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Carbocyclization of Carbohydrates to Hydroxylated Cycloalka(e)nes

Tony K. M. Shing

Department of Chemistry, Faculty of Science and Technology, Keio University

Email: shing@chem.keio.ac.jp

Abstract: Carbohydrates, inexpensive and rich in stereochemistry, are nature’s gifts to the synthetic organic
chemists. We have been conducting research on the carbocyclization of carbohydrates for many years, i.e. the
conversion of simple, readily available monosaccharides into hydroxylated cycloalkanes and cycloalkenes
with pharmaceutical potential. Several key reactions are presented in this Article to illustrate such facile
transformation namely [n4s+n2s] cycloaddition - intramolecular nitrone-alkene and nitrile oxide-alkene
cycloadditions, intramolecular direct aldol reaction and intramolecular Horner—Wadsworth-Emmons olefination.
These protocols provide facile entries to 6 and 7-membered hydroxylated carbocycles in enantiomerically pure
forms which then could be further elaborated into target molecules. Examples including calystegines, tropane
alkaloid, cyclohexanyl and cyclohexenyl gabosines, cycloheptanones, valiolamine, validoxylamine G, pseudo-

acarviosin, and a SGLT2 inhibitor are presented.

Keywords: carbohydrates, natural products, organic synthesis, pericyclic reactions, hydroxylated carbocycles

This review article describes our research efforts on finding a short, facile, and efficient way of transforming
carbohydrates into hydroxylated carbocycles over a period of about 30 years. There are excellent reviews on the

topic published elsewhere.'

The story begins when I was a postdoctoral fellow at Oxford working with Professor George Fleet in 1983.
We were trying to synthesize shikimic acid from D-mannose using an intramolecular aldol condensation or a
Wittig-type alkenation as the key step. Installing a phosphono-acetate moiety at the C-5 of the benzyl furanoside

intermediate 1 to form the Wittig-Horner—-Emmons precursor met with difficulty (Scheme 1).2

Simple SN2 displacement reactions in carbohydrates are known to be sluggish/difficult due to the high
concentration of oxygen functions (electron rich). Thus the derived standard electrophiles, 5-tosylate 2 and
5-iodide 3 were found to be inert towards substitution. We then attempted to use the 5-triflate 4 as a reactive
leaving group (this was new at that time). Gratifyingly, the alkylation proceeded smoothly to give the Horner—
Wadsworth—-Emmons (HWE) alkenation precursor in a good yield. Subsequent unmasking the aldehyde function
in § by hydrogenolysis afforded lactol 6 that was treated with base to give the cyclohexene motif, the protected
shikimic acid 7. Acid catalysed removal of the blocking groups in 7 furnished shikimic acid in an excellent

overall yield.?
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Scheme 1. Synthesis of shikimic acid

Up to date, this intramolecular HWE alkenation is still one of the most powerful strategies for the
carbocyclization of sugar molecules. A notable example of using this strategy was demonstrated by Fang and
co-workers® to synthesize anti-viral agent Tamiflu® 12 and its more potent phosphonate analog 13 in a similar
manner (Scheme 2).

* Tamiflu® is a registered trademark of F. Hoffmann-La Roche, Ltd.
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8 E = COzEt 10 E = COLE 12 E = CO,Et (Tamiflu®)
9 E = PO(OEY, 11 E = PO(OEH), 13 E = PO(OE)

Scheme 2. Synthesis of Tamiflu® and its phosphonate analog

The reasons for researching on carbocyclization of carbohydrates are attributed to the fact that many
biologically active molecules are hydroxylated cycloalkanes/alkenes. Carbohydrates are obvious starting
materials that offer the most facile and economical way to approach these highly oxygenated carbocycles with

defined stereochemistry.

Some hydroxlated cyclohexanes and cyclohexene are listed in Figure 1. They display a wide plethora of

bioactivities including antibiotic, antitumor, antiviral, glycosidase inhibitory activities.
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Figure 1. Bioactive hydroxylated cyclohexanes and cyclohexenes

Calystegines,* displayed specific glycosidase inhibition, are a group of bicyclic heterocycles which are
in equilibrium with the open chain form, a hydroxylated gamma-amino cycloheptanone that are potentially

accessible from carbohydrates (Figure 2).

Q OH Q OoH
HO OH OH
HO NH HO.,. HO Y'\H HO.
OH] OH
NH, hd NH,

Calystegine Ag Calystegine Bs
HO R
HO N HO,
HO -
0 HO

OH

R = H Calystegine C4
R = CH3 N-methyl calystegine C4

Figure 2. Structures of some calystegines

Gabosines are a group of hydroxylated cyclohexanones/cyclohexenones that display antibiotic, anticancer,
and DNA binding properties (Figure 3).> All these compounds should in theory be approachable from sugars,

but how could we effect the carbocyclization efficiently?
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Figure 3. Gabosine family

Towards that end, we have been investigating the following strategies for the carbocyclization of sugars:

Carbocyclization of Carbohydrates via an Intramolecular Nitrone-Alkene Cycloaddition (INAC)
Carbocyclization of Carbohydrates via an Intramolecular Nitrile Oxide-Alkene Cycloaddition (INOAC)

Carbocyclization of Carbohydrates via an Intramolecular Direct Aldol Addition of Sugar Diketone

Bl A

Carbocyclization of Carbohydrates via an Intramolecular Horner—Wadsworth—Emmons (HWE)

Olefination

From 1984, I started my independent research career at the University of Manchester and began to

investigate the construction of carbocycles using an INAC reaction as the key step.
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Carbocyclization of Carbohydrates via an Intramolecular
@) Nitrone-Alkene Cycloaddition (INAC)

2,3-O-Isopropylidene D-ribose 23 underwent a chelation controlled Grignard vinylation to give triol

24 (Scheme 3). Glycol cleavage oxidation of the vicinal diol in 24 affoded lactol 25 which on heating with
N-methyl hydroxylamine furnished a hydroxylated cyclopentane 27 smoothly. This is an extremely short
approach towards 5-membered carbocycles and its application to the syntheses of carbocyclic nucleosides should

have received more attention.®

OvoH S o Nalo 0
= ~MgBr a HO
H 0@ g Ho/\\_)/\ 4 m
I THF, 72% — ag. MeOH, 90% T

o_ 0 g 5 :
x 23 OXOM o><025
aqg.EtOH

A
1% o\ NHMeOH

MeN 94%
OH Me;'}‘»\? >-~0H

A

o__o 27 O0. 0 26
X X

Scheme 3. Synthesis of a functionalized cyclopentane 27 from ribose

On the other hand, chelation controlled vinylation of diacetone mannose 28 gave allyl alcohol 29
stereoselectively which was protected as benzyl ether 30 (Scheme 4). Regioselective mild acid hydrolysis of the
terminal acetonide was feasible as the O-8 was the least hindered and therefore protonated first. The resultant
diol 31 was oxidatively cleaved to afford aldehyde 32 which was reacted with N-methyl hydroxylamine to give
nitrone 33. INAC occurred smoothly on heating to give cyclohexane 34 in good yield. In both cases, the new

C—N bond is anti to the O-2 stereochemistry and the ring fusion is cis.®

OH OH OBn OBn

\)\g_z, MgBr M BnBr, NaH W ag. AcOH, 64%
THF, 93% O)<é o><o THF, 79% O)<
29

Y 0]
o MeN/ OB
OBn n

OBn OBn

/
aq. MeOH BnO" aq. EtOH BRO" BnO™ (0]
o 34 o7L
31 32 33 O7L

65% overall from 32

Scheme 4. Synthesis of a functionalized cyclohexane 34 from mannose

We had more interests in this INAC reaction because we reasoned that it could be controlled to provide
7-membered carbocycles. When a sugar molecule was elaborated to have a terminal alkene, on reaction with
N-alkyl hydroxylamine, there would be two possible modes of INAC cyclization, the exo or the endo mode

(Scheme 5), which leads to either a fused or a bridged isoxazolidine, respectively.” To be specific, a hept-6-
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enose would provide either a fused bicyclo[4.3.0] system, i.e. a cyclohexane skeleton from an exo-mode or
a bridged bicyclo[4.2.1] system, i.e. a cycloheptane skeleton from an endo-mode INAC cyclization. We were
particularly intrigued by the potential formation of 7-membered carbocycles as there are few synthetic strategies
towards cycloheptanes whereas the synthetic methods for the construction of 5- and 6-membered carbocycles are

plentiful.

