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Abstract

A few newD-galactose- ano-glucose-based monoaza-15-crown-5 type lariat gther
have been synthesized. These macrocycles and deeivatives proved to be efficient
catalysts in the cyclopropanation d&){3-phenyl-2-(phenylsulfonyl)acrylonitrile performe
with diethyl bromomalonate under mild phase transtmditions. Among the catalysts tested,
the macrocycle having methytb-galactopyranoside unit generated the highest agtrion
induction (80% ee). In the reactions of the arpstituted phenylsulfonyl-acrylonitrile
derivatives, the cyclopropanation of th&ta- and para-substituted starting materials took
place with high ee values (75-84% ee). The cyclppne derivatives synthesized from
analogouso,p-unsaturated cyanosulfones containing naphthyljdglr furyl and thienyl

groups were obtained with enantioselectivitiesaip5%, and in excellent yields.
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1. Introduction

The chiral cyclopropane moiety is an important diad block of numerous
biologically active compounds and natural proddd#oreover, cyclopropane derivatives are
considered important intermediates in organic s3si) particularly if electron-donating and
electron-withdrawing groups are introduced into thelecule in the appropriate position,
since the easy ring cleavage of the three-membhiémgd The synthesis of optically active
cyclopropanes have been intensively studied, ealbhecapplying the Simmons-Smith
reactiorf and the decomposition of diazoalkanes as carbeseursors in the presence of
transition-metal complex catalystsThe Michael-initiated ring closure (MIRC) reactids
another powerful method for the preparation of ggobpanes, as it requires cheap and
readily available reagents along with mild reacticonditions. In the last two decades,
different chiral catalysts have been developed ®fopm MIRC reactions in an

enantioselective mann&rAmong them asymmetric phase transfer catalysanisittractive



method to perform stereoselective MIRC reactiossit affers several advantages, such as
operational simplicity, mild reaction conditiong)ekpensive and environmentally benign
reagents and solvents, as well as suitability famgd-scale synthesBsHowever, the
application of chiral phase transfer catalystsnargioselective MIRC-type cyclopropanations
has been limited to only a few exampleBreviously, in our group a few carbohydrate-based
crown ethers proved to be highly enantioselectiveseveral Michael additions and MIRC
reaction® Crown ethers with carbohydrate moieties form ackgegroup of chiral
macrocycles which can be used as phase transtaystatin asymmetric syntheses. Sugar-
based chiral catalysts have several advantagdsloairates used as starting materials are, in
most cases, inexpensive, and easily available coaimhgroducts; they are biocompatible;
and available in enantiomerically pure form witrolam chiroptical properties. Carbohydrates
have functionalities which can be used to estab$ishondary binding sites, as well as
catalytic sites. Chiral crown ethers have beentmgized from various carbohydrates).
from D-glucosé, p-galactos¥, b-mannos&, p-altrosé?, b- or L-xylose™, L-arabinos¥’, and
sugar alcohols (such asmannitol orL-threitol)*®

In our previous workghe D-galactose- and-glucose-based monoaza-15-crown-5
macrocycles with alkyl or aralkyl substituents die N-atom proved to be the most efficient
in a few asymmetric reaction®.In these molecules 4- and 6-hydroxy groups of the
hexopyranosides are protected as benzylidene ad€&igure 1), which lend some rigidity to
the ring system. In the present work, this basiaffetd was preserved. Previously, the
structure-activity studies revealed that tHesRbstituent on the C-1 atom of the sugar moiety,
and the side arm @R of the macrocycle have a significant impact oe #symmetric
induction during Michael additior’3;*® therefore the syntheses of a few new derivativiés w
a-OMe, B-OMe, B-OPh and3-O-naphthyl groups in the C-1 position of the sugaiaty with
hydroxypropyl and methoxy substituted phenyletlgésarm on thé-atom of the crown ring

was planned.
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Figure 1. The general structure of the most efficient catalge far



The asymmetric cyclopropanation &){3-phenyl-2-(phenylsulfonyl)acrylonitrile, and
its derivatives, is an important reaction, since tbrmed, highly functionalized enantiopure
cyclopropanes can be further transformed to otigani&ant chiral products. Cobé# al. used
a quinine-derived organocatalyst for the cyclopr@ten of a,f-unsaturated cyanosulfones
using dimethyl bromomalonate to afford chiral cymlapanes in high yield, and in good
enantioselectivities (58-82%j.Despite the good results, the applied methodolgy the
disadvantage of long reaction time (120 h), andtootrobust reaction conditions (-10 °C).
The authors also demonstrated the utility of theulteng cyclopropanes as synthetic
intermediates, for instance in the synthesi$eémino acids. In this work, we intended to
extend the application of carbohydrate-based crathers to the aformentioned MIRC
reaction by using the new and the previously edfiticatalysts of our group.

2. Resultsand discussion
2.1. Synthesis of the new monoaza crown ethers

D-Galactose-based macrocycles have been synthesiedvith hydroxypropyl and
methoxypropyl side chain so far®® although other carbohydrate-based crown ethers wit
phenylethyl side arm also proved to be effectiVehus, the syntheses of three new galactose-
based macrocycle with methoxy-substituted phenylettde arm was targeted. The starting
material for the syntheses of these crown compoumas the bisiodo podanda and1b that
were synthesized according to methods reporteduygooup® ¢ The ring closures were
performed by reaction with the appropriate primarines in boiling acetonitrile in the
presence of N&Os. Intermediatela was cyclized with 2-(2-methoxyphenyl)ethylaminelan
2-(3,4-dimethoxyphenyl)ethylamine, while bisiodongmoundl1b was reacted only with 2-
(3,4-dimethoxyphenyl)ethylamine (Scheme 1). Thegalactopyranoside-based monoaza
crown ethers2a-c were isolated in moderate vyields (55-64%) after ifjpation by
chromatography.

The phenylB-glucopyranoside-based macrocycles proved to belyhigffective in a
few Michael additiond! therefore we wished to study the effect of a mumtky aromatic
substituent, such as 2-naphthyl, in the C-1 pmsitiof the glucose unit on the
enantioselectivity. The starting material for th@dphthyl-substituted crown ether was the
2,3,4,6-tetra@-acetyla-D-glucopyranosyl bromide3f, which was reacted witB-naphthol
under phase transfer conditions applying the metsfoSidhuet al. (Scheme 23° The p-
anomerd was isolated in 29% vyield after recrystallization.
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Scheme 1. Synthesis of the-galactose-based crown eth8esc

Then, the acetyl groups were cleaved using Hemplén deacetylation to afford
intermediate5 in a yield of 99%. The 4- and 6-hydroxy groups of the glucopyranoside
moiety were protected with benzaldehyde dimethydcen DMF in the presence qgf-
toluenesulfonic acid as the catalyst, affordingt@cted glucose derivative in 57% yield

after recrystallization from 2-propanol.
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Scheme 2. The synthesis of 2-naphthyl 4®-benzylidene-D-glucopyranosideq)

The monoaza-15-crown ring was built on the freeinak hydroxy groups of
monosaccharides, applying the method elaborated earlier (Schem® 3he 2- and 3-
hydroxy groups ob were alkylated with bis(2-chloroethyl)ether in theesence of 50%q.
NaOH and tetrabutylammonium hydrogensulfate, affydoischloro compound in good
yield (71%) after recrystallization from a mixtusé EtOH-hexane. The exchange of chlorine
to iodine in intermediat& was accomplished by reaction with Nal in boilinge@®ne to

provide the bisiodo intermedia8a in excellent yield (93%).
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Scheme 3. Synthesis of bisiodo podagd

The ring closure reaction of bisiodo derivati®® was performed with two primary
amines (3-aminopropan-1-ol and 2-(3,4-dimethoxyphethylamine), selected on the basis
of our previous experiments (Scheme'@): The reactions took place in acetonitrile in the
presence of N&O;, giving monoaza crown ethe®s and9b in moderate yields (46% and
61%, respectively) after purification by chromatamgny. The cyclization of the-methyl and
B-methyl substituted bisiodo compoun@b-c) with 2-(3,4-dimethoxyphenyl)ethylamine was
also realized under the same reaction conditiohg few crown compound9dd) were
isolated in 59% and 65% yields (Scheme 4).

