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General Experimental

All reactions were carried out in 10 mL round bottom flasks. The commercially
available reagents (3-nitrobenzaldehyde, pyrrolidine, rac-pyrrolidinol, (R)-3-
pyrrolidinol, L-proline, L-prolinol and all cyclohexanones) were purchased from
Sigma—Aldrich, TCl and Acros and used without further purification. Nuclear
magnetic resonance spectra were recorded on a Bruker Avance DPX-400
instrument. Chemical shifts (6) are given in parts per million and coupling
constants (J) are reported in Hertz. High-resolution mass spectra were
performed on a ZabSpec TOF Micromass spectrometer (ESI + mode).
Analytical TLC was performed on silica gel 60F-254 plates and visualized with
UV light (254 nm) and/or anisaldehyde—H,SO4—AcOH as detecting agent. Flash
column chromatography was performed on silica gel (Kieselgel 60, EM
Reagents, 230—400 mesh). The diastereoselectivity of the reaction was
determined by "H NMR spectroscopy of the crude product (after removal of the
ketone excess by column chromatography). Measurement of the integration of
the proton signal COCHCH(OH) in the two isomers indicated the ratios, while
the coupling constant between the protons COCHCH(OH) and COCHCH(OH)
of the products established the anti-aldol stereochemistry. In the case of 4-
methylcyclohexanone, the 2,4-trans relationship was based on NOESY
experiments. The enantiomeric excess of aldol products was determined by 'H
NMR experiments using Europium tris[3-(trifluoromethylhydroxymethylene)-(+)-
camphorate]. All chiral carbonyl compounds were used in racemic forms, except
for the 2,2-dimethyl-(S)-3-hydroxycyclohexanone.

General procedure for the aldolization reaction

A mixture of 3-nitrobenzaldehyde (75.8 mg, 0.50 mmol), the ketone (2.50
mmol), the catalyst (2 mol%) and water (1.0 mL) was stirred vigorously at RT for
the time indicated in Table 2. Once aldehyde consumption was complete (TLC
analysis), the reaction mixture was quenched by adding saturated aqueous
NH4CI solution, and extracted with CH,Cl, several times. The combined organic
layers were dried using MgSO,, concentrated, and the residue was purified by
flash chromatography on silica gel (cyclohexane/ethyl acetate: 3/1) to give the
aldol products (3-7) as yellow oils.

General procedure for the aldolization reaction in the presence of the
sugar media

A mixture of 3-nitrobenzaldehyde (75.8 mg, 0.50 mmol), ketone (2.50 mmol),
the catalyst (2 mol%), the sugar derivative (1.0 M) and water (1.0 mL) was
stirred vigorously at RT. After the time indicated in Table 2, the reaction mixture
was quenched by adding saturated aqueous NH4Cl solution, and extracted with
CH.CI, several times. The combined organic layers were dried with MgSQsa,
concentrated, and the residue was purified by flash chromatography on silica
gel (cyclohexane/ethyl acetate: 3/1) to give the aldol products (3-7) as yellow
oils.
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Analytical data of aldol products 3-7:
2-(Hydroxy-(m-nitrophenyl)methyl)cyclohexanone (3)

'"H NMR (400 MHz, CDCl3): 6= 8.17-8.14 (dt, 2H, J = 2.0 Hz, ArH), 8.11-8.04
(ddd, 2H, J = 8.4, 2.4, 1.2 Hz, ArH), 7.65-7.62 (m, 2H, ArH), 7.48 (dt, 2H, J =
8.4 Hz, ArH), 5.43 (syn; br s, 1H, CHCHOH), 4.88 (anti; dd, 1H, J = 8.4, 2.0 Hz,
CHCHOH), 4.15 (anti; d, 1H, J = 2.8 Hz, CHCHOH), 3.32 (syn; d, 1H, J = 3.2
Hz, CHCHOH), 2.65-2.57 (anti and syn; m, 2H, CHCHOH), 2.47-2.41 (m, 2H,
CHHC(0)), 2.39-2.30 (m, 2H, CHHC(O)), 2.10-2.02 (m, 2H, cyclohex-H), 1.84-
1.75 (m, 2H, cyclohex-H), 1.72-1.56 (m, 6H, cyclohex-H), 1.40-1.29 (m, 2H,
cyclohex-H) ppm.