O RNHOH QN+-R R-alkyl group
sugar —» Y Vi e.g. Bn, Me
aldehyde nitrone
exo mode of cyclization endo mode of cyclization
R .
/ Q 3 Q 0 o]
+ N— N -
NR e NR > N R
X X X
fused bicyclo [X.3.0] bridged bicyclo [X.2.1]
e @
fused bicyclo [4.3.0] bridged bicyclo [4.2.1]

Scheme 5. INAC mode of cyclization

We realised that the formation of a cyclohexane skeleton via the exo-mode of cyclization of hept-6-
enose is the usual regioselectivity outcome with conventional protecting groups like benzyl ether, silyl ether,
acetonide, and esters etc. For examples, nitrone 35 and 36, both with a cis-diol acetonide protecting group gave
cyclohexane rings in high yields (Scheme 6).8 The stereochemistry of 4-OH apparently had no effect on the

regioselectivity.

Scheme 6. INAC of hept-6-enoses with a cis-acetonide

We reasoned that the mode of cyclization might be controlled by the blocking groups as they affect the
orbital overlap between the nitrone and the alkene. Thus we investigated the effect of frans-diacetal blocking
group on the regioselectivity of hept-6-enose. Epimeric nitrones 37 and 38 were readily prepared from
D-arabinose involving glycosidation with benzyl alcohol, diacetalisation, debenzylation, Grignard allylation,
glycol cleavage oxidation and reaction with N-methyl hydroxylamine. Interestingly, nitrones 37 and 38 with a
trans-diacetal blocking group (the diol moiety is trans) afforded endo-mode of cyclization products 41, 44, 45, i.e.,

cycloheptane rings, for the first time (Scheme 7). Another notable feature of this reaction is that a trans-fused
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bicyclo[4.3.0] system, i.e. cyclohexane 40 and 43 were formed. The lower yield of cis-fused 42 and higher yield
of trans-fused 43 is probably attributed to the 1,3 diaxial interaction between 4-OH and the 6-hydroxymethyl in
42, this steric interaction is absent in the cis-cycloadduct 39. The rigidity of the diacetal ring requires 2-O and

3-0 in the trans-diequatorial dispositions, thus 4-OH and the 6-hydroxymethyl in 42 must be axial.®

O~ Me-n—2
Me~ N Me—N - e
o o oH T ot
MeO 0 MeO 0 Meo:%o
OMe "OMe » “OMe
40
39 64% 18% 16%

o O— Me\N/O Me\N/Q

Me~ N Me— N ; H
@ "o oo
o o" OH ¥ '
OH OH
Meo—§/0 MeO—‘>/O Meo\?&/o Meowo
OMe OMe “OMe “OMe

42 43 44 45
27% 35% 17% 21%

Scheme 7. INAC of hept-6-enoses with a trans-diacetal

We reasoned that cycloheptane ring might be more accommodating than 6-membered rings as far as ring
strain is concerned. We therefore went on to study the effect of an acetonide with a frans-diol blocking group on
the regioselectivity of nitrone cycloaddition of hept-6-enose (Scheme 8). Nitrones 46 and 47 with an acetonide

of trans-2,3-diol provided endo-cycloadducts 48 and 49 as the major products for the first time.’

Scheme 8. INAC of hept-6-enoses with a 2,3-trans-acetonide

Hept-6-enose nitrones 50 and 51 with a 3,4-frans-acetonide were even more remarkable as only the endo-

mode cycloheptanes were harvested in good yields (Scheme 9).10
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56%

Scheme 9. INAC of hept-6-enoses with a 3,4-trans-acetonide

We were wondering if the stereochemistry of the C-2/C-5 hydroxyl groups might affect the regioselectivity
of the INAC reactions. We thus constructed a hept-6-enose nitrone 60 with only a 3,4-trans-acetonide from
L-tartaric acid using standard reactions (Scheme 10). Only a cycloheptane ring 61 was obtained, thereby

confirming that the endo-mode of cyclization was controlled by the frans-acetonide ring. !

0] (0] 0 (0]
HOJS—)LOH AcCl, MeOH MeOJS_)LOMe conc. H3PQOy, 3-pentanone JS_)L
B reflux B Dean & Stark trap

HO  OH HO OH 88% from 52 \)</
L-Tartaric acid (52) 53

LiAlH, HO/>J0H I, PPhs, Im '/>__/\l (/7\20u|v|g| «MgBr, \/>_/\/

THF reflux 3 O toluene, it 5 & THE -78°Ct0-30°C
99% \X/ 7% \)</ 73% \)</

aq. acetone 45% CHoCly, 1t “MeCN, reflux

\X/ 86% from 58

5 mol% Os04, NMO W NalQy, silica gel | BnNHOH

endo-mode

INAC TFA, H0
CH20|2, rt
100%
62
60
Hz, Pd/C (10 steps, 27% overall yield
+-BuOH/H,0 (v/v=5:1) . from L-tartaric acid)
rt, 94% HO ©OH

63

Scheme 10. INAC of hept-6-enose with only a 3,4-trans-acetonide
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Since we have established that 7-membered cycloheptanes can be accessed via a trans-acetonide
directed endo-selective INAC reactions of hept-6-enoses, we set out to synthesize calystegine analogs. In
this way, D-xylose was transformed into cycloheptanes 63, 64, 65 with a 3,4-trans-acetonide (Scheme 11).
Debenzoylation afforded the corresponding alcohols in which 66 and 68 were oxidized to the same ketone 69.
Acidic deacetonation of 69 followed by global hydrogenolysis furnished (S)-3-hydroxy-calystegine Bs 71."°
We found that fert-butanol was a good solvent for hydrogenolysis of a N-benzyl group as no side products from

N-alkylation was possible.

O ~OH 10 steps
—_—

OBz
HO™ “'OH
OH
D-Xylose 65 (14%)
K>CO3, MeOH/CH,Cl, | KCOgz, MeOH/CHCly | KoCO3, MeOH/CH,Cly

rt, 24 h, 91% rt, 8 h, 100% rt, 6 h, 100%

66 67 68

Bn\'\J/Q- Bn\N/Q Bn,

IBX, DMSO/CHCl, IBX, DMSO/CHCl,

BnO"" (viv=1:1), rt, 100% BnO"" (viv=1:1),1t,100%  BnO""

L
68

TFA, H.0 10% Pd/C, Ha
CHyCly, rt tBuOH, rt, 92%
70
OH (0]
Q  oH HO OH OH
HO ~NH HO
HO'™ OH NH
HO NH2 OH HO 2
71 (S)-3-Hydroxy-calystegine Bs Calystegine Bs

Scheme 11. Synthesis of a calystegine Bs analog
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On the other hand, D-ribose was converted into aldehyde 72 which underwent trans-acetonide directed
endo-selective INAC reaction to give cycloheptane 73 in an excellent yield (Scheme 12). Acid hydrolysis of
the acetonide ring produced the diol 74 which underwent steric controlled regio-selective oxidation of the less

hindered alcohol to give ketone 75. Hydrogenolysis of the N-O bond afforded a B-type calystegine 76.1°

(@]
OBn MeN—"_ MeN—Q
Va
D Ribose 2.5tePS OHC MeNHOH _TFA §
56% o 0 97%  BnO" , 100% BnO™ ™ S
2 : H
72 >< 73 O7< HO 72
DMSO
ACQO
o HO
MeN—" MeHN NMe
10% Pd/C, Ho, t-BuOH/H,O — - HO
BnO" "\ (viv=5:1), rt, 48h, 87% HO™ ™ HO
HO © HO
75 76 B-type calystegine analog
Scheme 12. Synthesis of a B-type calystegine analog

Then we investigated this endo-selective INAC approach towards syntheses of tropane alkaloid 90 and

analogs.