Y
YD /NN amine O//\Ow
L0 0 CH,CN
—_— > N—R

~N o | Na,CO3 -0 oJ

O\_/O /N reflux, Ar o\/o \\/
Ph Ph

8a Y = —=O(naphthalen-2-y) %a Y = —= O(naphthalen-2-yi) R = “""OH (46%)
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9d Y = »niMe R = X (65%)

amine: 3-aminopropan-1-ol or 2-(3,4-dimethoxyphenyl)ethylamine

Scheme 4. Synthesis ob-glucose-based crown eth@ac
2.2. Asymmetric MIRC reaction of a,p-unsaturated cyanosulfones

The utility of carbohydrate-based crown ethersh@ asymmetric MIRC reaction of
(E)-3-phenyl-2-(phenylsulfonyl)acrylonitrile 10a) with diethyl bromomalonatell) was
investigated. The catalysts applied for this cyoimanation are presented in Figure 2. Beside
testing the new macrocycles, a few previously sssittedp-glucose- ana-galactose-based
lariat ethers 2d,%° 2% 2f ¥ 9¢*®) were also used. The applied lariat ethers diffiethe



configuration of the sugar unit, in the substituanthe C-1 position, and in the side chain on
the nitrogen atom of the crown ring. We hoped thdietter understanding of the structure-
activity relationship may be achieved by using éhddferently substituted hexopyranoside-

based monoaza crown ethers in the aforemention&LCN&action.
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Figure 2. Catalysts applied in the asymmetric MIRC reactibnyanosulfondOa

First, the screening of the catalysts was perforriiée reactions of cyanosulfodfa
with diethyl bromomalonate (1.5 equivalents) tod&cp in dry dichloromethane, using 10
mol% crown ether as the catalyst, and 2 equivaleftdlaxCO; as the base. The crude
products were purified by preparative TLC, and ¢énantiomeric purity was determined by
chiral HPLC analysis. The results are summarizediahle 1. It can be seen from Table 1,
that the chiral cyclopropari®a was isolated in good yields (85-94%), while thargiomeric
excesses altered between 18-80% depending on theenaf the catalyst. A single
diastereomer was formed (as checked by NMR) ircadles. Relative configuration of the
cyclopropane ring in phenyl-substituté®a and 2-naphthyl-substitutek®n was evaluated by
a series of NOE (Nuclear Overhauser Effect) measenés. Selective irradiation of the
ortho-protons of the phenylsulfonyl group resulted ia thcrease in the intensity of the signal



of the CH group of the cyclopropane ring and thiathe CH group of one ethyl ester
function. Hence the proximity of these three fuoics was proved suggesting that they are
located on the same side of the cyclopropane #ingm this it follows that the sterically
demanding phenylsulfonyl and phenyl or naphthylssitilienst are located in the opposite,
in the anti (trans) disposition.The above explanation is only one tbé two NOE
measurements. However, the conclusion was alscegréom the other way roundge. on
irradiation of the CH signals, the intensity wasreased on the signals of thr¢ho protons of
the phenylsulfonyl moiety, and on irradiation o€ tbrtho hydrogens of the naphthyl group,
there was an intensity increase in the signale@fsuitable protons of the ethyl ester.

Among the galactose-based lariat eth@esAf), the highest enantioselectivity (80%)
was observed using methyl-D-galactopyranoside-based macrocy@e having 2-(3,4-
dimethoxyphenyl)ethyl side chain (Table 1, entry. 2fatalyst 2a with 2-(2-
methoxyphenyl)ethyl side chain generated approximathe same enantiomeric excess
(76%), while the experiment with lariat eth#d with hydroxypropyl side arm resulted in a
somewhat lower ee value (62%) (Table 1, entriesdl4y. Using phenyf}-galactopyranoside-
based crown ether& and 2e the product 12a) was isolated in 72% ee and 43% ee,
respectively (Table 1, entries 3 and 5). Bhisopropyl derivativef generated an asymmetric
induction of 61% (Table 1, entry 6). The reactipesformed withp-glucose-based catalysts
(9a-€) resulted with somewhat weaker selectivities (B867ee) (Table 1, entries 7-11). If we
compare catalyfe with 2d, and9d with 2b, differing only in the configuration of the sugar
unit, it may be concluded that regarding the emaetectivity thep-galactose-based crown
ethers are somewhat more efficient thanobglucose-based one2d; 62% ee9e: 50% ee,
2b: 80% ee,9d: 73% ee). The presence of the more byik®-naphthyloxy substituent in
position C-1 of the glucopyranoside-based catalgstsand 9b decreased drastically the
observed ee values (18% and 35%, respectivelypagared to th@-methyl analoguéc
(58% ee). One can draw the conclusion that catalygh substituted phenylethyl side arms
were more efficient in all cases, and that usirgalactose-based macrocycles, the product
(12a) was formed in slightly higher ee values, thanlgpg the b-glucose-based ones. The
substituent of the C-1 position also had a sigaificimpact on the selectivity. The alkyl

derivatives were more efficient than the more budkymatic derivatives.



Table 1. Catalyst screening in the asymmetric MIRC reactibcyanosulfondOa

24 h
m802ph . EtOOCYCOOEt CH.,Cl,, RT _ EtooC C(;(C):;h
CN Br Na,CO;, " "CN
catalyst (10 mol%)
10a 11 12a
Entry _Catalyst . Yield (%) ee (%}

No. Sugar unit Side arm
1 2a Me-a-galactose (Ch)2-2-MeOGH,4 95 76
2 2b Me-a-galactose (Ch2-3,4-(MeOYCsH3 93 80
3 2c Ph-3-galactose (Ch-3,4-(MeOYCeH3 90 72
4 2d Me-a-galactose (ChsOH 85 62
5 2e Ph-3-galactose (CHhtOH 91 43
6 2f iPr{$-galactose (ChsOH 93 61
7 9a (naphthalen-2-yIB-glucose (CHy)sOH 88 18
8 9b (naphthalen-2-yIB-glucose (CH,),-3,4-(MeO}CgH3 90 35
9 9c Me-B-glucose (CH)2-3,4-(MeO)CgH3 91 58
10 aod Me-a-glucose (CH)2-3,4-(MeOYCgH3 94 73
11 e Me-a-glucose (CH);OH 89 50

& based on chiral HPLC analysis

After screening the catalysts the influence of Hwmdvent was investigated using
macrocycle2b. It was found that applying G&l,, CHCL, ELO, MTBE, toluene and EtOAc
as the solvent, the yield of cyclopropéaliia (86-95%) did not depend much on the medium
used, however, the enantiomeric purity of the pobdinowed a significant dependence (51-
80% ee). It turned out that dichloromethane is thiwice of solvent regarding the

enantioselectivity (Table 2.).

Table 2. Solvent screening in the asymmetric MIRC reactibanyanosulfondOa

Solvent Time (h) Yield (%) ee (%)
CH.CI, 24 93 80
CHCl; 24 91 75
Et,O 48 95 69
MTBE 48 94 60
Toluene 24 86 67
EtOAC 48 87 51

& based on chiral HPLC

Next, the effect of the substituents in the aromatg of cyanosulfond0Oa on the
enantioselectivity was studied in the presence ethgi a-galactopyranoside-based lariat



ether2b. The results of the experiments starting from ahlomethyl-, nitro-, methoxy-
substituted cyanosulfone$0p-m) and other analogue$0n-q, Ar = 2-naphthyl, 3-pyridyl, 2-
furyl, 2-thienyl) are presented in Table 3. In teaction of 2-ClI, 3-Cl and 4-Cl cyanosulfones
(10b, 10c, 10d) with bromomalonatdl, ee values of 2%, 84% and 81%, respectively, were
detected (Table 3, entries 1-3), while with the 8-M3-Me- and 4-Me-substituted
cyanosulfoneslQe, 10f and10g), the ee values were 3%, 81% and 78%, respect{Valyle

3, entries 4-6). The 2-ND3-NO, and 4-NQ cyclopropane derivativedZh, 12i, and12j)
were formed with ee values of 12%, 75% and 82%eesvely (Table 3, entries 7-9). In the
case of 2-MeO, 3-MeO and 4-MeO substituents, tl@opyopane derivative$2k, 12| and
12m were obtained with 3%, 81% and 77% ee, respegtidélone regards the results
obtained for substituted cyclopropari@b-m, an interesting tendency can be obseiiiable

3, entries 1-12). Within the above series, the maxn ee values were obtained witieta-
and para-substituted cyanosulfones (Table 3, entries 2-8, 8-9 and 11-12). At the same
time, theortho-substituents, which are closer to the reactionterercaused a significant
decrease in the ee values (Table 3, entries 1,ad710), as in these cases almost racemic
products were isolated (3-12% ee). Thmeta- and para-derivatives, with any kind of
substituents were formed with approximately the es@mantiomeric excess (75-84%). These
values are very similar to that obtained in cas¢hefunsubstituted cyclopropat8a (80%
ee). The outcome seems to be almost independdéme ofature of the substituent, no matter if
it is an electron-withdrawing or an electron-dongtone. The above phenomenon definitely
refers to the importance of steric effect.

