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ABSTRACT

A series of novel carbohydrate-derived thioureasevegynthesized and examined as catalysts
for the asymmetric Michael addition of symmetridaB-dicarbonyl compounds, including
dimethyl malonate, to severwhns/-nitrostyrenes. High enantioselectivities (up t&®de

as well as high yields (up to 98%) were attainadgia bifunctional organocatalyst bearing a

cinchona-based alkaloid unit.

1. Introduction

Chiral bifunctional organocatalysts, which combimethiourea group as a hydrogen-bond
donor moiety with a Lewis base, are commonly usecasymmetric catalysisin 2003
Takemoto and coworkef$ described the prototype of such a catalyst anduated in
Michael reaction of malonates to nitroolefins (Fig. The high stereocontrol of the reaction is

explained as a synergistic effect of both partghef catalyst cooperatively activating the

OCorresponding author.

e-mail address: monika.tvrdonova@upjs.sk (M. Timlch).




nucleophile and the electrophile simultaneodslfhe effectivity of Takemoto’s catalyét
inspired several synthetic groups and many diffiechiral scaffolds have been employed in
the synthesis of related structufe$®*3(Fig. 1).
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Figure 1. Several examples of thiourea-based bifunction@lygsts bearing chiral scaffolds.

In the last decade, growing attention has beensttwn the preparation of thiourea-based
bifunctional organocatalysts having a monosacckaddit! In general, carbohydrates are
very useful chiral precursors due to their optigatity and stereodiversity as well as their
high degree of functionality for optimizing catalyperformance. Ma and coworkéts
published the synthesis of the first thiourea gatal bearing carbohydrate core scaffold and a

primary amino group (Fig. 2). The promising catalygotential was later extended by the



synthesis of related catalysts bearing various anhmiasic moiety and monosaccharide or
disaccharide paff94*Most of Ma’s group catalysts have been evaluatetessively in

direct Michael addition§®%9 Various groups have been working on bifunctional
carbohydrate-based catalysts (some of them arstréied in Figure 2) and their catalytic
potential has been evaluated in various asymmesitsformations, including Micha&; 4"
nsa.5e5eMannicH™ and Biginellf® reactions, cyanation of carbonyl compoutidsid a one-

pot sequential conjugate addition/dearomative fhation proces$
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Figure 2. Examples of thiourea-derived bifunctional catadystth carbohydrate units.

Inspired by the various sugar-derived bifunctiotmburea conjugates in several asymmetric
catalytic processe's we decided to synthesize novel thiourea cata3&ithat combined a

bulky D-glucofuranose scaffold with a chiral amino umigluding cinchona alkaloid moieties
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(Scheme 1). The successful application of the fusan and pyranose- derived
organocatalysts reported in literattitéleads uso examine the effect of substituents attached
to designed glucofuranose-thiourea linkage and sitiyate their catalytic performance.
Recently, we reported a catalytic activity of theegmred bifunctional hybrids in the
enantioselective Michael addition of symmetricaB-dicarbonyl compound4l, 14, and
dimethyl malonatel5 to both unsubstituteti2a and substitute@-nitrostyrenesl2b-d (vide

infra).

2. Resultsand discussion

As shown in Scheme 1, the preparation of catalgséswas achieved in a single-step
procedure by treatment of the known 3-deoxy-1,2db,6-isopropylidene-3-isothiocyanato-
3-C-vinyl-a-D-glucofuranosel’ with the corresponding commercially available agsiit-10

in very good yields (75-98%, Scheme 1).

00000
o

Scheme 1. Reagents and condition&) R)-7, THF, rt, 1 h; (b) -7, THF, rt, 1 h; (c)8, CH,Cl,, rt, 1.5 h; (d)
9.3 HCI, BN, THF, rt, 48 h; (e)l0.3 HCI, EgN, THF, rt, 24 h.

With thioureas2-6 in hand, we started our investigation of theirabaic activity on the

model Michael addition. The screening of the reactvas carried out with pentane-2,4-dione



11, transnitrostyrenel12a, and 20 mol% of the prepared catalysts in,Clpl at room

temperature. The obtained results are summariz&dbie 1.

