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The first macrocyclic glycoterpenoids comprisingagisamine and diterpenoid isosteviol moieties
were synthesized and evaluated for inhibition agti@gainstM. tuberculosiH37Rv.

1. Introduction

An increasing number of studies have been devaotduetisolation, purification, and structural
elucidation of natural macrocyclic glycosides. Argothhem a first place is occupied by resin
glycosides (or else fatty acid glycosides) whichtam saturated fatty acids mainly jalapinolic acid
(11(9-hydroxyhexadecanoic acid) and convolvulinolicda¢l1)-hydroxytetradecanoic acid) as
the aglycort. A carbohydrate portion of resin glycosides is ¢gtly composed of tw8° to
five'**9" monosaccharides as-glucose, D-fucose, L-rhamnose, and-quinovose. Many resin
glycosides have cytotoxi€,**'antibacterial® and antifungal effects. Perhaps one can single out
from the rank of resin glycosides the macrocycliycglipids isolated from the plar€erastium
glomeratum named glomerasidééand glycolipids isolated from different microorgams, e.g.
cycloviracins' and macroviracin¥"' Glomerasides were found to be unique 1,6-cysiters with
17-, 18- or 19-membered ring formed byglucose and &K)-, 10R)- or 11R)-hydroxydocosanoic
acid! Cycloviracins own @symmetrical macrodilactone core functionalizedhwivo long side
polymethylene chains having severaglucopyranose residué's. Macroviracins are 42- to 46-
membered macrodilactones composed of a glucopyyh@s or G4 fatty acid dimer and a long
side polymethylene chain attached to the ¢dte.Both groups of glycolipids exhibit a powerful
antiviral activity!®" The following large group of macrocyclic glycosgd contains phenoté?
polyphenold® or flavonoid$® as the aglycon. Among them cyclic dimers of 4-
(glycosyloxy)benzoates with two and four sugardess showed inhibitory activity agairst and
B-glucosidases, lipoxygenase, and antioxidant piaief?* Some polyphenols containing
macrocyclic glycosides demonstrated inhibitory\agtiagainst HIV-1 enzymes and have shown an
antimicrobial activity against human bacterial pafens as well® The literature has provided
several examples of the macrocyclic glycosides ritad terpenoid moiety as the aglyc8h®
These are glycosides urceoftileand parkinsenes A%Ewhich have some monoterpenoid acids as
the aglycon as well as-glucose®® D-fucose®® b-quinovose® andb-apiosé® as the glycon. The
aglycon of the macrocyclic glycosides of the sypiside series is diterpenoid clerodane and the
glycon is D-glucopyranosé®®  The macrocyclic glycosides lobatosides A-E afenrmbered
macrocycles which are composed of triterpenoid radéa acid as the aglycon, and four or five
monosaccharidesD{glucose, D-galactose, and.-arabinofuranosef’ All above mentioned
macrocyclic terpenoid glycosides have demostrateel or another type of biological activity.
Monoterpene glycosides showed significant analgesisi-inflammatory, hepatoprotective, and
hypoglycemic activitieS® Diterpenoid glycoside syphonoside was able tdbitthigh density
induced apoptosi€. Lobatoside E belonging to the macrocyclic trissrpid glycosides (saponins)
demonstrated a high potency to inhibit the grovittumor cells”



As far as we had reported on the synthesis ofge leange of macrocycles constituted by one,
two or four molecules of diterpenoid steviol orsteviol? the aborementioned publications about
naturally occurring macrocyclic terpenoid glycosider else macrocyclic glycoterpenoiysyave
us the impetus to synthesize macrocyclic derivativiediterpenoid isosteviol that would also have
carbohydrate residues. Recently the first synthekimacrocyclic glycoterpenoids composed of
diterpenoid isosteviol and monosacchadc(-trehalose om-glucuronic acid) residues have been
reported® In continuation of these studies, herein we dbscthe first synthesis of macrocyclic
glycoterpenoids comprising glucosamine and isostawioieties. Their antituberculosis activities
were also evaluated.

2. Reaultsand Discussion

Diterpenoid isostevioll (16-oxoentbeyeran-19-oic acf)l obtained by acid hydrolysis of
commercially available sweetener Sweiad commercially available glucosamine hydrocdied
were used as starting compounds for the synthéseaget macrocyclic glycoterpenoids. General
strategy for their synthesis consists of four ssamad it is shown in Scheme 1. In the first stage,
isosteviol molecules are coupled with a linker @it to the atoms C16 ehtbeyerane skeletons
and carboxylic groups are functionalizeddhydroxypolymethylene chains that afford a terpdnoi
precursor2. In the second stage hydroxyl and amine groupglwfosamine hydrochlorid@ are
protected and anomeric center is brominated tivataycarbohydrate precurstéirin the next stage
terpenoid and carbohydrate precursors are coupedfford diglycoside5 which undergoes
macrocyclization in the final stage to provide &t macrocyclic glycoterpenoti

5s O .
HO-\= OH — -

NH, HCI
3 4

Scheme 1. General strategy for the synthesis of macrocyglicoterpenoids. Designationber
means terpenoid (isosteviol moiet®ug means carbohydrate (glucosamine residue).

2.1. Chemistry
2.1.1. Synthesis of starting materials

To obtain terpenoid precursors, initially the 1@ogroup in isostevioll was chemo- and
stereoselectively reduced wigndium borohydride by analogy with described procéidto give
dihydroisosteviol7 (100%de). Then two molecules of dihydroisostevibivere coupled with each
other by the reaction with sebacyl dichloride téoaf the binuclear derivative of isostevigf®°
This compound was choosen as the intermediate enpttthway towards terpenoid precursors
because it had exhibited the highest antitubercativity in the series of binucleur isosteviol
derivatives” According to the X-ray crystal structure dtdiacid 8 has the maximum folding,
sandwich-like structure. Then diaddwas converted to its bis-acyl chloride that wasoined in



the reactions with 1,4-butandiol and 1,6-hexanettokfford terpenoid precursogsand 10°? in
56% and 60% yields.

Scheme 2. Reagents and condition§) NaBH,, CH;OH; (ii) CIC(O)(CH,)sC(O)CI, CHCly,
DMAP; (iii) SOCL, 50°C; (iv) HO(CH),OH, CHCI, (n = 4 or 6).

To prepare carbohydrate precurd8r(Scheme 3), according to the known procedliréhe amine
group of glucosamine hydrochlori@awvas protected by 2,2,2-trichloroethoxycarbonylo@rgroup

to give glucosamine derivativEl which was pe-acetylated, and then monosacchar@ewas
treated with 33% HBr in AcOH in Ci€l, to afford glycosyl-donot3. It is to be noted that exactly
Troc group was chosen for the protection of amirsug of glucosamine for two reasons. Firstly,
N-Troc-protected glucosamine derivatives is moractige than benzylidene or N-phthalyl-
protected derivative¥. Secondly, the selective removal of the Troc grtakes place in a rather
mild conditions under which acetate groups of gharoine residues and ester groups of linkers are
not affected?

OAc OAc
HO 0 _f . HO 0 L AcO 0 _fAcO 0
HO OH HO OH AcO OAc AcO
NH, HCI NHTroc NHTroc TrocHN g,
3 11 12 13

Scheme 3. Reagents and condition§) NaHCGQ;, TrocCl, HO; (ii) Ac.0, Py; (iii) 33% HBr,
AcOH, CHCl,.