3C NMR (100 MHz, CDCls): &= 214.7 (syn; C(O)), 213. 9 (anti; C(O)), 148.1 (Ar
C), 148.0 (Ar C), 143.9 (Ar C), 143.2 (Ar C), 133.1 (Ar CH), 131.9 (Ar CH),
129.1 (Ar CH), 128.9 (Ar CH), 122.6 (Ar CH), 121.9 (Ar CH), 121.8 (Ar CH),
120.7 (Ar CH), 73.7 (anti; CHCHOH), 69.7 (syn; CHCHOH), 56.9 (anti:
CHCHOH), 56.6 (syn; CHCHOH), 42.5 (CH,), 42.4 (CH.), 30.5 (CH,), 27.6
(CHa), 27.5 (CHy), 25.7 (CHy), 24.5 (CHy), 24.4 (CH2) ppm.

HRMS (ESI): calculated for (C13H1sNO4Na)'= [M+Na]™: m/z = 272.0898, found:
miz = 272.0897; calculated for (Ci4H1gNOsNa)'= [M+Na+CH3;OH]": m/z =
304.1160; found: m/z = 304.1160.

2-(Hydroxy-(m-nitrophenyl)methyl)-6-methoxycyclohexanone (4)

'H NMR (400 MHz, CDCls): 6= 8.21 (dd, 1H, J = 2.4, 2.0 Hz, ArH), 8.17 (m, 2H,
ArH), 8.14 (ddd, 1H, J = 8.4, 2.0, 0.8 Hz, ArH), 8.11 (ddd, 1H, J=2.4, 1.2, 0.8
Hz, ArH), 8.09 (ddd, 1H, J = 2.4, 1.2, 0.8 Hz, ArH), 7.70-7.64 (m, 3H, ArH),
7.54-7.49 (m, 3H, ArH), 5.45 (syn; br s, 2H, CHCHOH), 4.98 (anti; d, 1H, J =
8.4Hz, CHCHOH), 3.84 (m, 4H, anti CHCHOH and cyclohex-H-6), 3.47 and
3.46 (br s, 9H, CHj3), 3.27 (br s, 2H, CHCHOH), 2.69-2.60 (anti and syn; m, 3H,
CHCHOH), 2.39 (m, 3H, cyclohex-H-5),1.88 (m, 3H, cyclohex-H-4), 1.79-1.68
(m, 4H, cyclohex-H-3), 1.66-1.61 (m, 5H, cyclohex-H-4), 1.36-1.24 (m, 4H,
cyclohex-H-3) ppm.

3C NMR (100 MHz, CDCl3): 5= 211.7 (C(O)), 211.6 (C(O)), 148.3 (Ar C), 143.6
(Ar C), 143.1 (Ar C), 133.1 (Ar CH), 132.4 (Ar C), 131.9 (Ar CH), 130.8 (Ar CH),
129.3 (Ar CH), 129.2 (Ar CH), 128.8 (Ar CH), 122.9 (Ar CH), 122.2 (Ar CH),
121.8 (Ar CH), 120.7 (Ar CH), 84.6 (cyclohex-C-6), 84.5 (cyclohex-C-6), 73.2
(anti; CHCHOH), 69.6 (syn; CHCHOH), 58.1 (OCHs), 58.0 (OCHs), 56.7
(CHCHOH), 55.9 (CHCHOH), 34.8 (CHa), 34.7 (CHy), 31.1 (CHy), 30.3 (CH>),
30.2 (CHy), 29.6 (CHz), 28.9 (CHa), 26.1 (CHy), 23.7 (CH,), 22.9 (CH.), 22.6
(CHa), 22.4 (CH.) ppm.
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HRMS (ESI): calculated for (C14H17NOsNa)'= [M+Na]": m/z = 302.1004; found:
miz = 302.1004; calculated for (CisH2iNOeNa)'= [M+Na+CH3;OH]": m/z =
334.1266; found: m/z = 334.1277.