(A) Strategy towards tropane alkaloid 1: INAC of a Nitrone with a 2,3-cis-Isopropylidene as Blocking
Group and an o,f3-Unsaturated Ester as Dipolarophile

E‘82C. e COEt

HO
1
g (Do = T
/ HO ’O/V 80 ‘lo/k
78

COzEt
exo-mode

% ;i
’/H ‘Me

79)<

Scheme 13. Orbital controlled synthetic plan towards tropane alkaloid

Since the alkene moiety in 77 is an electrophilic alkene whereas the alkenes used in our INAC cyclization
mode studies were simple nucleophilic alkenes, we were hoping that the electrophilic alkene of the enoate group
in 77 might cause an endo-selective INAC reaction attributable to HOMO-LUMO reasons (Scheme 13). This
proposal was supported by a precedent'? that in the intermolecular nitrone-alkene cycloaddition of o.,B-unsaturated
ester 82, and nitrone 81, the new C—O was installed on the $-carbon in cycloadducts 83 and in 84 (Scheme 14).
If this were applied to our INAC case, the endo-mode cyclization would have taken place. We were excited with

this precedent and therefore proceeded with the synthesis.
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Scheme 14. Intermolecular cycloaddition of nitrone 81 and enoate 82

To our disappointment, the INAC of nitrone 85 produced only exo-mode cycloadducts 86 and 87,
6-membered carbocycles. Hence it appears that steric control is more important than electronic control for the

regioselectivity (exo versus endo) of INAC reactions of hept-6-enoses (Scheme 15)."!

CO,Et
(o} | o8
OH T
Etozc/\/\Qw . Nt exo-mode
e , reflux, o o
e < 8
CO,Et CO,Et
H T
:§ "o 0
HO'- —N, HO'" —N,
N ’/H Me + S H Me
o_ 0 o_ 0 o
86 < (60%) gz < (%)
Scheme 15. INAC of enoate with a cis-acetonide

(B) Strategy towards tropane alkaloid 2: INAC of a Nitrone with a 3,4-frans-Isopropylidene as Blocking
Group and an o,3-Unsaturated Ester as Dipolarophile

Since we had shown that 3,4-trans-acetonide would direct an endo-selective mode of cyclization, we

devised a synthetic route towards cocaine based on this key step as summarised in Scheme 16.

Me\ C')OZMe
NP COMe
endo-mode
INAC OBz
/ BnO" — w
O coMe o_ 0
Me—N¢ 89 Tropane alkaloid 90
1
exo-mode
BnO . INAC Me\N’O .«CO-Me
o_ 0O He)—(H
88 x BnO'-
GXO
Scheme 16. Steric controlled synthetic plan towards tropane alkalovid 90
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Capitalising from our studies that 3,4-trans-acetonide would produce cycloheptane ring on INAC reactions
of hept-6-enoses, we proceeded to prepare the nitrone 97 from ribose.'> The known allyl alcohol 91 was readily
obtained from D-ribose via a steric-controlled allylation (Scheme 17). Thermodynamic acetonation of 91 formed
the 7,8-O-isopropylidene first as the primary 8-alcohol was the most reactive of all. Then an acetonide was
formed between O-4,5 instead of O-5,6 because the substituents on the acetonide ring 92 were trans to each
other. The diacetonide 92 was then transformed into diol 95 without incident. Glycol cleavage oxidation of
95 with silica supported NalOy4 furnished aldehyde 96 smoothly. This solid-phase NalO4 reagent14 is highly
recommended as the operation is very simple and the aldehyde harvested is usually un-hydrated. INAC reaction

of 97 did produce the desired cycloheptane derivative 98 as the major product.'®

O. OH OH OH anhydrous CuSO4 O OH y
HO In, allyl bromide HO P acetone \
N ‘e - o, ~ . ~
HO OH EtOH/H.0 OH OH 64% from D-Ribose o. O
D-Ribose 91 92
BnBr, NaH BLO OBn Z>CO,Me %O
cat. "BugNI  ~\ Grubbs catalyst Il o 80% AcOH
- CO,Me
THF, 98% GXO CH,Cly, 95% r, 73%
93 94
HO
HO OBn p Q OBn
\ COzMe NalOy,, silica gel chone toluene, reflux
OXO CHCly, rt OXO NHMeOH
95 926
B Me  COzMe
Me—N-+ N——0
\
INAC
BnO' BnO' +
75% R
o_ 0O
PaRE
97 98 99
(endo-cycloadduct) (exo-cycloadduct)
Scheme 17. INAC synthetic route towards tropane alkaloid

As the cycloheptane skeleton was installed correctly, cycloadduct 98 was converted into natural tropane

alkaloid 90 and its analogs 100-104 as shown in Figure 4.'®
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COgMe COzMe COgMe
OBz OBz OBz
ci
100 101 102

(12 steps, 23% overall yield) (13 steps, 17% overall yield) (14 steps, 15% overall yield)

CO.Me CO-Me CO-Me
OBz OBz OBz
"
103 104 Tropane alkaloid 90

(14 steps, 16% overall yield) (15 steps, 12% overall yield) (15 steps, 12% overall yield)

Figure 4. Tropane alkaloid 90 and its analogs

Carbocyclization of Carbohydrates via an Intramolecular
_@ Nitrile Oxide-Alkene Cycloaddition (INOAC)

The use of chloramine-T in the conversion of ene-sugar oxime into a nitrile oxide and its subsequent
INOAC reaction is known."> This cycloaddition shown in Scheme 18 can only be exo-mode as the endo-mode

of cyclization would produce an impossible C=N bond at the bridge head position (Bredt’s rule).16

(0]
J \-OH i / ° ‘
N* Chloramine-T N exo = N
7 - > // > ~
only
Oxime Nitrile oxide Isoxazoline

Scheme 18. Intramolecular nitrile oxide-alkene cycloaddition (INOAC)

Common chemicals for the transformation of oxime into nitrile oxide include NaOCl, NaOCI/NEt; and

N-chorosuccinimde/NEt;.'°

Under the basic conditions, the free hydroxyl group in nitrile oxide 105 would
attack the nitrile carbon to give oximolactone 106 and failed to produce a carbocycle. The hydroxy groups
of the sugar have to be protected in order to achieve satisfactory yields. Thus, providing a mildly acidic
environment for the INOAC reactions is crucial in achieving a fruitful carbocyclization without the formation of

oximolactone.

Qe
®N HO o

i\ X HO:N\ RN
aq NaOCI

o. 0O or NCS, EtgN oxo
Nitrile oxide 105 Oximolactone 106

Scheme 19. Formation of oximolactone under basic conditions
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We found that adding flash chromatography silica gel to “buffer” the reaction medium dramatically increased
the yield of the chloramine-T mediated INOAC reaction from 62 to 94% (Scheme 20)."”

0]
HO.. )
N | N
N N
Chloramine-T
0”7 > "OH EtOH, rt 07 > "OH
MeOr )\(O Meo\\)\_(é
~ OMe <" OMe
107 108 (62%)
Chloramine-T, silica gel 108 (94%)
EtOH, rt
Scheme 20. INOAC with and without silica gel

Towards the construction of 5-membered carbocycles, similar improvement in reaction yields were observed
and examples are shown in Scheme 21. It is interesting to note that other acidic conditions attempted including

the addition of acetic acid, benzoic acid, acetate buffer or phosphate buffer did not cause the INOAC to occur.