In the next stage diglycosidés(Scheme 1) containing glucosamine residues arstegiol
moieties were synthesized by the reaction of brer@iwith both terpenoid precursogsand10.
By analogy with the literatuf® bromide 13 was treated with diterpenoid diofsand 10 in the
presence of ZnGl(Scheme 4). The reactions provided diglycosiddsand15 in 20% and 22%
yields, respectively. It is worth noting that badactions led to the formation afglycosides. This
was proved by the fact that the anomeric protondigiycosidel4 resonated in théH NMR
spectrum as a doublet at 4.88 ppm with a vicinaipiog constant of 3.4 Hz, and the anomeric
protons in diglycosid&5 resonated as a doublet at 4.87 ppm with a vicaapling constant of 3.5



Hz. The reason is the amazing property of the keacid ZnC] to manifest itself as the
stereoselective activator of the classical Koeiigssr reaction™> In both reactions glycosidd$
and17 formed as the byproducts (Scheme 4). Glycosgle/as detected in the reaction mixture by
MALDI mass spectroscopy which revealed the peak4486.9, [M+Na] (calcd. 1436.7 [M+Nd]
for Cz3H11.CIsNNaOyg), andm/z 1452.9, [M+K] (calcd. 1452.7 [M+K] for C;aH11.CIsKNO1g).
Glycosidel7 was obtained in 9% yield after flash chromatogyaph contrast to diglycosidest
and15, the'H NMR spectrum of glycosid&7 showed methylene protons of the terminab,GH
group as a triplet at 3.62 ppm with a coupling tans6.8 Hz. The MALDI spectrum of glycoside
17 exhibited the peaks atm/z 1493.1, [M+Na], and at m/z 1509.1, [M+K] corresponding to
molecular formulae &H120CIsNNaOg and G7H120CIs3KNOo.
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Scheme 4. Reagents and condition§) bromidel3, ZnCh, CH,Cly; (ii) Zn, AcOH; (iii) Ac,0,
EtzN, CHCl,

2.1.2. Synthesis of macrocyclic glycoterpenoids

For closing diglycosided44 and 15 in target macrocycles it was necessary to remaee T
groups and then to bind the amine groups by aldailanker. Previously, during the synthesis of
macrocyclic derivatives of isosteviol by closincgadd 8 it was found that the yield of forming
macrocycle appeared to depend on the length afkarliwhich have to bind the carboxylic groups
of diacid8.*" The maximum vyield was achieved by using 1,8wetéol as a linker, that is, the
length of a linker between two ester groups inftmmed macrocycle should equal eight methylene
groups? Therefore sebacic acid chloroanhydride and ligdyanatohexane were chosen as
linkers for macrocyclization of diglycosiddg and15. Beforehand we tested macrocyclization of
glucosamine residues with 1,6-diisocyanatohexanglycoside 21 which was obtained from



ketoalcohol20° in 40% vyield (Scheme 5). As noted above, sincelZm@s used as the catalytic
activator of Koenigs-Knorr reaction, glycosi@&é had a-orientation of the glycoside bond. This
followed from the anomeric proton signal in thé NMR spectrum which appeared as a single
doublet at 4.87 ppm with a vicinal coupling constah3.6 Hz. The amine group of glycosidé
was deprotected by zinc dust in acetic cid provide free aming2 which then was involved in
the reaction with 1,6-diisocyanatohexane accordimgdescribed procedufe which afforded
diglycoside24 in 13% yield, and glycosid25 in 19% yield (Scheme 5). Following spectral data
confirmed the formation of diglycosid24. Its MALDI spectrum showed peaks mt/z 1523.8,
[M+H]", (calc. m/z 1523.9, [M+H], CgoH123N4024), M/z 1545.6, [M+Na], (calc. m/z 1545.8,
[M+Na]+, C80H122N4N8024), andm/z 1561.6, [M+Kr, (Ca|C.m/Z 1561.8, [M+Kr, C80H122KN4024).
The IR spectrum of diglycosid® demonstrated absorption bands at 1561, 1641, 3@2, cnT
which are typical to ureic moieties. The NMR spectrun of diglycosid24 indicated the presence
of ureic protons as a doublet at 4.90 ppm with @pting constant of 5.7 Hz, and a triplet at 5.24
ppm with a coupling constant of 5.7 Hz. The MALestrum of glycosid@5 showed peaks at
m/z846.7, [M+HT, (calc.m/z846.5, [M+HT, Cu4HesN3013), m/z868.7, [M+Na], (calc.m/z868.5,
[M+Na]+, C44H67N3NaQ3), andm/z884.7, [M+K]+, (caIC.m/2884.4, [M+K]+, C44H67KN30]_3). The

IR and'H NMR spectra of glycoside 25 were similar to tpeatra of diglycoside4.

OH

AcQ OAc AcO OAc

Scheme 5. Reagents and conditioig SOCL, 50 °C; (ii) HO(CH),OH, CH.Cly; (iii) bromide 13,
ZnCly, CHyCly; (iv) Zn, AcOH; (v) AgO, EgN, CHCly; (vi) OCN(CH,)sNCO, CHCl,.

The tested approach to the macrocyclization ofgdamine residues with 1,6-diisocyanatohexane
linker was then used for the synthesis of targetrowyclic glycoterpenoids. Troc protective groups
in diglycosidesl4 and15 were removed by zinc dust in acetic atiw give diamine®6 and27 in
good yields (96% and 87%). As a rule, free amimeséd after removing Troc protective groups
were used without further purification in next st&pHowever, one of the diamines obtained,
namely diamine7, has been isolated. Its MALDI spectrum showed pestkn/z1582.1, [M+H],
(calc. m/z 1582.0, [M+H], GgeH13eN2004), M/z 1604.1, [M+Na], (calc. m/z 1603.9, [M+Na],
C86H135N2Naoz4), andm/z1620.1, [M+KT (calc.m/z 1619.9, [M+KT, C86H135KN2024). In thelH
NMR spectrum of diamin@7 the anomeric protons resonated as a doublet &t ghé with a
vicinal coupling constant of 3.2 Hz indicatingorientation of the glycoside bonds. The reactioins
diamines26 and 27 with 1,6-diisocyanatohexane afforded the targatnocyclic glycoterpenoids



28 and29 (Scheme 6) in 40% and 15% vyields. The MALDI spauotrof macrocycleé28 showed
peaks aim/z 1694.3, [M+H], (calc.m/z 1694.0, [M+H], CooH141N4O2), m/z1716.3, [M+Nal],
(calc. m/z 1716.0, [M+Na], GCgoH14N4aNaQs), and m/z 1732.2, [M+K], (calc. m/z 1731.9,
[M+K] ", CooH140KN4O2¢). The MALDI spectrum of macrocycl2d showed peaks ah/z1750.7,
[M+H] ", (calc.m/z 1751.0, [M+H], CosH1490N4Oz6), andm/z1772.7, [M+Na], (calc.m/z1773.0,
[M+Na]*, CosH14NsNaOy). The *H NMR spectra of macrocycle88 and 29 displaed the
methylene protons of the ureidic moieties NHC(O)NHHGas multiplets at 3.02-3.24 ppm, and
ureidic moieties own protons appeared as dublets9&t ppm {J = 10 Hz) and 4.96 ppmJ(= 10
Hz), as well as multiplets at 5.40-5.47 ppm and- &30 ppm. Diglycosid&7 was also involved in
the reaction with sebacic acid chloroanhydrideit@ gnacrocyclic glycoterpenoigd in 23% yield
(Scheme 6). The MALDI spectrum of macrocy8eshowed peaks at/z 1771.1, [M+Na], (calc.
m/z 1771.0, [M+Na], CoeHisoNoNaQye), and 1787.1, [M+K], (calc. m/z 1787.0, [M+KT,
CosH15dKN2056). TheH NMR spectrum of macrocycl@d showed the amidic protons as a doublet
at 5.82 ppm with a vicinal constant of 9.3 Hz. Theomeric protons of macrocyclic
glycoterpenoid£28-30 resonated as dublets at 4.83, 4.84, 4.83 ppm awitipling constants 3.4,
3.5, 3.6 Hz, respectively, that confirmeebrientation of the glycoside bonds. It is to lwten that
diacid 31 was formed simultaneously with macrocy@®@ and was isolated in 20% yield after
column chromatography. The MALDI spectrum of glherpenoid31 showed peaks am/z1973.2,
[M+Na]*, (calc. m/z1973.2, [M+Na], CioeH168N2030Na), andm/z 1989.3 [M+KT, (calc. m/z
1989.1, GogH16aN2030K).

