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ABSTRACT

An efficient synthesis of new six membered carbassign both L-form and D-form starting
from N-acetylglucosamine is described. The key synthetgps involved regioselective
protection and deprotection, Ferrier carbocyclaatiPeterson olefination, hydroboration and
stereoselective epoxidation followed by regios@lecépoxide ring opening reactions. These six
member carbasugars showed moderate glycosidasetanpiactivity and one of the compounds
was found selective towar@lsgalactosidase inhibitory activity.

Key words: Carbasugar, Peterson olefination , Glycosidasiitors, Ferrier carbocyclization,
N-acetyl glucosamine.

1. Introduction

Carbasugars are carbohydrate mimics, in which netleygroup (-Cht) replaces endocyclic
oxygen atont. Carbasugars are first prepared by Professor GidEasland and named as
pseudosugars.Carbasugars exhibit several biological activit®gh as antitumor, antiviral,
antifungal and as inhibitors/activators of carbafayel processing enzymédhere are several
reports where carbasugars have been used as mredarssynthesizing natural produdts.
Carbasugars are metabolically more stable than ¢ghgtopyranoside precursors therefore, they
provide better mimics in biological system€arbasugars are attractive moieties in drug
discovery because of their stability towards endogs degradative enzymes as well as their
interesting biological properties, mainly as artitis and as glycosidase inhibitérsin fact
many carbasugar based drugs have already beeropgetéior therapeutic applications (Figure
1) and they work through inhibiting a particulayapsidase enzynfe.
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Figure 1. Carbasugar based drug moleculds: Tamiflu, is a currently used antiviral drug.
Validamine, is an antidiabetics drug; Voglibose, is a drug for diabetes mellitus.

Due to immense biological applications of carbassigaarious research groups devoted
significant effort towards synthesis of carbasugaalogues:® Vankar and coworkers. reported
the efficient synthesis of hybrids oxa-carbasugkeiton as glycosidase inhibitdfs* Ramesh
and coworkers used a chiron approach for prepadingrse amino cyclitol in the form of
carbasugar¥ Sureshan and coworkers published total synthdsseven natural carabasugars
from vinylogous ketat®Lopez and coworkers used a stereodivergent apptozsd on 6-endo
trig radical cyclization and prepared a number afbasugars in efficient mannér
Intramolecular 1,3-dipolar cycloaddition of the augderived nitrones were used for the
stereoselective synthesis of carbasudfaPsl-catalyzed cyclopropanol ring opening approach h
been reported for the synthesis of carbasugar Gesghates’ Carbasugars have also been
synthesized through Pd-catalyzed cyclitolizationstpyclitolization transformatior. Shing
and coworkers reported concise and stereodiverggnthesis of carbasugars as SGLT2
inhibitors starting fromp-gluconolactoné® There are very few reports documented in the
literature for the chemical synthesesMhcetylglucosamine based carbasugar derivatfss.
Quiclet-Sire and coworkers used a benzyl carbamatected glucosamine derivative as a
precursor to a Ferrier carbocyclization followedépomologation to get carbasug&r®gawa
and coworkers reported a synthesis of the ps@uailtomer of carbdd-acetylglucosamine from
noncarbohydrate precursdrs.Nitz and coworkers reported syntheses of few aartlc
analogues with one example beMgcetylglucosamine carbasugar from methyyhannoside?

In view of above reports on the biopotential ofb@mugars, we became interested to develop a
simple and efficient route for synthesis of newacetylglucosamine derived carbasugars in both
L andD-form that bear a halogen atom at C-5 and diffelemgth of alkyl chain at pseudo C-1
position and to study their inhibitory profile witharious glycosidase enzymes. Thus in our
moderate effort, we have designed and developeciesif synthetic route for the synthesis of
new 5a-carbasugars in batiform and halogenaten-form starting fromN-acetylglucosamine.
These carbasugars were evaluated for their glyassidnhibitor activity. Herein we are
reporting the details of synthetic challenges andcsssful efficient synthesis along with
glycosidase inhibitor activity of thus preparedczabasugars.



2. Results and Discussion

Synthesis of designed carbasugars was commenceddoonmercially availabléN—-acetylb-
glucosaminel as shown in Scheme HBk-acetylb-glucosaminel was refluxed with methanol in
presence of Amberlite IR-120*Hesin to produce methyl glycoside:§=9:1) in 90% yield
which upon treatment with tritylchloride in pyridirgave 60-trityl derivative2 in good yield**
Benzylation on compound followed by removal of trityl group afforded compal3 with 6-
OH as primary alcohol in 80% isolated yiéfdTosylation followed by iodination and dehydro-
halogenation using NaH in DMF at room temperaturaithed olefin compoundl in very good
yield (Scheme 1).
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Scheme 1:a) i. Amberlite IR-120 H, MeOH, 80 °C, 24 h, 90%; ii. Trityl chloride, pyridine, 48 h, 79%; b) i.
NaH, BnBr, THF, 80 °C, rt, 1.5 h; ii. 33% HBr inetiz acid, CHCI, 0 °C to rt 80%;c) i. TsCl, EfN, CH,Cl,, rt,
94%; ii. Nal, DMF 100 °C to rt, NaH, 72%.

Compound4 was subjected to HgSQ@atalysed Ferrier carbocyclization in 1,4-dioxame 5
mM H,SO, (2:1) at 50 °C, which cleanly furnighhydroxy cyclohexanong as a pure-isomer
with free hydroxyl group at pseudo C-1 positior65% yield?® The next challenging step was to
convert this B-hydroxy cyclohexanoné into olefin compound5a. We attempted several
reactions, using phosphine catalysed Wittig reaciditanium catalysed Petasis reacfioand
chromium catalysed Takai reactiBhto convertf-hydroxy cyclohexanoné to B-hydroxy
exocyclic olefin5a but disappointingly all attempts were unsuccesstille above reactions
either resulted in the formation of undesired arienzompounds or there was no reaction at all
(Table S1, SI). Even protected (OTHP at pesudo @-Hiydroxy cyclohexanone failed to give
our desired3-hydroxy exocyclic olefinba under Wittig reaction condition. Wenvisioned that
preparing the exocyclic olefiba by dehydrative desilylation in a Peterson olefimat
condition might be a good alternative to the comeer@l methods for olefination. This
methodology offers many advantages over commoropot for olefination e.g. it would be
phosphine free, not involve highly toxic reagentsmethylsilyl)diazomethane, and involves
simpler reaction conditions. Peterson olefinatiaswarried out ofi-hydroxyl cyclohexanong
which resulted in the formation of the desired pidda in acceptable isolated yield (55%) over
two steps. At this juncture it was decided to penfetereoselective hydroboration using a bulky
hydroboronating reagent, therefore hydroborati@ttien was carried out da using 9-BBN*

but surprisingly it didn’t work even at elevatednigerature. We tried several reaction conditions
but none of them resulted in to expected produgbiod yield (Table S2, SI). At this moment we
considered using BHTHF® as the hydroboronating reagent and indeed ittessin to expected
product and pure produdia was obtained after work up and column chromatdgrap
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purification. The BH:-THF mediated hydroboration was showing more thab% 9
stereoselectivity towards formation of théorm of carbasugaBa in good yield (65%). In the
final step, debenzylation reaction was carriedayua using Pd(OH) and hydrogen gas, which
furnished the_-form of carbasugarain 75% vyield (Scheme 2). We were interested totkee
effect of alkyl substitution at pseudo C-1 in bl activity. Therefore compounbla was
methylated using methyl iodide in THF, which fulmesl compoundb in very good yield
(90%). Hydroboration obb using 9-BBN was again futile, only starting madéwas recovered;
therefore, BH: THF was used as the hydroboration reagent whiafisiued methylated-form
of carbasugaéb in good yield. The debenzylation reaction was dasiag Pd(OH) and H gas,
and compoundb was obtained in 82% yield (Scheme 2).
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Scheme 2:a) HgSQ 1,4-dioxane:5mM ES0, (2:1), 50 °C, 3 h, 65%; b) (chloromethyl)trimethsilane, Mg
turnings, THF, rt, then PTSA, GBI, rt 55% in two steps; ¢) NaH, GHTHF, 0 °C to rt; d) BH THF, HO,,
NaOH, THF 0 °C to rt 1.5 h, 65%; e) Pd(QH)> gas, methanol, rt, 82%.