The silica gel mediated INOAC reactions were compatible with substrates containing unprotected hydroxyl

groups, thus reducing masking/unmasking steps and rendering a synthesis shorter.'”

i

HOL Oy INH0H  porNa O N, «OH
2) Chloramine-T, \y—z,\ +
SR

o. O EtOH, rt o><
109 106 (33%) 110 (53%)
1) NH,OH
) NH, 110 (87%)
2) Chloramine-T, silica gel, EtOH, rt
1) NH,OH

106 (78%)
2) NaOCl (aq), CHoCly, 0 °C

N:OH

Chloramine-T

HO ;OH EtOH, rt HO bH
111 112 (51%)
Chloramine-T, silica gel
EtOH, rt 112 (87%)

Scheme 21. INOAC with and without silica gel

We have applied this methodology to the construction of gabosine O and F.'"® Mannose was transformed
readily into oxime 114 with a free hydroxyl group (Scheme 22). INOAC of 114 occurred smoothly to give
a 6-membered carbocycle 115 which was hydrogenolysed, dehydrated, and then hydrogenated from the less
hindered side to form ketone 118. Acidic hydrolysis of the acetonide in 118 yielded the target molecule
gabosine O.'8
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7Lo HO
Ho Ny OO 1) acetone, H, 92% 0 X § 9.~ 1) Hsl0e, Et0, 79% HONW
HO™ OH 2) /\/MgBr 2) :\l(;-g)%gH, MeOH d %
OH THF, 83% o_ O X
D-Mannose >< 114
113 HO—
) O
Chloramine-T l\\l\ o OH
silica gel, EtOH OH Ho, Raney Ni, AcOH
79%, o:p = 4.6:1 OXO 97%, o:p = 6:1 OXO
115 116
O OH .
Martin’s sulfurane Hp, Raney Ni O%}—O __aqTFA %:2‘
89% from 116
< 50
x Gabosine O
117 118
Scheme 22. Synthesis of gabosine O

On the other hand, L-arabinose was transformed into oxime 119 with a free hydroxyl group. INOAC
reaction of 120 furnished the 6-membered carbocycle in an excellent yield with the new C—C bond equatorially

installed. Standard conversion afforded the target molecule gabosine F (Scheme 23).

o .OH HO, o)
N N ) N
- = Chloramine-T
"o OH Gsteps  H silica gel, EtOH, 94%
or MeO
L-Arabinose
OMe
120
OH
% o
H,, Raney Ni, AcOH 1) AcCl
90% 2) EtsN HO ~on
Meo)\< 3) Hp, Raney Ni oH
OMe Gabosine F

Scheme 23. Synthesis of gabosine F
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Carbocyclization of Carbohydrates via an Intramolecular
_@ Direct Aldol Addition of Sugar Diketone

First of all, we started our investigation on D-glucose since voglibose 18 and valiolamine 19 are obvious
synthetic targets. Glycosidation of D-glucose with allyl alcohol and then diacetalization produced 2,3- 124 and
3,4-diacetals 123 which were readily separable upon acetonation to the 4,6-acetonide 126."° Palladium catalysed
deallylation of glycoside 126 gave lactol 127 which underwent Grignard methyl addition followed by PDC
oxidation afforded the 2,6-diketone 129. Intramolecular aldol addition reactions of 129 were carried out under

various basic conditions and the best results are shown in Table 1.

HO HO
2,3-butadione .
CH(OMe); | MeQ O HO
OAIll | MeOH
-"OMe MeOr -
122 123 124
/\/OH MeO_ OMe
BF3 ¢ OEt, acetone

OH

HO  OH

D-Glucose

Pd(PPhg)s
OAll K,COg, MeOH

o "O 82%
MeO: )—éOMe
126

127

o]
PDC, 3A MS ><o“_
CH,Cly
92%

Intramolecular
direct aldol reaction

] o ©
MeO: )—éOMe

Scheme 24. Preparation of 2,6-diketone 129 from D-glucose

The stereo-selective formation of a particular aldol product can be controlled by either L-proline, strong or
weak amine base. It is noteworthy that all the direct aldol reactions are not reversible. The resistance towards a

retro-aldol reaction is probably attributable to steric reasons.
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. —_— o + o + o
Q 0 o ©° o © O ©
MeOr )—éorvle MeO: )—éOMe MeO:r )—éOMe MeOr )—%owle
129 130 131 132

Table 1. Summary of direct aldolization conditions of 2,6-diketone 129

Results
130 131 132

Entry Conditions

1 L-Proline (0.3 eq), DMSO 82% 8% 2%
2 KHMDS (1 eq), Toluene, -78 °C - 75% -
3 EtsN (1.5 eq), CH,Cl, - - 95%

The preparation of mannose diketone 135 was executed in a similar manner (Scheme 25). Disappointingly,
all strong and weak basic conditions failed to generate an aldol product with the exception of L-proline, which

provided aldol 136 as the sole cyclohexanone in 60% yield.19

1) 2-methoxypropene KoCO3
OH p-TsOH, DMF 1OACc MeOH
2) Ac,0, pyridine 93%
HO OH 61%
D-Mannose
(0]
MeMgBr>< OH 1) (COCI);, DMSO
O H 3A MS, CH,Cl, L-proline
88% 2) DIPEA DMSO
o_ 0O o o_ 0O N o_ 0O
> 5% > 135 0% > 136
Scheme 25. Preparation of aldol 136 from D-mannose

We have also investigated an intramolecular direct aldolization of 2,7-diketones, in search for a synthetic
avenue towards hydroxylated cycloheptanones. The 2,7-diketones were prepared from D-ribose or D-mannose

using standard reactions and the results are summarized in Scheme 262



TCI>A=Jb

— 2018.7 No.178

o TBSO
HO/\Q””OH ‘
— — BnO'
HO  ©OH
D-Ribose
OH
OH o) 0
HO o TBSO TBSO
OH ) L-proline ‘
. BnO" OBn _DMSO, 21d BnO" OBn
HO OH 0_0 87% 0_0
D-Mannose X 138 X

HO O, ~OH % OBn O L-proline
~r A I plisoa

HO  OH TBSO 6 o 91%
D-Ribose
TBSO&* TBSO&/A TBSO
139 (55%) 140 (19%) 141 (17%)

Scheme 26. Summary of direct aldolization of 2,7-diketones from ribose and mannose

Application of the versatile intramolecular direct aldolization strategy to synthesis was demonstrated by the
following examples.

3a. Synthesis of Valiolamine and Voglibose (AO128)

D-Glucose was transformed smoothly into aldol 131 as stated above. Oximation of the ketone moiety
in 131 followed by hydrogenation/hydrogenolysis furnished amine 142. Acidic removal of the acetals in 142
provided vailolamine 19 which, reportedly, could be converted into the anti-diabetic agent voglibose (AO128) 18
(Scheme 27)."

1) NH,OH « HCI
HO 7 steps, 23.1% 2) Raney Ni, H,
overall yield EtOH, EtsN - INH,
HO! OH ——
/ 85%
HO OH . —OMe
D-Glucose 131 142
TFA, H,0  HO OH
CH,Cl, — ...NH{
HO
88% . OH
OH
g ; Voglibose
Valiolamine 19 AO-128 18
Scheme 27. Synthesis of valiolamine 19
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3b. Synthesis of Pseudo-Acarviosin

Methyl acarviosin 143 was obtained from the natural anti-diabetic agent, acarbose, by acidic methanolysis
(Figure 5). As methyl acarviosin is a stronger oi-amylase inhibitor, we wanted to replace the sugar moiety in 143
with a cyclohexane to render the compound more stability in acid conditions. In search for an improved anti-

diabetic drug, we proceeded to synthesize pseudo-acarviosin 144 for biological screening.