Cyclopropane derivatives12n-q were obtained with moderate to good
enantioselectivities (40-85%), and in good yiel88-94%). The 2-naphthyl analoglizn was
formed with the highest ee value (85% ee), whilgyBdyl and 2-thienyl derivative$20 and
12q were both isolated in an ee of 72%. The experinganhg cyclopropand2p (Ar = 2-
furyl) resulted in the lowest enantioselectivit)¢4).
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Table 3. The asymmetric MIRC reaction of cyanosulfone ddiwes 10b-q catalyzed by

crown catalysgb

EtOOC_ COOEt

Ar /\/SOZPh . EtOOCYCOOEt DCM, RT + A\~ S0,Ph
CN Br Na,CO, Ar CN
10b-q 11 2b (10 mol%) 12b-q
Entry Ar Time (h) Yield (%) ee (%)
1 2-Cl-CgH4 72 12b: 83 2
2 3-Cl-CeH4 24 12c¢: 91 84
3 4-Cl-CgH4 24 12d: 94 81
4 2-Me-GsHgy 48 12e: 95 1
5 3-Me-GsHg, 24 12f: 90 81
6 4-Me-GsH,y 24 12g: 87 78
7 2-NO,-CgHg4 24 12h: 91 12
8 3-NO,-CgH,4 24 12i: 91 75
9 4-NO,-CgHy 24 12j: 87 82
10 2-MeO-GHg4 24 12k: 89 3
11 3-MeO-GHg, 24 121: 95 81
12 4-MeO-GH, 24 12m: 94 77
13 2-naphtyl 48 12n: 92 85
14 3-pyridyl 24 120: 88 72
15 2-furyl 24 12p: 86 40
16 2-thienyl 24 12q: 94 72

& pased on chiral HPLC
3. Conclusions

An efficient method have been developed for thengoselective synthesis of a series
of highly substituted cyclopropane derivatives blge treaction of a,p-unsaturated
cyanosulfones with diethyl bromomalonate in thespree of carbohydrate-based lariat ethers
as the phase transfer catalysts under mild comditi€omparing the sugar unit with two
different configurations in the macrocycles, it cde established that regarding
enantioselectivity, the-galactose-based crown ethers are slightly moteiafit than thep-
glucose-based ones. Among the tested catalystsywamethyla-D-galactopyranoside-based
macrocycle with a 2-(3,4-dimethoxyphenyl)ethyl saten generated the highest asymmetric
induction (80% ee). It was found that in the preseof this catalyst, the position of the
substituents in the aromatic ring of 3-phenyl-2€pyisulfonyl)acrylonitrile had a significant
impact on the yield and enantioselectivity. Thneta- and para-substituted cyclopropane

derivatives were isolated with high enantiomericcesses (75-84%), while thertho
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analogues were formed almost as racemates (3-12% lde phenomenon refers to the role
of steric effect on the asymmetric induction. Thevncyclopropane derivatives prepared in

our experiments can be important intermediateshieraasymmetric syntheses.
4. Experimental

4.1. General

Melting points were determined by using a StuartP3®l apparatus and are uncorrected. The
specific rotation was measured on a Perkin-EImetL84 polarimeter at 22°C. Nuclear
magnetic resonance spectra were obtained on a BfBkkerica, MA) DRX-500 or Bruker-
300 instrument in CDGlwith MesSi as an internal standard. The exact mass measntem
were performed by using quadrupole time of flighbss: spectrometer Premier mass
spectrometer (Waters, Milford, MA) in positive el@spray ionization mode. Analytical and
preparative thin-layer chromatography (TLC) wasfqrened on silica gel plates (60 &l
Merck, Darmstadt, Germany). Chiral separation & #@nantiomers was carried out on a
PerkinElmer Series 200 liquid chromatography systesimg different columns. In all cases,
isocratic elution was applied with a mobile phdssvfrate of 0.8 mL/min. The temperature
was 20 °C, and the wavelength of the detector \Bdsnan.

4.2.  Synthesis of bisiodo compound 8

4.2.1. 2-Naphthyl 4,6-O-benzylidene-p-D-glucopyranoside (6)

2-Naphthyl B-D-glucopyranoside 5) (9.04 g, 29.5 mmol) was dissolved in dry
dimethylformamide (50 ml), then benzaldehyde dimleitetal (8.90 ml, 59 mmol) and
pTsOH (0.56 g, 3.0 mmol) were added. The mixture stased at 80 °C for 48 h under Ar.
After cooling to room temperature, st was added, then the volatiles were removed by
vacuum distillation. The residue was dissolved iHGL;, and the organic solution was
washed with saturated NaHG@Gsolution. The organic layer was dried, filterederth

concentrated in vacuum. The crude product wasaltigstd from 2-propanol.

Yield: 57% (6.65 g); white solid, mp 200-201 °[@]b°  -39.2 € = 1, CHCB): *H NMR
(500 MHz, CDCYTMS), & (ppm): 7.80 (ddJ = 11.2, 7.6 Hz, 3H, M), 7.58-7.36 (m, 8H,
ArH), 7.28 (dd,J = 8.9, 2.6 Hz, 1H, A), 5.59 (s, 1H, Ar€); 5.20 (d,J = 7.5, 1H, Ha);
4.43 (dd,J = 10.4, 3.9 Hz, 1H, H4), 4.05-3.80 (m, 3H, H-6b, H-4, H-5), 3.94-3.79 (),
H-4, H-5), 3.74-3.61 (m, 2H, H-2, H-3), 3.01 (s,,XBH), 2.94 (s, 1H, B)).



12

4.2.2. 2-Naphthyl 4,6-O-benzylidene-2,3-bis-O-[(2-chlor oethoxy)-ethyl)]-p-D-
glucopyranoside

(7)

To a mechanically stirred solution of 2-naphthyb-@-benzylidene3-b-glucopyranoside
(6.65 g, 16.9 mmol) in bis(2-chloroethyl)ether (&0 0.51 mol), 50%&g. NaOH solution (60
ml) and equimolar amount of BENHSO, (5.73 g, 16.9 mmol) was added. The reaction
mixture was stirred vigorously for 10 h at room parature, then poured into a mixture of
CH.Cl, and water. The phases were separated, and thewsyleyer was extracted with
CH.CI;, three times. The combined organic layers were ®w@shith water, dried and
concentrated in vacuum. The excess of the bis(@wabthyl)ether was removed by vacuum
distillation, and the crude product was purified Bcrystallization from EtOH-hexane

mixture.

Yield: 71% (7.31 g); yellowish white solid, mp 83-8C; [a]y =193 ¢ =1, CHC}); "H
NMR (500 MHz, CDCYTMS), 6 (ppm): 7.83-7.73 (m, 3H, Af), 7.53-7.44 (m, 3H, Ad),
7.40-7.37 (m, 5H, AH), 7.28 (ddJ = 8.9, 2.6 Hz, 1H, A), 5.57 (s, 1H, Ar€l), 5.21 (d,J =
7.6 Hz, 1H, H-1), 4.41 (dd, = 10.6, 5.0 Hz, 1H, H-6a), 4.15-3.96 (m, 4H, HL4, H-5, H-
6b), 3.82 (tJ = 10.3 Hz, 1H, H-3), 3.77-3.49 (m, 16H, 6 x BL2 x CH.CI).

4.2.3. 2-Naphthyl 4,6-O-benzylidene-2,3-bis-O-[(2-iodoethoxy)-ethyl)]-p-D-

glucopyranoside

(8

To the solution of bischloro compoud(7.30 g, 12.0 mmol) in dry acetone (120 ml), Nal
(7.20g, 48.0 mmol) was added, and the solutionstiagd at reflux temperature for 40 h. The
mixture was filtered, and the filtrate was concatgd under reduced pressure. The residue
was dissolved in CHGlwashed with water three times, and the aqueoasepvas extracted

with CHCL. The combined organic layer was dried and conaggdrin vacuum.