At this juncture we were interested to preparenferm of carbasuga® in order to compare
biological activity with L-form analogues 7@ and 7b). We planned to oxidize the primary
alcohol in6b to get aldehyde, which may easily get recemis¢h&éo more stabl®-form in
presence of pyridin&whichfollowed by reduction and debenzylation may furnisk desired
D-form product. Therefore, the compoudlolwas subjected to oxidation with freshly prepazed
lodoxybenzoic acid (IBX), but this resulted in axtore of two products along with undesired
a,p-unsaturated aldehyde (Scheme S1, Sl) At this juactwe redesigned our synthetic route
and decided to proceed towards stereoselectiveidgimn, followed by regioselective epoxide
ring opening in order to get our designed final @ales like9. Therefore, compounflb was
subjected to epoxidation usingCPBA in dichloromethane, which showed the formatd two
epoxides with desired one in equal ratio (Fig SI), $he mCPBA mediated epoxidation
reaction on5a, havinga-pseudo C-1 free hydroxyl grougave stereoselectively one desired
epoxide8 in very good isolated yield (80%). Here stereadelgy was controlled by-pseudo
C-1 free hydroxyl group (Fig S2, SI). Boron triflie diethyl etherate (BFEL,O) mediated ring
opening of epoxided3 was found inappropriate as it furnished multippots on TLC. TiC}
mediated regioselective ring opening of epoxide compound8 gave the desired-form
compound9 (C-64-1" OH) very quickly (5-10 min), confirmed byH NMR, which upon
debenzylation furnishes compoufdin good yield (Scheme 3). Further stereoselecjp@xide
ring opening towards the-form was confirmed by looking at the NH- chemishlft (6 5.52) in
'H NMR spectrum of protected derivativEla and comparing it with similarly protected
intermediate6b (L-form,C6x-1 OH) NH proton chemical shift(6.26). The downfield
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chemical shift (NH) in case af-form (6b) was due to hydrogen bonding with C5-£CHH
(axial), which was not possible when C5-{CHH was equatorial, as in the case of compound
1la Its worth to mention here thai-form compounds9a has a choloro atom installed
stereoselectively at C-5 position. The halogenai@dacycles and sugars are known for their
better glycosidase inhibitory activity than theionmalogenated derivativés.We performed
preliminary docking studies of compounds, 9a and nonhalogenated derivative @d with
bovine liverp-galactosidase enzyme and it was found that hadigdrderivative9a has better
binding with B-galactosidase enzyme (SlI). The same was noticpdriexentally in enzyme
binding assays (Table 1).
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Scheme 3:a)m-CPBA, CHCl,, 0 °C to rt, 3 h, 80%; b) Tigldry CHCl,, 0 °C, 10 min, 62%; c) Pd(OK)H,gas,
methanol, rt, 90%.

After getting optimized stereoselective epoxidatieaction condition, it was decided to prepare
a different alkyl chain length atpseudo C-1 on epoxidethrough alkylation reaction and study
the structure activity relationship in the finalngpounds. It is evidenced from the literature that,
hydrophobicity of the alkyl chain is essential ftne cell membrane permeability and
enhancement of inhibitory activity. Therefore, epoxid8 was treated with various alkyl halides
in presence of sodium hydride in DMF, which gaveresponding alkyl chain containing
derivatives of epoxided0a10c in good to very good yield (64-88%). Stereoselectiing
opening of epoxides using TiClfurnishes desired primary alcoholklallc The final
compoundsl?2a12c were obtained after debenzylation reaction usid¢OP), and B gas in
methanol at room temperature (Scheme 4).
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O‘NQ N/ (g‘\Q b, HO ' C . HO '
AV ‘y AV vy . . A ‘.
BnO NHAc BnO NHAc BnO" 'NHAGC HO' ‘NHAC
OBn OBn

OBn OH
8 10a R = methy! 11a R = methyl 12a R = methyl
10b R = butyl 11b R = butyl 12b R = butyl
10c R = hexyl 11c R = hexyl 12c R = hexyl

Scheme 4:a) NaH, RBr, DMF, 0 °C to rt, 64-88%; b) TiCICH,CI,, 0 °C, 10 min, 69-72%; c) Pd(O#)H. gas,
methanol, rt, 77-83%.

Glycosidase inhibition activity of all the final ggared compounds were carried out using various
glycosidase enzymes and adopting standard enzysagsaprotocol® the results are summarized



in Table 1. Compound/a, 7b and 9a did not show any significant inhibition toward all
glycosidases. In contrast, compoul2h with O-Me group in then-pseudo C-1 position showed
selective inhibition activity against bovine livB+galactosidase, with Kg0.77 mM. Furthermore,
this study revealed that extension@falkyl group tends to increase their inhibition@n@pound
12b with O-butyl group in thea-pseudo C-1 position showed inhibition activity mga -
glucosidase, bovine liver afidgalctosidase, bovine liver with §£1.70 and 1.0 mM, respectively.
Compoundl2c showed inhibition toward yeastglucosidase, bovine livgl-glucosidase, bovine
liver B-galactosidase, coffee beaagylucosidase, bovine kidney-L-fucosidase, andt. coli (3-
glucuronidase, with 163 0.32, 0.40, 0.25, 0.19, 0.42, and 0.17, respdygtive

Table 1. Glycosidase inhibition activity

. i c
compounds  po N g N OMe o o o :
p HO HO Ho N OH o WOMe | AT OB NS
HO NHAc ~ HO NHAC o™ ™"“NHAC  HO" Y “NHAc  HO™ Y~ “NHAc HO"
OH OH OH OH OH
7a 7b 9a 12a

¢l .«OHex
OH
enzymes 12¢

“NHAc

12b

a-glucosidase  NI? (1.8%J NI (11.0%) NI (2.6%) NI(1.8%) NI (11.8%)  0.37

yeast
B-glucosidase NI (16.1%) NI (22.4%) NI (19.3%) NI (27.1%) 1.7 0.40
bovine liver
B-galctosidase NI (18.9%) NI (16.8%) NI (10.0%) 0.77 1.0 0.25
bovine liver

a-galctosidase NI (0.0%) NI (0.0%) NI (0.0%) NI (0.0%) NI (0.0%) 0.19
coffee beans
a-mannosidase NI (0.0%) NI (0.6%) NI (0.0%) NI (0.0%) NI (0.3%) IN20.6%)
jack bean
B-mannosidase NI (0.0%) NI (0.3%) NI (0.0%) NI (0.0%) NI (0.0%) NI (9.4%)
snalil
a-L-fucosidase NI (3.9%) NI (5.9%) NI (1.0%) NI (0.0%) NI (2.5%) 0.42
bovine kidney
B-glucuronidase NI (4.5%) NI (2.9%) NI (15.1%) NI (11.1%) NI (23.9% 0.17
E-coli
NI- No inhibition (less than 50% inhibition at 1 mébncentration)’( )-actual inhibition % at 1 mM¢IC50 (50%
inhibition, concentration in mM)

3. Conclusions

In summary, we have developed an efficient synth@tocol for the synthesis of né\v-acetyl
glucosamine derived carbasugars in bottand D-forms in good to very good yield. We have
shown that the Peterson olefination is key reactiondition for doing olefination on thg-
hydroxy ketone system, where other olefination tieas unsuccessful due to high reactivity of
this substrate towards elimination reaction andnattzation. These carbasugar molecules were
designed based on literature reports on bio-patsntf this class of molecules. Subsequently,
we have successfully demonstrated that these simélie carbasugars possess moderate
glycosidase inhibitor activity, and one of the @amigar is very selective towarfgigjalactosidase
enzymes. This selective inhibition activity opensiew door for making more derivatives of



these analogues and to study the mechanism athiisiion. The complete library realization of
this new carbasugar and their enzyme inhibitioivéigiwill be reported in due course of time.

