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Abstract

Two new pyridine-based asymmetric bifunctional organocatalysts containing one or two camphorsulfonamide units were synthesized.
Asymmetric Michael addition of pentane-2,4-dione to B-nitrostyrene was catalyzed by these organocatalysts. During our experiments,
influence of the solvent and temperature on the yield and enantioselectivity was studied. Using monocamphorsulfonamide derivative
the S enantiomer of the corresponding Michael adduct was gained with moderate yield (up to 51 %) and low enantiomeric excess
(up to 18 %). Organic solvent nanofiltration was successfully applied for the recovery of these organocatalysts. Furthermore, pyridine
camphorsulfonamide was reduced to its piperidine derivative. Using piperidine monosulfonamide derivative racemic Michael adduct

was obtained with excellent yield (up to 89 %). Beside its organocatalytic relevance, piperidine monosulfonamide derivative may also

possess biological activity.
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1 Introduction

Undoubtedly, using a catalytic amount of chiral controller
is an elegant and economically attractive way to introduce
chirality into a molecule. Among enantioselective reac-
tions, methods based on metal-free chiral organocatalysts
have become more significant [1-3]. We can state that asym-
metric organocatalysis is one of the most rapidly growing
research areas in synthetic organic chemistry [4, 5].

The application of camphor derivatives in asymmet-
ric organic reactions is a well-known method for chiral-
ity transfer. Camphor is one of nature's privileged scaf-
folds, readily available in both stercoisomers, and it can
be easily altered to provide a wide range of optically active
compounds [6]. As important members of the camphor
family, camphorsulfonamides were applied first as chi-
ral auxiliaries [7-10], later as enantioselective organocata-
lysts [11-16]. One of these reactions is the organocatalytic
asymmetric Michael reaction, which is a powerful syn-
thetic method to generate new carbon—carbon bond with

concomitant formation of a new stereogenic center [17-23].
Therefore, it can be applied in the synthesis of biologically
important pharmaceuticals and chiral precursors for the
synthesis of bioactive compounds (Fig. 1). [24-26]

Recently Huang et al. [15] prepared camphorsulfon-
amide type organocatalysts and they demonstrated that
the camphorsulfonamide group can enhance the effective-
ness of asymmetric Michael reaction. Beside their poten-
tial organocatalytic activity, piperidine-based camphor-
sulfonamides may have biological activity. [27, 28]

The potential for realizing synergies based on combining
membrane separations with chemical processing in industry
is expanding with the development of solvent-resistant nano-
filtration membranes. Organic solvent nanofiltration (OSN)
is an emerging technology that allows separation of solutes
between 50 and 2000 g'mol! via pressure gradient [29].
OSN processes are considered to be sustainable, and there
are recent attempts to improve the greenness of membrane
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Fig. 1 Biologically active compounds synthesized by asymmetric
Michael addition [27-31].

fabrication as well with the overall aim to improve the life
cycle assessment (LCA) of the field [30, 31]. Consequently,
OSN is an attractive approach for process intensification via
soluble catalyst recovery [32, 33], pharmaceutical purifica-
tion [34, 35], and iterative synthesis [36, 37].

Recently, we presented a preliminary study for the
potential application of nanofiltration in the purification
and recovery of crown ethers [38] and cinchona organo-
catalysts [39]. In continuation of these studies, our atten-
tion turned to the recycling of other types of catalysts.
This article presents a preliminary study for exploring
the potential of OSN in the recovery of camphorsulfon-
amide-based organocatalysts. Regarding these results,
we are focusing on introducing some new, easily accessi-
ble bifunctional pyridine and piperidine-camphorsulfon-
amide-type organocatalysts, which can be recovered by
OSN. To study the catalytic activity of enantiopure cam-
phorsulfonamide derivatives, we apply them in asymmet-
ric Michael addition reaction. Moreover, piperidine-based
camphorsulfonamide is among the potential bioactive
compounds with high pharmaceutical relevance.

