), 1.86 (ddd, J = 13.9, 3.2, 3.2
Hz, 1H), 1.69-(ddd; J-= 13.9; 11.6; 2.8 Hz, 1H); *C NMR (D;O + one drop acetone-
ds, 100 MHz) 674.2, 71.8, 70.6, 68.5, 68.2, 32.9; ESIMS m/z [M+H]" 165.

2.5.4 Absolute stereochemistry of (+)-proto-quercitol (102)

1,2:3,4-Di-O-isopropylidene-5R-(+)-proto-quercitol (103)

OH To a solution of (+)-proto-quercitol (102) (64 mg, 0.39 mmol) in
“‘O>< DMF (4 mL) were added 2,2-dimethoxypropane (480 uL, 3.90
o "0 mmol) and p-toluenesulfonic acid monohydrate (7.4 mg,

ﬁ/o 0.039 mmol) and the mixture was stirred for 1 h at 80 °C and
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warmed to room temperature for 24 h. After the reaction is completed, the reaction
mixture was diluted with distilled water and extracted with EtOAc (3 x 50 mL). The
combined organic layers were then washed with brine, dried over Na,SOy, filtered and
concentrated under reduced pressure. The residue was chromatographed on a silica
gel column using 50% EtOAc-hexane to yield bis-acetonide 103 (71.2 mg, 75%) as a
syrup; *H NMR (CDCls, 400 MHz) 54.26 (dd, J = 8, 6.4 Hz, 1H ), 4.20 (ddd, J = 8,
5.6, 5.2 Hz, 1H), 4.13 (dd, J = 5.6, 5.6 Hz, 1H), 3.70 (ddd, J = 10.4, 10.2, 6.3 Hz, 1H),
3.53 (dd, J = 10, 8.4 Hz, 1H), 1.92-2.06 (m, 2H), 1.44 (s, 3H), 1.36 (s, 3H), 1.35 (s,
3H), 1.29 (s, 3H); *C NMR (CDCl3, 100 MHz) 5111.3, 109.8, 81.1, 79.8, 76.1, 72.1,
68.7, 32.3, 27.8, 27.0, 26.9, 25.5.

For the modified Mosher’s analysis, (R)-a-methoxy-o-(trifluoromethyl)-
phenylacetyl chloride (5 pL, 26 pM) was added to 5 mg of bis-acetonide 103 in 10 pL
of dry pyridine. After being stirred at room temperature for 3 h, the mixture was
extracted with CH,Cl, (3 x 2 mL), washed with 1M HCI (3 x 2 mL), dried over
anhydrous Na,SOy filtered and concentrated under reduced pressure. The residue was
purified by silica gel column using 30% EtOAc-hexane to give S-(-)-MTPA ester
(103a); 'H NMR (CDCls, 400 MHz) & 7.36-7.43 (m, 5H), 5.57 (br s, 1H), 4.07-4.14
(m, 2H), 3.42-3.50 (m, 2H), 3.45 (s, 3H), 1.98-2.18 (m, 2H), 1.45 (s, 3H), 1.36 (s,
3H), 1.32 (s, 3H), 1.27 (s, 3H); *C NMR (CDCl;, 100 MHz) & 129.9, 128.6, 127.3,
111.4,110.2,81.4,76.4,76.2,72.2, 71.1, 30.4, 28.0, 26.9, 26.8, 25.9.

R-(+)-MTPA ester (103b) was also prepared in the same manner using (S)-o.-
methoxy-a-(trifluoromethyl)-phenylacetyl chloride; *"H NMR (CDCls, 400 MHz) &
7.46-7.34 (m, 5H ), 5.46 (brd , J = 4.8 Hz, 1H), 4.27 (dd, J = 7.2, 6.8 Hz, 1H), 4.12
(dd, J = 6, 6 Hz, 1H), 3.70 (dt, J = 10, 7.2 Hz, 1H), 3.51 (s, 3H), 3.41 (dt, J = 10.2, 6
Hz, 1H), 1.99-2.10 (m, 2H), 1.45 (s, 3H), 1.35 (s, 3H), 1.30 (s, 3H), 1.29 (s, 3H); *C
NMR (CDCl3, 100 MHz) 6129.8, 128.5, 127.1, 111.7, 110.4, 80.9, 76.5, 76.0, 72.6,
71.6, 29.9, 27.9, 26.9, 26.8, 25.7.
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2.5.5 Synthesis of 5-amino-1,2,3,4-cyclohexanetetrols