4. Experimental
4.1. General Experimental Methods.

All experiments were performed in an oven-driedaapfus and using anhydrous solvents. High-
resolution ESI mass spectra were recorded usindertgi6540 Q-TOF instrument. Optical
rotations were measured on kriss polarimeter. &tdweere distilled using standard distillation
procedure and stored on 4A molecular sievdg400 MHz),**C (100 MHz) NMR spectra were
recorded with a Bruker AMX-400 MHz instrumenitl and**C chemical shifts are referenced to
the solvents residual signals (CRGS 7.26 in*H NMR and$ 77.16 in**C NMR; CD;OD: 5
3.31 in*H NMR and$ 49.00 in**C NMR) and reported in parts per million (ppm) &t .
Coupling constants are expressed in hertz (Hz).ctites were monitored by thin-layer
chromatography carried out on 0.25 mm E. Merckcailgel plates (60F-254), Spots were
visualized by phosphomolybdic acid and 10%%8 in ethanal

4.2 .Methyl 6-O-trityl 2-deoxy-2-acetamido-a-D-glucopyranoside (2).

Amberlite IR 120 Hresin (20 g) was added to a pre-stirred solutioN-#fcetyl D-glucosamine
(20 g, 90.41 mmol) in methanol (200 mL). Reactiawtore was stirred at 80 °C for 24 h or until
it becomes clear solution. Reaction mixture wadembto room temperature and filtered through
sintered funnel, filtrate was concentrated and exatpd to dryness to obtain compound methyl
N-acetylD-glucosamine as white solid (20 g, 90%). as anamaikture @:p, 9:1), which was
used in next step without any further purificatidio a stirred solution of methyl-acetylD-
glucosamine (15.2 g, 64.68 mmol) in anhydrous pyeidTrityl chloride (21.63 g, 77.61 mmol)
and DMAP (0.7 g, 6.46 mmol) were added and theltiagumixture was stirred at room
temperature for 48 h. After completion of the reatt{TLC), the reaction mixture was diluted
with water (150 mL) and extracted with ethyl acetg@ x 150 mL), the combined organic layer
was washed with copper sulfate solution (250 mlllp¥eed by saturated brine solution (200
mL). The organic layer was dried over anhydroudwsudsulfate, filtered and evaporated under
reduced pressure to get the residue. The residagwiied by column chromatography (ethyl
acetate/methanol: 95:5) to furnish compo@nds an amorphous solid (24.5 g) in 79% isolated

yield.



[a]p?° +28.3 € 0.6, CHC}); *H NMR (400 MHz, CDCY) 5 7.47-7.21 (m,15H), 5.91 (d,= 8.4
Hz, 1H, NH), 4.70 (dJ = 4.0 Hz, 1H, H-1), 4.08 (ddd,= 10.0 Hz, 8.8 Hz, 3.6 Hz, 1H, H-2),
3.67-3.59 (m, 2H, H-5 and H-3), 3.54 Jt= 8.0 Hz, 1H, H-4), 3.43 (dd,= 2.8 Hz, 6.4 Hz, 1H,
H-6a), 3.40 (s, 3H, OC#, 3.34 (dd,J = 5.6 Hz, 10.0 Hz, 1H, H-6b), 2.04 (s, 3H, N¢); °C
NMR (100 MHz, CDC}) § 172.0 (NHCO), 143.9 (ArqC), 128.8, 128.1, 128.0, 127.2 (Ar€8,2
(C-1), 87.0 CPhy), 74.4 (C-3), 72.8 (C-4), 70.2 (C-5), 63.9 (CH5,1 (QCHs), 53.8 (C-2), 23.4
(NHAC); HRMS (ESI)nmvz: calcd for GgHsiNOg [M+Na]* 500.2044, found 500.2063.

4.3. Methyl 3,4-di-O-benzyl-2-deoxy-2-acetami do-a-D-glucopyranoside (3).

To a stirred solution of compouri(14 g, 29.32 mmol) in anhydrous THF, sodium hyelr{d.5

g, 87.96 mmol, 3.0 equiv) was added at 0 °C. A@rmin, benzyl bromide (10.4 mL, 87.96
mmol, 3.0 equiv) was added drop wise and the regulnixture was heated at 80 °C with
stirring for 1.5 h. After completion of the reacti¢TLC), the reaction mixture was allowed to
cool down to room temperature and then it was duethdy adding methanol (10 mL). The
reaction mixture was dissolved in ethyl acetated(bll) and washed with water (3 x 200 mL)
followed by saturated brine solution (2 x 250 mIhe organic layer was dried over anhydrous
sodium sulfate, filtered and evaporated under rediyaressure to get a yellow residue. The
residue was washed with pentane to furnish corretipg benzylated derivative of compou2d
as a brown sticky solid (15 g, 78%), whitas used in the next step without further purifarat

To a solution of benzylated derivative of compo@nd 0 g, 15.28 mmol) in anhydrous @El,,

a 33% solution of HBr in acetic acid (6.6 mL) walklad at O °C drop wise. The reaction mixture
was stirred for 10 min at same temperature. Congpletf the reaction was confirmed by TLC,
after the reaction mixture was quenched with idd emter (50 mL) and extracted with QEl,
(400 mL) the combined organic layer washed withewét00 mL), saturated sodium bicarbonate
solution (250 mL) and saturated brine solution (10D). The organic layer was dried over
anhydrous sodium sulfate, filtered and evaporatetbureduced pressure which gave a residue.
The residue was purified by flash column chromadppy (ethylacetate/hexane 80: 20) which
gave compoun@ as white gelatinous solid, which after re-crys&alion with CHCI, furnished
the title compound® as a white solid (5 g) in 80% isolated vieldof° +42.5 € 0.2, MeOH)H
NMR (400 MHz, DMSO#€s) & 8.08 (d,J = 8.0 Hz, 1H, N-H), 7.35-7.23 (m, 10H, ArH), 4.7
J= 6.4 Hz, 1H, O-H), 4.73-4.60 (m, 4H, 2 HgPh), 4.54 (d)) = 3.6 Hz, 1H, H-1), 3.96 (ddd,



= 12.8 Hz, 10.4 Hz, 3.2 Hz, 1H, H-2), 3.71 (dd; 8.4 Hz, 4.0 Hz, 1H, H-3), 3.66 (dd= 4.0
Hz, 11.6 Hz, 1H, H-6a), 3.59-3.56 (m, 1H, H-6b%K133.47 (m, 2H, H-4, H-5), 3.30 (s, 3H,
OCH), 1.85 (s, 3H, NHKc); *C NMR (100 MHz, DMSOdg) 5 169.3 (NHCO), 138.7, 138.4
(ArqC), 128.2, 128.1, 127.6, 127.5, 127.4, 127.80)A98.2 (C-1), 79.9, 78.0 (C-3, C-4), 74.0,
73.9 CH,Ph), 71.69 (C-5), 60.1 (C-6), 54.308), 52.6 (C-2), 22.5 (NKc); HRMS (ES)m/z
calcd for GsH290NOs [M+Na]* 438.1887, found 438.1910.

4.4. Methyl 3,4 -di-O-benzyl-2,6-di-deoxy-2-acetami do-a-D-xyl ohex-5-enoside (4).

To a stirred solution of compourtdl (7.0 g, 16.86 mmol) in anhydrous gH,, was added
DMAP (0.206 g, 1.686 mmol) and triethyl amine (28,mM68.6 mmol). The reaction mixture
was cooled to 0 °C and tosyl chloride (3.5 g, 184o0l) was added portion wise over 30 min
and resulting mixture was stirred for 1 h at O TGe reaction mixture was allowed to warm to rt
and stirred for another 12 h. After completion lo¢ treaction (TLC), the reaction mixture was
guenched with saturated ammonium chloride solufi@® mL) and extracted with GBI, (5 x

50 mL), the combined organic layer was washed witime solution (100 mL) dried over
NaSQ,, filtered and evaporated to get sticky residuee Tasidue was purified by column
chromatography over silica gel (hexane/ethyl aeeBft70) to furnish corresponding tosylated
derivative of3 (9.0 g) in 94% isolated yield.