2 Experimental

2.1 Methods of characterization

IR were recorded on a Bruker Alpha-T FT-IR spectrom-
eter. Optical rotations were taken on a Perkin-Elmer
241 polarimeter (calibrated by measuring the optical rota-
tions menthol). NMR spectra were recorded either on a
Bruker DRX-500 Avance spectrometer or on a Bruker
300 Avance spectrometer. LC-MS was performed on an
HPLC system using Gemini RP C18 column (150 x 4.6
mm, 3 pm, 256 nm, 40 °C, 0.6 mL/min, gradient elution:
water (0.1 % NH,HCO,) — acetonitrile (0.1 % NH,HCO,
+ 8 % water)) in ESI mode. Elemental analyses were per-
formed on a Vario EL III instrument (Elementanalyze
Corp., Germany) in the Microanalytical Laboratory of the
Department of Organic Chemistry, Institute for Chemistry,
E6tvés Lorand University, Budapest, Hungary. Melting
points were taken on a Boetius micro-melting point

apparatus (uncorrected). The enantiomeric ratios of the
samples were determined by chiral HPLC measurements
using reversed phase mode (Thermo Finnigan Surveyor
LC System, Phenomonex Lux Cellulose-3 column (3 um,
250 x 4.6 mm), eluent CH,CN / 20 mM NH,OAc in H,O =
40/60, UV detector 222 nm, 0.6 mL-min’', 20 °C, retention
time for (R)-8: 11.9 min, for (5)-8: 14.2 min).

Note: In our reactions we used a chlorinated solvent
(DCM), but tert-butyl methyl ether, 2-methyltetrahydrofuran
or dimethyl carbonate should be used instead. Experiments
are in progress to change DCM to green solvents, and results
will be published as soon as the work on it is finished.

2.2 Materials

Starting materials were purchased from Aldrich Chemical
Company. Silica gel 60 F,, (Merck) plates were used for
TLC. Silica gel 60 (70-230 mesh, Merck) were used for
column chromatography. Ratios of solvents for the eluents
are given in volumes (mL-mL™). Evaporations were car-
ried out under reduced pressure.

2.3 Preparation of (+)-1-[(15)-7,7-Dimethyl-2-
oxobicyclo[2.2.1]heptan-1-yl]-N-(6-methylpyridin-2-yl)
methane sulfonamide [(5)-1]

To a solution of 2-amino-6-methylpyridine (4, 100 mg,
0.925 mmol) and TEA (145 pL, 103 mg, 1.017 mmol) in DCM
(10 mL) was added a solution of (15)-(+)-10-camphorsulfonyl
chloride (255 mg, 1.017 mmol) in DCM (10 mL) at 0 °C and
the resulting mixture was stirred at room temperature over-
night. After the reaction was completed, the solution was
poured into water (30 mL), and was extracted with DCM
(3 x 30 mL). The combined organic phase was dried over

Fig. 2 Synthesized new camphorsulfonamide derivatives



anhydrous MgSO,, filtered and the solvent was evaporated.
The crude product was purified by column chromatography
on silica gel (1:6 MeOH-toluene) to give camphorsulfon-
amide (S)-1 (288 mg, 87 %) as an off-white solid.

Mp: 101-102 °C (MeOH); R,: 0.39 (silica TLC, MeOH~—
toluene 1:6); a®, ;= +9.2 (¢ 1.00, DCM); IR (KBr) v, 3102
(v, NH), 2956 (v, CH), 2889 (v, CH), 1740 (v, C=0),
1617 (v, =CH, Py), 1579 (v, =CH, Py), 1454 (¢, CH,), 1414
6, CH;and g, CH,), 1391 (6, CH,), 1351 (v _, SO,), 1272
(» C-N), 1124 (v, SO,), 791 (y, =CH, Py), 763 (7, =CH,
Py) em™; 'TH NMR (300 MHz, CDCL,) 6 (ppm) 0.86 (s, 3H,
CH,), 1.09 (s, 3H, CH,), 1.44-1.50 (m, 1H, camphor H-6),
1.93-1.99 (m, 2H, H-5 and 5'), 2.06-2.12 (m, 2H, H-6' and
H-4), 2.29-2.37 (m, 2H, camphor H-3 and 3'"), 2.50 (s, 3H,
Py-CH,), 3.15 (d, J= 15 Hz, 1H, CH,), 3.59 (d, J = 15 Hz,
IH, CH)), 6.65 (d, J = 7.5 Hz, 1H, pyridyl-H-3), 7.00
(d, J =175 Hz, 1H, pyridyl-H-5), 7.56 (¢, J = 7 Hz, 1H,
pyridyl-H-4), 10.17 (br. s, IH, NH); *C NMR (75.5 MHz,
CDCL,) 6 (ppm) 19.8 (camphor CH,), 19.9 (camphor CH,),
21.8 (Py-CH,), 25.2 (camphor), 27.0 (camphor), 42.7 (cam-
phor), 42.8 (camphor), 48.4 (camphor), 50.2 (camphor),
58.7, 114.3 (pyridyl), 114.6 (pyridyl), 140.6 (pyridyl),
151.2 (pyridyl), 153.3 (pyridyl), 215.9 (C=0); Anal. calcd
for C, H. N.O.S: C, 59.60; H, 6.88; N, 8.69; S, 9.95. Found:

1677227 273

C, 59.42; H, 6.97; N, 8.68; S, 9.99.

2.4 Preparation of (+)-(S)-V,V'-(Pyridine-2,6-diyl)
bis(1-((1S)-7,7-dimethyl-2-oxobicyclo[2.2.1]heptan-1-
yl)methanesulfonamide) [(S.,S)-2]
Toasolution of 2,6-diaminopyridine (5, 100 mg, 0.916 mmol)
and TEA (280 uL, 204 mg, 2.016 mmol) in DCM (10 mL)
was added a solution of (15)-(+)-10-camphorsulfonyl chlo-
ride (505 mg, 2.016 mmol) in DCM (10 mL) at 0 °C and
the resulting mixture was stirred at room temperature over-
night. After the reaction was completed, the solution was
poured into water (30 mL), and was extracted with DCM
(3 x 30 mL). The combined organic phase was dried over
anhydrous MgSO,, filtered and the solvent was evaporated.
The crude product was purified by column chromatography
on silica gel (1:5 IPA—toluene) to give biscamphorsulfon-
amide (S,5)-2 (408.8 mg, 83 %) as a pale yellow oil.

R,: 0.42 (silica TLC, MeOH-toluene 1:6); a”,, = + 1.4
(¢ 1.00, DCM); IR (film) v 3250 (v, , NH), 2961 (v, CH),
1735 (v, C=0), 1598 (v, =CH, Py), 1586 (v, =CH, Py), 1459
(v, =CH, Py), 1415 (0,, CH,; and 8, CH,), 1332 (v, SO,),
1137 (v, SO,), 911 (7, S-N), 790 (y, =CH, Py), 728 (5, CH,)
cm’; '"H NMR (500 MHz, CDCL,) J (ppm) 0.91 (s, 6H,
2 x CH,), 1.07 (s, 6H, 2 x CH,), 1.44-1.50 (m, 2H, 2 x
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camphor H-6), 1.93-1.99 (m, 4H, 2 x camphor H-5, H-5"),
2.02-2.09 (m, 2H, 2 x camphor H-6"), 2.11-2.13 (m, 2H,
2 x camphor H-4), 2.29-2.33 (m, 2H, 2 X camphor H-3),
2.38-2.43 (m, 2H, 2 x campyhor H-3"), 3.37 (d, J = 15 Hz,
2H, CH,), 3.94 (d,J = 15 Hz, 2H, CH,), 6.91 (d, /= 7.5 Hz,
2H, pyridyl-H-3 and H-5), 7.66 (¢, J = 8 Hz, 1H, pyr-
idyl-H-4), 8.26 (br. s, 2H, NH); *C NMR (125 MHz,
CDCl,) 6 (ppm) 19.7 (CH,), 19.9 (CH,), 26.4 (camphor), 27.2
(camphor), 43.0 (camphor), 48.9 (camphor), 51.0 (camphor),
59.2, 107.1 (pyridyl), 141.1 (pyridyl), 150.5 (pyridyl), 215.8
(C=0); Anal. calcd for C,_ H..N.O S : C, 55.84; H, 6.56; N,

2577357 376 °2°

7.81; S, 11.93. Found: C, 55.78; H, 6.62; N, 7.80; S, 11.95.

2.5 Preparation of (5)-(-)-3-(2-Nitro-1-phenylethyl)
pentane-2,4-dione [(S)-8]

Organocatalyst (S)-1 or (S)-3 (0.3 eq) and p-nitrostyrene
(7, 1.0 eq) were added to a solution of pentane-2,4-di-
one (6, 2.5 eq) in different solvents (Table 1-2). The reac-
tion mixture was stirred at room temperature or at 50 °C.
After 48 h, the solvent was removed. The crude product was
purified by preparative thin layer chromatography on silica
gel (2:1 hexane—ethyl acetate) to give Michael adduct 8 as a
white solid (yields and e.e. values can be seen in Table 1-2).