Table 1. Catalyst and solvent screening of the asymm&dichael addition of pentane-2,4-diordé to trans

nitrostyrenel2a

O O
o _NO, catalys'(o NO,
0 0 (20 mol%) *
1 12a 13a
Catalyst Time Yield® e€ (%)
Entry Solvent )
(days) 13a (%) config?’
1 2 CH.Cl, 7 4 6
2 3 CH,Cl, 7 3 rac’
3 4 CH.Cl, 7 7 rac’
4 5 CH,Cl, 1 98 88 R
5° 5 CH,Cl, 1 87 88 R
6' 5 CH.Cl, 1 70 93R)
5 toluene 1 80 87R)
5 MeOH 1 73 21R)
9 5 MeCN 1 63 66R)
10 5 THF 1 83 66 R)
11 6 CH,Cl, 1 75 60 9

3|solated yield” Determined by chiral HPLC analysfsDetermined by comparison of the HPLC retentiore8m
and optical rotations values with reported dataf.fRé' Racemic samplé In the presence of 5 mol% of the
catalysts. ' Reaction was performed at -20 °C.

Model Michael reaction catalyzed 84 was very slow and afforded the corresponding
addition producii3a in very low yield as a racemic mixture (Table dtrees 2-3) or with only
6% enantiomeric excess after seven days (Tablentty ). Among the tested catalysts
cinchona-based catalyStemerged as the most effective catalyst, afforqRgconfigured
adductl3a in an excellent yield (98%) and high 88% with a significant shortening of the
reaction time to one day (Table 1, entry 4). Ondtieer hand, its diastereoisomeric part®er
was found to be less-active in terms of enantictigity (60% ee Table 1, entry 11),
providing the Michael product3a in only 75% vyield with the opposité&)stereochemistry.

The screening of solvents revealed dichlorometraméhe most suitable solvent from all



tested (Table 1, entries 4-10). Catalyst loading saccessfully reduced to 5 mol% without
any loss of enantioselectivity in slightly lowereld (Table 1, entry 5). Performing the
reaction at low temperature (-20 °C) were also stigated afforded the best enantioselective
results (93%e¢g but only 70% of product was formed (Table 1, yvr#). The absolute
configuration ofl3a was determined by comparison of the HPLC and abtatation data in

the literature for both enantiomersi#a.®

Having identified the bifunctional thiouréaas a promising catalyst, we focused our attention
on evaluating the synthetic potential ®fin the Michael addition of the symmetrical 1,3-

dicarbonyl compound$l and14, including dimethyl malonat&5, to both unsubstitutetPa

and substitutegb-nitrostyrenes12b-d with methyl-, methoxy- and bromo- groups on the
phenyl ring (Table 2). For this screening we usexyipusly optimized reaction conditions of

the model study (20 mol% of catalyst, &H,, room temperature).

Table 2. Enantioselective 1,4-addition of Michael dondrs 14 and 15 to variousp-nitrostyrenesl2a-d
catalyzed by

0] 0]
R R
NO (o) o) 2 2
/@/\/ 2 o MR 5 (20 mol%) o NO,
R 2 2 CH,Cly, 1t
1
Ri
12a-d 11, R, = Me 13a-d, R, = Me
14, R, = Ph 16a-d, R, = Ph
15, R, = OMe 17a-d, R, = OMe
_ _ _ Time Yield® e€ (%)
Entry Nitroolefin Michael donor )
(n) (%) config’
1 12a (R, = H) 11 (R, = Me) 24 98 (3a) 88 R
2 12b (R, = Me) 11 (R, = Me) 24 96 {3b) 86 R
3 12¢ (R, = OMe) 11 (R, = Me) 24 91 13¢) 94 R
4 12d (R, = Br) 11 (R, = Me) 24 81 1(3d) 2 R
5 12a (R, = H) 14 (R, = Ph) 24 8216a) 88 R
6° 12a (R, = H) 14 (R, = Ph) 24 7316a) 89 R
7 12b (R, = Me) 14 (R, = Ph) 24 7516b) 80(R)
12c (R, = OMe) 14 (R, = Ph) 24 8016¢) 76 R
9 12d (R, = Br) 14 (R, = Ph) 24 2916d) 60 R
10 12a (R; = H) 15 (R, = OMe) 48 1417a) 8 (R

11 12b (R, = Me) 15 (R, = OMe) 48 1117b) 11 R
12 12c (R, = OMe) 15 (R, = OMe) 48 4217c) 17 R



13 12d (R, = Br) 15 (R, = OMe) 48 2717d) 13

3|solated yield” Determined by chiral HPLC analysfsDetermined by comparison with reported data - HPLC
retention times and optical rotation values (Réfs® The absolute configuration not assign@ah. the presence
of 5 mol% of the cataly$.

