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Abstract: A number of new chiral monoaza-15-crown-5 derivatives (4-9) and ianat ethers (19-15) aneiiated to
phenyl-B-D-glucopyranoside have been synthesized. Their extracting ability was measured with alkali metal (Li, Na,
K) and ammonium cations. The derivatives show significant asymmetric induction as phase transfer catalysts in the
Michael addition of 2-nitropropane to chalcone (82% ee) although in low yield, and in the Darzens condensation of
phenacyl chloride with benzaldéhyde (74% ee). The substituent at the nitrogen atom of the crown ethers has a
major influence on both the extraction ability and the enantioselectivity. © 1998 Eisevier Science Ltd. All rights reserved.

INTRODUCTION

One of the most attractive types of catalytic asymmetric synthesis is enantioselective induction using
chiral crown ethers. Although many optically active crown ethers have been synthesized, only a few have
plied as catalysts in asymmetric reactions;! the collection of further information is still
required to obtain a better understanding of the effect of the structure of the chiral catalyst in these processes.
The chiral nature of the crown ether, the rigidity of the micro-environment of its cavity and the quality of the
side arm are all expected to play an important role. Azacrown ethers with a side arm attached to the nitrogen
atom in the macrocyclic ring may enhance and regulate the cation binding properties as well as the
lipophilicity. Lariat (lasso) ethers or armed crown ethers having heteroatom containing podand arms are

known to have highly lipophilic character and a unique guest specifity via macro-ring-side arm cooperativity.’

0040-4020/98/% - sec front matter © 1998 Elsevier Science Ltd. All rights reserved.
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We have previously reported the synthesis and extracting ability of 15-membered ring monoaza-crown

ethare and lariat athare rlnrnuarl
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respectively.’ These coronands have proved to be successful catalysts for an asymmetric Michael addition
reaction and a Darzens condensation.*’ We have found that both the chemical yield and the optical purity

depend on the substituent at the nitrogen atom, and the substituents of the sugar unit
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As part of a programme directed at the study of similar catalysts, we have prepared some new chiral
monoaza-crown ethers and lariat ethers derived from phenyl-B-D-glucopyranoside. They possess differently
structured pendant (4-9) or functionalized podand arms (lariat ethers 10-18 8). The effects of these side arms on
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the extraction ability (complexing properties) and the catalysis in two chiral C-C bond forming reactions have
been examined.

RESULTS AND DISCUSSION
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Scheme 1

The starting protected monosaccharide, phenyl-4,6-O-benzylidene-B-D-glucopyranoside (1) was prepared in

four steps according to the literature nracedure 7 The vicinal free hvrlrnvv orouns in comnound 1 were
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alkylatzd by the method of Gross ef al.® with bis(2-chloroethyl)ether as reagent and solvent. The liquid-liquid

two-phase reaction using tetrabutylammonium hydrogen sulfate as phase transfer catalyst and 50% aqueous
sodium hydroxide solution gave rise to the bis-chloro podand 2 (r.t., 8 h).

Exchange of the chlorines in 2 by iodines was carried out using sodium iodide in acetone (reflux, 48 h)
yielding the bis-iodo derivative 3. Compound 3 was cyclized with various primary amines: n-butylamine,

n-hexylamine, 2 .4-dimethyl-3-pentanamine, cyclohexylmethylamine, benzylamine, 2-phenylethylamine,



2-(2-methoxyphenyl)ethylamine, 2-(4-methoxyphenyl)ethylamine, 2-hydroxyethylamine, 2-methoxyethyl-

minp 3-hvdroxvoronvlamine and 3-methoxvnronvlamine according tg the methad described ores ..\...,]-.3
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The method requires dry Na,CO; in acetonitrile as solvent (reflux, 24-48 h). In dilute solutions (1-3%)
polycondensation side reactions are suppressed and the desired intramolecular cyclization reaction takes place

preferably. In this way we obtained the corresponding 15-membered monoaza-crown ethers 4-15 in relativ

prefe he corresponding 15-membered monoaza-crown ethers

high yizids starting from 3 and the corresponding primary amine. The yields of the ring closure product, after

purification by chromatography, vary from 17-71 %.

Extracting Properties

The phase transfer properties (in a liquid-liquid system) of the newly synthesized crown ethers were
characterized by the extraction of picrate salts (lithium, sodium, potassium and ammonium picrate) from
water into dichloromethane following the procedure described by Kimura et al.’ The concentration of the

picrates in water was measured by UV spectroscopy. The results are summarized in Table 1.

Table 1. Extraction of alkali metal and ammonium picrates with crown ethers

Compound R Extractability (%)"

¥+ a1t vt ariy +

1 INa N N
4 CH;(CH,), 60 63 59 76
5 CH;(CH,)s 67 68 62 74
6 (CH3),(CH)3(CHs), 15 47 49 56
7 CeH | 1CH; 17 38 41 55
8 C:H;CH, 13 24 24 33
9 C¢HsCH,CH, 42 69 54 72
10 0-CH;0-C¢H,-CH,CH, 19 33 31 51
11 p-CH;0-C¢H,4-CH,CH;, 13 27 26 41
12 HOCH,CH, 14 41 39 47
i3 CH3;0€H,CH;, 44 72 71 76
14 HOCH,CH,CH, 11 26 28 44
15 CH;0CH,CH,CH, 25 39 40 53

® Room temperature; aqueous phase (5 mlL); [picrate) =5%10" M; organic phase (CH;Cl; 5 mL); [crown

T IgIE | 12102 M Thalinad oo picrate extracted into the organic phase. determined by UV spectioscops

€mery = 1*1v  vi. UELNeA as % piCrai€ exwraciea o uic Organic pnasc, GaCrninea oy vy 3 woSCopy.
Error = £1%.

The data collected in Table 1 show the transferred salt amount as a percentage of the initial salt
concentration (extractability %). A higher value indicates a better phase transfer capability of the crown. The
strongest complexes are formed with ammonium ion presumably due to the different and stronger coronate
complexation (by three H-bonds via three-point interaction) whereas alkali metal cations only have metal-
oxyger: coordination interaction. Not withstanding the tighter cavity of 15-crown-5, the coronands form
complexes of the same strength with Na* and K, probably due to the formation of 2:1 sandwich type

complexes, with exception made for compound 9 which has a phenethyi group as side arm.
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Of the crowns 4-9 lackmg heteroatoms in the arm, the best extracting ability is displayed by 4 and 5

nrobably because of th ased linophilicity du their butvl and hexvl side arms. The multi-branched
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arm (6) and the presence of the cyciohexyimethyi group (7) provide a weaker compiexation because of steric
hindrance. Benzyl substitution (8) lowers the extractability but the 1mportance of the chain length of the side

s sh om rm extractin, or in some cases three times more

arm is shown by comparing 8 and 9 with the h_ nethyl

- a1

ions. If the aromatic ring of the phenethyl arm is ortho or para substituted by a meihoxy group (9, 10, il

) th
extracting capability decreases significantly. This is presumably due to electronic and/or steric effects of the

methoxy substituents in the interaction between the macrocyclic ring, the enfolding side arm and the catio
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arms show moderate extracting ability. The hydrophilic hydroxyl functions associated with water molecules
possibly prevent the enfolding arm from participating in the complex formation. Indeed, the extracting ability
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displayed by coronand 13 carrying a ‘'methoxyethyl-lasso’; This compound has the best arm length and a
h

flexible hydrocarbon spacer between the nitrogen atom and the effective function at the terminal.
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strongly depends on the substituent at the nitrogen atom; a heteroatom-containing terminal group attached by

two carbon atom appears to be ideal (13). Compound 9 also proved to be a good phase transfer agent but this

1e nrohohilv Ane ta wowr interactinne hatwean the aramatic cucteme nf the nhanvlathyl arann and the nicrata
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Asymraetric Induction

Compounds 4-15 were then used as chiral phase transfer catalysts. These catalysts proved to be
effective in two reactions: the Michael addition of 2-nitropropane (17) to chalcone (16) (Scheme 2), and the

14\ 1 s~

Darzens condensation of p‘nenacyi chloride (19) with benzaldehyde (20) (Scheme 3).
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(18) was isolated by preparative TLC or column chromatography; the asymmetric induction, expressed in

tarme nf tha eananti
LA » A .

comparing it with literature data for the preferred pure enantiomer and H NMR spectroscopy using

+)—(S)-adduct 18 is always in

90‘

(+)-Eu(hfc); as chiral shift reagent. The results given in Table 2 show that
both the chemical yield and the asymmetric induction.