1,2:3,4-Di-O-isopropylidene-5R-O-mesyl-(+)-proto-quercitol (108)
OMs To a 273.2 mg (1.12 mmol) portion of 103 in CH,Cl, (12 mL) was
™ >< added DMAP (trace amount) and triethylamine (1.3 mL, 8.94
o ! mmol). The mixture was cooled to 0 °C. Mesyl chloride (261
Aio pL, 3.35 mmol) was added slowly and the mixture was stirred for
3 h at room temperature. The product was extracted with CH,Cl, (3 x 50 mL), washed
with brine, dried over anhydrous Na,SOy, filtered and concentrated under reduced
pressure. The crude product was purified by silica gel chromatography (50% EtOAc-
hexane) to give 108 (317.2 mg, 88%) as crystalline solid; *H NMR (CDCls, 400
MHz) & 5.03 (dt, J = 6.0, 5.4 Hz, 1H), 4.34 (br d, J = 6.0 Hz, 2H), 3.69 (dt, J = 10.4,
6.4 Hz, 1H), 3.60 (m, 1H), 3.07 (s, 3H), 2.31 (m, 1H), 2.21 (m, 1H), 1.89 (m, 1H),

1.50 (s, 3H), 1.41 (s, 6H), 1.34 (s, 3H).

5S-Azido-5-deoxy-1,2:3,4-di-O-isopropylidene-(+)-proto-quercitol (109)
N3 A mixture of 108 (229.7 mg, 0.71 mmol), sodium azide (465.0 mg,
N >< 7.12 mmol), 15-crown-5-ether (1.5 mL, 7.12 mmol), and DMF (7
o\“Q"’ mL) was stirred for 24 h at 100 °C. The reaction mixture was
AYO extracted with EtOAc (3 x 100 mL), washed with brine for several
times, dried over anhydrous Na,SOy, filtered and concentrated under reduced pressure.
The residue was chromatographed on a column of silica gel (30% EtOAc-hexane) to
give the azide 109 (151.8 mg, 79%) as a crystalline solid; *H NMR (CDCls, 400
MHz) & 4.35(dd, J =4.8, 4.8 Hz, 1H), 4.14 (dd, J = 8.4, 5.6 Hz, 1H), 3.58-3.68 (m,
2H), 3.30 (dt, J =10.6, 4.4 Hz, 1H), 2.30 (m, 1H), 1.89 (m, 1H), 1.52 (s, 3H), 1.37 (s,
3H),1.35 (s, 3H),1.33 (s, 3H);-*C NMR (CDCls, 100. MHz) §111.7, 110.6, 81.0,
76.3,76.2, 73.1,57.2,29.1, 27.9,26.9, 26.8, 25.9.

5S-Amino-5-deoxy-1,2:3,4-di-O-isopropylidene-(+)-proto-quercitol (110)

NH; To a cool solution of the azide 109 (33.6 mg, 0.12 mmol) in THF
! (2.2 mL) at 0 °C was added LiAIH; (480 puL, 1 M, 0.48 mmol)
o " dropwise. The mixture was stirred for 3 h, diluted with 1 M

© NaHCOs , extracted by EtOAc (3 x 30 mL), washed with brine,
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dried over Na,SO,, filtered and concentrated under reduced pressure. The residue was
purified by flash chromatography using 20% MeOH-EtOAc to yield an amine 110
(20.7 mg, 71%) as pale yellow oil; *"H NMR (CD30OD, 400 MHz) & 4.23 (dd, J = 4.8,
4.4 Hz, 1H), 4.07 (dd, J = 8.4, 4.8 Hz, 1H), 3.41 (dd, J = 9.0, 9.0 Hz, 1H), 3.30 (dt, J
=10.6, 3.2 Hz, 1H), 3.13 (dt, J = 11.6, 4.8 Hz, 1H), 2.08 (m, 1H), 1.51 (dt, J = 11.6,
11.6 Hz, 1H), 1.41 (s, 3H), 1.29 (s, 6H), 1.27 (s, 3H); *C NMR (CD30D, 100 MHz) §
110.5, 109.0, 82.5, 77.7, 76.4, 74.1, 48.6, 32.8, 27.5, 25.8, 25.1.