2.2. Antituberculosis activity

Since both glucosamif®and isostevidf included in the target macrocyclic glycoterpenoids
28-30 are biologically active molecules, there is no latainat macrocycle&8-30 should have also
a broad spectrum of biological activity. As we haweeviously studied the ability of some
glycoterpenoids based on isosteviol and treha®2s@4,>® as well as glucuronic acigb, 36°¢ (Fig.
1) to inhibit the in vitro growth of M. tuberculosis H37Rv>"® the target macrocyclic
glycoterpenoid28-30 as well as some of their precurs@g 23, 24, and byproducBl were also
screened againd. tuberculosiH37Rv. The obtained values of minimum inhibitopncentration
(MIC) are presented in Table 1. To analyse the dhtained, MIC values found for isostevibf
diacid 8,° glycoconjugates of isosteviol and trehal@e34,°® glycocnjugates of isosteviol and
glucuronic acid35, 36,°° 2-acetamido-1,3,4,6-tet@-acetyl-2-deoxyu-D-glucopyranose37,** as
well as antitubercular drugs isoniazid and pyraziide are also presented in Table 1. The
comparison of MIC values indicates that antitublersis activity of target macrocycl@8-30, their
precursorsl9, 24, and diglycosidedl is almost the same. Macrocyclic glycoterpen@d¥ and
36,>° as well as their precurso2®® and 35°° showed a similar activity. One can see that
antituberculosis activities of isosteviol glycocogatesl9, 24, 28-32, 34-36 are 19-13-fold lower
than the activity of antitubercular drug isoniaiccontrol experiments, but, at the same time,ghes
compounds appeared to be 8-17-fold better inhibitioan antitubercular drug pyrazinamide whose
MIC equals 101.51M.*® Several important conclusions can be drawn fremesamination of
Table 1. Firstly, the binding of two molecules sbstevioll (MIC 157 puM) with 1,8-octanedioate
linker increases its antituberculosis activity by &mes (MIC for diacid@ equals 62 uM). The
functionalization of isostevioll with  3,4,6-triO-acetyl-glucosamine moiety increases its
antituberculosis activity by 9 times (MIC for glygde 23 equals 17.4 uM). The functionalization
of isostevioll with several 3,4,6-tr@-acetyl-glucosamine moieties increases its antrubesis
activity already by 22 times. This is another confition of the known fact that glycosylation of
bioactive compounds enhances their actiityBy the way, the antituberculosis activity of
glucosamine itself, or rather, its derivati8é (MIC 16.2 uM), was not changed after it had been
coupled with isosteviol to afford glycoside8 (MIC 17.4 uM). Secondly, the antituberculosis
activity of macrocyclic glycoterpenoids investigatdoes not depend on the presence (or absence)
of nitrogen-containig functional groups. Thus Ml@lwes for nitrogen-containig macrocyclic



Scheme 6. Reagents and conditioig Zn, AcOH; (ii) OCN(CH)sNCO, CHClI,
(iii) CIOC(CH,)sCOCI, CHCl,.



Fig. 1. Glycoterpenoids which have already been syntkdsind have been subjected to biological
evaluation as antituberculosis agetits.

I]a\l/)ilt(reolinhibitory activities against the growth M. tuberculosiH37Rv
Compound MIC (LM) Compound MIC (LM)
1 157.0 31 6.4
8 62.0 32 12.Pd
19 9.1 33 0.3
23 17.4 34 8.3
24 8.2 35 10.5°
28 7.4 36 9.2
29 7.1 37 16.2
30 7.2 pyrazinamide 101.589°
isoniazid 0.7

glycoterpenoids28-30, 36 and the MIC value for macrocyclic glycoterpen@d which has no
nitrogen atoms are almost the same. The strikimglosion that has been already marResl that



glycoconjugate of trehalose and isostev@3 which has no nitrogen atoms showed the same
antituberculosis activity as antitubercular drugnisizid in control experiment. This is all the more
surprising that both isostevidl,® and trehalo® are poor inhibitors of the growth ofl.
tuberculosisH37Rv??°  Of course, this unexpected finding requiresrafcistudy.

3. Conclusions

We have proposed for the first time a syntheticrapgh to macrocyclic glycoterpenoids
containing glucosamine and isosteviol moieties. Trget macrocycle28-30 as well as some of
their precursordl9, 23, 24 were examined for the ability to inhibit the intrei growth of M.
tuberculosisH37Rv. All compounds tested showed moderate tulbestatic activity. MIC values
for them were within range of 6.4-17.4 uM whild@value for antitubercular drug isoniazid
(reference compound in experiment) was 0.7 uM.

4. Experimental

4.1. Chemistry
4.1.1. General

NMR experiments were carried out with Avance-400Agance-500 (Bruker) spectrometers
in CDCk at 400 or 500 MHz at 30C° MALDI mass spectra were measured on DYNAMO
MALDI TOF instrument (Thermo BioAnalysis, Santa lNew Mexico). Samples were prepared as
0.1% solutions of compounds in an appropriate swlvEhe matrix wasp-nitroaniline (Acros). IR
spectra of the compoun@d, 25 were recorded with Bruker Vector-22 Fourier spatieter in the
wavenumber range from 400 to 4000 tmMelting points of substances were determinecaon
BOETIUS compact heating table. Optical rotationsreveletermined on a Perkin-Elmer 341
polarimeter (concentrationis given as g/100 mL) (PerkinElmer, Inc, USA) at°Z, A = 589 nm.
The completeness of the reactions and the puritth@fcompounds were monitored by TLC on
Sorbfil plates (Sorbfil, Russia). Spots were detddby treatment with the 5% solution of sulfuric
acid, followed by heating up to 12QC.° The isolation of individual substanc&s, 21, 23-25, 28,
29-31 was performed with a flash chromatography on &je&¢ KSKG (< 0.063 mm, Crom-Lab
Ltd, Russia). All solvents were dried according &tandard protocols. Isosteviol,’
dihydroisosteviol7,2 diacid 8,°*° diols 9, 10,>® compoundsl3,*° 20,*® and 37°* were prepared
according to the literatuf&>®"8°19.2rhe physicochemical properties of these compoased
with those published. Sweetener Sweta was obtdmed Stevian Biotechnology Corporation Sdn
Bhd (Malaysia), glucosamine hydrochlori@evere purchased from abcr GmbH&Co.

4.1.2. Synthesis of compounds

4.1.2.1. General procedure for the synthesis diydasides 14-17)

ZnCl, (2 equiv) was added to a solution of dgobr 10 (1 equiv)and bromidel3 (2.2-2.5
equiv) in CHCIl, under argon. The reaction mixture was stirredlfoh at room temperature, then
was diluted with CHCI,, washed with 5% NaHC{ water and brine, dried over &y, and
concentrated under reduced pressure. The residsi@wdied by silica gel flash chromatography
(hexane/EtOAc = 5/1).