To a stirred solution of tosylated derivative30§8.0 g, 14.05 mmol) in anhydrous DMF, Sodium
iodide (21.06 g, 140.54 mmol, 10 equiv) was addéee reaction mixture was stirred at 80 °C
for 3 h. After completion of reaction (TLC), reamwti mixture was cooled to room temperature
and sodium hydride (1.12 g, 28.1 mmol) was addetiggowise to this mixture. The resulting
mixture was stirred at room temperature for 3 heAtompletion of the reaction, the reaction
mixture was quenched with ammonium chloride solut{@00 mL) and extracted with ethyl
acetate (3 x 150 mL) the combined organic layer washed with brine solution, dried over
NaSQ,, filtered and evaporated to dryness to obtain €mesidue. The residue was purified by
flash column chromatography (ethylacetate/ hexarfe ta pure ethyl acetate), to furnish
compound4 as a white color solid (4.0 g) in 72% isolateddi¢o]p?° +57.5 € 0.2, MeOH):'H
NMR (400 MHz, CDC}) 6 7.39-7.28 (m, ArH, 10H), 5.42 (d,= 9.2 Hz, 1H, NH), 4.83 (d] =
11.6 Hz,2H, CH,Ph), 4.79-4.69 (m, 4H), 4.32 (dt= 3.2 Hz and 9.2 Hz ,1H, H-2), 4.01 b+
8.0 Hz, 1H, H-4), 3.63 (t) = 9.2 Hz, 1H, H-3), 3.39 (s, 3H, OGH 1.84 (s, 3H, NiAc); °C



NMR (100 MHz, CDC}) é 169.9 (NHCO), 153.8, 138.4, 137.8 (ArqC), 128.628.6, 128.3,
128.0, 127.9 (ArC), 99.6 (C-1), 97.7 (C-6), 79.73);78.6 (C-3), 74.5, 73.9 (2BH,Ph), 55.7
(OCHg), 51.8 (C-4), 23.5 (NKAc); HRMS (ESI)m/z calcd for GsH,/NOs [M+H] " 398.1962,
found 398.1991.

4.5. Synthesis of compound (5).

To a solution of compoundi (4.0 g, 10.07 mmol) in 1,4-dioxane and 5miySid, (2:1, 120 mL)
was added HgS(0.746 g, 2.51 mmol). The reaction mixture wageti at 50 °C for 3 h. After
completion of reaction (TLC), the reaction mixtweas diluted with water and extracted with
CH.Cl,. The combined organic layer was washed with bso&tion, dried over sodium
sulphate, filtered and evaporated to give a crashepound. The residue was washed with diethyl
ether, to furnish corresponding ketone compobiag a white color powder (2.5 g, 65%)]*°
+12.5 € 0.2, MeOH):'H NMR (400 MHz, DMSO#d): & 8.03 (d,J = 9 Hz, 1H. NH), 7.38-7.22
(m, 10H), 5.41 (dJ = 3.6 Hz, 1H), 4.79 (d] = 12.0 Hz,1H, CH.Ph), 4.71 (dJ = 11.0 Hz,1H,
CH,Ph), 4.61 (dJ = 11.0 Hz, 1H, E,Ph), 4.45 (dJ = 11.6 Hz, 1H, E,Ph), 4.35 (dJ = 9.4
Hz, 1H, H-4), 4.30 (td) = 2.0 Hz and = 10.8 Hz, 1H, H-2), 3.93 (quind,= 2.8 Hz, 1H, H-3),
3.74 (t J=9.6 Hz, 1H, H-3), 2.89 (dd,= 14.0 Hz and 2.4 Hz, 1H, H-5a), 2.30 (dd&; 13.6 Hz
and 3.2 Hz, H-5a"), 1.84 (s, 3H, ME); *C NMR (100 MHz, DMSOds) & 205.5 C=0), 169.1
(NHC=0), 138.9, 138.5 (ArqC), 128.1, 128.0, 127.6, 52127.4, 127.2 (ArC), 86.1 (C-4), 80.0
(C-3), 73.7, 72.3 (2 x C#Ph), 67.1 (C-1), 53.6 (C-2), 45.7 (C-5a), 22.7 @¢H HRMS (ESI)
m/z calcd for GoH2sNOs [M+H] ™ 384.1805, found 384.1826.

4.6. 2-Acetamido-3,4-di-O-benzyl-6-deoxy -5a -Carba-a-D-xyl0-hex-5-enopyranose (5a).

To a round bottom flask Magnesium turnings (1.%%,.25 mmol) and lodine (catalytic) were
added under argon atmosphere. The flask was hé&ae@0 °C) with hot gun for 5 min then
cooled to rt. Anhydrous THF (5 ml) was added fokwmvby addition of (chloromethyl)
trimethylsilane (2 mL). The reaction mixture wagmin heated with hot gun in order to initiate
reaction followed by addition of remaining (chloretiyl) trimethylsilane (6.4 g, 52.2 mmol)
and THF (35 mL) at rt. The resulting mixture wasretl at room temperature for 1 h. Compound
5 (1.0 g, 2.61 mmol) in anhydrous THF (15 mL) wasledl to this mixture and stirring was
continued for another 1 h. After completion of r&@t (confirmed by TLC) the reaction mixture
was quenched with methanol (10 mL), diluted withussted NHCI solution (50 mL) and
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extracted with dichloromethane (3 x 100 mL). Thenboed organic layer was washed with
brine solution (100 mL), dried over sodium sulphditered and evaporated to get silylated
Grignard product derivative, which was forwardedctngtep without further purification. To a
stirred solution of Grignard product derivative 1g, 5.21mmol) in anhydrous GEl, was
added p-toluenesulfonic acid monohydrate (0.44g, 2.60 mnmrtion wise. The reaction
mixture was stirred at room temperature for 24 fietAcompletion of the reaction (TLC), the
reaction mixture was quenched with triethyl amineporated under reduced pressure. The
residue was diluted with water (50 mL) and extrdatéth CHCl, (3 x 100 mL). The combined
organic layer was washed with brine solution (1Q9,ndried over sodium sulphate, filtered and
evaporated to dryness obtained a crude produduesihe crude product residue was purified
by column chromatography (Ethyl acetate: hexan2) & furnished compounBla as an off-
white solid (0.54 g) in 55% isolated yield over tat@ps]a]p>° +46.0 € 0.5, MeOH);'H NMR
(400 MHz, CDC}) & 7.36-7.26 (m, 10H), 6.78 (brs, NH), 5.23 181, =CH), 5.17 (s1H, =CH),
4.63 (s, 2H), 4.59 (d] = 11.2 Hz,1H, CH,Ph), 4.44 (quinJ = 4.0 Hz, 1H, H-2), 4.34 (d,J =
10.0 Hz, 1H, E,Ph), 4.09 (quinJ = 4.5 Hz, 1H, H-1), 3.95 (d = 5.0 Hz, 1H, H-4), 3.65,0 =

5.0 Hz, 1H, H-3), 2.98 (brs, 1H), 2.41 (dds 8.0 Hz, 4.9 Hz, 2H, H-5a and H-5a"), 1.84 (s, 3H
NHAc); *CNMR (100 MHz, CDGJ) 5 172.0 (NHCO), 140.4, 137.9, 137.7 (ArqC), 128.7, 128.6,
128.2, 128.0, 127.9, 127.8 (ArC), 117.1 (=,H81.2 (C-3), 78.3 (C-4), 72.4, 70.8 (2 x £§PH),
69.5 (C-1), 52.6 (C-2), 35.0 (C-5a), 23.4 (At}; HRMS (ESI)m/z calcd for GsH27NO4
[M+H] " 382.2013, found 382.2042.