Table 2. Results of the Michael addition of 2-nitropropane to chalcone and Darzens

condensation of phenacyl chloride with benzaldehyde

Entry Catalyst Michael addition * Darzens condensation °
Yield (%) ee. (%)° Yield (%) ee. (%)°
1 4 19° 27 92 4
2 5 6 23 94 5
3 6 24 2 40 2
4 7 10 24 70 8
5 8 16 6 88 12
6 9 18 82(80 ") 72 30
7 10 61 15 65 13
8 1 50 25 67 33
9 12 12° 45 87 53
10 13 15 66 (61 1) 72 13
1 14 12 6 68 74
i2 15 i8 48 (46 ) 75 7

* Reaction time 45 h ® Determined b)lf optical rotation; ¢ Reaction time 8 h, ¢ Reaction time 90 h;

© Reaction time 2 h; uetermmeu Dy “H NMK speciroscopy.

Apparently, crown ethers 4-15 are weak catalysts in this Michael addition: after relatively long

reaction times (8-45 h), adduct 18 is formed with low yield (2-61%). The weakest catalyst, compound 6 (entry
3) containing a bulky alkyl side arm, provided very low chemical (2%) and optical yield (e.e.: 2%). The use of
crowns 10 and 11, having methoxyphenylethyl group gave the highest yields (61%, 50% respectively) with
moderate enantiomeric excess (e.e.. 15%, 25% respectively). Lariat ethers (12, 13, 15) display greater
asymmetric induction (e.e.. 45%, 66%, 48% respectively). Comparing the obtained data for the latter
compounds, it is clear that the methyl ethers give rise to higher enantioselectivity (66%, 48% respectively)

than thair hudravy anala (12 14 : 45%, 6% respectively). The rest Its for catalysts 8 and 9 mv.qe«mg
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benzyl and phenylethyi side groups indicate the importance of the iength of the side arm on the nitrogen atom,

the former gives 6%, the latter 82% e.e., the best result.
3 the influence of the reaction conditions (reaction time, temperature,

In the experiments in Table th
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base) on the reaction catalyzed by crown 9 is shoy

concentration (entries 10 and 11) the chemical yield increases but the enantioselectivity diminishes. The use
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of low temperature produces lower chemical yields (entries 4 and 5). The application of other bases (entries

6-8) results in higher yields and the asymmetric induction is not affected considerably.

Table 3. The effect of the reaction conditions in the Michael addition of 2-nitropropane
to chalcone catalyzed by crown ether 9 and 13

Entry Time(h) Temp. (°C) Catalyst Base Yield (%) ee. (%)°

1 48 20 9 NaOrBu 18 82 (80 °)
2 90 20 9 NaOrBu 36 27
3 340 20 9 NaO:Bu 60 24
4 24 20 9 NaO/Bu 17 22
5 65 -78 9 NaOrBu 2 1
6 40 20 9 NaH 48 24
7 40 20 9 NaOEt 60 22
8 p) 20 9 KOrBu 71 25
9 160 20 9 KF 71 25
10 40 20 13 NaOrBu 15 66 (61 °)
114 40 20 13 NaOrBu 61 19 (16 °)

* Based on isolation by column chromatography; ® Determined by optical rotation;
® Determined by 'H NMR spectroscopy;® Two times concentrated reaction mixture

The Darzens condensation of phenacyl chloride (19) and benzaldehyde (20) was carried out in a binary
liquid-liquid system, using a toluene - 30% aqueous NaOH (5:1) mixture. The work-up procedure and
determination of enantiomeric excess was accomplished as mentioned for the Michael addition. In all cases

the epoxy ketone product 21 with a negative optical rotation was found to be in excess (Table 2). This

fF2R 23510
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In this reaction crown compounds 4-15 proved to be effective phase transfer catalysts (except 6): after
2 hour reaction, the obtained chemical yield is 65-94%. Coronands 4-7 having alkyl or cyclohexylmethyl
b

n atom of the crown ring did n
‘)' o

t p voke gmf' nt asvmmetric inductio
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i-4). The importance of the chain length of the side arm can be demonstrated by comparing the effects of
crowns 8 (R=CH,Ph) and 9 (R=CH,CH,Ph).

Compound 12, possessing a hydroxyethyl arm gave rise to 53% e.e., but this value decreased

<&
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(e.e.: 74%) was generated by catalyst 14 (R=(CH,);OH) with a more efficient arm length and again its methyl
ether (15) afforded only 7% e.e. It is interesting to note that this tendancy in this liquid-liquid system is

rnmnlataly the annnaita ta that 1
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the presence of the hydroxy group in the side arm of the catalyst is clearly beneficial.
In the demonstrated model reactions a C-H acidic compound is being deprotonated by a suitably

nion in the presence of the chiral crown compound. When the base is

chacen hace aeneratino a reactive 1 1 T i th nirat c omp
chosen base generating a reactive anion p
added to the reaction mixture in solid form, it is solubie in the apoiar solvent only to such an extent that the

complexation with the crown occurs (solid-liquid phase transfer mechanism). It is followed by deprotonation
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solubilizing crown which results in asymmetric induction.
In conclusion, no definite relation was found between the salt extracting ability (complex formation)

of the synthesized coronands and their activity in the model asymmetric reactions. In a water-dichloromethane
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system the best exracting d hexyl group on the nitrogen

ring. On the other hand, these compounds pmved to be ineffectual phase transfer
catalysts in the solid-liquid system of the Michael addition. Compound 9 with a phenethyl substituent and
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induction but with low yields. In the Darzens condensation, satisfactory chemical yields were obtained in a

liquid-liquid system; compounds 12 and 14 with hydroxyethyl and hydroxypropyl arms were the most

ffective _a_t_alJv.ts with respect to enan sele hv1tv We have proved that the substituent
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atom had distinct importance in the asymmetric induction: the lariat ethers were good in both model
reactions, probably due to the assistance of the heteroatom in the enfolding podand arm in cation

complexation when a three-dimensional complex is formed improving the phase transfer process as well as
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ine asyminetfic inauction.
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General. 'H NMR (500, 400 and 250 MHz) and *C NMR (100 MHz) specira were recorded on Bruker AMX 400 (*C)
and Bruker WM 250 instruments in CDCl;. DEPT (Distortionless enhancement by polarization transfer) and >C- 'H
correlation experiments (1D and 2D) were used for signal assignment. The mass spectra were obtained on a Kratos
MS50TC instrument using DS90 data system. Chemical ionization was applied as ionization technique. Optical rotation

Iﬂﬂmnfnr and on a Prannl sutomatic nolarimeter ot 20 °{" Analuvhcal and
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preparative thin layer chromatography was performed on silica gel (60 PF-224, Merck) and on aluminium oxide (F-254,
Riedel-de-Haén, 60 PF-254 (Typ E), Merck) TLC plates. Column chromatography was carried out using 70-230 mesh
silica gel (E. M. Merck) and 100-125mesh aluminum oxide (Fluka). Melting point measurements were taken on a Biichi
510 and an electrothermal 1A 9000 apparatus. Elemental analysis was performed on a Perkin Elmer 240 automatic
analyzer.