HO HsC, HO HO HaC,
HO'- BYINIE Q- HO'- SN - 1OMe
HO ©OH HO ©OH HO HO ©OH HO OH
Acarbose Methyl acarviosin 143
HO HsC
HO' - SN ~1OH
H

HO ©OH HO ©H
Pseudo-acarviosin 144

Figure 5. Acarbose and related compounds

Retrosythesis of pseudo-acarviosin 144 via a palladium catalysed allylic substitution would give two
fragments, an allylic chloride 145 and a cyclohexanyl amine 146. Chloride 145 would be accessed from
D-glucose via a direct aldol strategy while the amine 146 should be approached from L-arabinose through an
INAC reaction.”

HO
Pd(dba)z, TMPP 0TBS
HO! SN "'OH:> /.
/ H / CH3CN, EtsN, rt t
HO ©OH HO ©OH OMe
144 it
146
(0]
PP U U
dba = O O HO
0
/g‘ HO' OH HO OH
TMPP= O 40 HO  ©OH HO OH
N7
P D-Glucose L-Arabinose
Scheme 28. Retrosynthetic analysis of pseudo-acarviosin 144

The palladium-catalysed coupling plan is the result of a massive experimentation. We attempted a great
many coupling reaction conditions between different partners, amine with mesylate, ketone, allylic epoxide,
allyic cyclic sulphite, or allylic acetate.”” As most of the electrophiles are unstable under the conditions and
elimination is the major side-reaction, none of the coupling reactions gave the desired product except for using

allylic chloride as the coupling partner shown in Scheme 29.%
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OBn OBn
; OBn Pd(dba),, TMPP RL oBn
R\N_H . ‘ EtgN, CHzCN R2” N
R? CI” ™ "OBn 13-98% yield O ©Bn
O\”/NMeg =0
o) MegN
Scheme 29. Successful coupling reactions when allylic chloride was used

Since the coupling conditions were established, we started to construct the two coupling partners 145 and
146. D-Glucose was converted into aldol 130 as said earlier.'” Elimination of the alcohol in 130 followed by
reduction of the ketone group in 147 produced allylic alcohol 148 which was separated from its epimer via an
acetylation and deacetylation protocol. The isolated 148 was then transformed into the allylic chloride 145 by

standard reactions (Scheme 30).

HO 7 steps, 25.3% POCI
overall yield pyridize ©
HO! - OH —————= To9%

99%

/ L-proline, DMSO
HO OH

o © o ©
MeO')—._LOMe MeO')—._LOMe
D-Glucose > 130 “ a7

o)
Ac,0, DMAP >< _

NaBH,,
CeClg+ 7Hs0 : OH - OH| Et,N, CHCl, ~ O "OAc
— / + . B
MeOH, —20 °C o) o) o fe} 98% o fo)
MeOr }—.,LOMe MeOr )—éOMe MeOr )—éowle
148
o) o)
1) MsCl, EtgN
~Cl CH,Cl, O OH  K,cO3 MeOH =~ O OAc
2) BAMS, 99%

o o S o o o ©
MeO')—é-OMe BusNCI MeOl}—éOMe MeOI}—éOMe
145 - 84% 150 B 149 o

Scheme 30. Preparation of allylic chloride 145 from D-glucose

On the other hand, the amine coupling partner 146 was assembled from L-arabinose via an INAC reaction
of a protected hept-6-enose 151 as the key step (Scheme 31).2! The major exo-cycloadduct 154 with a trans-
ring fusion was formed with the correct stereochemistry. It is noteworthy that the frans-fused exo-cycloadduct
could only be harvested with the nitrone containing a trans-diacetal blocking group. The cycloadduct 154 was

transformed readily into the cyclohexyl amine 146 using standard reactions with a good overall yield.
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0. 0" 0. O s, |
J/\(\[f - m BANHOH « HCI o
HO OH 1 NaHCOj3, CHoCN

10 steps 0 0

OH \_ rt, 100% o" oA
L-Arabinose MeO \ i "OMe MeO")\_<O

e “Soute 152

O~ B1—1Q Bh—2

Bn-N,,
2-propanol Q +
0 “OH

40°C, 9d

O 0
- “OH 0" N, 07 ™\,
MeO\-)\(O MeO‘/\/é OH Me0~/\/o' OH

" OMe  OMe " OMe
153 (19%) 154 (43%) 155 (29%) 156 (7%)
Y
Bn-N,,

TBSCI, imidazole 1) Raney Ni, Hy, EtOH

“'OH DMF, 100% fe) ; “'OTBS 2) MsCl, EtzN, CH,Cl,
MeO\‘)\(O 86%
157 ~" OMe 158
BnHN,, HoN,
LiEtsBH, THF 10% Pd/C, Hy
07 >~ "OTBS 90% o™ "OTBS EtoH, 100% 07 7 OTBS
Meo\-)\(é MeO\')\(O MeO" O

< ome 199 " OMe 160 " OMe 146

Scheme 31. Preparation of amine 146 from L-arabinose

With the coupling partners in our hand, palladium catalysed allylic substitution of chloride 145 with amine
146 proceeded with retention of configuration to give the protected allylic amine 161 (Scheme 32). Hydrolysis
gave the target molecule pseudo-acarviosin 144 which was shown to be a stronger sucrose and glucoamylase

inhibitor than acarbose.’!

Pd(dba),, TMPP H
'OTBS EfyN, CH4CN - N OTBS
' Jo 84% d o, d o
B ) [S1O 7\ .
= .éOMe MeO >_< OMe >—L,’$0Me
145 146 161

HO

TFA, H20, CH,Cl,
90%

HO!
144

Scheme 32. Synthesis of pseudo-acarviosin 144
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3c. Synthesis of Validoxylamine G

Capitalising on the palladium-catalysed allylic substitution reaction, the silyl ether 162 of the afore-prepared
amine 142 and allylic chloride 145 (both are direct aldol products from D-glucose) were coupled together to form
pseudo-glycosyl amine 163 which on complete acidic deprotection afforded validoxylamine G 164 in a good
yield (Scheme 33)."

TMSOTY 0o
EtsN, ><
“NH2 CH,Cl, Cl
Y 8 + 8 Pd(dba)
d © 85% d o ad © ™PP -
MeO?—éOMe MeO')—eOMe MeO', OMe EtzN
B = g CHsCN
142 162 145 99%
TFA
H20
CH,Cl,
88%

Validoxylamine G 164 2

Scheme 33. Synthesis of validoxylamine G 164

3d. Synthesis of Gabosines

A number of gabosines were easily assembled from D-glucose via the direct aldol strategy. Only a few of
them are illustrated here.>**® Thus the aforesaid enone 147 was regio- and stereo-selectively reduced to the
a-allylic alcohol 165 in an excellent yield (Scheme 34). Functional group manipulation of 165 with standard

reactions then furnished gabosine A, D, and E without incident.?’