4.1.2.1.1. Bis{19-[3,4",6'-tri-O-acetyl-2’-deoxy=42",2",2"-trichloroethoxycarbonyl)amino-a-D-
glucopyranosyl-oxybutyl-4-oxycarbonyl]-ent-beyetsyl}-1,8-octanedioatld)

This compound was prepared as a white foam in 24 ¥0.37 g). §]p>° +22.2 ¢ 1.40,
CH.Cly); Anal. Calcd for GgH13ClgN2O2g: C, 56.32; H, 6.98; Cl, 11.33; N, 1.49. Foud:
56.44; H, 6.97; Cl, 11.37; N, 1.4%1 NMR (400 MHz,CDCls): 6 0.70 (s, 61, C**Hs, C*°Hy),
0.90 (s, 61, C'"Hs, C'"Hs), 1.18 (s, 81, C'®Hs, C'®Hs), 0.83-1.89 (m, 58, entbeyerane skeleton,
two (CH,), linkers and (CHy)s linker), 2.00 (s, 8, CH;CO, CH3CO), 2.03 (s, &I, CHCO,



C'H3CO), 2.09 (s, B, CH,CO, CH3CO), 2.16 (d, 21, J = 13.0 Hz, CHeq, C Heg), 2.30 (t, 41, J =
7.4 Hz, C°0OC(OXH,, C*OC(OXH,), 3.44-3.52 (m, 2H, BOCH,, C'**OCH,), 3.70-3.78 (m,
2H, COCH,, C'*OCH,), 3.93-4.01 (m, 4H, H-5s, H-5s’, H-2s, H-2s'), 3-@.17 (m, 6H, H-6s, H-
6s’, C'O)OCH,, C*(O)OCH,), 4.27 (dd, 2, J = 12.4, 4.6 Hz, H-6s, H-6s)), 4.64 (d, 28z
12.1 Hz, 2 OCHCCL), 4.72 (dd, 2H) = 10.5, 4.2 Hz, &H, C*®H), 4.81 (d, 2H,) = 12.1 Hz, 2
OCH,CCl), 4.89 (d, 2H, = 3.4 Hz, H-1s, H-1s"), 5.10 (t, 2H,= 9.9 Hz, H-4s, H-4s"), 5.24 (t,
2H, J=9.9 Hz, H-3s, H-3s’), 5.29 (d, 2H,= 9.8 Hz, 2 NH) ppm; MALDI-TOF M3n/zcalcd for
ngH130CI6N2028Na [M+NaT 1899.7, found 1899.5; calcd fOfgéEl]_goCleNzOng [M+K] * 1915.6,
found 1915.6.

4.1.2.1.2. Bis{19-[3',4",6'-tri-O-acetyl-2’-deoxy={2",2",2"-trichloroethoxycarbonyl)amino-a-D-
glucopyranosyl-oxyhexyl-6-oxycarbonyl]-ent-beyef#hyl}-1,8-octanedioatl)

This compound was prepared as a white foam in 229 {0.52 g). §]p° +17.7 ¢ 2.05,
CH.Cly); Anal. Calcd for GH138ClgN2Oog: C, 57.17; H, 7.20; Cl, 11.01; N, 1.45. Foud:
57.14; H, 7.19; Cl, 11.03; N, 1.444 NMR (400 MHz,CDCl3): & 0.70 (s, &, C*°Hs, C*°Hs),
0.89 (s, 61, C'"Hs, C*"Hs), 1.16 (s, 61, C*®Hs, C**Hs), 0.81-1.89 (m, 661, entbeyerane skeleton,
two (CHy)s linkers and CHy)s linker), 1.99 (s, H, CH;CO, CH3CO), 2.02 (s, &I, CHsCO,
C'H3CO), 2.09 (s, H, CHsCO, CH3CO), 2.15 (d, 1, J = 12.8 Hz, CHeq, C* Hey), 2.30 (t, 4, J =
7.4 Hz, C°OC(O)CH,, C*OC(O)CH,), 3.41-3.49 (m, 2H, ¥OCH,, C**OCH,), 3.65-3.73 (m,
2H, COCH,, C**OCH,), 3.90-3.99 (m, 4H, H-5s, H-5s’, H-2s, H-25")0@-4.15 (m, 6H, H-6s,
H-6s’, C*Y(O)OCH,, C'°(O)OCH,), 4.26 (dd, 2, J = 12.3, 4.6 Hz, H-6s, H-6s"), 4.64 (d, 2Hs
12.1 Hz, 2 OCHCCl), 4.70 (dd, 2H, = 10.5, 4.2 Hz, &H, C'°H), 4.79 (d, 2H,) = 12.1 Hz, 2
OCH,CCls), 4.87 (d, 2H,) = 3.5 Hz, H-1s, H-1s’), 5.09 (t, 2H,) = 9.8 Hz, H-4s, H-4s"), 5.24 (t,
2H, J=9.8 Hz, H-3s, H-3s’), 5.37 (d, 2H,= 9.9 Hz, 2 NH) ppm; MALDI-TOF MSn/zcalcd for
CooH13ClsN2O-gNa [M+NaT 1955.7, found 1955.7; calcd forfEl;13gClgN2OxgK [M+K] " 1971.7,
found 1971.7.

4.1.2.1.3. 0-{19-[3',4",6'-tri-O-acetyl-2’-deoxy-22",2",2"-trichloroethoxycarbonyl)aminoa-D-
glucopyranosyl-oxyhexyl-6-oxycarbonyl]-ent-beyefdyl}-O’-[19-(6'-
hydroxyhexyloxycarbonyl)-ent-beyeran-16-yl]-1,8amedioat 17)

This compouns was prepared as a white foam in 8% ¥0.16 g). §]o>° -2.3 ¢ 0.75,
CH,CI,); Anal. Calcd for GH12CIsNO1g: C, 62.91; H, 8.23; Cl, 7.23; N, 0.95. Found:62,95;
H, 8.21; Cl, 7.25; N, 0.94H NMR (400 MHz,CDCl3): ¢ 0.70 (s, 61, C*®*Hs, C*°Hs), 0.89 (s,
3H, C'"H3), 0.90 (s, 3H, €'Hs), 1.15 (s, 3H, &Hs), 1.16 (s, B, C**Hs), 0.82—1.90 (m, €8, ent
beyerane skeleton, twdK)4 linkers,and CHy)s linker), 2.00 (s, B, CHsCO), 2.03 (s, 8,
CH3CO), 2.09 (s, H, CH,CO), 2.16 (d, H, J = 13.1 Hz, CHeq, C Heg), 2.30 (t, M, J = 7.4 Hz,
C®OC(OXCH,, C*OC(OXH,), 3.42-3.49 (m, 1H, ¥OCH,), 3.62 (t, 2H, J = 6.8 Hz,
C®0OC(0)(CH)sCH,0H), 3.66-3.74 (m, 1H, BOCH,), 3.91-4.15 (m, 7H, H-2s, H-5s, H-6s,
C(O)OCH,, C¥(0)OCHS,), 4.26 (dd, H, J = 12.4, 4.5 Hz, H-6s), 4.62-4.73 (m, 3H, OCEl;,
C™H, C'*H), 4.80 (d, 1H,) = 12.2 Hz, OCHCCl;), 4.88 (d, 1H, = 3.6 Hz, H-1s), 5.10 (t, 1H,
= 9.6 Hz, H-4s), 5.25 (t, 1H,J = 9.9 Hz, H-3s), 5.39 (d, 1 H,= 9.7 Hz, NH) ppm; MALDI-TOF
MS m/z calcd for G;H12ClaNOgNa [M+Na]" 1492.7, found 1493.1; calcd. forEl1,0ClaNOK
[M+K] * 1508.7, found 1509.1.