The starting phenyi-4,6-O-benzylidene-{3-D-giucopyranoside (1) was synthesized as described.”

Phenyl-4,6-O-benzylidene-2,3-bis| (2-chioroethoxy)ethyl]-B-D-glucopyranoside (2) (Scheme 1). A solution of 10.0 g
(29.1 mmol) of compound 1 and 9.85 g (29.1 mmol) of tetrabutylammonium hydrogen sulfate in 73 mL (623 mmol) of

AZzRza LRt L83 QJ =L AL 17 U1 tellduut y1dlliiin
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bis(2-chioroethyl)ether was vigorously stiffea witn

iAn at ranm temnerature for 8 h A

100 o~
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mL o
mixture of 300 mL CH,Cl, and 300 mL water was added to the reaction mixture. The organic layer was decanted and the
aqueous one was washed with CH,Cl,. The organic phases were combined and washed with water, dried with MgSO,,
filtered and concentrated under vacuum. After the removal of the solvent and the bis(2-chloroethyl)ether, the product was
purified by column chromatography on silica gel using hexane-ethyl acetate (80:20) as eluent to give 9.8 g (60.5%) of 2
IR (KRr m.-h 2904, 1600, 1496, 1364, 1242,

3), LN \DniFL, Wi vV, 1

’—l

ae a sxbiiia anliAd ‘_ . '1 o 13 Al T3 {n
as a wriat€ SOiQ; vi.p.. /4-/0 "L (Quianvlly, [Wjp "I 7.0 Vv i, Lii
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1142, 1093, 1022, 748, 695, 653; '"H NMR (500 MHz, CDCl;) § (ppm) 3.45-3.60 (m, 6H, H-2, H-5 and 2 CH; of the
madnnnd aceeal 2 LN Y TE fowm 1I\Ll 119 11 PR PP RN § "!{\ fa 1TY T_1Nn 2 IY_ YT £\ M OA 8 9A s
podana arm), 5.0v-3.75 (\if, 1vn, n0-J, H-4 and 4 \..nz of the poaana anIl), JFAL 1L, JTIVO AZ, 1-0), 3.Y4-4.14 (M,

4H, 2 OCH, of the podand arm), 4.37 (dd, 1H, /=10.5 Hz, 5Hz, H-6), 5.05 (d, 1H, J=7.6 Hz, H-1), 5.55 (s, 1H, PhCH),
7.00-7.10 (m, 3H, OPhH-0 and OPhH-p), 7.30 (tm, 2H, J=7.4 Hz, OPhH-m), 7.37-7.43 (m, 3H, CHPhH-m-p), 7.49
(dm, 2H, J/=7.6 Hz, CHPhH-0); *C NMR (100 MHz, CDCl;) & (ppm) 42.6, 42.7 (2 CH,Cl), 66.2 (C-5), 68.7 (C-6),
70.7, 70.8, 71.1, 71.2, 72.4, 72.5 (6 OCH, of the podand arm) 80.7 (C-3), 81.7 (C-4), 82.5 (C-5), 101.4 (PhCH), 101.9
(C-1), 117.0 (2 OPhC-0), 123.0 (OPhCp), 1260 (2 CHPhuC-0), 128.2 (2 CHPhC-m), 125.0 (CHPhC-p), 129.6
(2 OPhC-m), 137.3 (CHPhC-ipso), 157.1 (OPhC-ipso) ; MS, m/z: 557 [M+1] (6), 463 (20) 339 (88), 233 (27), 183
(100). Anal. Caled for C;7HxO4Cly: C, 58.17; H, 6.15; Cl, 12.72. Found: C, 58.21; H, 6.12; Cl, 12.50.

Phenvl.4 6-0)-henrvlidane-2 3-hicl(2.iadnethaxviethvll-A.Nolncanvranagida () (Schema 1) A mivtura of 100 o
- nwu’- it v‘r--‘,u‘-‘-n‘r Ead adl uwl‘- l\.‘.u‘r'll‘ll‘; ,Ull-l lj rl ar 5!“'“]’: CREABNFORNE W ‘Il’ \UUllUlll\l ll- I 1RIANALULW UL 1wv.v 5
{18 mmoi) of bis-chioro derivaiive Z and 0.8 g (72 mmoi) of dry Nai in 200 mL of dry acetone was stirred under refiux

for 48 h. After cooling the precipitate was filtered and washed with acetone. The combined acetone solution was
evaporated under vacuum. The residue was dissolved in 100 mL of CH,Cl,, washed with water, and dried over Na,SO,
to give 3 (12.9 g, 97.2%) as a white solid; M.p.: 58 °C; [a]p -25.2° (¢ 1, CHCL); IR (KBr, cm™): 2879, 1601, 1590,
1494, 1370, 1236, 1088, 1007, 744, 690; 'H NMR (400 MHz, CDCls) & (ppm) 3.19 (t, 4H, J=7 Hz, 2 CH,I), 3.45-3.58
(m, 2H, H-2 and H-5), 3.60-3.75 (m, 10H, H-3, H-4 and 8 podand arm-H), 3.79 (t, 1H, J=10.5 Hz, H-6), 3.93-4.12 (m,
4H, 4 podand arm-H), 4.36 (dd, 1H, J=10.5, 5 Hz, H-6), 5.06 (d, 1H, J/=7.6 Hz, H-1), 5.56 (s, 1H, PhCH), 7.00-7.10
(m, 3H, OPhH-0 and OPhH-p), 7.30 (tm, 2H, J=7.4 Hz, OPhH-m), 7.37-7.43 (m, 3H, CHPhH-m-p), 7.49 (dm, 2H,

J=1.6 Hz, CHPhH-0); °C NMR (100 MHz, CDCl;) 3 (ppm) 2.8, 3.0 (2 CHal), 66.2 (C-5), 68.7 (C-6), 70.3, 70.4, 71.8,
M1 Y TN E PIN L AL NVIT L el A d mend ON T S AN Q1 T A A ONY R SN INT A DMLY int Q 117 N
711.9, 7.2.5, 12,6 {6 UCn, 01 the podana armj, ou.7 (L-3), o1.7 {L-4), 024.5 (\L=5) 1V1.4 (rolnj, ivi.7 \\,-1) 11/7.0

(2 OPhC-0), 123.0 (OPhC-p), 126.0 (2 CHPhC-0), 128.2 (2 CHPhC-m), 129.0 (CHPhC-p), 129.6 (2 OPhC-m), 137.3
(CHPhC-ipso), 157.1 (OPhC-ipso); MS, m/z: 741 [M'+1] (3), 647 (13), 541 (11), 431 (40), 305 (38), 183 (100). Anal.
Calcd for C;H404l5: C, 43.80; H, 4.63; 1, 34.28. Found: C, 43.70; H, 4.51; 1, 34.21. The resulting compound was used

'
General method for preparation of crown ethers 4-15. 3.84 g (36.2 mmol) of dry Na,CO; was suspended in a
solution of 4.60 mmol of the corresponding primary amine and 3.45 g (4.6 mmol) of bis-iodo compound 3 in 100 mL of
dry acetonitrile under argon. The stirred reaction mixture was refluxed for 24-48 h and monitored by TLC until the

disappearance of the bis-iodo compound. After cooling the precipitate was filtered and washed with acetonitrile. The

R L IS AL
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INUHCU 10Niii€ SOOI WaS CONRCinuaida av réGulh pidssuic. 1ad TeSIGUS Ol Was GISSCIVEG I L asinvi

with water and dried over Na,SO, and the solvent evaporated under vacoum. The corresponding monoaza-crown ether

was isolated by column chromatography or preparative TLC using silica gel or aluminium oxide.