8 steps, 25% o K-selectride

overall yield
HO®- OH THF
/ 99%
HO OH MeOr )—~OMe
D-Glucose =147
H
TBSCI ©
imidazole . . » 1) MsCl
CHyCla OTBS goo, acoH  HO OTBS  5) | iEt,BH, 84%
95% d o 88% d o or AcCl, 94%
MeO: HOMe MeO: HOMe or TBSCI, 97%
. . 3
) R
.otes PDC.3AMS .oTes TFA H0
CH,Cl, CH,Cl, o oM

d o 87-90% /
MeO: )—éom HO ©H
(+)-Gabosine A R=H

(+)-Gabosine D R = OAc
(+)-Gabosine E R = OH

91-100%

o o
MeO?—éOMe

Scheme 34. Syntheses of gabosine A, D, and E
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Carbocyclization of Carbohydrates via an Intramolecular
_Q Horner-Wadsworth-Emmons (HWE) Olefination

Intramolecular HWE olefination was introduced at the beginning of this article, interestingly, it is perhaps
still the best strategy for a short and efficient carbocyclization of carbohydrate. Towards this end, we globally
protected D-gluconolactone with 2-methoxypropene as mixed acetals 166 (Scheme 35).2° Addition of methyl
phosphonate carbanion followed by oxidation of the alcohol in 167 caused intramolecular HWE alkenation
to proceed concomitantly to give the protected cyclohexanone 169 in just 3 steps from the free sugar! Acidic
removal of the acetals afforded gabosine I 170 and regioselective acetylation at the primary alcohol provided
gabosine G 171. The relatively labile mixed acetal blocking groups were problematic, but we have circumvented

this obstacle with ethoxymethyl (EOM) protecting group.?’

HO

2-methoxypropene
(x)-CSA, DMF
72%

HO"-

HO  OH
D-Gluconolactone

TPAP, NMO
3A MS, CH5CN

KoCO3, 43%

TFA, H0_ o Collidine
CH20|2 / —40°Ctort
95% nd  oH 65%
(-)-Gabosine | 170 Gabosine G 171

Scheme 35. Syntheses of gabosine | and G

Since EOM protected cyclohexanone 172 could also be synthesized readily from D-gluconolactone (Scheme
36), application of this route to the syntheses of streptol and other gabosines were accomplished.>”?® Exploiting
this facile carbocyclization strategy, we embarked on the construction of sodium-dependent glucose cotransporter
2 (SGLT2) inhibitors.

in 3 steps as in Scheme 35

HO ©OH
D-Gluconolactone

Scheme 36. Synthesis of stable EOM blocked cyclohexanone 172
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Sergliflozin is a potent SGLT2 inhibitor, but was abandoned for further investigation because phenyl
glycosides are prone to hydrolysis and therefore not suitable for development into useful medicine. Replacing
the sugar moiety in sergliflozin with a pseudo-sugar unit would provide a stable “glycoside” 173 as the “glycosidic

bond” is now an ether linkage (Figure 6).%

HO ©
HO™ “'OH

OH
Sergliflozin Pseudo-aryl Glucoside 173

Figure 6. Structures of sergliflozin and pseudo-aryl glucoside 173

The synthetic avenue towards pseudo glucopyranoside 173 is shown in Scheme 37. Regio- and stereo-
selective reduction of 172 gave a-alcohol 174 which was activated and displaced with chloride to B-chloride
175. Palladium catalysed allylic substitution of the allylic chloride 175 with phenolic alcohol 176 proceeded
with retention of configuration to form allylic ether 177 in an excellent yield. Catalytic hydrogenation followed
by acid removal of the EOM groups afforded the target molecule 173 which is a potent and selective SGLT2

inhibitor. Other analogs have also been made on extending this carbocyclization strategy.m31

LiEt;BH MsCl, Et3N

THF, 76%

"BugNCl, 81%

. HO O OMe  Pd(dba)y, dppe

EOMO  OEOM 176 K»COs, CHsCN
94%

1) PA(OH),/C, EtOH  HO
Hp, t

2) HCI, H,0, EtOH

173, 66%

Scheme 37. Synthesis of pseudo-aryl glucopyranoside 173
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Conclusion

In this Article, transformation of carbohydrates into highly oxygenated cycloalkanes and cycloalkenes
has been described using four synthetic strategies, namely intramolecular nitrone-alkene and nitrile oxide-
alkene cycloadditions, direct aldol addition, and Horner—Wadsworth—Emmons (HWE) olefination. The latter
strategy probably offers the most facile and efficient avenue to the pseudo-D-glucopyranose motif to date. The
carbocyclized intermediates could then elaborated into various target molecules containing hydroxyl/amine
functional groups of defined stereochemistry. Considering the low cost, availability in large quantities, and rich
stereochemistry of sugar molecules, carbohydrates are perhaps the ideal starting materials for the construction
of heavily oxygenated natural products or molecules with pharmaceutical implication. Research towards the

syntheses of carbocyclic nucleosides should have received more attention.
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BIARFED T : (6,6) h—IKVF/NIL b

11078 (6,6)Carbon Nanobelt Bis(tetrahydrofuran) Adduct (1) 10mg 12,000 [

A=K F /NI ML, XCECRPBRL TEROBEE D DORFH/FOMHKE L TIRIBS h,
ZDEEIE 1954 FICNRICEBHI WA EICHBEVET ), 208, SESELHERRELSFH
BEIh, ZLOEEEFZASOERICHERLE LA 1991 EIZH—KRF/ Fa1—-THER
INBES H—FKRFINIWIDPH—KRF /) F2—TDHMEETH B ENBAS IR,
FTETEEEEDDILDICHENE L, —F, H—KRF /NI ML, XOECRPERICED
BCETRELVTAPELD 0, BNEEREICNETHRESINTVWERATLE,

R, BIISDTIV—-TE, OFHEDEVRRADFEERBECERTZIHET, XFx2L2p
S511EBET1E2ERTIIEICKRIILELEY, Bohi1 OERYMEIL, SEIXZHNFECEL
VBRI N E Lo XIERERWEBERBITED, S, h—FRF I/ XUV MEH—KR>F/Fa-TER
BOBIRBEE D DZENVBASHICEN E L T/, FIEXOWINS L UEXO/HHL S I, 18iE
DEE S PEHRBESBICETFIrBIBEIERB SN EEHIC, 66) h—RF/ Fa1—TIEE
ICEVWVHEE DR FTCHEIEN T UoPREICE > TEIHEhELEY,

A=K F /NI, B—EEHLSLEDIH—KoF/Fa—TOEKOERR, #HL LEEEM
MAEBRROEER ZEHHFIN, SHBOF/ H—FK o HZEE—HTEHF T, SABONL
H=KRLF I/ XIVNIFBEXERTIEES T T, BAMEPLEFMB L L TEBEFFNA
A TEBREMISH Y ET, EBIC, h—FRLF /NI EFTLTL— MIULAERETE
—EEDH—FKR o F/Fa-—TrEShNE, BCTHITFONZ T XTLIXEENDOBER
CPU, Ny 7 ) —XXKBEMDER(E E, FEEICREVICHEIVHEFEINET,

1. (6,6)Carbon Nanobelt (1)

2. (6,6)Carbon Nanotube M1E X
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Scheme 1.

Xk

1) Molecular orbitals in homologen Reihen mehrkerniger aromatischer Kohlenwasserstoffe: |. Die Eigenwerte
yon LCAO-MO's in homologen Reihen
E. Heilbronner, Helv. Chim. Acta. 1954, 37, 921.

2) for example:
a) F. H. Kohnke, A. M. Z. Slawin, J. F. Stoddart, D. J. Williams, Angew. Chem. Int. Ed. Engl. 1987, 26, 892. b) S.
Kammermeier, P. G. Jones, R. Herges, Angew. Chem. Int. Ed. Engl. 1996, 35, 2669. c) F. Végtle, A. Schroder, D.
Karbach, Angew. Chem. Int. Ed. Engl. 1991, 30, 575. d) L. T. Scott, Angew. Chem. Int. Ed. 2003, 42, 4133. e) B.
L. Merner, L. N. Dawe, G. J. Bodwell, Angew. Chem. Int. Ed. 2009, 48, 5487.

3) Helical microtubules of graphitic carbon
S. lijima, Nature 1991, 354, 56.