Yield: 93% (8.82 g); white solid, mp 110-112 °[@]b° -12.6 € = 1, CHC); *H NMR
(500 MHz, CDCYTMS), & (ppm): 7.78 (dd,) = 17.8, 8.4 Hz, 3H, M), 7.54-7.44 (m, 3H,
ArH), 7.43-7.34 (m, 5H, Ad), 7.29-7.25 (m, 1H, Ad), 5.58 (s, 1H, Ar@l), 5.21 (dJ=7.6
Hz, 1H, H-1), 4.40 (ddj = 10.6, 5.0 Hz, 1H, H-6a), 4.15-3.95 (m, 4H, H24, H-5, H-6b),
3.82 (t,J=10.3 Hz, 1H, H-3), 3.75-3.53 (m, 12H, 6 x B, 3.25-3.13 (m, 4H, 2 xid3).

4.3. General procedurefor the preparation of crown ethers

The appropriate bisiodo podand was dissolved in @#CN and anhydrous N@O; (6
equivalents), and the appropriate amine (1 equivpigas added under Ar. The mixture was

refluxed for 50 hours. Then, the solvent was rerdotee residue was dissolved in a mixture
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of CHCL and water, the layers were separated, and tha@iorghase was washed with water,
dried (NaS(Qy), then concentrated. The crude product was pdrifiey column
chromatography.

4.3.1. Methyl 4,6-O-benzylidene-2,3-dideoxy-a-D-galactopyranosido-[2,3h]-N-(2-(2-
methoxyphenyl)ethyl)-1,4,7,10-tetr aoxa-13-azacyclopentadecane (2a)

Bisiodo compounda (3.39 g, 5.0 mmol); dry C¥N (50 mL), anhydrous N&O; (3.18 g,
30.0 mmol); 2-(2-methoxyphenyl)ethylamine (0.76 90 mmol). Eluent: CHGIMeOH
100:2— 100:8 (silica gel). Yield: 61% (1.75 g), brown oil; = +79.0 € = 1, CHC}). *H NMR
(500 MHz, CDCYTMS) & (ppm): 7.52 (ddJ = 7.7, 1.5 Hz, 2H, Ad), 7.37-7.31 (m, 3H,
ArH), 7.18-7.11 (m, 2H, Af), 6.86 (td,J = 7.4, 1.2 Hz, 1H, Ad), 6.82 (ddJ = 8.2, 1.1 Hz,
1H, ArH), 5.55 (s, 1H, PhB), 4.96 (d,J = 3.4 Hz, 1H, H-1), 4.33 (s, 1H, H-3), 4.28 (dds
12.4, 1.6 Hz, 1H, H-6a), 4.08 (dd#l= 12.5, 1.8 Hz, 1H, H-6b), 3.93 (d#l= 10.0, 3.5 Hz, 1H,
H-5), 3.79-3.53 (m, 17H, Ods, 6 x OH,, H-2, H-4), 3.43 (s, 3H, Of3), 2.96-2.69 (m, 8H,
NCH,, ArCH,). *C NMR (75 MHz, CDCYTMS) & (ppm): 157.49, 137.88, 130.48, 128.91,
128.13, 127.44, 126.43, 126.32, 120.54, 110.29,0B0198.66, 77.27, 75.72, 73.66, 73.63,
70.56, 70.24, 69.55, 62.51, 55.53, 55.29, 54.23.

4.3.2. Methyl 4,6-O-benzylidene-2,3-dideoxy-a-D-galactopyranosido-[2,3h]-N-(2-(3,4-
dimethoxyphenyl)ethyl)-1,4,7,10-tetr aoxa-13-azacyclopentadecane (2b)

Bisiodo compounda (3.39 g, 5.0 mmol); dry C¥N (50 mL), anhydrous N&O; (3.18 g,
30.0 mmol); 2-(3,4-dimethoxyphenyl)ethylamine (0§15.0 mmol). Eluent: CHGMeOH
100:0— 100:3 (silica gel). Yield: 55% (1.66 g), brown oil; = +92.4 € = 1, CHC}). 'H NMR
(500 MHz, CDCYTMS) & (ppm): 7.51 (dd,) = 7.8, 1.8 Hz, 2H, Ad), 7.38-7.31 (m, 3H,
ArH), 6.77 (dJ = 8.2 Hz 1H, AH), 6.73-6.69 (m, 2H, Af), 5.54 (s, 1H, PhB), 4.96 (d,J =
3.2 Hz, 1H, H-1), 4.34 (s, 1H, H-3), 4.28 (dds 12.5, 1.5 Hz, 1H, H-6a), 4.08 (dilF 12.5,
1.9 Hz, 1H, H-6b), 3.95-3.90 (m, 1H, H-5), 3.893(, 21H, 2 x OEl3, 6 X OS>, H-2, H-
3, H-4), 3.43 (s, 3H, O@3), 3.11-2.68 (m, 8H, 3 x Nd,, ArCH,). *C NMR (75 MHz,
CDCI/TMS) & (ppm): 148.94, 137.37, 128.98, 128.25, 126.05,.026120.61, 112.11,
111.30, 101.33, 98.17, 82.32, 79.75, 77.94, 7712%5, 70.64, 70.40, 70.13, 69.05, 62.21,
55.93, 55.24.
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4.3.3. Phenyl 4,6-O-benzylidene-2,3-dideoxy-f-D-galactopyranosido-[2,3h]-N-(2-(3,4-
dimethoxyphenyl)ethyl)-1,4,7,10-tetr aoxa-13-azacyclopentadecane (2c)

Bisiodo compoundb (3.70 g, 5.0 mmol); dry C¥N (50 mL), anhydrous N&O; (3.18 g,
30.0 mmol); 2-(3,4-dimethoxyphenyl)ethylamine (0§15.0 mmol). Eluent: CHGMeOH
100:0— 100:3 (silica gel). Yield: 64% (2.12 g), brown oil; = -4.3 € = 1, CHC}). *H NMR
(500 MHz, CDCYTMS) & (ppm): 7.57-7.49 (m, 2H, Af), 7.38-7.31 (m, 3H, Af), 7.30-
7.26 (m, 2H, AH), 7.08-7.00 (m, 3H, Af)), 6.79-6.67 (m, 3H, M), 5.54 (s, 1H, PhB),
4.98 (d,J =7.8 Hz, 1H, H-1), 4.38-4.29 (m, 2H, H-3, H-64)12-3.96 (m, 3H, H-6b, O&}),
3.91-3.48 (m, 19H, 5 x O, 2 x OCH3, H-2, H-4, H-5), 3.10-2.53 (m, 8H, 3 x M3,
ArCH,). *C NMR (75 MHz, CDCYTMS) & (ppm): 157.53, 148.95, 137.77, 129.43, 129.01,
128.14, 126.48, 122.71, 120.65, 117.31, 112.22,401102.15, 101.33, 79.52, 72.51, 70.74,
70.23, 69.27, 68.70, 66.58, 55.97.

4.3.4. 2-Naphthyl 4,6-O-benzylidene-2,3-dideoxy-p-D-glucopyranosido-[2,3h]-N-(3-
hydroxypropyl)-1,4,7,10-tetr aoxa-13-azacyclopentadecane (9a)

Bisiodo compounda (3.30 g, 4.2 mmol); dry C¥N (50 mL), anhydrous N&O; (2.66 g,
25.1 mmol); 3-aminopropan-1-ol (0.31 g, 4.2 mmdauent: CHC}:MeOH 100:1 (A}Os).
Yield: 46% (1.17 g), white amorphous solid; = &€ = 1, CHC}). *H NMR (500 MHz,
CDCITMS) & (ppm): 7.81-7.73 (m, 3H, At), 7.51-7.43 (m, 3H, Af), 7.41-7.34 (m, 5H,
ArH), 7.22 (ddJ = 8.9, 2.5 Hz, 1H, At), 5.56 (s, 1H, Ar®), 5.22 (dJ = 7.7 Hz, 1H, H-1),
4.39 (dd,J = 10.5, 5.0 Hz, 1H, H-6a), 4.14-4.97 (m, 4H, H24, H-5, H-6b), 3.84-3.54 (m,
16H, H-3, 6 x OEi,, CH,OH, OH), 2.88-2.80 (m, 2H, NB,), 2.75-2.66 (m, 4H, 2 x Nidy),
1.75-1.62 (m, 2H, 8,CH,OH). **C NMR (75 MHz, CDCYTMS) § 154.82, 137.26, 134.21,
130.05, 129.65, 129.01, 128.27, 127.67, 127.17,5826126.05, 124.54, 118.86, 111.54,
102.20, 101.24, 81.81, 81.46, 80.99, 77.23, 722335, 70.37, 70.26, 68.76, 66.19, 64.14,
56.53, 54.27, 54.22, 28.38.