4.1.2.2. 0-{19-[3",4’,6'-tri-O-acetyl-2’-deoxy-2’-@etamidoa-D-glucopyranosyl-oxyhexyl-6-
oxycarbonyl]-ent-beyeran-16-yl}-O’-[19-(6’-acetoxgkyloxycarbonyl)-ent-beyeran-16-yl]-1,8-
octanedioat 19)

To a solution of monoglycoside (0.12 g, 0.08 mmol) in AcOH (6 mL) Zn powderedsB
g, 0.8 mmol) was added under argon. The reactiotune was stirred for 3 h at room temperature,
then was concentrated under reduced pressure.ebitue diluted with CECl,, washed with 5%
NaHCGQ; and water and brine, dried overJS&y, and concentrated under reduced pressure to give
glicosidel8 (0.1 g, 95 %) which was used without further paafion in the next step.



Glycoside18 0.10 g (0.08 mmol) was dissolved in &H, (6 mL), then EIN (0.068 mL, 0.49
mmol) and AgO (1 mL, 7.7 mmol) were added. The reaction mixtwes stirred for 2 h at room
temperature, then diluted with GEl;, washed with sat. NaHGCand 1.0 M HCI, dried over
NaSO,, and concentrated under reduced pressure. Siktaflash chromatography (eluent —
hexane/EtOAc = 5/1) of the residue afforded compdithin 57% yield (0.06 g) as a colourless oil.
[a]p®® +10.2 ¢ 1.00, CHCL,); Anal. Calcd for GaH12NOyg: C, 67.95; H, 8.99; N, 1.02. Found:
C, 67.91; H, 8.96; N, 1.03H NMR (400 MHz,CDCl3): 6 0.70 (s, 61, C*°Hs, C**Hs), 0.90 (s,
6H, C*'Hs, C'"Hs), 1.15, 1.16 (2s,16, C*®Hs, C*¥Hs), 0.78 - 1.90 (m, 661, entbeyerane skeleton,
two (CHy)4 linkers, and (CHy)s linker), 1.95 (s, 3H, CkCO, CH3CO), 2.01 (s, B, CH:CO,
C'H3CO), 2.03 (s, 31, CH;CO, CH3CO), 2.04 (s, B, CH;CO, CH3sCO), 2.09 (s, B, CH:CO,
C'HsCO), 2.15 (d, M, J = 13.1 Hz, CHeq C*Heg), 2.30 (td,J = 7.4, 2.4 Hz, H, C*°*OC(O)H,,
C*OC(OXH,), 3.39-3.49 (m, 2H, 'OCH,, C**OCH,), 3.61-3.71 (m, 2H, tOCH,, C'**OCH,),
3.91-4.14 (m, 6H, H-5s, H-6s0)OCH,, C'¥(0)OCH,), 4.24 (dd, 1HJ = 12.3, 4.5 Hz, H-6s),
4.32-4.37 (m, 1H, H-2s), 4.71 (td, 28= 9.8, 4.4 Hz, &H, C'°H), 4.83 (d, 1H,) = 3.6 Hz, H-
1s), 5.11 (t, 1H, J = 9.5 Hz, H-4s), 5.21 (t, 1HJ = 9.5 Hz, H-3s), 5.78 (d, 1H) = 9.5 Hz, NH)
ppm; MALDI-TOF MS m/z calcd for GgH12dNOgNa [M+Na]" 1400.9, found 1400.9; calcd for
C7gH123NO1gK [M+K] " 1416.8, found 1416.9.

4.1.2.3. 4-[3,4",6'-tri-O-acetyl-2’-deoxy-2’-(2",2,2"-trichloroethoxycarbonyl)aminoa-D-
glucopyranosyl]-butyl-16-oxo-ent-beyeran-19-a2it)(

To a solution of ketoalcoh@0 (0.40 g, 1.02 mmol) and bromid& (0.71 g, 1.30 mmol) in
CH.Cl; (15 mL) ZnC} (0.21 g, 1.54 mmol) was added under argon. Theticsamixture was
stirred for 30 h at room temperature, then wastellluvith CHCI,, washed with 5% NaHCH
water and brine, dried over p&0,, and concentrated under reduced pressure. Thauessias
purified by silica gel flash chromatography (hex@tOAc = 3/1) to give glycosidel in 58%
yield (0,47 g) as a colourless oil]§*® +1.0 ¢ 0.47, CHCL,); Anal. Calcd for GeHssClsNO15: C,
54.90; Cl, 12.47; H, 6.62; N, 1.64. Found: C, 55.C1, 12.52; H, 6.59; N, 1.63H NMR (400
MHz, CDCls): § 0.69 (s, B, C*%Hs), 0.94 (s, BI, C*'H3), 1.18 (s, Bl, C'®H3), 0.80—-1.90 (m, 22,
entbeyerane skeleton an@H,), linker), 1.97 (s, B, CH;CO),2.00 (s, 31, CH;CO), 2.06 (s, B,
CH3CO), 2.16 (d, H, CHeq J = 13.3 Hz), 2.59 (dd,H, C"° H,, J = 18.6, 3.7 Hz), 3.42-3.49 (m,
1H, C*OCH,), 3.68-3.75 (m, 1H, ¥OCH,), 3.89-3.95 (m, 1H, H-5s), 3.99 — 4.10 (m, 4H, $J-6
H-2s, CYO)OCH,), 4.24 (dd, 1H, H-6s] = 12.3, 4.5 Hz), 4.63 (d,H, OCH,CCls, J = 12.1 Hz),
4.76 (d, H, OCH,CCls, J = 12.1 Hz), 4.87 (d, 1H, H-18,= 3.6 Hz), 5.07 (t, 1H, H-48,= 9.8 Hz),
5.21 (t, 1H, H-3sJ = 9.7 Hz), 5.27 (d, 1H, NH] = 9.7 Hz) ppm; MALDI-TOF MSmn/z calcd for
CagHs56ClaNO13Na [M+Na] 876.3, found 876.4; calcd forags¢ClaNO:K [M+K] * 892.2, found
892.4.

4.1.2.4. 4-(3',4,6'-tri-O-acetyl-2’-deoxy-2'-amina-D-glucopyranosyl)-butyl-16-oxo-ent-beyeran-
19-oat @2)

To a solution of glycosid2l (0.47 g, 0.55 mmol) in AcOH (12 mL) Zn powdel@d g, 18
mmol) was added under argon. The reaction mixtwuae stirred for 1 h at room temperature, then
was concentrated under reduced pressure. The eedilied with CHCI,, washed with saturated
solution NaHCQ, dried over NgSO;, and concentrated under reduced pressure to ¢yeeside
22 in 92% vyield (0.34 g) as a colourless oil. Anaal€d for GgHssNOq1: C. 63.79; H, 8.18; N,
2.07. Found: C, 63.44; H, 8.21; N, 2.6H. NMR (400 MHz,CDCl3): 6 0.71 (s, B, C*°Hs), 0.97
(s, 3, C'"Hs), 1.20 (s, B, C'®H3), 0.83-1.96 (m, 22, entbeyerane skeleton an@Hy), linker),
2.01 (s, 31, CH,CO), 2.07 (s, B, CHCO), 2.08 (s, B, CHCO), 2.19 (d, H, C’Heq, J = 13.2 Hz),
2.61 (dd, H, C*H,, J = 18.5, 3.7 Hz), 2.93 (ddHl H-2s,J = 10.2, 3.6 Hz), 3.43-3.52 (m, 1H,
COCH,), 3.71-3.79 (m, 1H, BOCH,), 3.92-3.99 (m, 1H, H-5s), 4.00-4.13 (m, 3H, H-6s,
C™(O)OCH,), 4.28 (dd, 1H, H-6s] = 12.2, 4.6 Hz), 4.86 (d, 1H, H-1b= 3.6 Hz), 4.95 (t, 1H, H-
4s,J = 9.8 Hz,), 5.11 (t, 1H, H-3sJ = 9.8 Hz) ppm; MALDI-TOF MSm/z calcd for
CseHseNO11 [M+H] " 678.4; found 678.4; calcd forsgHssNO1;Na [M+Na]" 700.4; found 700.4.