Phenyl-4,6-0-benzylidene-2,3-dideoxy-B-D-glucopyran osidol2,3-h1-N-butyl-1,4,7,10-tetraoxa-13-azacyclo-

...... LA LR L

pentadecane (4). The purification was carried out by column chromatography with eluent CHCl;:MeOH:NH,OH =
97:2:1 on silica gel. Yield: 43.9 %; faint yellow crystals; M.p.: 105-106°C (ethanol); [a]p -43.0° (c 1, CHCl); IR (KBr,
cm™): 2926, 2869, 1600, 1491, 1368, 1228, 1093, 1031, 749, 693; '"H NMR (400 MHz, CDCl;) & (ppm): 0.90 (t, 3H,

J=1.3 Hz, CH,), 1.30 (m, 2H, J=7.2 Hz, NCH,CH,CH;), 1.44 (m, 2H, /=7.6 Hz, NCH,CH,CH,), 2.48 (t, 2H, J=7.4 Hz,
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NCH,CH,CH,), 2.65-2.88 (m, 4H, 2 NCH, of the macrocvcle), 3.43-3 83 (m, 12H H.2 H.3 H-4 H.5 and 4 OCH, of
2 2 75 L0 9 TR ORI LRGSRV VAV )y < NITO0V Ay A&a, 1174, a1TG, 11T, 1270 anu T uALa1) UL
tha evarennaala)l 2 TQ 7 T £y 2 0L A £ N A s 11 aTT

the macrocycle), 3.79 {t, 1H, /=10.5 Hz, H-6), 3.95-4.14 (m, 4H, 2 OCH; of the macrocycie), 4.36 (dd, 1H, /=i0.5, 5
Hz, H-6), 5.06 (d, 1H, J=7.6 Hz, H-1), 5.54 (s, IH, PhCH), 7.02 (dm, 2H, J=7.7 Hz, OPhH-0), 7.05 (tm, 1H, /=7.2 Hz,
OPhH-p), 7.30 (tm, 2H, J/=8.0 Hz, OPhH-m), 7.33-7.40 (m, 3H, CHPhH-m-p), 7.47 (dm, 2H, J=7.7 Hz, CHPhH-0);
*C NMR (100 MHz, CDCL) & (ppm): 14.0, 20.6, 29.6 (CH;CH,CH;), 54.0, 54.1 (2 NCH, of the macrocycle), 56.5,
(NCHy), 66.1 (C-5), 68.7 (C-6), 69.2, 69.3, 70.3, 70.4, 72.4, 72.5 (6 OCH, of the macrocycle), 81.0, 81.5 (C-3, C-4),
81.7 (C-2), 101.2 (PhCH), 102.2 (C-1), 117.0 (2 OPhC-0), 123.0 (OPhC-p), 126.0 (2 CHPhC-0), 128.2 (2 CHPhC-m),
129.0 (CHPhC-p), 129.6 (2 OPhC-m), 137.3 (CHPhC-ipso), 157.1 (OPhC-ipso); MS, m/z: 558 [M'+1] (100), 514 (8),
464 (33). Anal. Calcd for CyHysOgN: C, 66.77; H, 7.77; N, 2.51. Found: C, 66.80; H, 7.71; N, 2.55.

peniadecane (5). The purification was carried out by column chromatography with eluent CHCi;:MeOH:NH,OH =
95:5:1 on silica gel. Yield: 39.3%; light yellow oil; [a]y= -39.2° (¢ 1, CHCl,); IR (KBr, cm™): 2926, 2872, 1600, 1491,
1368, 1233, 1093, 1030, 750, 696: 'H NMR (400 MHz, CDCl3) & (ppm): 0.88 (t, 3H, J=6.6 Hz, N(CH,)sCH3), 1.20-
1.50 (rn, 8H, NCHy(CH,),CHa), 2.47 (t, 2H, J=7.5 Hz, NCH{CH;);CH;), 2.67-2.88 (m, 4H, 2 NCH, of the

i ] LIV 23)y

macrocycle), 3.44-3.85 (m, 12H, H-2, H-3, H-4, H-5 and 4 OCH, of the macrocycle), 3.79 (t, 1H, J=10.5 Hz, H-6),
3.95-4.14 (m, 4H, 2 OCH, of the macrocycle), 4.36 (dd, 1H, J=10.5, 5 Hz, H-6), 5.06 (d, 1H, J=7.6 Hz, H-1), 5.54 (s,
1H, PhCH), 7.02 (dm, 2H, J/=7.7 Hz, OPhH-0), 7.05 (tm, 1H, J=7.2 Hz, OPhH-p), 7.30 (tm, 2H, J=8.0 Hz, OPhH-m),

7.33-7.40 (m, 3H, CHPhH-m-p), 7.47 (dm, 2H, J=7.7 Hz, CHPhH-0); *C NMR (100 MHz, CDCl;) § (ppm): 14.0

(N(CH.)sCH3), 22.6, 27.1, 274, 31.8 (NCH,(CH,),CH;), 54.0, 54.1 (2 NCH, of the macrocycle) 56.8
LTRAN ) 37 ~ » Ty X 2% Lr# 37 ) \ “waaz Ll WG HAVIVGTLEC), 2.

s TS N Yol S W 5 N ¥ 9 | £ (0 MM LN £ L0 e 7 a Yo | TN A M A N E fL MNMIT Py PRy I I\ DI £
(NCH,(CH,)4CHa), 66.1 (C-5), 68.7 (C-6), 69.2, 69.3, 70.3, 70.4, 72.4, 72.5 (6 OCH, of the macrocycle), 81.0, 81.5

(C-3, C-4), 81.7 (C-2), 101.2 (PhCH), 102.2 (C-1), 117.0 (2 OPhC-0), 123.0 (OPhC-p), 126.0 (2 CHPhC-0), 128.2
(2 CHFhC-m), 129.0 (CHPhC-p), 129.6 (2 OPhC-m), 137.3 (CHPhC-ipso), 157.1 (OPhC-ipso); MS, m/z: 586 [M'+1]
(100), 514 (12), 492 (34). Anal. Calcd for C33H,;,0sN: C, 67.67; H, 8.09; N, 2.39. Found: C, 67.70; H, 8.15; N, 2.30.

Pilenyi-4,6-0—i)enzyiidenﬁz&didequ-ﬁ-ﬁ—giucopyranosido{2,3-'] N-3-(2,4-dimethyi)pentyi-1i,4,7,10-teiraoxa-

13-azacyclopentadecane (6). The purification was carried out by column chromatography with eluent CH,Cl;:MeOH =
97:3 on silica gel or preparative TLC with eluent CH,Cl;:MeOH = 90:10 on silica gel. Yield: 17.7%; light yellow oil;
[alp -35.4° (¢ 1, CHCly); IR (KBr, cm™): 2926, 2870, 1600, 1491, 1368, 1230, 1093, 1030, 750, 696; 'H NMR (400

AATY. VT £ omannn N, ) n r—&£ 1 13 A ML 1 0n

A 8 84-0. m 12H Oy ON_10Q fmi 2T 3 OLY aad
MRz, L) o \ppm). V.o D \4Q, 12511, J7U7 1L, 4 \,n_;l.,n] 1.0U-1.70 Qa

NI
O\, oIy, &4 VIl aill

i nCH) 2.80-2.97 (m
4H, 2 NCH; of the macrocycle), 3.43-3.73 (m, 12H, H-2, H-3, H-4, H-5 and 4 OCH; of the macrocycle), 3.78 (t, IH,
J=10.5 Hz, H-6), 3.94-4.17 (m, 4H, 2 OCH, of the macrocycle), 4.35 (dd, 1H, J=10.5, 5 Hz, H-6), 5.06 (d, 1H, J=7.6
Hz, H-1), 5.54 (s, 1H, PhCH), 7.02 (dm, 2H, J=7.7 Hz, OPhH-0), 7.05 (tm, 1H, J=7.2 Hz, OPhH-p), 7.30 (tm, 2H,
J=8.0 Hz, OPhH-m), 7.33-7.40 (m, 3H, CHPhH-m-p), 7.47 (dm, 2H, J=7.7 Hz, CHPhH-0); °C NMR (100 MHz,