4.3.5. 2-Naphthyl 4,6-O-benzylidene-2,3-dideoxy-p-D-glucopyranosido-[2,3h]-N-(2-(3,4-
dimethoxyphenyl)ethyl)-1,4,7,10-tetr aoxa-13-azacyclopentadecane (9b)

Bisiodo compounda (3.30 g, 4.2 mmol); dry C4#N (50 mL), anhydrous N&O; (2.66 g,
25.1 mmol); 2-(3,4-dimethoxyphenyl)ethylamine (04,64.2 mmol). Eluent: CHGMeOH
100:0 — 100:3 (silica gel). Yield: 61% (1.82 g), white amorphous solid; = -19.7 € = 1,
CHCL). *H NMR (500 MHz, CDCYTMS) & (ppm): 7.82-7.74 (m, 3H, At); 7.51-7.44 (m,
3H, ArH); 7.42-7.34 (m, 5H, A4); 7.23 (dd,J = 8.9, 2.5 Hz, 1H, Af); 6.80-6.76 (m, 1H,
ArH); 6.75-6.71 (m, 2H, Af), 5.57 (s, 1H, Ar@l); 5.23 (d,J = 7.6 Hz, 1H, H-1); 4.40 (dd,
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= 10.6, 5.1 Hz, 1H, H-6a), 4.16-4.00 (m, 4H, H-24HH-5, H-6b); 3.87 (s, 3H, O); 3.84
(s, 3H, OGHy); 3.82-3.54 (m, 13H, H-3, 6 X GG); 3.16-2.60 (M, 8H, 3 x NiG,, ArCH,).
13C NMR (75 MHz, CDCYTMS) & (ppm): 154.78, 148.85, 147.37, 137.23, 134.21,0680
129.70, 129.10, 129.05, 128.29, 127.68, 127.16,5826126.04, 124.60, 120.57, 118.81,
112.10, 111.53, 111.26, 102.23, 101.26, 81.75,5318.98, 72.55, 72.38, 70.54, 68.75,
66.19, 58.75, 55.93, 54.00.

4.3.6. Methyl 4,6-O-benzylidene-2,3-dideoxy-p-D-glucopyranosido-[2,3h]-N-(2-(3,4-
dimethoxyphenyl)ethyl)-1,4,7,10-tetr aoxa-13-azacyclopentadecane (9c)

Bisiodo compoundb (3.39 g, 5.0 mmol); dry C¥N (50 mL), anhydrous N&O; (3.18 g,
30.0 mmol); 2-(3,4-dimethoxyphenylethyl)amine (0§15.0 mmol). Eluent: CHGMeOH
100:0— 100:6 (silica gel). Yield: 59% (1.78 g), brown oil; = -42.4 ¢ = 1, CHC}). 'H NMR
(500 MHz, CDCYTMS) 6 (ppm): 7.48-7.44 (m, 2H, Af), 7.39-7.33 (m, 3H, Ad), 6.80-
6.77 (m, 1H, AH), 6.73 (ddJ = 5.9, 2.1 Hz, 2H, A), 5.53 (s, 1H, PhB), 4.38-4.31 (m,
2H, H-1, H-6a), 3.99-3.94 (m, 2H, H-4, H-5), 3.9, J = 10.6, 3.5 Hz, 1H, O&,), 3.87 (s,
3H, OMHy), 3.85 (s, 3H, OH3), 3.79-3.67 (m, 3H, H-2, O4}), 3.58 (dd,J = 10.0, 5.7 Hz,
6H, 3 x OHy), 3.54 (s, 3H, OH3), 3.37 (td,J = 9.3, 4.9 Hz, 1H, OR,), 3.22 (t,J = 8.0 Hz,
1H, H-3), 2.98-2.67 (m, 8H, 3 x NG, ArCH,). **C NMR (125 MHz, CDGJTMS) & (ppm):
149.02, 147.51, 137.53, 129.16, 128.45, 126.20,7620112.32, 111.46, 105.37, 101.32,
82.08, 81.99, 81.20, 77.42, 72.47, 72.44, 70.67607068.99, 66.06, 57.60, 56.14, 56.06,
54.31, 54.23.

4.3.7. Methyl 4,6-O-benzylidene-2,3-dideoxy-a-D-glucopyranosido-[2,3h]-N-(2-(3,4-
dimethoxyphenyl)ethyl)-1,4,7,10-tetr aoxa-13-azacyclopentadecane (9d)

Bisiodo compoundc (2.03 g, 3.0 mmol); dry C4CN (30 mL), anhydrous N&O; (1.91 g,
18.0 mmol); 2-(3,4-dimethoxyphenylethyl)amine (0643.0 mmol). Eluent: CHgMeOH
100:0— 100:6 (silica gel). Yield: 59% (1.78 g), brown oil; = -42.4 ¢ = 1, CHC}). 'H NMR
(500 MHz, CDCYTMS) & (ppm): 7.47 (dd,) = 7.4, 1.6 Hz, 2H, Ad), 7.39-7.33 (m, 3H,
ArH), 6.80-6.76 (m, 1H, A), 6.75-6.71 (m, 2H, Af), 5.53 (s, 1H, PhB), 4.86 (d,J = 3.7
Hz, 1H, H-1), 4.28 (dd] = 10.0, 4.6 Hz, 1H, H-6a), 4.00-3.90 (m, 2H, H#K5), 3.87 (s, 3H.
OCHg), 3.85 (s, 3H, O8j3), 3.82-3.54 (m, 14H, 6 x A&, H-2, H-3), 3.49 (ddJ = 9.4, 3.6
Hz, 1H, H-6b), 3.43 (s, 3H, Qg), 2.95-2.64 (m, 8H, 3 x Nid,, ArCH,). *C NMR (125
MHz, CDCKL/TMS) & (ppm): 148.77, 137.40, 128.95, 128.24, 126.03,520.12.09, 111.24,
101.31, 98.32, 82.26, 79.87, 78.08, 77.22, 72.9157] 70.07, 69.07, 62.24, 55.92, 55.22,
54.46.
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4.4. General procedurefor the enantioselective MIRC reaction

Unsaturated cyanosulfone (0.5 mmol), diethyl broralmmate (0.75 mmol), and the crown
ether (0.05 mmol) were dissolved in dichloromethared dry NgCO; (0.12 g, 1.0 mmol)
was added. The reaction mixture was stirred at reemperature. After completion of the
reaction (followed by TLC), the mixture was filteieghen concentrated in vacuum. The crude
product was purified by preparative TLC (silica)gefth hexane- EtOAc (5:1) as eluent.
Enantioselectivity was determined by chiral HPLGlgsis by using 5AmyCoat or Lux 5u
cellulose-1 column with hexaneEtOH mixture as eluent, in comparison with authenti

racemic materials.
4.4.1. Diethyl 2-cyano-3-phenyl-2-(phenylsulfonyl)cyclopropane-1,1-dicar boxylate (12a)

Yield: 93%; mp 58-59 °C, = +18.5c(= 1, CHC}); 80% ee,5AmyCoat column,
Hexane:EtOH 85:15, major enantiomert18.6 min, minor enantiomer + 14.2 min.*H
NMR (500 MHz, CDCYTMS) 6 (ppm): 8.13 (ddJ = 8.5, 1.3 Hz, 2H, Ad), 7.81 (tt,J = 7.5,
1.2 Hz, 1H, AH), 7.68 (t,J = 7.9 Hz, 2H, AH), 7.31 (ddJ = 4.9, 2.0 Hz, 3H, At), 7.17-
7.11 (m, 2H, AH), 4.50-4.37 (m, 2H, OB,), 4.16 (s, 1H, PhB), 4.13 (qdJ = 7.1, 2.6 Hz,
2H, OHy), 1.42 (t,J = 7.1 Hz, 3H, El), 1.10 (t,J = 7.1 Hz, 3H, El3). *C NMR (75 MHz,
CDCIl/TMS) 6 (ppm): 162.94, 162.06, 136.12, 135.59, 130.13,.329128.98, 128.94,
128.65, 128.27, 111.52, 63.55, 63.46, 48.24, 4736895, 13.82, 13.60. HRMS calcd for
CooH21NOgS 427.1090; found 427.1095.