4.7. Methyl 2-acetamido-3,4-di-O-benzyl-6-deoxy -5a -Carba-a-D-xylo-hex-5-enopyranoside
(5b).

To a stirred solution of sodium hydride (0.3 g,827mmol) in anhydrous THF (3 mL) at 0 °C
was added a solution of compousa (0.047 g, 1.18 mmol) in anhydrous THF (2 mL) drigav
and resulting reaction mixture was stirred at 0f6€10 min. Methyl iodide (0.24 mL, 3.945
mmol) was added dropwise to this reaction mixturel atirring was continued at room
temperature for 3 h. After completion (TLC) of ragan, the reaction mixture was quenched by
addition of saturated aqueous MH solution (25 mL) and extracted with ethyl aceté? x 25
mL). The organic phase was separated; aqueous Wgeextracted with ethyl acetate (2 x 25
mL). The combined organic phases were washed vdatbrated brine solution, dried over

anhydrous N850, filtered and evaporated under reduced pressine . rdsidue was purified by
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column chromatography (Ethyl acetate/hexane 6:4Qridsh compoundb as a colourless solid
(0.280 g) in 90% isolated yieldu]p*® +42 € 0.2, MeOH);'H NMR (400 MHz, CDC}) § 7.37-
7.26 (m, 10H, ArH), 6.14 (bs, 1H), 5.19 (¢4, =C-H), 5.11 (s, 1H, =C-H), 4.73 (= 9.6 Hz,
1H, CHPh), 4.59 (d,J = 10.0 Hz2H, CH,Ph), 4.50-4.44 (n2H), 3.95 (dJ = 5.0 Hz, 1H, H-2),
3.62 (t,J = 5.0 Hz, 1H, H-3), 3.54-3.51 (m, 1H, H-1), 3.32 8H, OMe), 2.50 (dd] = 6.4 Hz
and 11.2 Hz, 1H, H-5a), 2.26 (diiz 2.4 Hz and 11.2 Hz, H-5b), 1.82 (s, 3H, CQEECNMR
(125 MHz, CDC}) & 169.7 (NHCO), 140.5, 138.2, 137.9 (ArqC), 128.4, 128.3, 12137.8,
127.6 (ArC), 114.2(=C), 82.2 (C-3), 79.7 (C-4),®@.(C-1), 73.3, 71.6 (2 x GRh), 56.3
(OCH3) , 50.1 (C-2), 32.7 (C-5a), 23.5 (M); HRMS (ESI)mVz calcd for G4HzoNO4 [M+H] "
396.2169, found 396.2137.

4.8.General Procedure for the preparation of carbasugars 6a-b and 7a-b

4.8.1. 2-Acetamido-2-deoxy-3,4-di-O-benzyl-5a-carba-a-L-lodopyranose (6a). To a stirred
solution of compoun&a (0.4 g, 1.05 mmol) in anhydrous THF under nitroggimosphere was
added BH:- THF (3.1 mL, 3.14 mmol, 1M in THF) dropwise at®©. °The resulting solution was
stirred at room temperature (rt) till disappearafteC) of the starting material (1.5 h). 3M
NaOH (1 mL) solution and 30%28, solution (1.5 mL) was added to the reaction mextat O
°C and resulting mixture was stirred for 1h afTifte reaction mixture was quenched with 0.5 N
NaxS,03 solution and extracted with GBI, (2 x 50 mL). The combined organic layer was
washed with brine (50 mL), dried over &), filtered and evaporated to dryness. The residue
was purified by column chromatography (Ethyl aastaio furnish the desired carbasugar
derivative6a as colorless oil (0.27 g, 65%¥]p*° +15.2 € 0.2, CHCH); *H NMR (400 MHz,
CDCl3) 6 & 7.38-7.27 (m, 10H, ArH), 6.83 (brs, 1H, NH), 4@7J = 9.6Hz, 1H, H,Ph), 4.57-
4.47 (m, 4H, ©,Ph and H-2), 4.12 (df = 3.6 and 9.2 Hz, 1H, H-1), 3.81 (m, 1H, H-4),48(7,

J = 2.8 Hz, 1H, H-3), 3.68-3.66 (m, 2H, H-6), 2.12@2 (m, 1H, H-5), 1.78 (s, 3H, N&t), 1.64
(td, J = 3.6 Hz and 10.4 HZ, 1H, H-5a), 1.50 (dd; 9.6Hz and 19.2 Hz 1H, H-5a'C NMR
(100 MHz, CDC}) & 172.0 (NHCO), 137.7, 137.4 (ArqC), 128.8, 128.5, 128.5, 12848.0,
127.7 (ArC), 76.8 (C-4), 75.2 (C-3), 73.4(gfth), 72.1 (CHPh), 68.0 (C-1), 63.5 (C-6), 51.6
(C-2), 37.9 (C-5), 25.6 (C-5a), 23.3 (KE); HRMS (ESI)m/z calcd for GaHpoNOs [M+H]™
400.2118, found 400.2125.
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4.8.2. Methyl 2-acetamido-2-deoxy-3,4-di-O-benzyl-5a-carba-a-L-lodopyranoside (6b). To a
stirred solution of compoungb (0.209 g, 0.50 mmol) in anhydrous THF was added:BHF
(2.01 ml, 1M in THF, 1.01 mmol), dropwise at 0 “The resulting solution was stirred at room
temperature for 2.5 h. TLC (Ethyl acetate) showeat the starting material was consumed
completely. 3N NaOH aqueous solution (1.0 mL, 3:@30l) and 30% kD, solution (1 mL)
was added at O °C and reaction mixture was stifwecnother 2 h at room temperature. The
reaction mixture was quenched with 0.5 N,8&; solution and extracted with G8I,. The
combined organic layer was washed with brine sotytdried over anhydrous b&0, filtered
and evaporated to dryness. The residue was purlgdcolumn chromatography (Ethyl
acetate/hexane 8:2) to give compouicas a colourless oil. (0.132 g), 61% isolated yifith?°
+17.5 € 0.5, CHC}); *H NMR (400 MHz, CDCJ) 5 7.38-7.29 (m, 8H, ArH), 7.26-7.23 (m, 2H,
ArH), 6.27 (d,J = 9.2 Hz, 1H, NH), 4.74 (dd] = 4.4 Hz, 1H, H-2), 4.69 (d] = 11.9 Hz, 1H,
CH,Ph), 4.57 (dJ = 12.0 Hz, 1H, CHPh), 4.49 (ddJ = 11.2 Hz, 2H, CkPh), 3.87 (tJ = 8.0
and 10.4 Hz, 1H, H-3), 3.77 &= 2.4 Hz, 1H, H-4), 3.71 (brd,= 7.6 Hz, 1H, H-6a), 3.64 (dd,
J = 4.8 Hz, 10.4 Hz, 1H, H-6b), 3.58 (dt= 4.4 and 11.6 Hz, 1H, H-1), 3.32 (s, 3H, QfH
2.16-2.12 (m, 1H, H-5a), 1.78 (s, 3H, N&), 1.65 (dt,J = 4.4 and 13.2 Hz, H-5), 1.53 (bril=
12.4 Hz, H-5a")*C NMR (100 MHz, CDGJ) & 169.9 (NHCO), 138.0, 137.4 (ArqC), 128.8,
128.6, 128.4, 128.1, 127.9, 127.8 (ArC), 75.6, /4207, 72.4, 64.2, 56.6 (OGKI 38.1, 25.0 (C-
5a), 23.5 (NHAC); HRMS (ESI)mVz calcd for G4H3iNOs [M+H] " 414.2275, found 414.2263.

4.9. Synthesis of compound 7a and 7b. To a solution of compounéa (0.12 g, 3.03 mmol) in
methanol was added Pd(QHJ} (20 mg, 20 wt % on carbon, wet) at room tempeeatThe
reaction mixture was stirred undeg Has (balloon) for 12 h. The reaction mixture wi#tered

through celite, and the filtrate was evaporatedrimess to furnish compour (49 mg, 75%)
as a colorless sticky solid. Similarly compouftal (32 mg, 82%) was prepared starting frém

(70 mg, 0.16 mmol).

4.9.1. 2-Acetamido-2-deoxy-5a-carba-a-L-lodopyranose (7a). [o]p?° +11.3 € 0.2, CHOH); *H
NMR (400 MHz, BO): 6 4.08-4.05 (m, 2H), 3.93-3.88 (m, 2H), 3.76-3.74 @H), 2.21-2.17
(m, 1H, H-5a), 2.06 (s, 3H, N&t), 1.77 (m, 2H, H-5a’, H-5)];3C NMR (100 MHz, BO): 6
174.1 (NHCO), 71.2, 70.3, 66.8, 62.1 (C-1, C-3, C-4, and G&) (C-2), 38.4 (C-5), 29.8 (C-
6), 22.2 (NHAC); HRMS (ESI)m/z caled for GH1NOs [M+Na]* 220.1179, found 220.1172.
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4.9.2. Methyl 2-acetamido-2-deoxy-5a-carba-a-L-lodopyranoside (7b). [o]p®® +12.6 € 0.5,
CH3OH); 'H NMR (400 MHz, BO) 6 4.22 (brs, 1H), 3.89 (s, 2H), 3.78 (dds 7.2 and 11.2 Hz,
1H), 3.71-3.64 (m, 2H), 3.36 (s, 3H, OgH2.18 (m, 1H, H-5a), 2.04 (s, 3H, M), 1.72-1.68
(m, 2H, H-5a' & H-5)°CNMR (100 MHz, DO) § 173.9 (NHCO), 76.5 (C-3), 70.5 (C-4), 62.2
(C-6), 56.2 (OCH), 51.6 (C-1), 48.8 (C-2), 38.3 (C-5), 23.9 (C-529,2 (NHAC): HRMS (ESI)
m/z calcd for GoH19NOs [M+Na]™ 256.1155, found 256.1172.