5S-Amino-1,2,3,4-cyclohexanetetrol (111)
NH, Compound 110 (24.3 mg, 0.10 mmol) was treated with
~OH trifluoroacetic acid (77 pL, 1.00 mmol) in THF (1 mL) for 3 h at
HO Q room temperature. The mixture was evaporated under reduced
OH pressure, washed with EtOAc (3 x 10 mL). The product was dried
and evaporated to give compound 111 (17.60 mg, 63%) as colorless oil; *H NMR
(CD50D, 400 MHz) & 3.98 (m, 1H), 3.53 (m, 1H), 3.43 (m, 1H), 3.25-3.29 (m, 2H),
1.94 (m, 1H), 1.87 (m, 1H); **C NMR (CDs0D, 100 MHz) & 74.0, 72.6, 69.4, 69.2,
48.3, 30.7; HRESIMS m/z 164.0921 [M+H]" (calcd for CeH1sNO4+H, 164.0923).

1,2:3,4-Di-O-isopropylidene-5-cyclohexanone (112)

0 To a solution of 103 (585.2 mg, 2.39 mmol) in DMSO (18 mL,
o >< 265.8 mmol) was added acetic anhydride (23 mL, 239.5 mmol) for
o " 5 h at room temperature. The reaction mixture was extracted with
A(O EtOAc (3 x 200 mL), washed with brine for several times, dried
over anhydrous Na;SO;, filtered and concentrated under reduced pressure. The crude
product was purified by silica gel column (20% EtOAc-hexane) to give 112 (316.8
mg, 55%) as colorless powder; *H NMR' (CDCl3, 400: MHz) & 4.59 (dd, J = 8.4, 8.0
Hz, 1H), 4.43 (d, J = 8.4 Hz, 1H), 4.07 (dt, J = 10.6, 6.8 Hz, 1H), 3.50 (dd, J = 10.4,
7.6 Hz, 1H), 2.93 (dd, J = 18.0, 7.2 Hz, 1H), 2.42 (dd, J = 18.2, 11.0 Hz, 1H), 1.44 (s,
3H), 1.42 (s, 3H), 1.40 (s, 3H), 1.32 (s, 3H); **C NMR (CDCls, 100 MHz) & 203.6,

113.6, 112.3, 82.2, 78.7, 75.2, 70.6, 41.1, 27.1, 27.0, 26.7, 24.7.
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1,2:3,4-Di-O-isopropylidene-5S-(+)-proto-quercitol (113)
OH This compound was synthesized from 112 using the same
N >< protocol for the synthesis of 110. The pure compound 113 as
O\“Q"’ crystalline solid (93%); *H NMR (CDCls, 400 MHz) & 4.24-4.32
Afo (m, 2H), 4.10 (m, 1H), 4.00 (dd, J = 10.0, 7.6 Hz, 1H), 3.45 (m,

1H), 2.36 (ddd, J = 13.2, 6.4, 6 Hz, 1H), 1.89 (ddd, J = 13.0, 10.8, 5.2 Hz, 1H), 1.55
(s, 3H), 1.50 (s, 3H), 1.42 (s, 3H), 1.38 (s, 3H).