4) Synthesis of a Carbon Nanobelt
G. Povie, Y. Segawa, T. Nishihara, Y. Miyauchi, K. Itami, Science 2017, 356, 172.
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SSEEE R AR EHIAE - Ph-BTBT-10

D5491 Ph-BTBT-10 (1) 100mg 32,500 F§ 250mg 68,500 [

Ph-BTBT-10 (

REMEFEAEMA Ph-BTBT-10 (1) i, EFRES W A-BRFEFMBOPTORFICEN LT v
D7 EEEEE RS p BEEAMHTYT (1), ¥ WS @ IAE> - METER LU FET R FIC
BUWT, BIEMFBE (IGZ0) ERFDBENE (U = 147 cm?/Vs) EARRERERTHI &
ERELTVWET D, 22T, ZOLI ML B ORBMEFEBRHMHTH S 112DV, KEE
IC& % OFET FFDER S SUFHAMRET 21T\ F Lo F72, 1 DFBEOEBERTE T = — VL
BHEOERBENEILIZDVWT 2D-GIXD ICL2FAE - BTHERL TV ET 29,

(@) om (b) 20—y — 0105
Vo =—50V
3 [ 1™ 004
_za‘q Frxl yhﬂ 1=t 1wia® 003
ﬂ . " rﬂrrﬂ.ﬁ- N
$i0; (HIRA) e e o
S {f_ I““'.' L] [Lai] .:|:| ;: —— ;ﬂ = _1I.|:| -&:
1. OFET ZFFH8i& 2. %5EE OFET RF DImERE

(a) w/o annealing (ODTS) (b) annealing 120 °C, 5 min (ODTS)

% 1. Ph-BTBT-10 # A\ \ /=% B R OFET ZF45E

Annealing Temp. Mobility Vin
Compound SAM ¢C) (cm2N's) )
w/o 0.87 ~0.91 -24
bare
Ph-BTBT-10 120 4.24 ~4.86 -8
M w/o 1.40~1.42 -23
ODTS
120 10.3~14.0 -22

FEECEW by T2 MIDFETRFEMFRLELA (B1), FFOFETHMEER2 &
FURIICRLET, 2TORFICSVWTRES p By EFEEHN»E SN, »D, Self-assemble-
monolayer (SAM) OEEICEAH ST, 7=— 1> FMIE (120°C, 5min) %175 2 & T FET 144t
DOKRBEFRENFR SN E U/, bare EIRICH (F 2R FIEEEIE R — IVEEENE upp,, = 4.86 cmP/Vs, Vy,
=-8VORFLHENF SN, ODTSMEERTIHBBEEEERE WV (Vi =-22V) HDD Ipg H'K
TRICIEIN L, R—ILEBBIE = 14.0cm?Vs DRIFEEN /SN E L 7,
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bare ODTS

10°
10"
w4 N
194 Y mA
o~ N 180°C
10
16
104N A

16+ \\"“

16 Y 4 W

Intensity (cps)

A

q, (nm")
4.2D-GIXD ###fr (Out-of-plane, bare £4R) 5.1 DIEEE A X -

Ph-BTBT-10 SEREDINZL in situ 2D-GIXD BIEETF — 2 %23, 4ISRLET 29, FEBHLU60°CICT
HAFBICERTZ2E—7»1B5h, ZOEBEH d) E27ARETHIZEP DA E L, —
H, 120°C £ THRBLHE, BIE— 7 ICBRATEPBNEZEn S, BHFE (d=27A) »
52H0FE (d=54A) "DEBHIRI-7-EZ25NET (M4, 5), %K@ (SmE) NDIEEREE
fE13144°C TH ) 1,180 °C DIIEEMAET Tid SmE (CHRTAETE— 7 PEBIEh TLWE T (H4),
%7-,180°C (SME) » S EBARSGH T2 &, BAFBE2HFBOREABER IR TSI LN RES,
ARICBWTAINRE I — L REEEBE OB (EEL 77 72— CHB EWMAEINET,

LIFOIERD S, HBEICK)KEL = Ph-BTBT0EICEWTH, BAFED S 2 pFENGRE
THRZEN DD E L, REFERIE, EROFETHMOREBELTEE—BRLET, 1 I3ERICHRE
SNTWVWBERERICINA T, REEACHFEAFELASVEANARIEFMETHI ZEPRESH
35 l/fCo

Xk
1) Liquid crystals for organic thin-film transistors
H. lino, T. Usui, J. Hanna, Nat. Commun. 2015, 6, 6828.
2) 2D-GIXD experiments were performed at the BL46XU and BL19B2 of SPring-8 with the approval of the Japan
Synchrotron Radiation Research Institute (JASRI) (Proposal No. 2017B1817 and 2017B1629).
We acknowledge Prof. Noriyuki Yoshimoto, Assist. Prof. Daiki Kuzuhara and Mr. Shimpei Miura (lwate Univ.),
Assist. Prof. Mitsuharu Suzuki (NAIST) and Dr. Tomoyuki Koganezawa (JASRI) for technical support in GIXD.
3) =iEft, % 65 MICAMEFREZFIIHESR 20a-P7-1.
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RFFJFEEoOT0/INVOESRICBRABAEFIVT =D LAliR
R0196 Ru(ll)-(S)-Pheox Catalyst (1)

200mg 6,600 [ 1g 23,100 [

Ru(ll)-(S)-Pheox fitff (1) &, BESICLWBEARI WX IV Tz ZIAXFHI UL LT
L()EETHY, RFEES7OQOTONCOERICHVWSZEFTEET, 1OFET, #L 741
CHICTSTYBMBIZATIVLIGS H50WE I T YA FILVRIARCBIZTILTS #FHSE5E, I
FUFARRNE S 7O 7ONACRISPETLE T, ARICKE, EXRARICERLEXZEES Y
O7anN>OERNOFAPHREIRE T,

(NCCHz3)q *
A ]
N PFg
2
0]
1
0 i\ 1-6,8)
o, W to 99% yield
N 1 (1-5 mol%) SMNogz WP _
N 2 2 7 up to >99:1 dr
A YJ\OR R' up to 99% ee
H
o 7
i p OFt to 93% 7:
1l_OEt 1 (3 mol%) P up to 93% yie
N P fv OEt  upto>99:1dr
+ 2 p to
ROTSS Y TOEt CHxCl, rt, 5 h R® up to 99% ee
H

Xk

1) A.-M. Abu-Elfotoh, K. Phomkeona, K. Shibatomi, S. Iwasa, Angew. Chem. Int. Ed. 2010, 49, 8439.
2) S. Chanthamath, K. Phomkeona, K. Shibatomi, S. lwasa, Chem. Commun. 2012, 48, 7750.

3) S.Chanthamath, D. T. Nguyen, K. Shibatomi, S. lwasa, Org. Lett. 2013, 15, 772.

4) S. Chanthamath, D. S. Takaki, K. Shibatomi, S. lwasa, Angew. Chem. Int. Ed. 2013, 52, 5818.

5) S. Chanthamath, H. W. Chua, S. Kimura, K. Shibatomi, S. lwasa, Org. Lett. 2014, 16, 3408.

6) Y.Nakagawa, S. Chanthamath, K. Shibatomi, S. Iwasa, Org. Lett. 2015, 17, 2792.

7) S.Chanthamath, S. Ozaki, K. Shibatomi, S. lwasa, Org. Lett. 2014, 16, 3012.

8) S.Chanthamath, S. lwasa, Acc. Chem. Res. 2016, 46, 2080.