4.10. Synthesis of compound (8).

To a solution of compounga (0.250 g, 0.45 mmol) in anhydrous &M, was addedn-CPBA
(0.22 g, 1.31 mmol) and suspension was stirretifat B8 h. After completion (TLC) of reaction,
the reaction mixture was quenched with sodium bimaate solution (10 mL) and extracted with
CH,CI, (2 x 50 mL). The combined organic layer was washigk brine solution (50 mL) dried
over NaSQ; filtered and evaporated to dryness to obtain @emompound. The residue was
purified by flash chromatography (Ethyl acetate)furnished compound as a white color solid
(0.208 g, 80%).d]p*°+19.3 € 0.5, CHCH); *H NMR (400 MHz, CDC}) & 7.38-7.29 (m, 10H,
ArH), 6.88 (brs, 1H), 4.87 (dl = 11.2 Hz, 1H, ChPh), 4.63 (dJ = 11.2 Hz, 1H, CkPh), 4.54
(d,J = 12.4 Hz, 3H, CkPh), 4.24 (dt) = 4.0 Hz and) = 10.4 Hz, 1H, H-2), 3.75 (§, = 4.0 Hz,
1H, H-3), 3.35 (dJ = 3.2 Hz, 1H, H-4), 2.68 (s, 2H, H-6), 2.26Jt 11.6 Hz, 1H, H-5a), 1.84
(s, 3H, NHAC), 1.54 (d,J = 10.8 Hz, 1H, H-5a)**C NMR (100 MHz, CDGJ) 6 172.2 (NHCO),
137.6, 137.5 (ArqC), 128.8, 128.7, 128.4, 128.3.12128.0, 127.6 (ArC), 80.2, 77.8, 77.3,
73.2, 72.7, 69.0, 57.3, 51.7, 50.5, 32.8, 23.3 AMHHRMS (ESI)nVz calcd for G3H,7/NOs
[M+Na]* 420.1781, found 420.1829.

4.11. 2-Acetamido-2-deoxy-3,4-di-O-benzyl-5-chloro 5a-car ba-a-D-glucopyranose (9).

To a stirred solution of compour&(0.03 g, 0.07 mmol) in anhydrous @&, at 0 °C, TiC}
(0.28 ml, 1M in CHCI,, 0.15 mmol) was added dropwise. The resulting anecivas stirred at O
°C for 10 minutes. TLC (Ethylacetate : hexane, 8ligwed that starting material was consumed.
The reaction was quenched with sodium chloridetgmiy5 mL) and extracted with GBI, (2 x

20 mL), The combined organic layer was washed wiihe solution dried over anhydrous

NaSOy, filtered and evaporated to dryness. The residue puaified by flash chromatography
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(Ethyl acetate/hexane,7:3), to furnish compo@ras a colorless oil (0.020 g, 62%)]4*°+21.6
(c 0.5, CHCY); 'H NMR (400 MHz, CDCY) 6 7.34-7.26 (m, 10H, ArH), 5.89 (d, = 8.0 Hz,
1H, NH), 4.98 (d,J = 10.4Hz, 1H, CHPh), 4.83 (dJ = 11.2 Hz, 1H, CkPh), 4.69 (d,) = 10.8
Hz, 2H, CHPh), 4.09 (tJ = 8.0 Hz, 1H, H-2), 3.95-3.82 (m, 4H), 3.53 {ds 10.8 Hz, 1H, H-
6a), 3.34 (dJ) = 10.8 Hz, 1H, H-6b), 3.24 (s, 1H), 2.03 (brs, 2H5a), 1.84 (s, 3H, N&c); °C
NMR (100 MHz, CDC}) 6 170.2 (NHCO), 138.1, 137.6 (ArqC), 128.75, 128.28.4, 128.3,
128.0 (ArC), 80.9 (C-3), 79.2 (C-4), 77.8 (C-5),06CH,Ph), 75.6 (CHPh), 69.8 (C-1), 54.7
(C-2), 47.5 (C-6), 34.6 (C-5a), 23.6 (Mk); HRMS (ESI)mVz calcd for GzHzsCINOs [M+H]*
434.1729, found 434.1735.

4.12. 2-Acetamido-2-deoxy-5-chloro 5a-carba-a-D- glucopyranose (9a).

To a stirred solution of compourl (0.018 g, 0.16 mmol) in methanol was added Palladi
hydroxide (0.020 g, 20% weight on carbon, wet) adnn temperature. The reaction mixture
stirred under Kl balloon pressure for 12 h. After completion ofatéan, the reaction mixture
was filtered through Celite, and the filtrate veamporated to dryness to furnish compoQaa@s

a colourless sticky solid (0.009 g, 90%)]4*° +36.0 ¢ 0.2, CHOH); *H NMR (400 MHz,
CD;0D); § 4.02 (ddJ = 2.7 Hz and 5.7 Hz, 1H), 3.82 (dbs 2.7Hz andJ = 10.6 Hz, 1H), 3.75
(dd,J = 10.5 Hz and 1.6 Hz, 1H), 3.65 (ti= 10.9 Hz, 1H, H-6a), 3.51 (d,= 8.8 Hz, 1H, H-4),
3.47 (d,J = 10.9 Hz, 1H, H-6b), 2.04 (m, 4H, H-5a and A, 1.90 (dd,J = 2.8 Hz, 15.2 Hz,
1H, H-5a");*C NMR (100 MHz, CQOD) § 173.6, 77.1, 75.7, 71.1, 70.1 (C-3, C-4, C-5, C-1)
57.5 (C-6), 49.3 (C-2), 36.1 (C-5a), 22.7 (At); HRMS (ESI)m/z calcd for GH1¢CINOs
[M+H] " 254.0795, found 254.0820.

4.13. General Procedure for the preparation of a-pseudo C-1 alkyl epoxides 10a-10c

To a stirred solution of sodium hydride (0.027 ¢,3lmmol) in anhydrous DMF (2 mL) at 0 °C
was added a solution of compoudd0.18 g, 0.45 mmol) in anhydrous DMF dropwisegiathe

addition the reaction mixture was stirred at sasmperature for 10 min. Methyl iodide (0.07
mL, 1.13 mmol) was added dropwise to this reactiwrture and the reaction mixture was
stirred at room temperature for 3 h. After complet{TLC) of reaction, the reaction mixture was
guenched by addition of saturated M aqueous solution (25 mL) and extracted with lethy

acetate (3 x 20 mL), and combined organic layer washed with brine solution, dried over
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anhydrous Ng5Q,, filtered and evaporated under reduced pressinerdsidue was purified by
column chromatography (Ethyl acetate/ hexane, t:3urnished compoundOa as a colorless
solid (0.16 g) in 88% isolated yield. Similar reantprotocol was adopted for the preparation of
compoundd 0band10c

4.13.1. Compound (10a). [0]p*°— 17.5 € 0.2, CHC}); *H NMR (400 MHz, CDCJ) § 7.37-7.26
(m, 10H, ArH), 6.46 (dJ) = 8.4 Hz, 1H, NH), 4.82 (d] = 11.2Hz, 1H, CHPh), 4.76-4.73 (m,
1H, H-2), 4.66 (dJ = 12.0 Hz, 1H, CkPh), 4.54 (d,J = 11.6 Hz, 2H, CkPh), 3.81 (tJ = 3.9
Hz, 1H, H-3), 3.69 (dt) = 3.9 Hz and) = 10.8 Hz, 1H, H-1), 3.35 (s, 4H, OGknd H-4), 2.67
(dd,J = 5.2, and 6.4 Hz, 2H, H-6), 2.25 Jt= 12.0 Hz, 1H, H-5a), 1.81 (s, 3H, M), 1.48 (dd,
J=4.0 and 12.8 Hz, 1H, H-5a%C NMR (400 MHz, CDGJ) § 169.9 (NHCO), 137.86, 137.8
(ArqC), 128.7, 128.6, 128.1, 128.0, 127.8, 127.6)A80.3, 78.1, 77.3, 75.8 (C-5), 73.1, 72.8,
75.3, 57.2, 57.0 (OH3 and, C-6), 50.6, 30.8 (C-5a), 23.6 (N&); HRMS (ESI)nVz: calcd for
CoaH29NOs [M+H] ¥ 411.2046, found 411.2051.