4.4.2. Diethyl 3-(2-chlor ophenyl)-2-cyano-2-(phenylsulfonyl)cyclopropane-1,1-
dicar boxylate (12b)

Yield: 83%; mp 121-122 °C, = +0.4 € 1, CHC}); 2% ee,Lux 5u cellulose-1 column,
Hexane:EtOH 85:15, major enantiomer ©.3 min, minor enantiomers 10.1 min!H NMR
(500 MHz, CDCYTMS) & (ppm): 8.13 (ddJ = 7.7, 1.1 Hz, 2H Ad), 7.80 (tt,J =7.5, 1.3
Hz, 1H, AH), 7.66 (t,J = 8.1 Hz, 2H, AH), 7.36 (ddJ = 8.0, 1.3 Hz, 1H, A#), 7.30-7.25
(m, 1H, AH), 7.20 (td,J = 7.6, 1.4 Hz, 1H, Ad), 7.09 (dtJ = 7.7, 1.3 Hz, 1H, Af), 4.49-
4.38 (m, 2H, OGly), 4.12 (qJ = 7.2 Hz, 2H, OEl,), 4.08 (s, 1H, Ar€®l), 1.42 (tJ = 7.1 Hz,
3H, CH3), 1.11 (t,J = 7.1 Hz, 3H, El3). *C NMR (75 MHz, CDCYTMS) & (ppm): 162.48,
162.20, 136.03, 135.63, 134.60, 130.32, 130.12,1130129.84, 129.54, 127.18, 127.11,
111.53, 63.45, 63.29, 48.44, 47.09, 36.09, 13.78.460 HRMS calcd for
C2oH20CINOgS 461.0700; found 461.0704.
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4.4.3. Diethyl 3-(3-chlorophenyl)-2-cyano-2-(phenylsulfonyl)cyclopr opane-1,1-
dicarboxylate (12c)

Yield: 91%; oil, = +14.0¢ = 1, CHC}); 84% ee 5AmyCoat column, Hexane:EtOH 85:15,
major enantiomer,t= 15.4 min, minor enantiomer £ 12.6 min.'H NMR (500 MHz,
CDCIy/TMS) & (ppm): 8.15 (dJ = 7.8 Hz, 2H, AH), 7.84 (t,J = 7.4 Hz, 1H, AH), 7.70 (t,J

= 7.7 Hz, 2H, AH), 7.36-7.23 (m, 2H, Ad), 7.16 (s, 1H, AH), 7.06 (d,J = 7.3 Hz, 1H,
ArH), 4.55-4.36 (m, 2H, OB,), 4.27-4.14 (m, 2H, 08,), 4.12 (s, 1H, Ar€l), 1.44 (t,J =
7.1 Hz, 3H, ®3), 1.18 (t,J = 7.1 Hz, 3H, Els). *C NMR (75 MHz, CDC)) & 162.65,
161.83, 135.87, 135.73, 134.86, 130.59, 130.36,1630129.64, 129.28, 128.55, 126.58,
111.23, 63.71, 48.17, 47.47, 36.01, 13.82, 13. RMB8 calcd for GoH,oCINOsS 461.0700;
found 461.0707.

4.4.4. Diethyl 3-(4-chlor ophenyl)-2-cyano-2-(phenylsulfonyl)cyclopr opane-1,1-
dicarboxylate (12d)

Yield: 94%; oil, = +30.0¢ = 1, CHC}); 81% eelLux 5u cellulose-1 column, Hexane:EtOH
85:15, major enantiomer £ 9.2 min, minor enantiomey £ 8.5 min.*H NMR (500 MHz,
CDCIy/TMS) § (ppm): 8.12 (ddJ = 8.5, 1.3 Hz, 2H, Ad), 7.82 (itJ = 7.5, 1.7 Hz, 1H, At),
7.68 (t,J = 7.9 Hz, 2H, AH), 7.30 (d,J = 8.5 Hz, 2H, AH), 7.09 (d,J = 7.6 Hz, 2H, AH),
4.49-4.38 (m, 2H, ORy), 4.15 (q,J = 7.2 Hz, 2H, OEl,), 4.09 (d,J = 1.0 Hz, 1H, Ar®),
1.42 (t,J = 7.2 Hz, 3H, €l3), 1.14 (t,J = 7.1 Hz, 3H, El3). **C NMR (75 MHz, CDCYTMS)

d (ppm): 162.71, 161.88, 135.93, 135.71, 135.18,1180129.70, 129.64, 129.29, 127.17,
111.35, 77.26, 63.66, 48.23, 47.54, 36.14, 13.83.694 HRMS calcd for
C22H20CINOgS 461.0700; found 461.0709.

4.4.5. Diethyl 2-cyano-3-(2-methylphenyl)-2-(phenylsulfonyl)cyclopropane-1,1-
dicarboxylate (12€)

Yield: 95%: mp 128-130 °[@]d’ = +0.8 € 1, CHCE); 1% ee,Lux 5u cellulose-1 column,
Hexane:EtOH 85:15, major enantiomert8.1 min, minor enantiomer 8.6 min.*H NMR
(500 MHz, CDCYTMS) 6 (ppm): 8.16 (ddJ = 8.1, 1.4 Hz2H, ArH), 7.81 (tt,J =7.5, 1.2
Hz, 1H, AH), 7.68 (t,J = 7.8 Hz, 2H, AH), 7.27-7.17 (m, 2H, Ad), 7.11 (td,J=7.3, 1.9
Hz, 1H, AH), 7.03 (dJ = 7.7 Hz, 1H, AH), 4.47 (qdJ = 7.2, 5.2 Hz, 2H, OB,), 4.17-4.02
(m, 3H, OH,, ArCH), 2.41 (s, Ar®s), 1.45 (t,J = 7.1 Hz, 3H, CHCH3), 1.05 (t,J = 7.1 Hz,
3H, CHCHs). **C NMR (75 MHz, CDCYTMS) & (ppm): 163.03, 162.29, 137.85, 136.21,
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135.55, 130.69, 130.16, 129.54, 128.85, 128.01,0022126.13, 111.93, 63.39, 63.30, 48.06,
47.04, 36.87, 19.27, 13.75, 13.40. HRMS calcd fgHezsNOgS 441.1246; found 441.1240.

4.4.6. Diethyl 2-cyano-3-(3-methylphenyl)-2-(phenylsulfonyl)cyclopropane-1,1-
dicarboxylate (12f)

Yield: 90%; mp 90-92 °C, = +16.@ & 1, CHC}); 81% ee,Lux 5u cellulose-1 column,
Hexane:EtOH 85:15, major enantiomert8.7 min, minor enantiomert 7.8 min.*H NMR
(500 MHz, CDCYTMS) & (ppm): 8.15 (dd) = 7.6, 1.3 Hz, 2H, At), 7.83 (tt,J = 7.5, 1.3
Hz, 1H, AH), 7.69 (t,J = 7.7 Hz, 2H, AH), 7.25-7.09 (m, 2H, A4), 7.00-6.86 (m, 2H,
ArH), 4.53-4.37 (m, 2H, OB,), 4.24-4.08 (m, 3H, O&,, ArCH), 1.44 (t,J = 7.1 Hz, 3H,
CH,CHs), 1.14 (t,J = 7.1 Hz, 3H, CHCHs). *C NMR (75 MHz, CDCYTMS) & (ppm):
163.00, 162.10, 138.77, 136.14, 135.54, 130.14,7129129.56, 128.94, 128.88, 128.47,
125.24, 111.53, 63.54, 63.41, 48.27, 47.58, 362130, 13.82, 13.66. HRMS calcd for
Co3H23NO6S 441.1246; found 441.1243.

4.4.7. Diethyl 2-cyano-3-(4-methylphenyl)-2-(phenylsulfonyl)cyclopropane-1,1-
dicarboxylate (129)

Yield: 87%; mp 100-101 °C, = +20.0 € 1, CHCl,); 78% ee Lux 5u cellulose-1 column,
Hexane:EtOH 85:15, major enantiomer 8.7 min, minor enantiomer# 8.1 min.*H NMR
(500 MHz, CDCYTMS) & (ppm): 8.13 (dd)) = 8.4, 1.3 Hz, 2H, At), 7.80 (tt,J = 7.5, 1.6
Hz, 1H, AH), 7.67 (t,J = 8.3 Hz, 1H, AH), 7.11 (d,J = 8.0 Hz, 2H, AH), 7.01 (dJ=7.8

Hz, 2H, AH), 4.50-4.37 (m, 2H, 08,), 4.14 (qdJ = 7.2, 1.6 Hz, 2H, OB,), 4.11 (s, 1H,
ArCH), 2.30 (s, 3H, Ar@ls), 1.41 (t,J = 7.1 Hz, 3H, CHCH3), 1.13 (t,J = 7.1 Hz, 3H,
CH,CHs). **C NMR (75 MHz, CDCJ) & 163.00, 162.09, 138.90, 136.20, 135.53, 130.10,
129.67, 129.56, 128.12, 125.49, 111.57, 63.51,26348.32, 47.65, 36.87, 21.21, 13.82,
13.66. HRMS calcd for £H23NO6S 441.1246; found 441.1248.