Table 1 Michael Addition of acetylacetone (6) to nitrostyrene (7)
catalyzed by (S5)-1'

o o
T -
.
.
Entry Solvent yieldI/(ere (%) yiel(sl(; eec(%)
1 MTBE 5/0 13/0
2 CH,CI, 217 1710
3 toluene 1/18 23/12
4 IPA 102 70
5 CH,CN 200 512

M.p.: 123126 °C (lit. mp: 124-126 °C, [40]); a” ;= + 1.3
(¢ 0.32, CHCI,, 17 % ee); lit. o”,; =+ 196.7 (c 1.01, CHCL,,
88 % ee, [40]); R,: 0.39 (silica TLC, acetone—chloroform
1:100). The obtained product had the same spectroscopic
data than those of reported [40].

1 Reaction conditions: pentane-2,4-dione (2.5 eq), nitrostyrene (1 eq),
organocatalyst (0.3 eq), solvent (0.5 mL), 48 h and at room tempera-
ture or 50 °C. Conversion and enantiomeric excess were determined by
LCMS and chiral HPLC, respectively.

2 IPA: 2-propanol
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2.6 Preparation of (+)-1-[(15)-7,7-Dimethyl-2-
oxobicyclo[2.2.1]heptan-1-yl]-NV-(6-methylpiperidin-2-
yl) methane sulfonamide [(S)-3]
The hydrogenation reaction was carried out in an
80 mL stainless steel autoclave (Technoclave, Budapest,
Hungary) equipped with a magnetic stirrer (stirring
speed: 1100 rpm). The reactor containing sulfonamide
(8)-1 (300 mg, 0.930 mmol), 10 % Pd/C (Selcat Q) catalyst
(120 mg) and MeOH (20 mL) was flushed with nitrogen
and hydrogen, then charged with hydrogen (12 bar) and
heated to 80 °C. After the reaction was completed (8 h),
the catalyst was filtered off and the solvent was removed to
yield (S)-3 (242 mg, 78 %) as a colourless oil. The product
was used without further purification.

R,: 0.78 (silica TLC, DCM-MeOH 1:20); @, = + 31.2
(c 1.00, DCM); IR (KBr) v, 3277 (v,, NH), 3158, 2960
(v,, CH), 2928,2887 (v, CH), 1738 (v, C=0), 1596 (5, NH),
1457 6,, CH,; and 8, CH2), 1327 (v, SO,), 1123 (v, SO,),
813 (y, N-H) cm™; 'H NMR (500 MHz, CDCl,) 6 (ppm)
0.85 (s, 3H, camphor CH,), 1.07 (s, 3H, camphor CH,),
1.31 (dd, J = 6.5, 3.8 Hz, 3H, piperidine CH,), 1.36-1.48
(m, 2H), 1.64-1.77 (m, 1H), 1.80-1.99 (m, 4H), 1.99-2.07
(m, 1H), 2.09 (¢, J = 4.5 Hz, 1H), 2.31-2.58 (m, 5H), 2.95
(dd,J=14.5,3 Hz, 1H), 3.47 (d,J= 15 Hz, 1H, CH,), 3.48
(d,J=15Hz, 1H, CH,), 3.54-3.64 (m, 1H), 8.37 (d,J=11.5
Hz, 1H, NH); "C NMR (125 MHz, CDCL,) ¢ (ppm) 18.5,
18.6, 19.8 and 19.8, 22.3,24.3 and 24.4, 27.0, 29.5 and 29.6,
30.7 and 30.7, 42.6 and 42.6, 42.7 and 42.7, 48.2 and 48.2,
49.2, 49.6 and 49.6, 50.7, 58.2 and 58.2, 215.8 and 216.0;
Anal. caled for C_ H N O.S: C, 58.50; H, 8.59; N, 8.53; S,

167728 273

9.76. Found: C, 58.48; H, 8.62; N, 8.50; S, 9.79.

3 Results and discussion

3.1 Synthesis and application of new, enantiopure
pyridine-camphorsulfonamide derivatives

Our aim was to prepare new camphorsulfonamide deriva-
tives as potential bifunctional organocatalysts. The simul-
taneous activation of the electrophile by the hydrogen
bond donor sulfonamide unit and the nucleophile by the
Bronsted basic group (pyridine nitrogen) together with
the chiral camphor-skeleton, should provide enough inter-
action between the reactants and the organocatalyst to
accomplish enantioselective reactions.