4.13.2. Compound (10b)

CompoundlOb was prepared starting fro&n(150 mg, 0.39 mmol) using DMF (5mL) and butyl
bromide (0.07 mL, 1.17 mmol, 3.0 equiv) at elevatdperature (50 °C, 3 h) and pure product
was isolated (Ethyl acetate/hexane 1:1) in 65%dy@L2 mg). §]o*°— 14.3 ¢ 0.2, CHC}); 'H
NMR (400 MHz, CDC}) § 7.37-7.26 (m, 10H, ArH), 6.39 (d,= 8.0 Hz, 1H, M), 4.81 (d,J =
11.2Hz, 1H, CHPh), 4.71 (m, 1H, H-2), 4.67 (d= 12.0 Hz, 1H, CkPh), 4.54 (dJ = 11.6 Hz,
2H, CHPh), 3.82 (t,) = 4.0 Hz, 1H, H-3), 3.74 (df = 3.9 Hz and 10.8 Hz, 1H, H-1), 3.58 (dd,
J=6.4 Hz and 14.8 Hz, 1H, H-4 ), 3.35-3.30 (m, ZHbutyl), 2.69 (qJ = 4.0 Hz, 2H, H-6),
2.26 (t,J = 12.0 Hz, 1H, H-5a), 1.80 (s, 3H, M), 1.49-1.44 (m, 3H, Ciof butyl and H-5a"),
1.34-1.25 (m, 2H), 0.88 (8, = 7.6 Hz, 3H, CH of butyl); *C NMR (100 MHz, CDGJ) § 169.8
(NHCO), 137.9, 137.8 (ArqC), 128.6, 128.0, 12787.¥ (ArC), 80.3 (C-4), 78.1 (C-3), 77.3 (C-
5), 74.1 (C-1), 73.0 (CiPh), 72.9 (CHPh), 69.0 (C-6), 57.3 (C-2), 32.0 (C-5a), 31.3,623.
(NHAC), 19.4, 14.0 (CHlof butyl); HRMS (ESI)m/z calcd for G/H3sNOs [M+H] ™ 454.2588,
found 454.2623.
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4.13.3. Compound (10c)

CompoundlOc was prepared starting fro81(80 mg, 0.20 mmol) using DMF (5mL) and hexyl
bromide (0.06 mL, 0.40 mmol, 3.0 equiv) at elevatdperature (50 °C, 3 h) and pure product
was isolated after flash chromatography (Ethyl @edhexane 7:3) in 64% yield (62 mg)]4*°
—11.7 € 0.2, CHCh); *H NMR (400 MHz,CDC}) & 7.36-7.28 (m, 10H, ArH), 6.39 (d,= 8.0
Hz, 1H, NH), 4.81 (dJ = 11.2Hz, 1H, CHPh), 4.72-4.70 (m, H-2), 4.66 (d= 12.0 Hz, 1H,
CH,Ph), 4.55 (tJ = 11.6 Hz, 2H, CkPh), 3.82 (tJ = 4.0 Hz, 1H, H-3), 3.74 (df = 3.9, 10.8
Hz, 1H, H-1), 3.57 (dd] = 6.4, 14.8 Hz, 1H, H-4), 3.35-3.29 (m, 2H, hex)66 (g,J = 4.0 Hz,
2H, H-6), 2.26 (tJ = 12.0 Hz, 1H, H-5a), 1.80 (s, 3H, M), 1.49-1.45 (m, 4H), 1.25 (m, 8H),
0.87 (t,J = 7.6 Hz, 3H, CH of hexyl); *C NMR (100 MHz, CDGJ) 5 169.8 (NHCO), 137.9,
137.8 (ArqC), 128.6, 128.1, 128.0, 127.8, 127.7Q)AB0.3 (C-4), 78.1 (C-3), 77.3 (C-5), 74.1
(C-1), 73.0 CH,Ph),72.8 CH,Ph), 69.3 (C-6), 57.3 (C-2), 31.8 (C-5a), 31.39229.8, 25.8,
23.6 (NHAC), 22.7, 14.1; HRMS (ESIwz calcd for GgH3gNOs [M+H]™ 482.2901, found
[M+H] " 482.2941.

4.14. General Procedure for the preparation of a-pseudo C-1 alkyl carbasugars 11a-11c.

4.14.1. Methyl 2-Acetamido-2-deoxy-3,4-di-O-benzyl-5-chloro 5a-carba-a-D- glucopyranoside
(11a).

To a stirred solution of compouriDa (0.08 g, 0.38 mmol) in anhydrous &, was added
TiCl4(0.32 ml, 1M in CHCl,, 2.01 mmol) dropwise at 0 °C. The reaction mixtwees stirred at

0 °C for 10 minutes. After completion (TLC) of réian, the reaction mixture was quenched
with sodium chloride solution (5 mL) and extractedh CH,Cl, (2 x 20 mL). The combined
organic layer was washed with brine solution, dreeer NaSQ, filtered and evaporated to
dryness. The residue was purified by flash chrograjghy (Ethyl acetate / hexane 7:3) and
compoundlla was obtained as sticky oil (0.06 g) in 69% isolayéld: [0]p?°+ 28.0 € 0.5,
CHCL); *H NMR (400 MHz, CDCY) § 7.37-7.27 (m, 10H, ArH), 5.54 (d,= 8.8 Hz, 1H, NH),
4.94 (d,J = 11.2Hz, 1H, CHPh), 4.86 (dJ = 11.6 Hz, 1H, ChPh), 4.72 (d,) = 11.2 Hz, 1H,
CH,Ph), 4.64 (d ) = 11.2 Hz, 1H, CkPh), 4.13 (tdJ = 3.2 Hz and) = 10 Hz, 1H, H-2), 3.86 (t,
J=9.6 Hz, 1H, H-3), 3.75 (d,= 9.6 Hz, 1H, H-4), 3.67 (m, 1H, H-1), 3.60 {ds 11.2 Hz, 1H,
H-6a), 3.37 (s, 3H, OC#), 3.37-3.35 (m, 1H, H-6b), 2.08 (ddi= 3.2 Hz, 15.0 Hz, 1H, H-53a),
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1.83 (s, 3H, NIAc), 1.81-1.80 (m, 1H, H-5a'}*C NMR (100 MHz, CDGJ) & 169.9 (NHCO),
138.4, 138.0 (ArqC), 128.7, 128.6, 128.38, 12828.2, 128.0 (ArC), 81.5, 79.0, 78.6 (C-3, C-4,
C-1), 76.2 (C-5), 75.7, 75.3H,Ph), 58.2 (TH3), 53.6 (C-2), 48.0 (C-6), 31.4 (C-5a), 23.5
(NHAC);. HRMS (ESI)m/z calcd for G4H3CINOs[M+Na]* 448.1885, found 448.1896.