CDCl;) & (ppm): 19.3, 20.4, 21.3, 21.5 (4 CH;), 29.2, 29.4 (CHCHCH) 54.8, 55.2 (2 NCH, of the macrocycle), 66.0
(C-5), 68.6 (C-6), 69.9, 70.2, 71.6, 72.0, 72.3, 72.4 (6 OCH, of the macrocycie), 75.7 (CHCHCH), 80.7, 81 .4, 81.5
(C-2, C-3, C-4), 101.1 (PhCH), 102.1 (C-1), 117.0 (2 OPhC-0), 123.0 (OPhC-p), 126.0 (2 CHPhC-0), 128.2
(2 CHPhC-m), 129.0 (CHPhC-p) 129.6 (2 OPhC-m), 137.3 (CHPhC-ipso), 157.1 (OPhC-ipso), MS, m/z: 600 [M"+1]
506 (18). Anal. Calcd for C33HisOsN: C, 68.09; H, 8.23; N, 2.33. Found: C, 68.12; H, 8.13; N, 2.30.

y M R a€ar, Gawne wRaie

100N §56 (1)
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X ek r-,u—u-wuzyuucnc‘hw‘uluwly-p-lrglucupyl‘lllUSluU[t,J-u]-z\' y<ion xylmemy I, U-teiraoxa-i3-

azacyclopentadecane (7). The purification was carried out by column chromatography with eluent CH,Cl,:MeOH =
93:7 on silica gel. Yield: 32.2%; faint yellow crystals; M.p.: 104 °C (ethanol); [a]p -41.1° (¢ 1, CHCl); IR (KBr, cm™):
2923, 2871, 1600, 1493, 1456, 1349, 1240, 1132, 1086, 1008, 963, 754, 690; 'H NMR (400 MHz, CDCl;) & (ppm);

0R82-1.85 ¢ cvclohex-HY 224 m 2H, J=7.0 Hz NCH.,cyclohex). 2.60-285 (m. 4H 2 NCH, of the

\a !!A., W VEVIIVATAL ]y T =iy v L3y ANALGVYWIVNIIWA J, & UVEL. UJ i1, 1L, & INLCII Ul e

macrocycle), 3.44-3.72, 3.73-3.85 (m, 12H, H-2, H-3, H-4, H-5, 4 OCH; of the macrocycle), 3.79 (t, 1H, /=10.5 Hz,
H-6), 3.93-4.13 (m, 4H, 2 OCH, of the macrocycle), 4.36 (dd, 1H, /=10.5, 5 Hz, H-6), 5.06 (d, 1H, J=7.6 Hz, H-1),
5.54 (s, LH, PhCH), 7.02 (dm, 2H, J=7.7 Hz, OPhH-0), 7.05 (tm, 1H, J=7.2 Hz, OPhH-p), 7.30 (tm, 2H, J=8.0 Hz,
OPhH-1), 7.33-7.40 (m, 3H, CHPhH-m-p), 7.47 (dm, 2H, J=7.7 Hz, CHPhH-0); *C NMR (100 MHz, CDCl;) 5 (ppm):

14 2& 9
r4 i &

2 runlnhaw LI
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{ Ry 76 O Q 1Y ~unalabhaw LI AN snlaloa. MAITY €4 Q £A
\ 3 AZ I H CEI3EP ), 4LV, .0 A

7 { /[CIONCX Uni-Yj, 31.7, néx Linj, J4.0, 549

(2 NCH; of the macrocycle), 63.8 (NCH,cyclohex), 66.1 (C-5), 68.7 (C-6), 69.2, 69.3, 70.2, 70.3, 724, 72.5 (6 OCH;,
of the macrocycle), 81.1, 81.5 (C-3, C-4), 81.8 (C-2), 101.2 (PhCH), 102.2 (C-1), 117.0 (2 OPhC-0), 123.0 (OPhC-p),
126.0 (2 CHPhC-0), 1282 (2 CHPhC-m), 129.0 (CHPhC-p), 129.6 (2 OPhC-m), 137.3 (CHPhC-ipso), 157.1
(OPhC-ipso); MS, m/z: 598 [M*+1] (100), 514 (31), 504 (35). Anal. Calcd for C3Hy7OsN: C, 68.32: H, 7.92; N, 2.34.

Found; C, 68.37; H, 7.85; N, 2.28.

Phenyl-4,6-O-benzylidene-2,3-dideoxy-f-D-glucopyranosido[2,3-k]-N-benzyl-1,4,7,10-tetraoxa-13-aza-
cyclopentadecane (8). The purification was carried out by column chromatography with eluent CHCl;:MeOH = 95:5 on

silica gel or with eluent CH,CL:MeQH = 99 6:0 4 on aluminium oxide. Yield: 42 6%: light vellow oil: al5-34 9° (¢ 1
11Ca gel or wilh eluent Ll on ail um oxide. Yiela: e, light yellow o1l 1o B (N S
Pl 6 7o IS TR WP -l\ -~ -~ -y~ | 1 4mnt 1 A m- 1" 4 L ¥aVa %] 1AND N~ - -~ P a4 ll"‘ L2TR &Y% 7 ANN L fYY Fal aYal BN
CHUL), IK (KDI, cm ). Y20, 28/3, 10YY, 14¥1, 143/, 1234, 1UY3, 1U.ZS, Z, OV, 0D, H NMK (4UU MHz, UDCL3)

8 (ppm): 2.72-2.95 (m, 4H, 2 NCHj; of the macrocycle), 3.45-3.85 (m, 14H, H-2, H-3, H-4, H-5, NCH,Ph and 4 OCH,
of the macrocycle), 3.79 (t, 1H, J=10.5 Hz, H-6), 3.95-4.15 (m, 4H, 2 OCH; of the macrocycle), 4.36 (dd, 1H, J=10.5,
5 Hz, H-6), 5.06 (d, 1H, J/=7.6 Hz, H-1), 5.54 (s, 1H, PhCH), 7.02 (dm, 2H, J=7.6 Hz, OPhH-0), 7.05 (tm, 1H, /=74

He ODAI_ Y 7 1020 '7 A‘ {m lnu OPhH » (H "lu_n_n_m CHPhH _»m_nY 7 A" ft‘m ’)H =7 & He CHPRH. _n\
iz, ML, ivia, onaianntim, Q)

\Jl urisgry, 1.17=i NoARZ2X RAKASUSLSME, KR ARKATIISL T 7.\ Kil&iy N 11X 2MART

13C NMR (100 MHz, CDCl3) & (ppm): 53.8, 53.9 (2 NCHj of the macrocycle), 60.7 (NCH,Ph), 66.1 (C-5), 68.7 (C-6),
69.0, 69.1, 70.2, 70.3, 72.4, 72.5 (6 QCH; of the macrocycle), 81.0, 81.5 (C-3, C-4), 81.8 (C-2), 101.2 (PhCH), 102.2
(C-1), 117.0 (2 OPhC-0), 123.0 (OPhC-p), 126.0 (2 CHPhC-0), 1269 (CH,PhC-p), 128.1 (2 CHPhC-m),
128.2 (2 CH,PhC-m), 128.8 (2 CH,PhC-0), 129.0 (CHPhC-p), 129.6 (2 OPhC-m), 137.3 (CHPhC-ipso), 139.6

1 (OPhC-ipso) c0N TAAtL11 71
J7/.1 (uru\,-lpov), 1vxo in/z; 592 Vi 7Ly (1

69.02; H, 6.98; N, 2.37. Found: C, 68.90; H, 6.92; N, 2.31.