4.1.2.5. 4-[3,4",6'-tri-O-acetyl-2’-deoxy-2’-acemido-a-D-glucopyranosyl]-butyl-16-oxo-ent-
beyeran-19-oat43)

The mixture of EfN (0.16 mL, 1.16 mmol) and A© (2.4 mL, 18.29 mmol) was added to a

solution of amin&2 (0.13 g, 0.19 mmol) in Ci&l, (5 mL) under argon. The reaction mixture was
stirred for 2 h at room temperature, then diluteth \€H,Cl,, washed with sat. NaHG@nd 1.0 M
HCI, dried over Ng50y, and concentrated under reduced pressure. Seickhagh chromatography
(hexane/EtOAc = 1/1) of the residue afforded gly@d®23 in 73% yield (0.10 g) as a colorless oil.
[0]o?® +16.4 ¢ 0.65, CHCL,); Anal. Calcd for GHs/NO1»: C, 63.40; H, 7.98; N, 1.95. Found: C,
63.54; H, 7.95; N, 1.96.01H NMR (400 MHz,CDCl3) : & 0.72 (s, B, C*°Hs), 0.97 (s, 8,
C'Hs), 1.21 (s, BI, C'®Hs), 0.86—1.93 (m, 22, entbeyerane skeleton an@H,), linker), 1.96 (s,
3H, CH;CO),2.01 (s, 81, CH;CO), 2.02 (s, B, CH;CO), 2.09 (s, B, CHCO0), 2.19 (d, H, C*Heg,
J = 13.2 Hz), 2.63 (dd,H, C**H,, J = 18.5, 3.7 Hz), 3.41-3.49 (m, 1H!0OCH,), 3.70-3.78 (m,
1H, COCH,), 3.88-3.94 (m, 1H, H-5s), 4.01-4.15 (m, 3H, HGS(O)OCH,), 4.24 (dd, 1H, H-
6s,J = 12.3, 4.5 Hz), 4.31-4.38 (m, 1H, H-2s), 4.841(d, H-1s,J = 3.6 Hz), 5.11 (t, 1H, H-4S,
=9.7 Hz,), 5.19 (t, 1H, H=39,= 9.8 Hz), 5.83 (d, 1H, NH} = 9.4 Hz) ppm; MALDI-TOF MSn/z
calcd for GgHs/NO:Na [M+Na] 742.4, found 742.3; calcd fors§s,NO1.K [M+K] * 758.4, found
758.3.

4.1.2.6. The synthesis of compourd§ énd @5)

A solution of 1,6-diisocyanatohexane (0.024 g, Qrishol) in CHCI, (1 mL) was added in
portions during 1 h to a solution of amig2 (0.21 g, 0.29 mmol) in C}Cl, (10 mL) under argon.
The reaction mixture was stirred for 40 h at ro@mperature, then washed with water, and dried
over NaSOy. The residue was purified by silica gel flash chabography (hexane/EtOAc = 5/1) to
give diglycoside?4 and glycosides.

4.1.2.6.1. 1,6-Bis[2’-(16"-0x0-ent-beyeran-19"t@xybutyl-6""-oxy)-4’,5’-diacetoxy-6'-
methylacetoxy-tetrahydropyran-3’-ureidyl]hexar2d)

This compound was prepared in 13% vyield (0.06asgh colorless oilo]p?® +27.7 ¢ 1.95,
CH.Cly); Anal. Calcd for GoH120N4O24: C, 63.06; H, 8.07; N, 3.68. Found: C, 63.27, 8H)5; N,
3.70; IR (film); v 1561, 1641 [NHC(O)], 1726J(0)O], 1746 [CHC(0)O], 3367, 3412m™ (NH);
'H NMR (400 MHz,CDCl3) : 6 0.72 (s, B, C%Hs, C*%Hs), 0.97 (s, 8, C'"Hs, C'"Ha), 1.21 (s,
6H, C'®Hs, C'®Hs), 0.87—-1.90 [m, 5H, entbeyerane skeleton, twd&Hy,), linkers,and CHa)a
linker), 1.99 (s, B, CH;CO, CH3CO), 2.00 (s, 61, CH;CO, CH3CO), 2.08 (s, H, CH;CO,
C'H3CO), 2.16 (d, 2H, 8Heq, C'Heq J = 13.1 Hz), 2.64 (dd, 2H,"€H,, C*° H,, J = 18.5, 3.5 Hz),
3.00-3.21 (m, 4H, 2C(O)NH4}), 3.36-3.45 (m, 2H, BOCH,, C'*OCH,), 3.73-3.82 (m, 2H,
C™OCH,, C'*0OCH,), 3.87-3.95 (m, 2H, H-2s, H-2s'), 4.04-4.26 (fiH] 2H-6s, 2H-65’, H-5s,
H-5s’, C*Y(0)OCH,, C*(0)OCH,), 4.82 (d, 2H H-1s, H-1s] = 3.5 Hz), 4.90 (d, 2H 2 NHC(OY},
= 9.9 Hz), 5.05-5.19 (m, 4H, H-4s, H-4s’, H-3s381), 5.24 (t, 2H, 2 C(O)NCH, J = 5.7 Hz)
ppm; MALDI-TOF MS m/z calcd for GoHi2dN4Oz4 [M+H]" 1523.9, found 1523.8; calcd for
CsoH122N404Na [M+Na]+ 1545.8, found 1545.6; calcd for8(5]5|122N4024K [M+K] * 1561.8, found
1561.6.

4.1.2.6.2. 4'-[3",4”,6"-tri-O-acetyl-2"-deoxy-2"-(ureidyl-6"-isocyanatohexane}-D-
glucopyranosyl]-butyl-16-oxo-ent-beyeran-19-a28)(

This compound was prepared in 19% vyield (0.005 gy)aacolorless oil. Anal. Calcd for
CusHe7N3O13: C, 62.47; H, 7.98; N, 4.97. Found: C, 62.51; 8:01; N, 4.95; IR (filmz,v 1561,
1641 INHC(0)], 1726 ¢(0)0], 1746 [CHC(0)O], 2272 (NCO), 3364, 34081 (NH); ‘H NMR
(400 MHz,CDCl3) : 6 0.74 (s, Bl, C*°Hs), 0.98 (s, B, C*'Hs), 1.23 (s, B, C'*H3), 0.87—1.90 (m,
30 H, entbeyerane skeletonCH,), linker,and CHy)4 linker), 2.01 (s, B, CH;CO),2.04 (s, 3,
CH3CO), 2.09 (s, B, CH;CO), 2.18 (d, 1H, 8, J = 13.5 Hz), 2.65 (dd, 1H,"€H,, J= 18.5, 3.7
Hz), 3,03-3.24 (m, 2H, C(O)NH{}), 3.28 (t, 2H, CHNCO, J = 6.6), 3.36-3.43 (m, 1H,



COCH,), 3.76-3.84 (m, 1H, BOCH,), 3.87-3.93 (m, 1H, H-2s), 4.03-4.26 (m, 5H, B$-H-
5s, C(0)OCH,), 4.83 (d, 1H H-1s) = 3.6 Hz), 4.87 (d, 1H, NHC(OJ,= 9.8 Hz), 5.07-5.17 (m,
2H, H-3s, H-4s), 5.18-5.22 [m, 1H, C(EH;] ppm; MALDI-TOF MS m/z calcd for
CasHesN3013 [M+H] " 846.5, found 846.7; calcd forsgHe/N:O13Na [M+Na] 868.5, found 868.7;
calcd for G4Hg7N3013K [M+K] " 884.4, found 884.7.