1,2:3,4-Di-O-isopropylidene-5S-O-mesyl-(+)-proto-quercitol (114)
OMs This compound was synthesized from 113 using the same
g >< protocol for the synthesis of 108. The pure compound 114 as
o\“Q"’ crystalline solid (82%); *H NMR (CDCls, 400 MHz) & 4.95 (br d,
AYO J=4Hz, 1H), 4.39 (dd, J = 4.8, 4 Hz, 1H), 4.29 (dd, J = 7.6, 6.4
Hz, 1H), 3.85 (dd, J = 9.6, 8.4 Hz, 1H), 3.07 (s, 3H), 2.51 (dt, J = 13.2, 6.4 Hz, 1H),
2.15 (dt, J = 12.8, 6.4 Hz, 1H), 1.56 (s, 3H), 1.44 (s, 3H), 1.41 (s, 3H), 1.37 (s, 3H).

5R-Azido-5-deoxy-1,2:3,4-di-O-isopropylidene-(+)-proto-quercitol (115)
N3 This compound was synthesized from 114 using the same
o >< protocol for the synthesis of 109. The pure compound 115 as
o crystalline solid (84%); *"H NMR (CDCls, 400 MHz) 54.29 (dd, J
)<O = 6.4, 6.4 Hz, 1H), 4.21 (dd, J = 6.4, 6.2 Hz, 1H), 4.02 (dt, J =

6.0, 6.0 Hz, 1H), 3.61-3.63 (M, 2H), 2.05-2.08 (M, 2H), 1.51 (s, 3H), 1.42 (s, 3H),
1.41 (s, 3H), 1.35 (s, 3H).

5R-Amino-5-deoxy-1,2:3,4-di-O-isopropylidene-(+)-proto-quercitol (116)
NH, This compound was synthesized from 115 using the same
@-“ >< protocol for the synthesis of 110. The pure compound 116 as
o v colorless oil (43%); *H NMR (CD;0OD, 400 MHz) 6 4.31 (dd, J =
AYO 7.0, 7.0 Hz, 1H), 4.10 (dd, J = 6.8, 6.8 Hz, 1H), 3.79 (m, 1H),

3.68 (dd, J =9.0, 9.0 Hz, 1H), 3.28 (m, 1H), 1.98 (m, 1H), 1.83 (m, 1H), 1.46 (s, 3H),
1.39 (s, 6H), 1.34 (s, 3H).
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5R-Amino-1,2,3,4-cyclohexanetetrol (117)

NH, This compound was synthesized from 116 using the same

~OH protocol for the synthesis of 111. The pure compound 117 as

HO “'OH colorless oil (86%); *H NMR (CD30D, 400 MHz) &3.90-3.95 (m,
OH 2H), 3.78 (m, 1H), 3.53 (m, 1H), 3.38 (m, 1H), 2.06 (m, 1H), 1.95

(m, 1H); C NMR (CD;OD, 100 MHz) § 73.7, 70.4, 69.8, 69.0, 49.1, 31.1;
HRESIMS m/z 164.0922 [M+H]" (calcd for CgHisNO4+H, 164.0923),

Compounds 118 and 119 were synthesized from 112 and 113, respectively

using the same protocol for the synthesis of 111.

(1S,2R,3S,4S)-Tetrahydroxy-5-cyclohexanone (118)

) For 118: as pale pink oil (76%); *H NMR (DMSO, 400 MHz,) &

~OH 546 (brs, 1H), 5.10 (br s, 1H), 4.94 (br s, 2H), 4.27 (br s, 1H),

HO™ "'OH 3.92 (br's, 1H), 3.92 (br s, 1H), 3.81 (br s, 1H), 2.71 (dd, J = 12.0,
OH 4.0 Hz, 1H), 2.32 (dd, J = 12.0, 4.0 Hz, 1H).

(1S,2R,3S,4S,5S)-Cyclohexanepentol (119)
OH For 119: as colorless powder (91%); *H NMR (D,0, 400 MHz) §
~_ +OH
Q 3.81 (br s, 1H), 3.60 (br d, J = 12.4 Hz, 1H), 3.32 (m, 2H), 3.25
HO™ '

r “OH . (m, 1H), 1.79 (m, 1H), 1.59(m, 1H).