4.14.2. Butyl 2-Acetamido-2-deoxy-3,4-di-O-benzyl-5-chloro 5a-carba-a-D-glucopyranoside
(11b).

Compoundl1lbwas prepared starting frob®b (0.1 g, 0.22 mmol) and pure product was isolated
(Ethyl acetate/hexane 7:3) in 70% vield (76 mggmfturification. §]o>°+ 23.0 € 0.5, CHC});

'H NMR (400 MHz, CDC}J) 6 7.37-7.25 (m, 10H, ArH), 5.27 (d,= 10.8 Hz, 1H, NH), 4.96 (d,
J=11.7Hz, 1H, CHPh), 4.87 (dJ = 8 Hz, 1H, CHPh), 4.74 (dJ = 12 Hz, 1H, CHPh), 4.65
(d,J = 12 Hz ,1H, CHPh), 4.21 (s, 1H, OH), 4.02 (td= 2.8, 10.8 Hz, 1H, H-2), 3.88 (t= 9.6
Hz, 1H, H-3), 3.80 (dd) = 3.2 and 6.0 Hz, 1H), 3.73 (@~ 11.5 Hz, 1H, H-6a), 3.65-3.60 (m,
2H, OCH, of Butyl) 3.35 (dJ = 10.4 Hz, 1H, H-6b), 3.26 (dl,= 6.4 Hz and 9.2 Hz, H-1), 2.00
(dd ,J=3.2 Hz and 15.2 Hz, 1H, H-5a), 1.83 (dds 2.4 Hz and 15.2 Hz, 1H, H-5a"), 1.78 (s,
3H, NHAC), 1.53-1.45 (m, 2H, CHof butyl), 1.35-1.25 (m, 2H, C4bf butyl), 0.89 (t,J = 7.6
Hz, 3H, CH of butyl); **C NMR (100 MHz, CDGJ) & 169.8 (NHCO), 138.4, 138.1 (ArqC),
128.78, 128.7, 128.5, 128.4, 128.1, 127.9 (ArC)88C-4), 78.0 (C-3), 77.6 (C-5), 77.4, 76.4
(C-1), 75.8 (CHPh),75.2 (CHPh), 70.8 (C-6), 54.0 (C-2), 47.8, 32.3 (C-5a)8323.4 (NH\C),
19.3 (CH of Butyl), 13.8 (CH of Butyl); HRMS (ESI)nmvVz calcd for G/H3¢CINOs [M+Na]*
512.2174, found 512.2217.

4.14.3. Hexyl 2-acetamido-2-deoxy-3,4-di-O-benzyl-5-chloro 5a-carba-a-D- glucopyranoside
(11c).

Compoundl1c was prepared starting fromOc (0.04 g, 0.08 mmol) and pure product was
isolated (Ethyl acetate/hexane 7:3) in 72% yielt if&). p]po*° + 21.5 € 0.5, CHC}); *H NMR
(400 MHz, CDC}) 6 7.37-7.25 (m, 10H, ArH), 5.28 (d,= 9.2 Hz, 1H, NH), 4.96 (d] = 11.6
Hz, 1H, CHPh), 4.87 (dJ = 11.6 Hz, 1H, CkPh), 4.74 (dJ = 10.8 Hz, 1H, CkPh), 4.66 (d J
=12.0 Hz, 1H, CkPh), 4.21 (s, 1H, OH), 4.03 (td= 3.2 Hz,J = 10.7 Hz, 1H, H-2), 3.88 (8,

= 9.2 Hz, 1H, H-3), 3.80 (dd,= 3.2 Hz, 1H), 3.74 (d] = 9.2 Hz, 1H), 3.65-3.61 (m, 2H, Gz

of hexyl), 3.35 (dJ = 12 Hz, 1H, H-6a) 3.26 (df,= 7.2 Hz, J = 15.1 Hz, 1H, H-1), 1.99 (dd ,

18



= 3.2, 15.2, 1H, H-5a), 1.86 (ddi= 2.3, 15.0 Hz, 1H, H-5a"), 1.78 (s, 3H, A¢), 1.50-1.48 (m,
2H), 1.29-1.25 (m, 7H), 0.88 (@,= 7.6 Hz, 3H, CHof hexyl); **C NMR (100 MHz, CDCJ) 5
169.8 (NHCO), 138.4, 138.1 (ArqC), 128.78, 128.28.6, 128.5, 128.4 128.1, 128.0 (ArC),
81.7, 78.2 (C-3, C-4), 76.4 (C-5), 75.8, 75.2 (BH), 71.1, 54.0, 47.8 (C-2, C-6), 32.3, 31.6 (C-
5a), 29.8, 25.8, 23.5 (NAt), 22.7, 14.1 (CHl of hexyl); HRMS (ESI) m/z calcd for
CooH4oCINOs[M+H] " 518.2668, found 518.2718.

4.15. General Procedure for the preparation of a-pseudo C-1 alkyl carbasugars 12a-12c.

4.15.1. Methyl 2-acetamido-2-deoxy-5-chloro 5a-carba-a-D- glucopyranoside (12a).

To a stirred solution of compourida (0.05 g, 0.11 mmol) in methanol was added Paltadiu
hydroxide (0.020 g, 20% weight on carbon, wet) ietmanol (5 mL) at room temperature. The
reaction mixture was stirred undep gas balloon pressure for 12 h. The reaction maxtmas
filtered through celite, and the filtrate was eviagted to dryness to furnish compoub?ih as a
colorless sticky solid (0.025 g, 83%)]§*° + 37.0 € 0.2, CHOH); *H NMR (400 MHz, BO) §
3.92-3.82 (m, 2H), 3.74 (s, 1H), 3.66 (brs, 2HB23(d,J = 11.2 Hz, 1H, H-6b), 3.42 (s, 3H,
OCHg), 2.40 (ddJ = 3.6 Hz and 16.0 Hz, 1H, H-5a), 2.09 (s, 3H,At{ 1.80 (d,J = 12.0 Hz,
1H, H-5a');"*C NMR (125 MHz, DO) & 176.7 (NHCO), 80.7 (C-3), 77.8 (C-4), 76.5 (C-B),0
(C-1), 60.5 (C-2), 57.3 (OCH 51.5 (C-6), 33.3 (C-5a), 24.5 (Md); HRMS (ESI)nVz calcd
for C1gH1sCINOs[M+Na]* 290.0766, found 290.0770.

4.15.2. Butyl 2-acetamido-2-deoxy-5-chloro 5a-carba-a-D- glucopyranoside (12b).

Compound12b was prepared starting frofilb (60 mg, 0.122 mmol) and pure product was
obtained in 78% yield (35 mg)a]p?°+34.0 € 0.2, CHOH); *H NMR (400 MHz, CROD) 5
3.85-3.84 (m, 1H), 3.79-3.77 (m, 2H), 3.67-3.61 @H), 3.48-3.41 (m, 3H), 2.18 (dd,= 2.8,
15.6 Hz, 1H, H-5a), 2.15 (s, 3H, M), 1.69 (ddJ = 2.8 Hz and 15.6 Hz, 1H, H-5a"), 1.58-1.52
(m, 2H), 1.42-1.29 (m, 2H), 0.93 (d,= 7.6 Hz, 3H, CH of hexyl); **C NMR (100 MHz,
CD3;0D) 6 173.4 (NHCO), 78.5, 76.5, 75.8, 72.0, 71.0, 5829, 32.8, 22.5 (NAc), 20.1 14.1;
HRMS (ESI)m/z calcd for GsH24CINOs[M+H]* 310.1415, found 310.1445.

4.15.3. Hexyl 2-acetamido-2-deoxy-5-chloro 5a-carba-a-D- glucopyranoside (12c).
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Compoundl2c was prepared starting frodilc (30 mg, 0.057 mmol) and pure product was
obtained in 77% yield (15 mg)a]p?°+ 30.5 € 0.2, CHOH); H NMR (400 MHz, CROD) §
3.85 (dd,J = 2.0 Hz, 1H), 3.79-3.77 (m, 2H), 3.67-3.61 (m)28149-3.46 (m, 2H), 3.43 (d1,=
6.4 Hz, J = 9.6 Hz, 1H), 2.16 (ddl= 3.2 Hz and) = 15.6 Hz, 1H, H-5a), 2.00 (s, 3H, M),
1.80 (dd,J = 2.8 Hz, 15.6 Hz, 1H, H-5a’), 1.59-1.56 (m, 2HB8-1.28 (M, 6H), 0.91 (f, = 6.4
Hz, 3H, CH of hexyl); *C NMR (100 MHz, CROD) & 78.5, 76.5, 75.8, 72.3, 71.0, 56.7, 33.0,
32.7, 30.7, 26.7, 23.6 (N&t), 22.6, 14.3; HRMS (ESInz calcd for GsHogCINOs [M+H]*
338.1729, found 338.1756.

Appendix A. Supplementary data
Supplementary data related to this article carobiad at DOI: XXXX.

These data includésH, ** C NMR spectra for all new compounds and for presiyp reported
compounds. The data also includés™H COSY and'H-*C HSQC spectra of selected new
compounds. Reaction optimization for synthesidaf6a, IBX mediated oxidation o6b and
transition states of stereoselecetive epoxidatioheo (PDF)
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