As given in Table 2, in the case of Michael additad pentane-2,4-dion&l to 12b-d, all of
the para-substituted nitroolefins used was found to furraslductsl3b-d in very good yields
(81-96%) and enantioselectivities (86-94%). The best level of selectivity (94%9 was
observed for the reaction betwegh and g-nitrostyrenel2c bearing an electron-donating
group on the phenyl core when compared to the maaetion (Table 1, entry\ersusentry
3). On the other hand, 1,3-dicarbonyl compouddyielded with the corresponding olefins
12b-c productsl6b-d with relatively lower enantioselectivities (76-808¢. The chemical
yields were good and ranged from 75 to 80% (Tablerfries 7-8). The ability o to
catalyze the enantioselective 1,4-addition betwkhand14 was significantly reduced and
expected product6d was obtained in only 29% vyield with 60&e (Table 2, entry 9). A
promising result of the Michael addition regardseectivity (88%e¢ and effectivity (82%
yield) was observed in the case of the unsubstitatefin 12a (Table 2, entry 5). It should be
noted that also in this case the amount of catalydtno significant effect on the course of the
reaction. After reducing the catalyst loading frahmol% to 5 mol% the selectivity remains
the same and the chemical yield gently decreas é& 73%, Table 2, entry 6).

For extending the substrate scope of the Michaditiad, we also investigated the reaction of
nitrostyrenesl?a-d with dimethyl malonatel5 as the Michael donor. The use 18 as a
catalyst led to a dramatic loss of stereocontroljaling the corresponding produdiga-d in
very small yields ranged from 11 to 42% (Table ritries 10-13). The different reactivity of
malonatel5 toward the Michael addition by comparison with-@liBarbonyl compound$l
and14 could be explained by the lower acidity of the Iny¥ne group protons in the case of
15.

To make a comparison between thiourgasd6, we also turned our attention to the catalytic
activity of 6. The use o6 allowed the conversion of both unsubstituted amosstuteds-
nitrostyrenesl2a and 12c with the 1,3-diketone4l and 14 into the corresponding adducts
13a, 13c, 16a and 16¢ in good vyields (up to 85%), but a significant d=se of

enantioselectivity was noticed (16-60% Table 3, entries 1-4).



The absolute configuration of the aforementionemtipcts was assigned by comparison of the
HPLC retention timés® and opposite optical rotation values with the fmitgd dat¥f (see
ESI), revealing theS)-stereochemistry of the prevalent antipode incaes (Table 3). Our
screening showed that the absolute configuratiaineMichael products is controlled by the
(R)-configured C-9/C-8 stereocenters in the bulkynire-9-deoxyquinidine moiety ob
(Table 2). Surprisingly, thioure@ bearing the (899)-9-amino-9-deoxy-epiquinine fragment
was found to be a poorer catalyst for preferrirggftymation of the opposite enantiomer. The
obtained results indicate that the proper confammabf the cinchona alkaloid-derived
scaffolds is probably necessary for successful asgtmic induction, while a furanose

template is beneficial for the tuning of the casaly

Table 3. Bifunctional cinchona organocataly8tcatalyzed Michael reaction of nitrostyrent2a, 12c¢ with

donorsll and14

0O O
Rz Rz
. _NO, (0] (0]
/@/\/ . M 6 (20 mol%) o NO,
R, Rs Ra  CH,Cl, 1t
Ri
12a,R;=H 11, R, = Me 13a, Ry =H, Ry =Me
12¢, R4 = OMe 14, R, =Ph 13c, R1 = OMe, R; =Me
163, R1 =H, R2 =Ph
16C, R1 = OMe, R2 =Ph
_ _ Time Yield® ed
Entry Catalyst Nitrostyrenes Michael donor )
(%) (config.f
1 6 12a (R; = H) 11 (R, = Me) 24 7513a) 60 (S
2 6 12c¢ (R, = OMe) 11 (R, = Me) 24 85 13c) 44 (S
3 6 12a (R; = H) 14 (R, = Ph) 24 78 (6a) 16(9
4 6 12c¢ (R, = OMe) 14 (R, = Ph) 24 3116¢) 40 9

3|solated yield” Determined by chiral HPLC analysfsDetermined by comparison with reported data - HPLC

retention times and optical rotation values (Féfs.