Anal Oalad far M NN.
. . LaiCa 101 341 T4UBIN. U,

Phenyl-4,6-O-benzylidene-2,3-dideoxy-B-D-glucopyranosido[2,3-k ]-N-(2-phenyl)ethyl-1,4,7,10-tetraoxa-13-

out b‘! column chrnmammnnhv det ent elution with

gne (9) The purification was carried
CH,Cly: EtOAc:NH,OH = 92:7:1 —» 90:9:1 on silica gel or with eluent CH,Cl;:MeOH = 99.5:0.5 on aluminium oxide.
Yield: 71%; white crystals; M.p.: 160 °C (ethanol); [a]lp -44.3° (¢ 1, CHCL); IR (KBr, cm’™): 2913, 2866, 1600, 1492,
1368, 1230, 1127, 1092, 1010, 751, 694; '"H NMR (400 MHz, CDCl;) & (ppm): 2.77 (s, 4H, PhCH,CH,, accidental

equiv.), 2.76-2.95 (m, 4H, 2 NCH; of the macrocycle), 3.50 (m, 1H, H-5), 3.52 (t, 1H, J=8 Hz, H-2), 3.67 (m, 1H, H-3
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H-4) 370 (I‘ 1“ I=1l\ SHz HE) 348288 (m QH 4 - nftha manraruvala and 172 Ae LT AY 2 08 _A 18 foes ALY
VL IRG g 277 (L AL AV AL, 23T, ONITD, VR, FIE, WAL Ul WV LUGVIUVY VIV allU 1170 UL 1157, J.707. 17 (11, ¥r3,
W aYals | - al _ A NL r 11 1TY I _ 1N #» ”~ ¥T T oy - T~ s aw —
2 OCH;, of the macrocycm), 4.36 (dd, 1H, /~10.5, 5 Hz, H-6), 5.06 (a, 1H, /=7.6 Hz, H-l), 5.54 (s, iH, Pn(,H) 7.02

(dm, 2H, J=7.6 Hz, OPhH-0), 7.05 (tm, 1H, /=7.4 Hz, OPhH-p), 7.15-7.21 (m, 3H, CH,PhH-0-p), 7.26 (tm, 2H, /7.6
Hz, CH,PhH-m), 7.30 (tm, 2H, J=7.5 Hz, OPhH-m), 7.33-7.40 (m, 3H, CHPhH-m-p), 7.47 (dm, 2H, /<7.6 Hz,
CHPhH-0); >C NMR (100 MHz, CDCl;) & (ppm): 34.0 (NCH,CH,Ph), 54.1, 54.2 (2 NCH, of the macrocycle), 58.7
(NCH;CH,Ph), 66.1 (C-5), 68.7 (C-6), 69.2, 69.3, 70.3, 70.4, 72.4, 72.5 (6 OCH; of the macrocycle), 81.0, 81.5 (C-3,
C-4), 81.7 (C-2), 101.2 (PhCH), 102.2 (C-1), 117.0 (2 OPhC-0), 123.0 (OPhC-p), 125.9 (CH,PhC-p), 126.0
(2 CHPhC-0), 128.2 (2 CHPhC-m), 128.3 (2 CH,PhC-m), 128.7 (2 CH;PhC-0), 129.0 (CHPhC-p), 129.6 (2 OPhC-m),
137.3 (CHPhC-ipso), 140.5 (CH,PhC-ipso), 157.1 (OPhC-ipso); MS, m/z: 606 [M"+1] (100), 514 (49). Anal. Calcd for
C3sHy3O8N: C, 69.40; H, 7.15; N, 2.31. Found: C, 69.45; H, 7.22; N, 2.30,
Phenyl-4,6-O-benzylidene-2,3-dideoxy-p-D-glucopyranosido2,3-4 J-N-2-(2-methoxyphenyl)ethyi-1,4,7,10-
tetraoxa-13-azacyclopentadecane (10). The purification was carried out by column chromatography with eluent
CH,Cl,;MeOH = 95:5 on silica gel or preparative TLC with eluent CH,Cl;:MeOH = 99.3:0.7 on aluminium oxide.
Yield: 52.6%; faint yellow crystals; M.p.: 134 °C (ethanol); [a]p -43.5° (¢ 1, CHCl,); IR (KBr, cm™): 2920, 2862, 2360,

A S 55 TR NTES CE=Es =5 ==

1599, 1383, 1243, 1093, 752, 692; '"H NMR (400 MHz, CDCl;) 8 (ppm): 2.67-2.98 (m, 8H, PhCH,CH, and 2 NCH, of
the macrocycle), 3.44-3.85 (m, 16H, CH,PhOCH;, H-2, H-3, H-4, H-5, H-6 and 4 OCH, of the macrocycle), 3.95-4.15
(m, 4H, 2 OCH, of the macrocycle), 4.36 (dd, 1H, /=10.5, 5 Hz, H-6), 5.06 (d, 1H, /=7.6 Hz, H-1), 5.54 (s, IH, PhCH),
6.82 (dm, 1H, J/=8.1 Hz, CH,PhH-m), 6.86 (tm, 1H, J=7.5 Hz, CH,PhH-m), 7.02 (dm, 2H, /=7.9 Hz, OPhH-0), 7.05
(tm, 1H, J/=7.4 Hz, OPhH-n\ 7.13 {dm 1H, J=7.4 Hz, (‘HthH-n\ 7.16 (h'n 1H, J=7.2 Hz, (‘H-.PhH-n\ 7.30 (tm, 2H

=Ry 235, w1222 133 AR AR 255 2R el Ly & F28 %

-

J=7.7 Hz, OPhH-m), 7.3
28.2 (NCH,CH,PhOCH;), 53.9, 540 (2 NCH; of the macrocycle), 552 (NCH,CH,PhOCH,), 56.7
(NCH,CH,PhOCH;), 66.1 (C-5), 68.7 (C-6), 69.3, 69.4, 70.3, 70.4, 72.4, 72.5 (6 OCH, of the macrocycle), 81.0, 81.5
(C-3, C-4), 81.8 (C-2), 101.2 (PhCH), 102.2 (C-1), 110.2 (CH;PhC-m(3)), 117.0 (2 OPhC-0), 120.4 (CH,PhC-m(5)),
1230 ¢ ’ﬂph(‘-n\ 126.0 (9 ("th(‘-n\ 127.2 ((‘H».Ph(‘-n\ 1282 (7 (‘HPhr-m\ 128 R ((‘quh("-tncn\ 129.0

(CHPhC-p), 129.6 (2 OPhC-m), 1303, (CH,PhC-0(5)), 137.3 (CHPhC-ipso), 157.1 (OPhC-ipso); 157.5 (CH;PhC-0(2));
MS, m/z: 636 [M'+1] (100), 542 (24), 514 (40). Anal. Calcd for CssHysOsN: C, 68.01; H, 7.13; N, 2.20. Found: C,

68.11; H, 7.20; N, 2.12.