4.1.2.7. The general procedure for the synthestBarhines 26, 27)

To a solution of diglycosid&4 or 15 (1 equiv) in AcOH was added Zn powdered (100 &qui
under argon. The reaction mixture was stirred fdr & room temperature, then was concentrated
under reduced pressure. The residue was diluted@¥kCl,, washed with 5% NaHC{and water
and brine, dried over N8Q,, and concentrated under reduced pressure.

4.1.2.7.1. Bis{19-[3,4’,6'-tri-O-acetyl-2’-deox§’-amino-a-D-glucopyranosyl-oxybutyl-4-
oxycarbonyl]-ent-beyeran-16-yl}-1,8-octanedio@6)

This compound was prepared as a white foam in @étd (0.11 g) and was used without
further purification in the next step.

4.1.2.7.2. Bis{19-[3,4’,6-tri-O-acetyl-2’-deoxg’-amino-a-D-glucopyranosyl-oxyhexyl-6-
oxycarbonyl]-ent-beyeran-16-yl}-1,8-octanedioarf

This compound was prepared as a white foam in 8¥ld 0.13 g). Anal. Calcd for
CaeH13eN2024: C, 65.29; H, 8.66; N, 1.77. Found: C, 65.53;8H9; N, 1.78;"H NMR (400 MHz,
CDCl3) : & 0.70 (s, 8, C*Hs, C*°Hs), 0.90 (s, 61, C''Hs, C'"Hs), 1.16 (s, 6, C'®H;, C'®H,),
0.81-1.89 [m, 6@, entbeyerane skeleton, tw@K,), linkers,and CHy)s linker), 2.02 (s, H,
CH3CO, CH3CO0),2.07 (s, 61, CH;CO, CH3CO), 2.08 (s, H, CH;CO, CH3CO), 2.15 (d, X, J =
13.5 Hz, CHeq, C’ Heg), 2.30 (t, 4, J = 7.4 Hz, C°0OC(O)CH,, C**OC(O)H,), 2.93 (dd, 2H,J =
10.2, 3.3 Hz, H-2sH-2s'),3.40-3.49 (m, 2H, BOCH,), C"*OCH,), 3.66—3.75 (m, 2H, BOCH,,
C'OCH,), 3.89-4.13 (m, 8H, H-6s, H-65"LO)YOCH,, C¥(0)OCH,, H-5s, H-5s"), 4.28 (dd, 2H,
J=12.3, 4.7 Hz, H-6s, H-6s'1.72 (dd, 2H,J = 10.5, 4.2 Hz, &H, C**H), 4.85(d, 2HJ)=3.2
Hz, H-1s, H-1s"), 4.95 (t, 2H,J = 9.8 Hz, H-4s, H-4s"), 5.12 (t, 2H,) = 9.7 Hz, H-3s, H-3s’) ppm;
MALDI-TOF MS m/z calcd for GgHizN.0.s [M+H]® 1582.0, found 1582.1calcd for
CseH13eN2024Na [M+Na]" 1603.9, found 1604.1; calcd for gdBl13gN-024K [M+K] ©1619.9, found
1620.1.

4.1.2.8. General procedure for the synthesis ofro@cles 28, 29)

1,6-Diisocyanatohexane (1 equiv) was added to w@tisal of diglycoside26 or 27 (1 equiv) in
CH.Cl, under argon. The reaction mixture was stirred40rh at room temperature, then was
concentrated under reduced pressure. The residsig@wdied by silica gel flash chromatography
(hexane/EtOAc = 5/1).

4.1.2.8.1. 2,13,16,20,35,40-Hexaoxa-22,24,31e8&dza-1,14(16,4a)di(19-nor-ent-beyeran)-
21,34(1,2)di(3",4’,6’-tri-O-acetyl-2’-deoxyD-glucopyranosyl)cyclohentetracontaphan-
3,12,15,23,32,41-hexaoBq)

This compound was prepared in 39.5% vyield (0.0ag) white powder. Mp 106-10&€
(hexane/EtOAC);d]p?° +17.5 ¢ 0.83, CHCL,); Anal. Calcd for GoH14dN4O26: C, 63.81; H, 8.33;
N, 3.31. Found: C, 63.77; H, 8.35; N, 3.32] NMR (400 MHz,CDCls) : § 0.69 (s, 8, C*°Hs,
C*Hs), 0.90, 0.92 (2s,16, C''Hs, C*"Hs), 1.20 (s, 6, C*®*H;, C®¥Hs), 0.81-1.90 (m, 58, ent
beyerane skeleton, twe€Ky,), linkers,and CH,)¢ linker), 1.99 (s, H, CH;CO, CH3CO),2.00 (s,
6H, CHsCO, CH3CO), 2.09 (s, H, CH;CO, CH3CO), 2.13-2.19 (m, B, C®Heq, CHey), 2.27—
2.36 (m, 41, C'®*0OC(OXH,, C'®*OC(OXH,), 3.02-3.24 (m, 4H, 2C(O)NHg},), 3.36-3.44 (m,
2H, COCH,, C'*OCH,), 3.74-3.82 (m, 2H, BTOCH,, C'*OCH,), 3.87-3.95 (m, 2H, H-2s, H-25"),
4.03-4.27 (m, 10 H, 2 H-6s, 2 H-6s"%D)OCH,, C*°(0O)OCH,, H-5s, H-55")4.66 (dd, 2H,] =
10.6, 4.4 Hz, ©H, C'°H), 4.83 (d, 2HJ = 3.4 Hz, H-1s, H-1s'), 4.92 [d, 2H,= 10.0 Hz, 2



NHC(O)], 5.06-5.18 (m, 4H, H-4s, H-4s’, H-3s, H)3%$.40-5.47 (m, 2H, 2 C(O)NCH,) ppm;
MALDI-TOF MS m/z calcd for GoH14iN4Oz [M+H]" 1694.0, found 1694.3; calcd for
CooH140N4O26Na [M+NaT 1716.0, found 1716.3; calcd forgdEl14oN4O26K [M+K] " 1731.9, found
1732.2.

4.1.2.8.2. 2,13,16,23,38,45-Tetraoxa-25,27,34eBBaza-1,14(16,4a)di(19-nor-ent-beyeran)-
24,37(1,2)di(3',4',6'-tri-O-acetyl-2’-deoxy¥D-glucopyranosyl)cyclohexatetracontaphan-
3,12,15,26,35,46-hexaol9)

This compound was prepared in 14.5% vyield (0.0&g) white powder. Mp 110-11C
(hexane/EtOAC);d]p?° +16.7 ¢ 1.05, CHCL,); Anal. Calcd for GH14N4Oz6 C, 64.51; H, 8.52;
N, 3.20. Found: C, 64.55; H, 8.49; N, 3.1H; NMR (500 MHz,CDCl3) : 6 0.69 (s, 6, C*°Hs,
C*Hs), 0.90 (s, 61, C'"Hs, C*"Hs), 1.16 (s, 6, C®Hs, C*®Hs), 0.84-1.88 (m, 661, entbeyerane
skeleton, two (CHy), linkers,and CHy)s linker), 1.99 (s, H, CH;CO, CH3CO), 2.00 (s, 6,
CH3CO, CH3CO), 2.08 (s, B, CH;CO, CH3CO), 2.15 (d, M, J = 13.5 Hz, CHeq, C Heg), 2.27—
2.35 (m, 41, C'®*0OC(O)CH,, C**OC(O)XH,), 3.04—3.20 (m, 4H, 2C(O)NH®), 3.37—3.44 (m, 2H,
COCH,, C*OCH,), 3.60-3.68 (m, 2H, TOCH,, C"*OCH,), 3.89-4.03 (m, 4H, H-2s, H-2s’, H-
5s, H-5s"), 4.07—4.24 (m, 8H, 2 H-6s, 2 H-65*(0)OCH,, C'°(0)OCH,), 4.66 (dd, 2H, = 10.3,
4.1 Hz, C®H, C**H), 4.84 (d, 2H,) = 3.5 Hz, H-1s, H-1s’), 4.96 [d, 2H,= 10.0 Hz, 2 NHC(O)],
5.08 (t, 2H, J = 9.7 Hz, H-4s, H-4s"), 5.16 (t, 2H,J = 9.7 Hz, H-3s, H-3s), 5.21-5.30 (m, 2
C(O)NHCH,) ppm; MALDI-TOF MS m/z calcd for GgH149N4O26 [M+H] * 1751.0, found 1750.7;
calcd for G4H14gN4026Na [M+Na] 1773.0, found 1772.7.