RhERm

D5368 (S)-Pheox 195,500 H 5g 18,600 [
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NVFFD 5 —ERAREHBHER

A3176 AzBTS (Ready-to-use solution) [for ELISA] (1) 100mL 10,000
(3384 4-CN (= 4-Chloro-1-naphthol) (Ready-to-use solution) [for Western blotting] (2)
100mL 10,000 [

NIVFF D Z - FIBRIEKRDOFET, BEERIESE2EAZ b OBRET, £LEDOERIC
E<AWShTWET, 185021, NIVFFO L —ERHICERT 2RVUBFAREEETRTHY,
ZINZNLUTICRULAFIBICELVEREZTOIZEN TEET,

AzBTS (Ready-to-use solution) (1) WEEBTH222- 7 /EX GBI FIRLIFFTIY >
6-XIEKEE T EZYLIR) (AZBTS) &iEF#{bKkKFE & & ELISA AARNEABRT, ~NILTF
VE—FERIST B ERBMOREBERMEEL £ ERMIE 405 nm OIGKE CRIEREET T,

FERAXE: 967V TL— MRV EEFERAEERLET,

1. 1 2FRICRL, BRE 3,
2. 1 &Y )LIC100puL $OIA B ._)._;._ L 4
i. TR T 30 ARG €5, .)Q'. e
o000

RICEBE, 1 ERELIAKC 405 nm OIREE %
000 ®

BIET 3,
1. %6 )7L — bEBWERG

4-CN (Ready-to-use solution) (2) I3EBT#H2 4-CN (4-700-1-F77 h—Jb) EBE{EKE%R
Y1470y NAREERBRT, XA FS4—+ (HRP) ERET 3 EXBMNEE
ERMEECET,

R : 0n
1. HRPZE# S hARHBARMATX > T L 4038 70
LiAEET 5, 45
2. A TLIl2EMARBIES, 2 M: SFEY—H—
3. BEERT, A TLUICHKEMA TRIS% 1 Target protein A
o (Middle concentration)
f2lkx €3, 2 : Target protein A
(Low concentration)
M 1 2
K2 wrIX&>7Ov bnfl
FEFEFONThEHAETHY, HB - HRAOHICIFERHEE W,
Xk

1) Antibodies, A Laboratory Manual, ed. by E. Harlow and D. Lane, Cold Spring Harbor Laboratory Press, New
York, 1988, p. 404, p. 506, p. 594.
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c-Jun N RifF+F—t (UNK) BHEH] : SU 3327

A2940 SU 3327 (1) 20mg 20,500 F 100mg 71,000 F

N N-N
OgN/{j\SAS%NHZ
1

SU 3327 (1) I3EEFMMEEOMEICE DIV THEFES W/ INK (c-Jun N-terminal kinase) DFHE
FETT N 1 3ESEEERT -2 (ATF-2) O INK1ICED Y CB{E% IC, = 0.7 uM TEEFRES
BICREE LT, £/, 1B INK EJIP1* DR 2N EREEEER% 1IC,,=239nM THEL %7,

INKD—DDHEREE LT, CHEEEIE Table 1 ICRT &I BRIBMICE B3 F— F 77 —DFE(C
BELTWAZEPFOSNATVET, YUXDEFTLRIZEVWTEMETILI—IILMIBIZ L B4 — b
T7—DRIPP1ICE->TRHIEE B 2 EDRENTVWET 2D,

“JIP1: INK HHEEF % > /X7 & (JNK-interacting protein; JIP) & INK DRIBZ >INV EBE L TRAESNE L
34, JIP1IZJP 773U —D 12T, JNK#ES K44 > (INK binding domain; JBD), SRC 8l (SH3) K % 1
v, KAKXFAL LA (phosphotyrosine-binding; PTB) KX 1> %2H L TWET, JBD i3>t XEF]|
RIKXXXXLXL B L £ T 9, X1 THEASA T3 70— 7 pep-JIP1 (IR ZOEFINEENET,

Table 1. Autophagy by various stimuli implicating JNK

Stimulation References
Neuronal excitotoxic stimuli Eur. J. Neurosci. 2003, 18, 473.
Caspase inhibition Science 2004, 304, 1500.
Starvation J. Immunol. 2006, 177, 5163.
T-cell receptor activation J. Immunol. 2006, 177, 5163.
Cytokine stimulation Immunol. Cell Biol. 2006, 84, 448.
ER stress Mol. Cell. Biol. 2006, 26, 9220.

AHMEIAETHY, HBE - HRADAHICITERSLZE L,

Xk
1) Design, synthesis, and structure-activity relationship of substrate competitive, selective, and in vivo active
triazole and thiadiazole inhibitors of the c-Jun N-terminal kinase
S. K. De, J. L. Stebbins, L.-H. Chen, M. Riel-Mehan, T. Machleidt, R. Dahl, H. Yuan, A. Emdadi, E. Barile, V.
Chen, R. Murphy, M. Pellecchia, J. Med. Chem. 2009, 52, 1943.
2) Cytochrome P4502E1, oxidative stress, JNK and autophagy in acute alcohol-induced fatty liver
L.Yang, D.-F. Wu, X.-D. Wang, A. I. Cederbaum, Free Radic. Biol. Med. 2012, 53, 1170.
3) Scaffold proteins of MAP-kinase modules
D. N. Dhanasekaran, K. Kashef, C. M. Lee, H. Xu, E. P. Reddy, Oncogene 2007, 26, 3185.
4) A mammalian Scaffold complex that selectively mediated MAP kinase activation
A. J. Whitmarsh, J. Cavanagh, C. Tournier, J. Yasuda, R. J. Davis, Science 1998, 281, 1671.
5) Differential targeting of MAP kinases to the ETS-domain transcription factor Elk-1
S.-H.Yang, A. J. Whitmarsh, R. J. Davis, A. D. Sharrocks, EMBO J. 1998, 17, 1740.



https://www.TCIchemicals.com/eshop/ja/jp/commodity/A2940/?utm_source=yoneyama-yakuhin&utm_medium=referral&utm_campaign=tcimailPDF_178

TCI>A=Jb

2018.7 No.178

2o0x*Y5F—€ (COX) fEEH : ZIETOT Y

F0371 Flurbiprofen (1) 5g 10,400 [ 25g 30,700 F4

F

i
Ot

CH3
1

JEZTO7z> (1) $¥oOxxo 57—+ (COX) BAEFEID—#ET, COX-1 & COX-2 %
ZhEh01uM, 04 uM D ICs, CRAEL T Y, 1 RS IFMEEMELTHEREL, SHIERE
L BB COX 1 VBEREMAELE T 29, £/, 1 3EXTOM KERREFE L TLE<CHS N
TVET Y, 5211k, & NEMRHEROBCSER & SR EHFEL T 49,

*MNE 1 TIRHEABAAROE F COX-1 & COX-2 PMERENTVET,

AHRMEIAETHY, HBR - HRADAHICTERAC LSV,

ik

1) Expression and selective inhibition of the constitutive and inducible forms of human cyclo-oxygenase
J. K. Gierse, S. D. Hauser, D. P. Creely, C. Koboldt, S. H. Rangwala, P. C. Isakson, K. Seibert, Biochem. J. 1995,
305, 479.

2) Stoichiometric and kinetics of the interaction of prostaglandin H synthase with anti-inflammatory agents
R. J. Kulmacz, W. E. Lands, J. Biol. Chem. 1985, 260, 12572.

3) Flurprofen and enantiomers in ophthalmic solution tested as inhibitors of prostanoid synthesis in human blood
N. J. van Haeringen, A. A. van Sorge, J. L. van Delft, V. M. W. Carballosa Coré-Bodelier, J. Ocul. Pharmacol.
Ther. 2000, 16, 345.

4) High-throughput screening assay for the identification of compounds regulating self-renewal and differentiation
in human embryonic stem cells
S. C. Desbordes, D. G. Placantonakis, A. Ciro, N. D. Socci, G. Lee, H. Djaballah, L. Studer, Cell Stem Cell
2008, 2, 602.

5) Histone modification profiling reveals differential signatures associated with human embryonic stem cell self-
renewal and differentiation
N. V. Bhanu, S. Sidoli, B. A. Garcia, Proteomics 2016, 16, 448.
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