3. Conclusion

In conclusion, five novel glucofuranose-based tleauorganocatalys%6 were synthesized
from the commercially available amin&slO and the known isothiocyanatedeveloped in
our laboratory. The initial screening of their dgti@ activity on the model Michael addition

showed the promising potential of the bifunctiosatalyst5, bearing a quinidine-derived
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cinchona alkaloid scaffold. Thiour&gproved to be a highly efficient catalyst for théchael
addition of 1,3-dicarbonyl compounds to nitrostyerto afford the corresponding adducts
with good-to-high enantioselectivities (up to 949 in excellent yields (up to 98%), without
any additive. Catalyst loading screening study aéak that only 5 mol% is sufficient to
catalyze the reaction, and decrease the reactiope&ture to -20 °C slightly improved the
enantiomeric enrichment but resulted in lower yidtdrther studies, aimed at the reaction
mechanism and scope of this nogatalyst.are currently in progress.

4. Experimental section
4.1. General methods

All reagents bought from commercial sources (Alldroe Acros Organics) were used as sold
without further purification. Solvents were drienldapurified before use according to standard
procedures. Yields refer to chromatographically ifird and spectroscopically pure
compounds, unless otherwise stated. All reactioagwperformed under an atmosphere of
nitrogen. Reactions were monitored by thin layenontatography (TLC) using Merck silica
gel 60 ks4 analytical plates and visualized by fluorescengenghing under UV light (254
nm). In addition, TLC plates were stained with gpiing solution of basic potassium
permanganate solution, or ethanolic acidic solutbmp-anisaldehyde followed by heating.
Chromatographic purification was performed on ailgel, Kieselgel 60 (0.040.063 mm,
230-400 mesh, Merck). Solvents for chromatograpthéxane, EtOAc, DCM, MeOH) were
distilled before use’H NMR and™*C NMR spectra were recorded on a Varian Mercurg Plu
400 FT NMR (400.13 MHz forH and 100.61 MHz for*C) spectrometer in deuterated
solvents (CDG and CROD). NMR data are reported as followsare given in parts per
million (ppm), for'H relative to TMS § = 0.00 ppm) as the internal standard or to theestlv
signals CROD (5 = 4.84 ppm ob = 3.31 ppm) and foF’C relative to CDG (6 = 77.00 ppm)

or CD;0D ( = 49.05 ppm). The multiplicity of thfC NMR signals concerning tHéC-'H
coupling was determined by the HSQC and HMBC meti@hiemical shifts (in ppm) and
coupling constants (in Hz) were obtained by findtey analysis; assignments were derived
from COSY and H/C correlation spectra. Infrared) (#Rectra were measured with a Nicolet
6700 FT-IR spectrometer and are listed yinvalues (crm'), only selected maximum
absorbances are reported. High-resolution masstrap€elRMS) were recorded on a
micrOTOF-Q 1l quadrupoletime of flight hybrid maspectrometer (Bruker Daltonics).
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Optical rotations were measured on a P-2000 Jaslemipeter and reported as followsd§
(cin grams per 100 mL, solvent). Melting points weleained on a Kofler hot block and are
uncorrected. The enantiomeric excesses were detedmby HPLC analysis on chiral
columns (Chiralpak-I1A, Lux pm i-Amylose-1) usingh-hexanefPrOH as a mobile phase.
The corresponding HPLC analyses were performed Shimadzu HPLC system, including
the following instruments: LC-20AD pump and refraet index detector RID-10A.
Nitrostyrenes 12a-d were synthesized according to the known procélfurand their
spectroscopic data and other relevant characteyistere in good accord with those reported

in the literature for the same compourds.