2-(Hydroxy-(m-nitrophenyl)methyl)-5-methylcyclohexanone (5)

'"H NMR (400 MHz, CDCl3): 6= 8.17-8.13 (dt, 2H, J = 2.0 Hz, ArH), 8.11-8.03
(ddd, 2H, J = 8.4, 2.4, 1.2 Hz, ArH), 7.66-7.60 (m, 2H, ArH), 7.50-7.44 (m, 2H,
ArH), 5.41 (syn; br s, 1H, CHCHOH), 4.87 (major anti; dd, 1H, J = 8.4, 2.4 Hz,
CHCHOH), 4.84 (minor anti; dd, 1H, J = 8.4, 2.8 Hz, CHCHOH), 4.18 (minor
anti; br d, 1H, J = 3.2 Hz, CHCHOH), 4.07 (major anti; br d, 1H, J = 3.2 Hz,
CHCHOH), 3.41 (minor syn; br d, 1H, J = 3.6 Hz, CHCHOH), 3.36 (major syn;
br d, 1H, J = 3.2 Hz, CHCHOH), 2.61-2.51 (anti and syn; m, 2H, CHCHOH),
2.43-2.36 (m, 2H, cyclohex-H), 2.22 (ddd, 1H, J = 13.2, 4.0, 1.6 Hz,
CHHCHHC(O)), 2.05 (m, 1H, cyclohex-H), 1.86-1.35 (series of m, 8H, cyclohex-
H), 1.32-1.16 (series of m, 2H, cyclohex-H), 0.98 (d, 3H, J = 6.4 Hz, CH3), 0.97
(d, 3H, J = 6.4 Hz, CH3), 0.92 (major anti; d, 3H, J = 6.8 Hz, CH3), 0.88 (d, 3H, J
= 6.4 Hz, CH3) ppm.

3C NMR (100 MHz, CDCl3): 6= 214.5 (C(0)), 214.2 (C(0)), 214.1 (C(0)), 213.3
(C(Q)), 148.0 (Ar C), 144.0 (Ar C), 143.9 (Ar C), 143.3 (major anti; Ar C), 143.2
(Ar C), 133.1 (Ar CH), 133.0 (major anti; Ar CH), 131.8 (major anti; Ar CH),
129.2 (Ar CH), 129.1 (Ar CH), 129.0 (Ar CH), 128.9 (Ar CH), 122.7 (major anti,
Ar CH), 122.6 (Ar CH), 121.9 (Ar CH), 121.8 (Ar CH), 121.8 (Ar CH), 121.7
(major anti; Ar CH), 120.7(Ar CH), 73.6 (minor anti; CHCHOH), 73.5 (major anti;
CHCHOH), 69.8 (minor syn; CHCHOH), 69.5 (major syn; CHCHOH), 56.6
(major anti; CHCHOH), 56.1 (CHCHOH), 56.0 (CHCHOH), 55.7 (CHCHOH),
50.5 (CHy), 50.4 (CH2), 48.5 (major anti; CH2), 35.4 (CH), 35.3 (CH), 33.1
(CHy), 33.0 (CHy), 31.9 (major anti; CH), 31.8 (CH), 29.9 (CH), 29.7 (major
anti; CHz), 29.4 (CHy), 26.7 (CH2), 26.6 (CH2), 25.5 (major anti; CHz), 24.5
(major anti; CHy), 22.1 (CHs), 22.0 (CHs), 18.8 (major anti; CHs), 18.4 (CHs)

ppm.

HRMS (ESI): calculated for (C14H17NOsNa)'= [M+Na]": m/z = 286.1055; found:
m/z = 286.1054.

2-(Hydroxy-(m-nitrophenyl)methyl)-4-methylcyclohexanone (6)

'"H NMR (400 MHz, CDCl3): 6= 8.17-8.13 (dt, 2H, J = 2.0 Hz, ArH), 8.11-8.03
(ddd, 2H, J = 8.4, 2.4, 1.2 Hz, ArH), 7.65-7.58 (m, 2H, ArH), 7.51-7.44 (m, 2H,
ArH), 5.41 (syn; br s, 1H, CHCHOH), 4.91 (major anti (2,4-trans); dd, 1H, J =
8.8, 2.0 Hz, CHCHOH), 4.83 (minor anti (2,4-cis); dd, 1H, J = 8.0, 2.0 Hz,
CHCHOH), 4.20 (minor anti; br d, 1H, J = 2.8 Hz, CHCHOH), 4.06 (major anti;
br d, 1H, J = 3.6 Hz, CHCHOH), 3.38 (minor syn; br d, 1H, J = 3.2 Hz,
CHCHOH), 3.34 (major syn; br d, 1H, J = 3.2 Hz, CHCHOH), 2.80-2.64 (anti
and syn; m, 2H, CHCHOH), 2.54-2.34 (m, 3H, cyclohex-H), 2.31 (m, 1H,
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CHCHz3), 2.10-1.66 (series of m, 4H, cyclohex-H), 1.58-1.48 (m, 2H, cyclohex-
H), 1.45-1.26 (m, 4H, cyclohex-H), 1.21-1.04 (m, 1H, cyclohex-H), 1.00 (major
anti; d, 3H, J = 6.8 Hz, CHs), 0.99 (minor anti; d, 3H, J = 7.2 Hz, CH3), 0.87
(major syn; d, 3H, J = 6.8 Hz, CH3), 0.85 (minor syn; d, 3H, J = 6.4 Hz, CHs)
ppm.