4.1.2.9. Synthesis of macrocy@8)(and diglycoside3l)

A solution of sebacyl dichloride (0. 012 g, 0.05noi) in CHCl, (3 mL) was added to a
solution of diglycosid®7 (0.08 g, 0.05 mmol) and pyridine (0.008 g, 0.1 ajrim CH,Cl, (5 mL)
under argon. The reaction mixture was stirred fon &t room temperature, then diluted with
CH.Cl,, washed with 0.1 M HCI and water, dried over MgS&hd concentrated under reduced
pressure. The residue was purified by flash chrography (hexane/EtOAc = 1/1) to give
macrocycle30 and diglycoside1.

4.1.2.9.1. 2,13,16,23,38,45-Hexaoxa-25,36-diaid{16a,4a)di(19-nor-ent-beyeran)-
24,37(1,2)di(3",4’,6’-tri-O-acetyl-2’-deoxyD-glucopyranosyl)cyclohexatetracontaphan-
3,12,15,26,35,46-hexaor80)

This compound was prepared in 23% vyield (0.02 g)a avhite foam.d]p*° +13.8 ¢ 0.53,
CH,CIy); Anal. Calcd for GgH150N2026: C, 65.95; H, 8.65; N, 1.60. Found: C, 66.01; 8H62; N,
1.60; *H NMR (500 MHz,CDCl3) : 6 0.70 (s, 6, C*®Hs, C*°Hs), 0.91 (s, 6, C''Hs, C'"Hs), 1.16
(s, 81, C®Hs, C'®Hs), 0.80-1.89 [m, 78, entbeyerane skeleton, tw@¥,). linkers,and two
(CHy)s linkers), 2.00 (s, B, CHsCO, CHsCO), 2.03 (s, 61, CHsCO, CHsCO), 2.09 (s, H,
CH3CO, CH3CO), 2.10-2.19 (m, 6H, &, CHeq 2 NHC(O)GH,), 2.28-2.33 (m, H,
C®OC(OXCH,, C°OC(OXH,,), 3.39-3.47 (m, B, COCH,, C*OCH,), 3.65-3.71 (m, 2H,
C™OCH,, C*0OCH,), 3.91-4.12 (m, B, C**(O)OCH,, C®(O)OCH,, H-6s, H-6s’, H-5s, H-5s,
4.24 (dd, ¥, J = 12.4, 4.5 Hz, H-6s, H-6s’), 4.32—4.38 (ni#],H-2s, H-2s"), 4.68 (dd,I2, J =
10.2, 4.4 Hz, €H, C'°H), 4.83 (d, M, J = 3.6 Hz, H-1s, H-1s’), 5.11 (t, 2H) = 9.9 Hz, H-4s,
H-4s’), 5.21 (t, 2H, J = 10.0 Hz, H-3s, H-3s), 5.82 (d, 2H= 9.3 Hz, 2 NH) ppm; MALDI-TOF
MS m/z calcd for GgHisgN2OzeNa [M+Na]*™ 1771.0, found 1771.1; calcd foredBlis0N>O06 K
1787.0, found 1787.1.

4.1.2.9.2. Bis{19-[8-carboxy-2-octylacetamido-8;#ri-O-acetyl-2-deoxya-D-glucopyranosyl-
oxyhexyl-6-oxycarbonyl]-ent-beyeran-16-yl}-1,8-owdioat 81)

This compound was prepared in 20% yield (0.01 gj aghite foam. ¢]p?° +4.4 ¢ 1.06,
CH.Cly/MeOH = 3/1); Anal. Calcd for {ggH16dN2030: C, 65.27; H, 8.68; N, 1.44. Found: C,
65.05; H, 8.70; N, 1.43H NMR (400 MHz,CDCls) : § 0.70 (s, 6, C*°Hs, C*®Hs), 0.90 (s, 8,



C'Hs, Ct"'Hs), 1.17 (s, 6l, C®H;, C®H5), 0.81-1.90 [m, 98, entbeyerane skeleton, tweHs)s
linkers and three(Hy)s linkers), 2.01 (s, B, CH;CO, CH3CO),2.03 (s, 61, CH;CO, CH3CO),
2.09 (s, 61, CHCO, CH3CO), 2.11-2.20 (M, 6H, &eq, C Heq, 2 NHC(O)GH,), 2.28-2.37 (m,
8H, C'®OC(O)CH,, C'®*OC(O)CH,, 2 CH,COOH), 3.38-3.47 (m,}2, C*OCH,, C"*OCH,), 3.64—
3.72 (m, 2H, &OCH,, C**OCH,),3.90-4.12 (m, B, C*¥(0)OCH,, C'*(0O)OCHy, H-6s, H-65’, H-
5s, H-5s"), 4.24 (dd,12, J=12.3, 4.1 Hz, H-6s, H-65"), 4.33-4.39 (], H-2s, H-2s’), 4.70 (dd,
2H, J = 10.5, 4.2 Hz, &H, C'°H), 4.83 (d, B, J = 3.4 Hz, H-1s, H-1s’), 5.11 (t, 2HJ)=19.8
Hz, H-4s, H-4s’), 5.21 (t, 2H, J = 9.5 Hz, H-3s, H-3s"), 5.81 (d, 2H,= 9.1 Hz, 2 NH) ppm;
MALDI-TOF MS m/z calcd for GogHiedN2OzoNa [M+Na]' 1973.2, found 1973.2; calcd for
Ci1oeH168N2030K [M+K] * 1989.1, found 1989.3.

4.2. In vitro assays

Compoundsl9, 23, 24, 28-31 were tested for antituberculosis activity by teetical diffusion
method on aNovayasolid nutrient medium using H37Rv laboratory strasia test culture. The
nutrient medium was placed in 5 mL test tubes aondulated with 0.1 mL of test culture diluted to
a turbidity of 10 units, and the test tubes weribated for 24 h to groM. tuberculosisThe test
tubes were then set vertically, and 0.3 mL of atsmh of compound49, 23, 24, 28-31 in agueous
EtOH with a concentration of 12.5, 6.2, 3.1, 1.5, ®.35, or 0.Jig/mL was added dropwise (test
solutions were prepared by serial decimal dilutiohghe initial solution of 10qug of compounds
tested in the mixture of 5 mL of 96% ethanol anthb of sterile distilled water). The test tubes
were incubated for 10 days at 37 °C under stewieditions, and the zone of bacterial growth
inhibition was measured. An inhibition zone of lengthan 10 mm indicated tuberculostatic
activity. Antitubercular drug isoniazid which wasad as a control inhibited the in vitro growth of
M. tuberculosisat MIC 0.1ug/mL (0.7 pM).
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Thefirst macrocyclic glycoterpenoids comprising glucosamine and diterpenoid isosteviol moieties
were synthesized and evaluated for inhibition activity against M. tuberculosis H37Rv.