4.1.1 Preparation of catalys?

To a solution ofl’ (0.10 g, 0.305 mmol) in dry THF (4 mL) was adde®)-(+)-o-
methylbenzylamine R)-7 (47 uL, 0.366 mmol). After being stirred for 1 h at room
temperature, the solvent was evaporated, and sdueewas flash-chromatographed through
a short column of silica geh{hexane/EtOAc, 4:1) to give 0.13 g (96%) of commbdras a
white amorphous solidp]p?* +61.1 € 1.12, CHCY). IR (neat)v 3340, 2984, 2931, 1531 ¢m
- 14 NMR (400 MHz, CDCJ) 6 1.25 (s, 3H, Ch), 1.34 (s, 3H, Ch), 1.44 (s, 3H, Ch), 1.52
(s, 3H, CH), 1.55 (d,J = 6.9 Hz, 3H, CH), 4.02 (d,J = 7.8 Hz, 1H, H-4), 4.07 (dd,= 8.7,
5.0 Hz, 1H, H-6), 4.094.16 (m, 1H, H-6), 4.231.30 (m, 1H, H-5), 4.49 (s, 1H, H-2), 5.47 (d,
J=11.0 Hz, 1H, H-8), 5.50-5.64 (m, 2H, H-8, CH){& (s, 1H, H-1), 5.96 (d,= 17.7, 11.0
Hz, 1H, H-7), 6.36 (s, 1H, NH), 6.87 (d,= 7.2 Hz, 1H, NH), 7.237.37 (m, 5H, Ph)*C
NMR (101 MHz, CDCY) ¢ 21.7 (CH), 25.3 (CH), 26.3 (CH), 26.7 (CH), 26.8 (CH), 55.8
(CH), 67.3 (C-6), 70.1 (C-3), 73.1 (C-5), 81.6 (1;-86.7 (C-2), 103.7 (C-1), 110.5 {C
113.1 (G), 121.1 (C-8), 126.4 (2 x Gi), 127.6 (Chhy), 128.7 (2 x Ch), 131.3 (C-7), 142.5
(C), 180.6 (C=S). ESI-HRMSm/z calcd for GsHzaN,OsS [M + H]" 449.2105, found
449.2126.

4.1.2 Preparation of catalyss

Using the same procedure as described for the esisthof 2, the corresponding
isothiocyanatd’ (0.10 g, 0.305 mmol) and®(-)-a-methylbenzylamineS)-7 (47 uL, 0.366
mmol) afforded after flash chromatography on sitigh(n-hexane/EtOAc, 4:1) 0.13 g (96%)
of compound3 as a white amorphous solidj]§>* +82.8 € 0.92, CHC}). IR (neat)v 3354,
2984, 2932, 1536 cth *H NMR (400 MHz, CDCJ) J 1.25 (s, 3H, Ch), 1.34 (s, 3H, Ch),
1.44 (s, 3H, Ch), 1.52 (s, 3H, Ch), 1.54 (d,J = 6.9 Hz, 3H, CH), 4.01 (d,J = 7.8 Hz, 1H,

10



H-4), 4.05 (ddJ = 8.8, 5.0 Hz, 1H, H-6), 4.08.16 (m, 1H, H-6), 4.231.31 (m, 1H, H-5),
4.49 (s, 1H, H-2), 5.47 (d, = 11.0 Hz, 1H, H-8), 5.55.63 (m, 2H, H-8, CH), 5.75 (s, 1H,
H-1), 5.96 (dd,J = 17.8, 11.0 Hz, 1H, H-7), 6.32 (s, 1H, NH), 6@5J = 7.4 Hz, 1H, NH),
7.38-7.23 (m, 5H, Ph)X*C NMR (101 MHz, CDGJ) § 21.7 (CH), 25.3 (CH), 26.3 (CH),
26.7 (CH), 26.8 (CH), 55.8 (CH), 67.3 (C-6), 70.1 (C-3), 73.1 (C-5),8(C-4), 86.7 (C-2),
103.7 (C-1), 110.6 (¢, 113.1 (G), 121.1 (C-8), 126.5 (2 x Gij, 127.6 (Chhy), 128.7 (2 x
CHep), 131.3 (C-7), 142.5 (& 180.7 (C=S). ESI-HRMSm/z calcd for GaHsgN,0sS [M +
H]* 449.2105, found 449.2131.