3C NMR (100 MHz, CDCls): &= 215.0 (C(0)), 214.7 (major anti; C(0)), 214.1
(C(0)), 213.9 (C(Q)), 148.1 (Ar C), 144.0 (Ar C), 143.9 (Ar C), 143.4 (major anti;
Ar C), 143.1 (Ar C), 133.2 (Ar CH), 133.0 (major anti; Ar CH), 131.8 (Ar CH),
129.2 (major anti; Ar CH), 129.1 (Ar CH), 129.0 (Ar CH), 128.9 (Ar CH), 122.7
(major anti; Ar CH), 122.6 (Ar CH), 121.9 (Ar CH), 121.8 (Ar CH), 121.7 (major
anti; Ar CH), 120.7 (Ar CH), 120.6 (Ar CH), 73.8 (major anti; CHCHOH), 73.7
(minor anti; CHCHOH), 70.1 (minor syn; CHCHOH), 69.4 (major syn;
CHCHOH), 55.8 (CHCHOH), 55.5 (CHCHOH), 53.0 (major anti; CHCHOH),
52.1 (CHCHOH), 41.7 (CHy), 41.5 (CHy), 38.3 (CH;), 38.1 (CH), 38.0 (major
anti; CHz), 36.0 (major anti; CH), 35.4 (CH,), 35.3 (CH), 33.4 (CHy), 33.0
(major anti; CHy), 32.7 (CHz), 31.3 (CH), 31.2 (CH), 26.7 (CH>), 26.5 (major
anti; CH), 26.4 (CH;), 21.1 (CHs), 20.9 (CHs), 18.3 (major anti; CHs), 18.1 (CHs)
ppm.

HRMS (ESI): calculated for (C14H17NOsNa)"= [M+Na]": m/z = 286.1055; found:
m/z = 286.1053.

2-(Hydroxy-(m-nitrophenyl)methyl)-6,6-dimethyl-(S)-5-
hydroxycyclohexanone (7)

'"H NMR (400 MHz, CDCl;): 6= 8.22-8.08 (series of m, 8H, ArH), 7.69-7.64
(series of br m, 4H, ArH), 7.51 (ddd, 4H, J = 10.8, 4.8, 2.8 Hz, ArH), 5.45 (syn;
br s, 1H, CHCHOH), 5.41 (syn; br s, 1H, CHCHOH), 4.89 (minor anti; dd, 1H, J
= 8.4, 2.4 Hz, CHCHOH), 4.82 (major anti; dd, 1H, J = 8.4, 2.8 Hz, CHCHOH),
4.20 (minor anti; br d, 1H, J = 2.8 Hz, CHCHOH), 4.04 (major anti; br d, 1H, J =
3.2 Hz, CHCHOH), 3.89 (br s, 2H, CH(OH)cyclohex), 3.51 (dd, 2H, J=11.2, 4.4
Hz, CH(OH)cyclohex), 3.24 (syn; br s, 1H, CHCHOH), 3.16 (syn; d, 1H, J = 3.2
Hz, CHCHOH), 2.86 (anti and syn; ddd, 3H, J = 8.4, 6.0, 2.4 Hz, CHCHOH),
2.20 (anti/syn; dd, 1H, J = 13.6, 4.4Hz, CHCHOH), 2.13-2.04 (m, 3H, cyclohex-
H), 1.96 (m, 5H, cyclohex-H), 1.82-1.45 (series of m, 9H, cyclohex-H), 1.40 (m,
1H, cyclohex-H), 1.26 (s, 3H, CH3), 1.25 and 1.24 (br s, 6H, CH3), 1.22 (s, 3H,
CHs), 1.17 and 1.16 (br s, 12H, CH3) ppm.