2.5.6 a-Glucosidase inhibition assay
Chemical and equipment

The phosphate buffer (0.1 M), containing 2.84 g of Na,HPO,, 2.72 g of
KH,PO, were dissolved in 200 mL of distilled water, adjusted to pH 6.9. The a-
glucosidase (EC 3.2.1.20) from Baker's yeast was purchased from Sigma-Aldrich (St.
Louis, MO, USA). Enzyme was dissolved in phosphate buffer to make 5.7 U/mL
stock solution, and further diluted with buffer to get 1 U/mL used for this test. p-
Nitrophenyl a-D-glucopyranoside was purchased from Sigma-Aldrich as a substrate,
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dissolved in phosphate buffer to make 1 mM. Bio-Rad microplate reader model 3550
UV was used to measure the absorbance at 405 nm for the enzymatic reaction in the

microplate assay.

Procedure

In the 96-well plate, 10 pL of synthesized compounds (1 mg/mL in DMSO)
and 40 pL of 1 U/mL a-glucosidase were added and incubated at 37 °C for 10 min.
Then, 50 uL of 1 mM p-nitrophenyl a-D-glucopyranoside was added and mixed. The
enzyme reaction was carried out at 37 °C for 20 min and then 200 pL of 1 M Na,COg3
was added to terminate the reaction. Enzymatic activity was quantified by measuring
the absorbance at 405 nm. Percentage inhibition was calculated according to the

equation shown below [29].

Ablank 3 Asample
% inhibition = x 100
Ablank
Ablank is the absorbance of control without test solution
Asample 1S the absorbance of sample with test solution

The 1Cs, value was determined from a plot of percentage inhibition versus
sample concentration. Acarbose® and DNJ were used as standard controls and the

experiment was performed in duplicate.
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CONCLUSION

In this research, we described efficient synthesis of diastereomerically pure 5S-
and 5R-amino-1,2,3,4-cyclohexanetetrols (111 and 117) (Scheme 3.1) which are new
analogues of aminocyclitols, starting from naturally available (+)-proto-quercitol
(102) via two parallel routes. The key step involved the exclusive formation of bis-
acetonide 103 through selective protection of hydroxyl groups in (+)-proto-quercitol.
This rationale could be explained by the formation of single cis-ketal 120 (Scheme
3.2). In case where several 1,2-acetonides are possible, the formation of cis-cyclic
ketal is more favorable than trans-derivative, thus leading to 103 as a single product.
On the other hand, (-)-vibo-quercitol (92) afforded inseparable mixture of bis-
acetonides 93 and 94 [29] on treatment with 2,2-dimethoxypropane though cis-cyclic
ketal 121, which was initially generated. This could be rationalized by two possible
formations of the second acetonide at C-1/C-2 or C-2/C-3.

NH,
=~ OH
OH OH HO™ ""OH

S _\OH s OH

| 3 Me,C(OMe), - ':13/ >< 111
HO' ‘OH o 31% overall yield

OH *O

(+)-proto-Quercitol NH;
(102) 103 IS5 \OH
HO™ ""OH

OH

117

18% overall yield

Scheme 3.1
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The investigation and evaluation for the a-glucosidase inhibitory activity using
colorimetric method indicated that aminocyclitol 117 was the most effective inhibitor
with 1Cso value of 12.5 uM; its inhibition was 45-fold higher than standard drug
acarbose. Interestingly, aminocyclitol 117 displayed more striking inhibition than
diastereomeric congener 111, pointing out that configuration at 5-NH is critical for
blocking the enzyme. With excellent biological activity of 117, (+)-proto-quercitol
would serve as alternative chiral pool for synthesis of diverse aminocyclitols and
related analogues. Furthermore, modification of aminocyclitol 117 and study on

structure activity relationship will be reported in the future.
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Figure 1. The *H NMR (D,0) spectrum of 102.
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Figure 2. The *C NMR (D,0) spectrum of 102.
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Figure 14. The *C NMR (CD3;OD) spectrum of 110.
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Figure 17. The *H NMR (CDCl5) spectrum of 112.
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Figure 21. The *H NMR (CDCls) spectrum of 115.
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Figure 22. The *H NMR (CD30OD) spectrum of 116.
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Figure 24. The *C NMR (CDsOD) spectrum of 117.
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