4.4.8. Diethyl 2-cyano-3-(2-nitr ophenyl)-2-(phenylsulfonyl)cyclopropane-1,1-
dicarboxylate (12h)

Yield: 91%; mp 165-167 °C, = +6.€ € 1, CHC}); 12% ee,Lux 5u cellulose-1 column,
Hexane:EtOH 85:15, major enantiomert15.9 min, minor enantiomer + 13.8 min.*H
NMR (500 MHz, CDCYTMS) 6 (ppm): 8.17 (ddJ = 8.0, 1.4 Hz, 2H, Ad), 8.07 (dd,J =
8.2, 1.4 Hz, 1H, AH), 7.83 (tt,J = 7.5, 1.3 Hz, 1H, Ad), 7.70 (t,J = 7.8 Hz, 2H, AH), 7.66
(td,J=7.6, 1.4 Hz, 1H, Ad), 7.55 (t,J = 7.8 Hz, 1H, AH), 7.42 (d,J = 7.8 Hz, 1H, AH),
4.52 (s, 1H, Ar€¢l), 4.51-4.39 (m, 2H, 0B,), 4.09 (gJ = 7.2 Hz, 2H, OEl,), 1.45 (tJ=7.1
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Hz, 3H, (Hy), 1.15 (t,J = 7.1 Hz, 3H, El3). *C NMR (75 MHz, CDCYTMS) § (ppm):
162.27, 161.84, 148.69, 135.79, 135.70, 133.89,1%32130.45, 129.96, 129.58, 125.05,
124.61, 111.54, 63.99, 63.53, 49.65, 47.37, 36.08,81, 13.49. HRMS calcd for
CasH2oN;0sS 472.0940; found 472.0945.

4.4.9. Diethyl 2-cyano-3-(3-nitrophenyl)-2-(phenylsulfonyl)cyclopropane-1,1-
dicarboxylate (12i)

Yield: 91%; mp 118 °C, =+22.Z2E 1, CHC}); 75% ee 5AmyCoat column, Hexane:EtOH
50:50 major enantiomef £ 9.8 min, minor enantiomer £ 7.8 min.*H NMR (500 MHz,
CDCI/TMS) 8 (ppm): 8.22 (dtJ = 8.0, 1.2 Hz, 1H, Ad), 8.15 (dd,J = 7.7, 1.3 Hz, 2H,
ArH), 7.99 (s, 1H, Ar), 7.86 (tt,J = 7.6, 1.0 Hz, 1H, Ad), 7.72 (t,J = 8.1 Hz, 2H, AH),
7.60-7.51 (m, 2H, Atl), 4.54-4.40 (m, 2H, OB,), 4.27-4.15 (m, 3H, OB,, ArCH), 1.45 (t,

J = 7.1 Hz, 3H, ®3), 1.22 (t,J = 7.1 Hz, 3H, E3). **C NMR (75 MHz, CDCYTMS) 5
(ppm): 162.33, 161.73, 148.38, 135.94, 135.64, 684130.84, 130.32, 130.17, 129.74,
124.01, 123.61, 110.99, 64.07, 63.88, 48.34, 4735870, 13.83, 13.75. HRMS calcd for
Ca2H20N20S 472.0940; found 472.0948.

4.4.10. Diethyl 2-cyano-3-(4-nitr ophenyl)-2-(phenylsulfonyl)cyclopropane-1,1-
dicarboxylate (12))

Yield: 87%; mp 98-99 °C, = +40.X & 1, CHC}); 82% ee,Lux 5u cellulose-1 column,
Hexane:EtOH 85:15, major enantiomer=t17.2 min, minor enantiomey £ 19.7 min.*H
NMR (500 MHz, CDCYTMS) & (ppm): 8.21 (dJ = 8.8 Hz, 2H, AH), 8.14 (ddJ = 8.3, 1.3
Hz, 2H, AH), 7.85 (tt,J = 7.5, 1.2 Hz, 1H, Ad), 7.71 (t,J = 7.8 Hz, 2H, AH), 7.36 (d,J =

8.2 Hz, 2H, AH), 4.53-4.40 (m, 2H, OK,), 4.23-4.12 (m, 3H, OKd,, ArCH), 1.44 tJ=7.1
Hz, 3H, H3), 1.17 (t,J = 7.2 Hz, 3H, ). **C NMR (75 MHz, CDC)) & (ppm): 162.35,
161.70, 148.17, 135.94, 135.88, 135.65, 130.20,782929.59, 124.18, 111.07, 63.93, 63.87,
48.17,47.42, 35.92, 13.83, 13.73. HRMS calcd fgHgN,0sS 472.0940; found 472.0942.

4411 Diethyl 2-cyano-3-(2-methoxyphenyl)-2-(phenylsulfonyl)cyclopropane-1,1-
dicarboxylate (12k)

Yield: 89%; mp 138-139 °C, = +0.% € 1, CHC}); 3% ee,Lux 5u cellulose-1 column,
Hexane:EtOH 85:15, major enantiomert10.1 min, minor enantiomer + 11.9 min.*H
NMR (500 MHz, CDCYTMS) 6 (ppm): 8.13 (ddJ = 8.4, 1.3 Hz, 2H, Ad), 7.79 (tt,J = 7.6,
1.3 Hz, 1H, AH), 7.66 (t,J = 7.7 Hz, 2H, AH), 7.30-7.25 (m, 1H, A#), 6.96 (dtJ=7.5,1.4
Hz, 1H, AH), 6.86 (tdJ = 7.5, 0.7 Hz, 1H, Afl), 6.80 (dJ = 8.5 Hz, 1H, AH), 4.42 (qdJ =
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7.1, 5.0 Hz, 2H, 08,), 4.14 (qJ = 7.1, 2H, OEl,), 3.94 (s, 1H, Ar€El), 3.48 (s, 3H, Of),
1.40 (t,J = 7.1 Hz, 3H, CHCH3), 1.12 (t,J = 7.2 Hz, 3H, CHCH3). **C NMR (75 MHz,
CDCls) & (ppm): 163.18, 162.62, 157.78, 136.71, 135.26,430130.32, 129.50, 129.37,
120.72, 116.88, 111.85, 110.79, 63.19, 63.12, 554®39, 46.86, 34.47, 13.84, 13.63.
HRMS calcd for GsH2aNO;S 457.1195; found 457.1190.

4.4.12. Diethyl 2-cyano-3-(3-methoxyphenyl)-2-(phenylsulfonyl)cyclopropane-1,1-
dicarboxylate (12l)

Yield: 95%; oil, = +18.9¢ = 1, CHC}); 81% eeLux 5u cellulose-1 column, Hexane:EtOH
85:15, major enantiomer  10.6 min, minor enantiomer 9.6 min.*H NMR (500 MHz,
CDCI/TMS) & (ppm): 8.13 (ddJ = 7.8, 1.3 Hz, 2H, Af), 7.81 (tt,J = 7.5, 1.1 Hz, 1H, At),
7.68 (t,J = 7.8 Hz, 2H, AH), 7.21 (t,J = 8.0 Hz, 1H, AH), 6.84 (dd,J = 8.2, 2.5 Hz, 1H,
ArH), 6.70 (dJ = 7.6 Hz, 1H, AH), 6.64-6.60 (m, 1H, Af), 4.49-4.37 (m, 2H, 0&,), 4.19-
4.10 (m, 3H, OEl,, ArCH), 3.71 (s, 3H, O83), 1.42 (t,J = 7.2 Hz, 3H, CHCHg), 1.13 (t,J