3C NMR (100 MHz, CDCls): 6= 217.8 (C(O)), 216.9 (C(0)), 216.4 (C(0)), 215.7
(C(0)), 167.8 (C), 148.3 (Ar C), 144.0 (Ar C), 143.8 (Ar C), 143.3 (Ar C), 143.1
(Ar C), 133.3 (Ar CH), 133.1 (Ar CH), 132.4 (C), 132.1 (Ar CH), 131.9 (Ar CH),
130.9 (Ar CH), 129.4 (Ar CH), 129.2 (2 Ar CH), 129.1 (Ar CH), 128.8 (Ar CH),
122.9 (Ar CH), 122.8 (Ar CH), 122.2 (Ar CH), 122.1 (Ar CH), 122.0 (Ar CH),
121.9 (Ar CH), 120.9 (Ar CH), 120.8 (Ar CH), 79.1 (CH(OH)cyclohex), 78.7
(CH(OH)cyclohex), 76.8 (CH(OH)cyclohex), 76.6 (CH(OH)cyclohex), 74.0 (anti;
CHCHOH), 73.8 (anti; CHCHOH), 70.1 (syn; CHCHOH), 69.9 (syn; CHCHOH),
52.1 (CHCHOH), 51.7 (CHCHOH), 51.6 (CHCHOH), 51.2 (CHCHOH), 43.7 (C),



Electronic Supplementary Material (ESI) for Green Chemistry
This journal is © The Royal Society of Chemistry 2011

S6

43.6 (C), 43.4 (C), 43.3 (C), 30.3 (CH,), 30.1 (CHp), 27.5 (CHy), 27.4 (CHy),
26.8 (CHa), 23.7 (CH>), 22.9 (CH,), 21.0 (CH3), 20.9 (CH3), 20.6 (CH3), 20.5
(CH3), 18.8 (CH,), 18.6 (CH3), 18.5 (CHs), 14.0 (CH3), 10.9 (CH3) ppm.

HRMS (ESI): calculated for (C1sH1sNOsNa)*= [M+Na]*: m/z = 316.1160; found:
miz = 316.1160; calculated for (CisH1sNOsK)'= [M+Na]': m/z = 332.0900;
found: m/z = 332.0912.
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Ethanolamine as catalyst in water
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Ethanolamine as catalyst with ethyl sugar 2b
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(R)-3-pyrrolidinol as catalyst in water
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rac-pyrrolidinol as catalyst in water
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Pyrrolidine as catalyst in water
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(R)-3-pyrrolidinol as catalyst with ethyl sugar 2b (1.5 equiv. aldehyde)

Electronic Supplementary Material (ESI) for Green Chemistry
This journal is © The Royal Society of Chemistry 2011

| o
— S
o
= b3t |
- — === 042
3et | L
108 - T == | 185
B s —
Stz T T 477
. === 145
T S
P12 R
- === | 278
e e 0137
-— - 009 |
r 0.31
o
- ——— - o096 | "
H _ ——— 1.03
— 1.00 \\0.
© —_—_— 100
- — 010
L ——— 033
: ]
o o
-9 m
L S
L —
>
S
—— [ )
s r by - — — — 143
- — = > 084 Q - — — > 139
-— - 109 [ — :
BT B
o e,
= o ~ —~ e {3
- = === - §f§ | o
c
r =
= o
i
m.
- ~l

0.0

5.0




Electronic Supplementary Material (ESI) for Green Chemistry
This journal is © The Royal Society of Chemistry 2011

S16

L-prolinol as catalyst with ethyl sugar 2b
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Compound 4

(R)-3-pyrrolidinol as catalyst in water
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(R)-3-pyrrolidinol as catalyst with ethyl sugar 2b
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Compound 5

(R)-3-pyrrolidinol as catalyst in water

~1.00

— 0.62

gsee

€96 —
Yor'e —
er'e —

8907
90y ——
8yl Y ——

8LLY ——
8Ly ——

Ly'S

0.69

0.24

1.00

0.62

\
3.50

4.00

\
4.50

\
5.00

\
5.50



Electronic Supplementary Material (ESI) for Green Chemistry
This journal is © The Royal Society of Chemistry 2011