LYY Y -! A ATT MNIIDLIT N\

PhH-m-p), 7.47 (m, 2H, CHPhH-0); >C NMR (100 MHz, CDCl;) & (ppm):
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tetraoxa-13-azacyciopentadecane (i1). The purification was carried out by column chromatography with eluent
CH,Cl;:MeOH = 94:6 on silica gel or preparative TLC with eluent CH,Cl;:MeOH = 99.3:0.7 on aluminium oxide.
Yield: 47.6%; faint yellow crystals; M.p.: 124-125 °C (ethanol); [a]p -41.1° (¢ 1, CHCly); IR (KBr, cm™): 2920, 2876,
1600, 1512, 1250, 1123, 1093, 823, 748, 696; 'H NMR (400 MHz, CDCl;) § (ppm): 2,72 (s, 4H, PhCH,CH,,

AV, LS i, LY y 2VID, Q&J, 179, LVIU 13}

- Nne 1Y A WIOLY Lo e memmerala) 2 A4 2 OA fne 1LLT OLI DL I .2 11 4 1.5
accidenial qullV }, 2.75-2.96 un, ‘in Z INLI1 of the luuuuuyuc y 2.4%=3. 84 \Ii, 1vI3, \/Ilzfuu\./l 13, ¥1=L, 11=3, 11=4, 11=J,

H-6 and 4 OCH, of the macrocycle), 3.95-4.13 (m, 4H, 4 OCH; of the macrocycle), 4.35 (dd, 1H, J=10.5, 5 Hz, H-6),
506 (d, 1H, J=7.6 Hz, H-1), 5.54 (s, 1H, PhCH), 6.81 (d, 2H, J=8.6Hz, CH,PhH-m), 7.02 (dm, 2H, J=7.7 Hz,
OPhH-0), 7.05 (tm, 1H, J=7.4 Hz, OPhH-p), 7.10 (d, 2H, J=8.6Hz, CH,PhH-0), 7.30 (tm, 2H, J=8.0 Hz, OPhH-m),
7.33-7.40 (m, 3H, CHPhH-m-p), 7.47 (dm, 2H, J=7.7 Hz, CHPhH-0); >C NMR (100 MHz, CDCls) & (ppm): 33.1
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(NCH,CH,PhOCH,), 54.0, 54.1, (2 NCH, of the macrocycle), 55.2 (NCH,CH,PhOCH3), 58.8 (NCH,CH,PhOCH3),
66.1 (C-5), 68.7 (C-6), 69.2, 69.3, 70.3, 70.4, 72.3, 72.4 (6 OCH; of the macrocycle), 81.0, 81.5 (C-3, C4), 81.7 (C-2),
101.2 (PhCH), 102.1 (C-1), 113.7 (2 CH,PhC-m), 117.0 (2 OPhC-0), 123.0 (OPhC-p), 126.0 (2 CHPhC-0), 128.2
(2 CHPhC-m), 129.0 (CHPhC-p), 129.5 (2 CH,PhC-0), 129.6 (2 OPhC-m), )), 132.5 (CH,PhC-ipso), 137.2
(CHPhC-ipso), 157.1 (OPhC-ipso); 157.8 (CH;PhC-p); MS, m/z: 636 [M"+1] (100), 542 (24), 514 (40). Anal. Calcd for
Ci6HasOoN: C, 68.01; H, 7.13; N, 2.20. Found: C, 68.10; H, 7.17; N, 2.17.

Phenyl-4,6-O-benzylidene-2,3-dideoxy-p-D-glucopyranosido[2,3-/ ]-N-hydroxyethyl-1,4,7,10-tetraoxa-13-
azacyclopentadecane (12). The purification was camied out by column chromatography with eluent
CHCl;:MeOH:NH4OH = 94:5:1 on silica gel. Light yellow oil. Yield: 48.0%; [o)p -35.2° (c 1, CHCly); IR (KBr, cm™):
3180-3600, 2920, 2875, 1600, 1491, 1236, 1093, 754, 694; '"H NMR (400 MHz, CDCl,) & (ppm): 2.63-2.87 (m, 6H,
3 NCH;), 3.45-3.83 (m, 15H, H-2, H-3, H-4, H-5, H-6, CH,OH and 4 OCH; of the macrocycle), 3.92-4.08 (m, 4H,
2 OCH; of the macrocycle), 4.35 (dd, 1H, J=10.5, 5 Hz, H-6), 5.06 (d, 1H, J=7.6 Hz, H-1), 5.54 (s, 1H, PhCH), 7.02
(dm, 2H, J=7.7 Hz, OPhH-0), 7.05 (tm, 1H, /=7.2 Hz, OPhH-p), 7.30 (tm, 2H, J=8.0 Hz, OPhH-m), 7.33-7.40 (m, 3H,
CHPhH-m-p), 7.47 (dm, 2H, J=7.7 Hz, CHPhH-0); "*C NMR (100 MHz, CDCl;) & (ppm): 55.0, 55.1 (2 NCH; of the
macrocycle), 57.5, (NCH,), 59.2 (CH,OH), 66.0 (C-5), 68.7 (C-6), 69.2, 69.3, 70.3, 70.4, 72.3, 72.4 (6 OCH; of the
macrocycle), 80.9, 81.5 (C-3, C-4), 81.8 (C-2), 101.2 (PhCH), 102.1 (C-1), 117.0 (2 OPhC-0), 123.0 (OPhC-p), 126.0
(2 CHPhC-0), 128.2 (2 CHPhC-m), 129.0 (CHPhC-p), 129.6 (2 OPhC-m), 137.3 (CHPhC-ipso), 157.1 (OPhC-ipso),
MS, m/z: 546 [M'+1] (100), 514 (14), 452 (27). Anal. Caled for CsH;30O06N: C, 63.84; H, 7.20; N, 2.57. Found: C,
63.72; H, 7.25; N, 2.50.

Phenyl-4,6-O-benzylidene-2,3-dideoxy-f-D-glucopyranosido[2,3-#]-N-2-methoxyethyl-1,4,7,10-tetraoxa-13-
azacyclopentadecane (13). The purification was carried out by column chromatography with eluent
CH,Cl;:MeOH:NH4OH = 97:2:1 on silica gel or with eluent CH,Cl;:MeOH = 99.2:0.8 on aluminium oxide. Yield:
53.8%; white crystals; M.p.: 57-58 °C (ethanol); [a]p -40.1° (¢ 1, CHCL); IR (KBr, cm™): 2920, 2876, 1600, 1496,
1388, 1239, 1093, 749, 695; 'H NMR, (400 MHz, CDCl;) § (ppm): 2.70-3.00 (m, 4H, 2 NCH; of the macrocycle), 2.75
(t, 2H, J=6 Hz, NCH,CH,0CH3), 3.33 (s, 3H, NCH,CH,OCHj3), 3.48 (t, 2H, J=6 Hz, NCH,CH,0CH,), 3.45-3.84 (m,
12H, H-2, H-3, H-4, H-5 and 4 OCH; of the macrocycle), 3.79 (t, 1H, J=10.5 Hz, H-6), 3.95-4.15 (m, 4H, 2 OCH; of
the macrocycle), 4.36 (dd, 1H, J=10.5, 5 Hz, H-6), 5.06 (d, 1H, J=7.6 Hz, H-1), 5.54 (s, 1H, PhCH), 7.02 (dm, 2H,
J=1.7 Hz, OPhH-0), 7.05 (tm, 1H, J=7.2 Hz, OPhH-p), 7.30 (tm, 2H, J=8.0 Hz, OPhH-m), 7.33-7.40 (m, 3H,
CHPhH-m-p), 7.47 (dm, 2H, J=7.7 Hz, CHPhH-0); '*C NMR (100 MHz, CDCl;) & (ppm): 54.2, 54.3 (2 NCH; of the
macrocycle), 55.7 (NCH,CH;OCH3), 58.8 (NCH,CH,OCH3), 66.1 (C-5), 68.7 (C-6), 68.9, 69.0, 70.3, 70.4, 72.3, 72.4
(6 OCH, of the macrocycle), 71.0 (NCH,CH,OCHj), 81.0, 81.5 (C-3, C-4), 81.7 (C-2), 101.2 (PhCH), 102.2 (C-1),
117.0 (2 OPhC-0), 123.0 (OPhC-p), 126.0 (2 CHPhC-0), 128.2 (2 CHPhC-m), 129.0 (CHPhC-p), 129.6 (2 OPhC-m),
137.3 (CHPhC-ipso), 157.1 (OPhC-ipso); MS, m/z: 560 [M+1] (100), 529 (4), 514 (21), 466 (32.). Anal. Calcd for
C30HyyOoN: C, 64.38; H, 7.38; N, 2.50. Found: C, 64.45; H, 7.31; N, 2.55.