= 7.1 Hz, 3H, CHCH3). °C NMR (75 MHz, CDCYTMS) & (ppm): 162.90, 162.02, 159.85,
136.14, 135.56, 130.14, 130.08, 129.91, 129.58,392014.80, 113.72, 111.54, 63.55, 63.48,
55.25, 48.20, 47.60, 36.98, 13.82, 13.65. HRMS ccdtr Cy3H,3NO;S 457.1195; found
457.1198

4.4.13. Diethyl 2-cyano-3-(4-methoxyphenyl)-2-(phenylsulfonyl)cyclopropane-1,1-
dicarboxylate (12m)

Yield: 94%; oil, = +24.4¢ = 1, CHC}); 77% eeL.ux 5u cellulose-1 column, Hexane:EtOH
85:15, major enantiomer * 11.8 min, minor enantiomer 10.6 min.*H NMR (500 MHz,
CDCI/TMS)  (ppm): 8.12 (ddJ = 8.2, 0.8 Hz, 2H, At), 7.81 (tt,J = 7.5, 1.2 Hz, 1H, At),
7.68 (t,J = 7.8 Hz, 2H, AH), 7.05 (d,J = 8.4 Hz, 2H, AH), 6.82 (d,J = 8.8 Hz, 2H, AH),
4.49-4.36 (m, 2H, ORy), 4.15 (q,J = 7.1 Hz, 2H, OEl,), 4.10 (s, 1H, Ar@®), 3.77 (s, 3H,
OCH3), 1.41 (t,J = 7.2 Hz, 3H, CHCHa3), 1.14 (t,J = 7.2 Hz, 3H, CHCHs). **C NMR (75
MHz, CDCKL/TMS) 6 (ppm):162.94, 162.05, 159.92, 136.16, 135.50, 130.05,5829.29.50,
120.29, 114.40, 111.57, 63.48, 63.40, 55.27, 481372, 36.55, 13.78, 13.66. HRMS calcd
for CasH23NO7S 457.1195; found 457.1194.

4.4.14. Diethyl 2-cyano-3-(naphthalen-2-yl)-2-(phenylsulfonyl)cyclopr opane-1,1-
dicarboxylate (12n)

Yield: 92%; oil, = +49.1¢ = 1, CHC}); 85% ee 5AmyCoat column, Hexane:EtOH 50:50,
major enantiomer,t= 13.6 min, minor enantiomef £ 10.2 min.'H NMR (500 MHz,
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CDCI/TMS) 6 (ppm): 8.17 (ddJ = 8.4, 1.3 Hz, 2H, Af), 7.84-7.77 (m, 3H, Ad), 7.74-7.66
(m, 3H, AH), 7.62 (s, 1H, Ar), 7.51-7.44 (m, 2H, A), 7.20 (dd,J = 8.6, 1.8 Hz, 1H,
ArH), 4.53-4.40 (m, 2H, 0B,), 4.31 (s, 1H, Ar®), 4.17-4.06 (m, 2H, OB,), 1.44 (t,J =
7.1 Hz, 3H, CHCHj3), 1.07 (t,J = 7.1 Hz, 3H, CHCH3). **C NMR (75 MHz, CDCYTMS) &
(ppm): 162.99, 162.08, 136.14, 135.61, 133.13, B3130.19, 129.62, 128.99, 127.92,
127.79, 126.91, 126.77, 125.93, 125.28, 111.5%3%3F63.52, 48.39, 47.74, 37.02, 13.86,
13.67. HRMS calcd for £H23NOgS 477.1246; found 477.1239.

4.4.15. Diethyl 2-cyano-2-(phenylsulfonyl)-3-(pyridin-3-yl)cyclopropane-1,1-
dicarboxylate (120)

Yield: 88%; oil, = +15.0€ = 1, CHC}); 72% ee.ux 5u cellulose-1 column, Hexane:EtOH
85:15, major enantiomer * 14.6 min, minor enantiomer 15.5 min."H NMR (500 MHz,
CDCI/TMS) 6 (ppm): 8.59 (dJ = 5.0 Hz, 1H, AH), 8.40 (d,J = 2.4 Hz, 1H, AH), 8.17 (dd,
J=8.2,1.4 Hz, 2H, Ad), 7.82 (tt,J = 7.6, 1.2 1H, AH), 7.69 (t,J = 7.9 Hz 2H, AH), 7.58-
7.51 (m, 1H, AH), 7.30 (ddJ = J = 8.0, 4.9 Hz, 1H, Af), 4.51-4.39 (m, 2H, OB,), 4.17
(q,J = 7.1 Hz, 2H, O@l,), 4.10 (s, 1H, Ar®), 1.42 (t,J = 7.2 Hz, 3H, ©), 1.15 (tJ = 7.2
Hz, 3H, (Hs). **C NMR (75 MHz, CDCYTMS) & (ppm): 162.38, 161.72, 149.71, 149.23,
136.27, 135.83, 135.74, 130.11, 129.67, 125.31,712311.08, 63.86, 63.76, 47.90, 47.25,
34.29, 13.78, 13.65. HRMS calcd fos;820N2.06S 428.1042; found 428.1046.

4.4.16. Diethyl 2-cyano-3-(furan-2-yl)-2-(phenylsulfonyl)cyclopropane-1,1-dicar boxylate
(12p)

Yield: 86%; oil, =-10.3¢ = 1, CHC}); 40% ee Lux 5u cellulose-1 column, Hexane:EtOH
85:15, major enantiomer  10.1 min, minor enantiomer 9.5 min.*H NMR (500 MHz,
CDCI3/TMS) & (ppm): 8.07 (ddJ = 8.6, 1.1 Hz, 2H, Ad), 7.77 (ttJ = 7.5, 1.2 Hz, 1H, At),
7.64 (t,J = 7.9 Hz, 2H, AH), 7.35 (d,J = 1.8 Hz, 1H, AH), 6.39 (d,J = 3.4 Hz, 1H, AH),
6.33 (dd,J = 3.4, 1.9 Hz, 1H, Af), 4.44-4.35 (m, 2H, OB,), 4.22 (qdJ = 7.1, 5.3 Hz, 2H,
OCH,), 4.08 (s, 1H, Ar@l), 1.39 (t,J = 7.2 Hz, 3H, CHCHj3), 1.20 (t,J = 7.1 Hz, 3H,
CH,CHs). **C NMR (75 MHz, CDCJ) & 162.06, 161.46, 143.69, 142.19, 136.03, 135.61,
129.93, 129.58, 111.19, 111.06, 110.86, 63.79,836.41, 46.98, 31.21, 13.78, 13.67.
HRMS calcd for GoH1dNO;S 417.0882; found 417.0884.
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4.4.17. Diethyl 2-cyano-2-(phenylsulfonyl)-3-(thiophen-2-yl)cyclopropane-1,1-
dicarboxylate (12q)

Yield: 94%; oil, =-7.5¢ = 1, CHC}); 72% ee, 5AmyCoat column, Hexane:EtOH 85:15,
major enantiomer,t= 23.6 min, minor enantiomef £ 16.8 min.*H NMR (500 MHz,
CDCI/TMS) 6 (ppm): 8.09 (ddJ = 7.4, 1.2 Hz, 2H, Ad), 7.79 (tt,J = 7.5, 1.2 Hz, 1H, At),
7.65 (t,J = 7.9 Hz, 2H, AH), 7.26 (ddJ = 5.1, 1.3 Hz, 1H, A), 6.96 (dt,J = 2.7, 1.3 Hz,
1H, ArH), 6.93 (ddJ = 5.1, 3.6 Hz, 1H, A), 4.47-4.35 (m, 2H, OB,), 4.27-4.13 (m, 3H,
OCH,, ArCH), 1.40 (t,J = 7.1 Hz, 3H, CHCH3), 1.18 (t,J = 7.1 Hz, 3H, CHCH3). **C NMR
(75 MHz, CDCHTMS) 6 (ppm): 161.28, 160.51, 135.05, 134.58, 128.91,588127.17,
126.32, 126.02, 110.26, 62.67, 47.82, 47.29, 31.9G4, 12.62.

HRMS calcd for GoH19NOgS, 433.0654; found 433.0660.
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Highlights

- New D-glucose- and D-gal actose-based crown ethers have been synthesized.

- A new D-gaactose-based macrocycle induced significant enantioselectivity (up to
85%) in the MIRC reaction of some a,3-unsaturated cyanosulfones.

- The m and p-substituted products were formed with higher enantioselectivity (75-
84%), than the o-substituted cyclopropanes (0-12%).

- The new chiral cyclopropanes may be important intermediates in asymmetric
syntheses.
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