4.1.3 Preparation of catalyst

(1R,2R)-(-)-1,2-diaminocyclohexan® (0.17 g, 1.527 mmol) was added to a solution of
isothiocyanatd’ (0.10 g, 0.305 mmol) in dry Gigl, (4 mL). After being stirred for 1.5 h at
room temperature, the mixture was concentrated,tb@desidue was chromatographed on
silica gel (CHCI,/MeOH, 10:1). This procedure yielded 0.10 g (75%)compound4 as
white crystals; mp 12830 °C; []p** +68.6 € 0.98, CHC})). IR (neat)y 3319, 3272, 2985,
2933, 2858, 1556 cth 'H NMR (400 MHz, CDC}) 6 1.02-1.37 (m, 10H, 2 x CH 2 x CH),
1.44 (s, 3H, Ch), 1.52 (s, 3H, Ch), 1.64-1.76 (m, 2H, CH), 1.92-2.09 (m, 2H, CH)), 2.31
(br s, 2H, NH), 2.44-2.55 (m, 1H, CH), 3.991.16 (m, 4H, H-4, 2 x H-6, CH), 4.22.36 (m,
1H, H-5), 4.59 (br s, 1H, H-2), 5.4%.60 (m, 2H, 2 x H-8), 5.88 (d,= 3.4 Hz, 1H, H-1),
5.97 (dd,J = 17.7, 11.0 Hz, 1H, H-7), 6.40 (br s, 1H, NH®®B.(br s, 1H, NH)*C NMR
(101 MHz, CDC}) 6 24.9 (CH), 25.0 (CH), 25.3 (CH), 26.4 (CH), 26.7 (CH), 26.9 (CH),
32.3 (CH), 34.7 (CH), 55.8 (CH), 62.8 (CH), 67.4 (C-6), 70.0 (C-3),08C-5), 81.8 (C-4),
86.7 (C-2), 103.8 (C-1), 110.5 {<113.0 (@), 120.8 (C-8), 131.3 (C-7), 181.5 (C=S). ESI-
HRMS: m/zcalcd for GiHzgN30sS [M + H]" 442.2370, found 442.2379.

4.1.4 Preparation of catalysh

A solution of (R)-6'-methoxycinchonan-9-amine trihydrochlori@8 HCI (0.10 g, 0.231
mmol) in dry THF (9 mL) was treated with &k (96 uL, 0.693 mmol) at room temperature.
Then isothiocyanat#’ (83 mg, 0.254 mmol) was added and stirring wasicoed for 48 h at
the same temperature. After completion of the reacthe solvent was evaporated, and the
residue was subjected to flash chromatography laa giel (CHCl,/MeOH, 98:2) to afford
0.135 g (90%) of compourlas a white amorphous solid]§** +154.5 ¢ 0.92, CHCJ). IR
(neat)v 3315, 2983, 2935, 1621 ¢m'H NMR (400 MHz, CROD) 6 1.00-1.10 (m, 1H, H-
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7), 1.13-1.23 (m, 1H, H-7), 1.29 (s, 3H, GH 1.34 (s, 3H, Ch), 1.36 (s, 3H, Ch), 1.50 (s,
3H, CHy), 1.5721.67 (m, 3H, H-4, 2 x H-5), 2.32.40 (m, 1H, H-3), 2.98.05 (m, 3H, 2 x
H-6, H-2), 3.263.33 (m, 1H, H-8), 3.38.36 (m, 2H, H-9, H-2), 3.94..05 (m, 5H, OCHl
H-4", H-6"), 4.064.12 (m, 1H, H-6"), 4.45 (dd, = 11.9, 6.1 Hz, 1H, H-5"), 5.68.16 (m,
3H, H-2", H-8"H-CH,), 5.175.28 (m, 2H, H-8"H-CH,), 5.78 (s, 1H, H-1"), 5.8%.00 (m,
2H, H-7", CH), 6.24 (br s, 1H, NH), 7.43 (= 9.2 Hz, 1H, H-7'), 7.48 (d,= 4.6 Hz, 1H, H-
3, 7.93 (dJ = 9.2 Hz, 1H, H-8'), 7.99 (s, 1H, H-5"), 8.67 {ds 4.6 Hz, 1H, H-2); NH not
seen;*C NMR (101 MHz, CROD) ¢ 25.6 (CH), 26.5 (C-7), 26.6 (Ch), 26.9 (2 x CH),
27.4 (C-5), 28.8 (C-4), 40.3 (C-3), 49.0 (C-2),916C-9), 50.2 (C-6), 56.6 (OGH 61.2 (C-
8), 68.0 (C-6"), 71.0 (C-3"), 74.2 (C-5"), 8324"), 86.5 (C-2"), 104.0 (C-5"), 105.4 (C-1"),
111.2 (@), 113.6 (@), 115.2 (CH), 119.3 (C-8"), 120.9 (C-3'), 124.0 (C-7'), 13(Ct4a),
131.2 (C-8"), 132.9 (C-7"), 141.8 (CH), 145.2 (£}8148.2 (C-2', C-4"), 159.6 (C-6"), 183.7
(C=S); HSQC correlation: H-2/C-2, HMBC correlatiodH/C-2. ESI-HRMS:m/z calcd for
CasHa7N4O6S [M + H]" 651.3211, found 651.3243.