As starting materials for this synthetic strategy, the rel-
atively cheap and commercially available 2-amino-6-meth-
ylpyridine (4) and 2,6-diaminopyridine (5) were chosen.
These amines were transformed to their mono- [(S)-1] and
bissulfonamide [(S,5)-2] derivatives (Fig. 3), respectively, by

Table 2 Michael Addition of acetylacetone to nitrostyrene
catalyzed by (5)-3°

o o N2 oSt M
Ja g B
. , 48h moz
(S)-8
RT 50 °C
Entry Solvent yield / ee yield / ee
1 MTBE 74/4 55/0
2 CH,CL, 57/0 87/3
3 toluene 26/0 60/0
4 IPA 71/0 28/0
5 CH,CN 89/1 87/1
(¢}
. — .SZ
Z X" N N
X" N NH, TEA, DCM H
Cam
4 (X =CHy3) (S)-1 (X = CHs3) (87%)

or or
5 (X = NH,) (S,5)-2 (X = NH,S0,Cam) (83%)

(@]
Cam:

Fig. 3 Synthesis of camphorsulfonamide derivatives (5)-1 and (S,S)-2

treating with one or two equivalents of (S)-camphorsulfonyl
chloride in the presence of triethylamine (TEA).

New organocatalysts (S)-1 and (S,5)-2 were used in
the Michael addition of pentane-2,4-dione (6) to B-nitro-
styrene (7) (Table 1). The reactions were carried out in
five different solvents using 30 mol% catalyst. Compound
(S,5)-2 showed no catalytic activity. Using (S)-1 as a cat-
alyst at room temperature, both the yield and the enan-
tiomeric excess were low. Increasing the temperature to
50 °C resulted in a small (MTBE, toluene) or significant
(CH,CN) improvement in the yield, while the enantiose-
lectivity of the reaction remained low.

3.2 Catalyst recovery via nanofiltration

Preliminary studies were carried out to evaluate the fea-
sibility of OSN for recovery of camphorsulfonamides
(8)-1 and (S,S5)-2. Membranes were fabricated based on
recently established method [41, 42]. Polybenzimidazole
membranes (18 wt% and 22 wt% denoted as 18 PBI and
22 PBI) crosslinked with a,a'-dibromo-p-xylene were
used for the filtration studies. Solutes were dissolved in
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Fig. 4 Schematic diagram of the utilized nanofiltration process

toluene (0.1 g'L") and loaded into the nanofiltration rig.
The nanofiltration was carried out in cross-flow configura-
tion with 100 L-h! recirculation at 30 bar (Fig. 4).

Permeate flux was measured and permeate and reten-
tate samples were taken at steady state after approximately
4 h of continuous operation. Solvent fluxes () and sol-
ute rejections (R) were calculated as given in Eq. (1)* and
Eq. (2)4, respectively:

F=V, -4t )

R =1-c¢, -c;' . 2

X P.x : R,x

The experimental rejections obtained for (S)-1 and
(S,5)-2 in THF, IPA and toluene’® at 30 bar using 18 PBI
and 22 PBI are demonstrated in Fig. 5(A). The correspond-
ing solvent fluxes are shown in Fig. 5(B).

As expected, the tighter membranes (22 PBI) have
higher camphorsulfonamide rejection but lower flux
values. Due to the larger molecular weight, (S,5)-2 has
higher rejection compared to (S)-1 in all the tested sol-
vents and membranes. The obtained rejection values also
reveal that the rejection difference between the sulfon-
amides is smaller for the tighter membranes irrespec-
tively of the solvent. The catalyst rejections vary between
48 % and 99 %. Efficient recovery necessitates rejections
of virtually 100 %. Consequently, both IPA and THF can
be used for nanofiltration with 22 PBI featuring a modest

3 F: permeate flux, V,: volume of permeate, 4, : membrane area, : time
4 R : rejection of compound x, ¢, : permeate concentration of compound
X, ¢, : retentate concentration of compound x.