S21

ot

»

e M

»»

s

—

ppm (t2)

6592z —//
v19'8ZL ——
v¥6'82L ——

€0E€LZ
990LZ ——
S8LvLE
825V ——

AN

\H

L

50

{
100

\
150

{
200

ppm (t1)



Electronic Supplementary Material (ESI) for Green Chemistry
This journal is © The Royal Society of Chemistry 2011

S22

[ee] v w0 [se)
8 g g g
< < < P
& & & &
- \ f‘/ \‘ ‘/— ‘\‘/” ~
r || V]
|| I | |
| ‘v‘ |
| | |
| I
xq |
|
| |
| |
[
I
214.50 214.00 21350
ppm (t1)
_JMJ\_JUM | Lo ﬂmmm
;; S 0w
=S e T
E Eogr
p— £ .
ar - -
E— 35
T T T ‘ T T T T ‘ T T T T ‘ T ‘ ‘ | ‘ T ‘
8.0 7.0 6.0 5.0 4.0 3.0 20 1.0

ppm (t2)




Electronic Supplementary Material (ESI) for Green Chemistry

This journal is © The Royal Society of Chemistry 2011

e-ab-11-74bontzol

Ll

A3-ncesyph CDC13

S23

[C:

[
4
+ -
t ¢
$ °
+ -
——— -

\spectres) passeur 1

all guest

JTe

2

<

N" h!"f)l-‘x s

.

—

F2 [ppm]

F1 [ppm]

T
2



S24
(R)-3-pyrrolidinol as catalyst with ethyl sugar 2b
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Compound 7

(R)-3-pyrrolidinol as catalyst in water
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(R)-3-pyrrolidinol as catalyst with methyl sugar 2a
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(R)-3-pyrrolidinol as catalyst with ethyl sugar 2b
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(R)-3-pyrrolidinol as catalyst with propyl sugar 2c
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(R)-3-pyrrolidinol as catalyst with allyl sugar 2d
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(R)-3-pyrrolidinol as catalyst with pentenyl sugar 2e
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Compound 7

(R)-3-pyrrolidinol as catalyst in water
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(R)-3-pyrrolidinol as catalyst with ethyl sugar 2b
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Europium experiments

Compound 3 - Ethanolamine as catalyst in water
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Compound 3 - (R)-3-pyrrolidinol as catalyst in water
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Compound 3 - (R)-3-pyrrolidinol as catalyst with saccharose 1
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Compound 3 - Pyrrolidine as catalyst in water
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Compound 6 -(R)-3-pyrrolidinol as catalyst with methyl sugar 2a
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Compound 6 -(R)-3-pyrrolidinol as catalyst with allyl sugar 2e

< O N~ — O N © «— < ~ oM ™ 0
N~ < NO I M N o © o« O
&K N A= =25 &1 83
0 v v LWL WL v v W < < < <
|
|
w
I
I
|
\
I
1
I
il
|
I ‘ \
i Il
‘ “\ | ‘ A
{ [RVA
i ‘ I ;
Il I I
(11 |- I
[ ‘ I [ I
| || | [
‘ \ ‘ i
H‘ | i “‘ | ‘3\
[ Lol N . n
LA Nl [ | [
Ry LY I { [
AN Fau \ [ A
| W e T/ I 4
LU VoL Y \ H |
Y )N \ I :
1L /
VA»/ \W/ Mt ww\‘vJ\jtJ
L | ; | J L ;
o -~ o o IS o
~ o w N © (2]
> s X & & R
T T T T ‘ T T T T ‘ T T T T I T T T ]
5.50 5.00 4.50 4.00



Electronic Supplementary Material (ESI) for Green Chemistry
This journal is © The Royal Society of Chemistry 2011

S43

NMR Study for Interaction of 2d, Cyclohexanone and the Catalyst
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Figure S1. NMR study for the interaction between the sugar and (R)-3-
pyrrolidinol (10 mol%) in the presence of increasing amounts of cyclohexanone.
Only the signals of the allyl group in the sugar 2d are shown.
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Figure S2. NMR study for the interaction between the sugar and different
amounts of cyclohexanone. Only the signals of the allyl group in the sugar 2d
are shown.