4.1.5 Preparation of catalyss

According to the same procedure described for tepgration o, 9-amino-(9-deoxyepi-
quinine trihydrochloridel0.3 HCI (0.12 g, 0.277 mmol), &4 (0.12 mL, 0.831 mmol) and
isothiocyanate 1’ (0.10 g, 0.305 mmol) provided after chromatograpby silica
(CH,Cl,/MeOH, 98:2) 0.176 g (98%) of compouldas a white amorphous solidy]§>* —
52.6 € 0.34, CHC)). IR (neat)v 3332, 2930, 2360, 1723, 1525 ¢tntH NMR (400 MHz,
CDsOD) 6 0.88 (dd,J = 13.1, 6.6 Hz, 1H, H-7), 1.29 (s, 6H, 2 x §H1.35-1.42 (m, 4H,
CHs, H-7), 1.50 (s, 3H, Ck), 1.571.74 (m, 3H, H-4, 2 x H-5), 2.28.38 (m, 1H, H-3),
2.69-2.82 (m, 2H, H-2, H-6), 3.2@.32 (m, 3H, H-2, H-8, H-9), 3.38.52 (m, 1H, H-6),
3.96 (ddJ = 8.5, 5.8 Hz, 1H, H-6"), 4.01 (s, 3H, OgH4.02-4.12 (m, 2H, H-4", H-6"), 4.36
(dd,J = 11.5, 6.2 Hz, 1H, H-5"), 4.98.04 (m, 2H, CH), 5.13 (s, 1H, H-2"), 5.33-5.47 (m,
2H, 2 x H-8"), 5.74 (dJ = 3.0 Hz, 1H, H-1"), 5.82 (dd,= 16.3, 8.9 Hz, 1H, CH), 6.66.16
(m, 2H, H-7", NH), 7.44 (d) = 9.2 Hz, 1H, H-7"), 7.49 (d, = 4.6 Hz, 1H, H-3"), 7.93 (d} =
9.2 Hz, 1H, H-8", 8.01 (s, 1H, H-5'), 8.66 (& 4.6 Hz, 1H, H-2"); NH not showh’C NMR
(101 MHz, CRROD) ¢ 25.5 (CH), 26.6 (C-7), 26.7 (C¥k), 26.9 (CH), 27.0 (CH), 28.7 (C-5),
28.9 (C-4), 40.9 (C-3), 42.5 (C-6), 49.1 (C-9),60CH;), 56.9 (C-2), 62.1 (C-8), 67.8 (C-
6"), 71.1 (C-3"), 74.2 (C-5"), 82.9 (C-4"), B&C-2"), 104.3 (C-5", 105.4 (C-1"),111.2JC
113.7 (@), 115.0 (CH), 120.2 (C-8"), 121.0 (C-3"), 123.6 (C-7"), 13024a’), 131.2 (C-8"),
132.8 (C-7"), 142.6 (CH), 145.0 (C-8a’), 148.32C€-4"), 159.5 (C-6"), 182.5 (C=S); HSQC
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correlation: H-9/C-9. ESI-HRMSm/z calcd for GsHs47N4OsS [M + HJ" 651.3211, found
651.3220.

4.1.6 General procedure for the catalytic Michael additio

To a solution of the corresponding nitroolefin (8@, 12a-d) in dry CHCl, (1.5 mL) was
added organocatalyst (20 mol26) and 1,3-dicarbonyl compound (2 €4, 14, 15). After
being stirred at room temperature, the resultingumé was concentrated, and the residue was
subjected to flash chromatography on silica gek €hantiomeric excess was determined by
HPLC analysis on chiral columns (Chiralpak-1A, Lu&mylose-1) usingr-hexanetfPrOH as

the mobile phase. The corresponding HPLC chromatograre listed in ESI.
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Highlights

* Novel cinchona derived glucofuranose-based thiourea catal ysts were devel oped.

* The Michael reaction provided the corresponding products in excellent yields with a
high degree of enantioselectivity (up to 94% ee).

* The resulting stereochemistry of Michael adducts was controlled by the quinuclidine
part of the bifunctional catalyst.
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