Phenyl-4,6-0-benzylidene-2,3-dideoxy-p-D-glucopyranosido{2,3-h}-N-hydroxypropyl-1,4,7,10-tetraoxa-13-
azacyclopentadecane (14). The purification was carried out by column chromatography with eluent CH,Cl;:MeOH =
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MHz, CDCL) 8 (ppm): 1.60-1.78 (m, 2H, NCH,CH,CH,), 2.60-2.90 (m, 6H, NCH,CH,CH, and 2 NCH; of the
macrocycle), 3.44-3.85 (m, 15H, NCH,CH,CH,, H-2, H-3, H-4, H-5, OCH; of the macrocycle), 3.934.10
(m, 4H, 2 OCHj, of the macrocycle), 4.35 (dd, 1H, /=10.5, 5 Hz, H-6)
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Hz, OPhH-m), 7.33-7.40 (m, 3H, CHPhH-m-p), 7.47 (dm, 2H, /=7.7 Hz, CHPhH-0); >’C NMR (100 MHz, CDCl,)
8 (ppm): 28.4 (NCH,CH,CH3,), 54.3 (2 NCH; of the macrocycle), 56.4 (NCH,CH,CH,), 64.0 (NCH,CH,CH,), 66.1
(C-5), 68.7 (C-6), 68.8, 68.9, 70.2, 70.3, 72.3, 72.5 (6 OCH, of the macrocycle), 80.9, 81.4 (C-3, C-4), 81.7 (C-2),
101.2 (PhCH), 102.1 (C-1), 117.0 (2 OPhC-0), 123.0 (OPhC-p), 126.0 (2 CHPhC-0), 128.2 (2 CHPhC-m), 129.0

{CHPaC-p), 129.6 (" 2 OPhC-m), 137.3 (CHPhC-ipso), 157.1 (OPhC-ipso); MS, m/z: 560 [M'+1] (100), 542 (3), 514
(4), 466 (30). Anal. Calcd for CaoHyyO9N: C, 64.38; H, 7.38; N, 2.50. Found: C, 64.41; H, 7.31; N, 2.52.

noocutlanqn‘nﬂunn- (18) e imficatinn wac ecarried nut hv enlumn nhrnmnfnmnn"nl elment CH.CL.- H =
A PUALGULLSLIY (L), LUV PUIIIAWVGUVIL TTUD VIRIIV Ve Uy WUIMIIML will VYAME WAMWALY WA AN EZAVAWASL A
95:5 on silica gel or preparative TLC with eluent CH,Cl,:MeOH = 99:1 on aluminium oxide. Yield: 66.0%; faint yellow

crystals; M.p.: 78 °C (ethanol); [alp -44.1° (¢ 1, CHCL); IR (KBr, cm"): 2922, 2876, 1600, 1496, 1388, 1239, 1093,
749, 695; 'H NMR (400 MHz, CDCl3) 8 (ppm): 1.72 (m, 2H, NCH,CHCHy), 2.56 (t, 2H, J=7.0 Hz, NCHCH,CH,),
2.66-2 88 (m, 4H, 2 NCH, of the macrocycle), 3.32 (s, 3H, OCHj3), 3.42 (t, 2H, J=6.3 Hz, NCH,CH,CH>), 3.45-3.85
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(m, 12H, H-2, H-3, H-4, H-5 and 4 OCH, of the macrocycle), 3.79 (t, 1H, J=10.5 Hz, H-6), 3.95-4.13 (m, 4H, 2 OCH,

of the macrocycle), 4.36 (dd, 1H, /=10.5, 5 Hz, H-6), 5.06 (d, 1H, J/=7.6 Hz, H-1), 5.54 (s, 1H, PhCH), 7.02 (dm, 2H,
J=7.7 Hz, OPhH-0), 7.05 (tm, 1H, /=7.2 Hz, OPhH-p), 7.30 (tm, 2H, J=8.0 Hz, OPhH-m), 7.33-7.40 (m, 3H,
CHPhH-m-p), 7.47 (dm, 2H, J=7.7 Hz, CHPhH-0); BC NMR (100 MHz, CDCly) & (ppm): 27.7 (NCH,CH,CH,), 53.2
,CH,CH,), 54.1, 54.2 (2 NCH; of the macrocycle), 58.5 66.1 (C-5), 68.7 (C-6), 69.2, 69.3, 70.3, 70.4,

CH,)
)
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724725 (6 (NCH,CH,CH,). 81.0. 81.5 (C-3. C-4), 81.8(C-2), 101.2 (PhCH), 1022
14494, 12010 UL,rlz of the umcrocyuc), \ NUIIU LU 1), O3V, 01,0 {(L~J, L~a), OL.0 \L-2), 1VI1.2 (FiLIyy, 1ve.L

(C-1), 117.0 (2 OPhC-0), 123.0 (QPhC-p) 126.0 (2 CHPhC-0), 128.2 (2 CHPhC-m), 129.0 (CHPhC-p), 129.6
(2 OPhC-m), 137.3 (CHPhC-ipso), 157.1 (OPhC-ipso); MS, m/z: 574 [M'+1] (100), 514 (6), 480 (31). Anal. Calcd for
Cs;Ha306N: C, 64.90; H, 7.55; N, 2.44. Found: C, 64.92; H, 7.61; N, 2.39.

General procedure for the Michael addition was performed as follows: 1.44 mmol of chalcone and 3.36 mmol of
2-nitropropane were dissolved in 3 mL anhydrous toluene, and then 0.1 mmol of crown ether and 0.5 mmol of base were

added. The mixtur irred under argon atmosphere. After completing the reaction (8-45 hours) a mixture of 7 mL of

ded. The ure was stirred under
toluene and 10 mL of water was added. The organic phase was processed in the usual manner. The product was purified
by preparative TLC or column chromatography on silica gel using hexane-ethyl acetate (10:1) and chloroform as eluent.
M.p.: 146-148°C, [a]p +80.8° (¢ 1, CH,CL) for pure (+)-(S) enantiomer;> 'H NMR (400 MHz, CDCl;) & (ppm): 1.54
(s, 3H, CHs), 1.63 (s, 3H, CHs), 3.27 (dd, 1H, J=17.2, 3.2 Hz, CH,), 3.67 (dd, 1H, J=17.2, 10.4 Hz, CH,), 4.15 (dd,
1H, J=10.4, 3.2, CH) Hz, 7.18-7.32 (m, 5H, CHPhH), 7.42 (t, 2H, COPhH-m), 7.53 (t, 1H, COPhH-p), 7.85 (d, 2H,

AT TY

COPhH-0).



General procedure for the Darzens condensation: A toiuene of 3 mL solution of 1.3 mmoi of phenacyi chioride
was trested with 1.9 mmol of benzaldehyde and 0.1 mmol of catalyst in 1.0 mL of 30% NaOH solution. The mixture
was stirred under argon atmosphere. After completing the reaction 7 mL of toluene were added, the organic phase
washed with water, dried over MgSO, and the solvent evaporated. The product was isolated by preparative TLC or

pure 2R 3S enantiomer:'® '"H NMR (400

s —hy vuuuuvm\u, 41 iVIVAEN \TVV

MHz, CDCL) & (ppm): 4.08 (d, 1H, J=1.9 Hz, CH), 4.29 (d, 1H, J=1.9 Hz, CH), 7.35-7.45 (m, SH, CHPhH), 7.49 (t,
2H, COPhH-m), 7.62 (t, 1H, COPhH-p), 8.01 (d, 2H, COPhH-0).

column

n

hromatography using CH,Cl, as eluent. [al; -214° (¢ 1, CH,Cl,) for
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