5 Solvent selection was based on their different chemical characteristic
(ether, alcohol and aromatic compound), also, industrial utilization as
solvent was considered.
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Fig. 5 Rejection of camphorsulfonamides on polybenzimidazole
membranes at 30 bar (A) and the corresponding solvent flux values (B)

20 L'm?h' and an excellent 82 L-m2h' fluxes,
respectively.

Nanofiltration processes are usually operated in diafil-
tration mode. Based on the experimentally obtained
rejection values, Fig. 6 shows the simulated concentration
profile of the compounds during single-stage diafiltration.

0.9 T 99%,

8
0.6 4
0.5 A
0.4 1
0.3 1
0.2 1
0.1 1 H”““
0 I I I l I
i} 2 : | |
Diavolumes (-)

Normalised Concentration (-)

- -]

Fig. 6 Simulated camphorsulfonamide concentration profiles.®

6 The solute rejection values are given as percentages on the plot, from
top to bottom: (S,5)-2 on 22 PBI in THF, (S)-1 on 22 PBI in IPA, (S)-1 on
22 PBI in THF and (S,S)-2 on 18 PBI in IPA.



494 | Kisszékelyi et al.
Period. Polytech. Chem. Eng., 62(4), pp. 489-496, 2018

These results confirm that OSN can be practically
used for the recovery, only when rejections are > 98 %.
Insufficient rejection leads to significant catalyst loss
during single-stage nanofiltration process. For instance,
93 % rejection results in 50 % catalyst loss in 10 diavol-
ume processing time. However, recent process advance-
ment of the OSN field suggests that employing a three-
stage cascade configuration can address the inherent
limitation of diafiltration processes: low yield and high
solvent consumption [43-46]. Moreover, solvent treatment
of the PBI membranes could also enhance the process per-
formance [47]. OSN can be synergistically combined with
adsorption processes to achieve better performance, i.e.
improved yield or purity [48]. Based on our preliminary
nanofiltration results, we plan to enhance the organocata-
lyst recovery via cascade approach and hybrid processes.

3.3 Synthesis and application of new, enantiopure
piperidine-camphorsulfonamide derivative
Considering the low reaction yields of the Michael reac-
tion (Table 1) catalyzed by (S)-1, and the fact, that (S,5)-2
has not been eligible for the addition reaction, we assumed
that K, of the basic pyridine nitrogen is not high enough.
Thus, it is conceivable that if we increase the basicity of
the corresponding nitrogen, then higher conversion could
be achieved. Accordingly, we synthesized analogue piper-
idine derivative (S)-3 by catalytic hydrogenation of (S)-1
(Fig. 7) using our published method [38].

The newly prepared piperidine derivative (S)-3 was
also applied in Michael addition reaction (Table 2). As a
confirmation of our assumption, the reaction yields at
room temperature were significantly higher than in case
of catalyst (S)-1.

Increasing the temperature to 50 °C resulted in higher
yields in toluene and DCM, while using MTBE or IPA pro-
vided a decrease in the amount of products due to appear-
ance of side-products. The products isolated at both tem-
peratures were practically racemic. The best yield (89 %)
was achieved in acetonitrile at room temperature.

Since the size of compounds (5)-1 and (S5)-3 are almost
equivalent, presumably their rejection is also identical.
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Fig. 7 Synthesis of camphorsulfonamide derivative (S)-3

In consideration of the results of the catalyzed Michael
reactions at room temperature, among the examined mem-
brane separation combinations, IPA can be the appropriate
solvent for recycling both organocatalysts.

4 Conclusion

The applications of three easily synthesized camphor-
sulfonamide organocatalysts [(S)-1, (S,S)-2 and (5)-3] in
Michael addition reaction have been presented. However,
using pyridine-monocamphorsulfonamide (S)-1 only
moderate yield and low enantioselectivity were achieved.
The piperidine-based (S)-3, thanks to its higher basic-
ity, gave racemic Michael adduct with higher yield (up to
89 %). The effect of solvent and temperature was consid-
ered, using acetonitrile at room temperature resulted in
the most effective transformation without appearance of
side-products.

The feasibility of OSN for recovery of organocatalysts
[(S)-1 and (S,S)-2] was also demonstrated. Both IPA and
THF can be used for nanofiltration with 22 PBI mem-
brane featuring modest and excellent fluxes, respectively.
The hybrid process including the application and recovery
of the new organocatalysts will be reported as soon as that
work is finished.
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