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A rosin by any other name: Magnetic- controlled synthesis of chiral f-amino
nanoparticle-supported bifunctional acids. Boc = tert-butoxycarbonyl,
rosin-derived tertiary amino thiourea Bn=benzyl.

catalysts are developed for the stereo-
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The Mannich reaction is one of the most versatile and attrac-
tive methods for the construction of nitrogen-containing com-
pounds in organic synthesis." In particular, p-amino-carbonyl
derivatives constitute a class of compounds that can be readily
converted into valuable synthetic building blocks or biological-
ly active molecules.”’ Optically active f-amino acids have been
found both in a series of biologically active natural peptides
and as an important active structural element in synthetic pep-
tides, which have shown potent biological and pharmaceutical
activities, including clinically useful antibacterial activity, stabili-
ty towards enzymatic degradation, and inhibition of lipid
uptake.®># Thus, the design and development of efficient
asymmetric synthetic methods for the preparation of their
enantioenriched forms is appealing. To date, many asymmetric
catalytic procedures have been reported for the construction
of 3-amino acids through the Mannich-type reactions of enoliz-
able carbonyl compounds with imines®™ or a-amido sulfones.®
Although a-amido sulfones have been shown to be conven-
ient and stable precursors for the in situ generation of carba-
mate-protected imine acceptors, apart from some recently re-
ported examples,” cinchona-alkaloid derivatives are almost-ex-
clusively employed in all of the related asymmetric Mannich-
type reactions.”® Therefore, the stereocontrolled synthesis of f-
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amino acids by using efficient organocatalysts through the
in situ generation of carbamate-protected imines remains chal-
lenging and elusive.

Table 1. Screening of various solvents and temperatures in the reaction
of a-amido sulfone 2a with dibenzyl malonate.”

(18,25)-L1
(1R,2R)-L1

(1S,25)-L2
(1R,2R)-L2

(1S,2S)-L3 (1S,25)-L4
(1R,2R)-L3 (1R,2R)-L4
HN/BOC H,;l/Boc
[} B
+ CH,(COOBn), _L4Smol% _ - COOBn
Ph SO,Ph K,COs, 48 h Ph
COOBnN
2a 1a 3a

Entry Catalyst Solvent TI°C] Yield [%]® ee [%]©
1 (15,25)-L4 THF RT 82 3 (R)
2 (15,25)-L4 MeCN RT 90 17 (R)
3 (15,25)-L4 CH,Cl, RT 88 73 (R)
4 (15,25)-L4 CHCl, RT 83 68 (R)
5 (15,25)-L4 toluene RT 90 85 (R)
6 (15,25)-L4 toluene 0 20 84 (R)
7 (15,25)-L4 toluene -15 88 95 (R)
8 (15,25)-L4 toluene -30 85 86 (R)
9 (15,25)-L4 toluene -78 56 77 (R)
10 (1R,2R)-L4 toluene -15 85 91 (S)

[a] Unless otherwise stated, the reactions were performed with com-
pound 2a (0.1 mmol), dibenzyl malonate (1a, 0.2 mmol), and K,CO,
(1.0 equiv) in toluene (1.0 mL) and water (50 pL) for 48 h. [b] Yield of iso-
lated product. [c] The ee value was determined by HPLC and the configu-
ration was assigned by comparison of the HPLC data and specific rotation

with literature data.**’ Bn =benzyl.
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Compared with the wasteful and tedious isolation processes
for homogeneous catalysis, immobilizd catalysts have attracted
considerable attention owing to their recoverable and recycla-
ble properties.”! Magnetic nanoparticles (MNPs), as a new type
of catalyst carrier, have several prominent advantages, such as
high surface/area ratio, unique magnetic properties, outstand-
ing dispersibility, chemical durability, and low toxicity."” In ad-
dition, magnetic separation renders the recovery of catalysts
from a reaction media much easier than by filtration or centri-
fugation. For these reasons, MNPs, as burgeoning catalyst carri-
ers, have tremendous potential for performing catalytic asym-
metric synthetic transformations in an economical and environ-
mentally friendly manner. Recently, we developed a series of
rosin-derived amino thiourea catalysts to effectively organoca-
talyze aza-Henry reactions with the in situ generation of N-Boc
imines Boc = tert-butoxycarbonyl).""'? In view of the current
needs in peptide research and the different (or even opposite)
pharmaceutical activities of individual enantiomers of the same
compound,”? herein, we report a new MNP-supported bifunc-
tional rosin-derived tertiary amino thiourea catalyst for the ste-
reocontrolled synthesis of 3-amino acids through an asymmet-
ric Mannich reaction with the insitu generation of N-Boc
imines.

A model reaction of dibenzyl malonate (1a) with a-amido
sulfone 2a was performed in the presence of various thiourea
catalysts at room temperature under different conditions (see
the Supporting Information, Table S1). Our initial investigations
began by screening a range of inorganic bases, either as solids
or aqueous solutions, to evaluate their influence on this cata-
lytic asymmetric process with rosin-derived tertiary amino thio-
urea catalyst (15,25)-L3 (15 mol %) at room temperature in tolu-
ene (see the Supporting Infor-

amino thiourea catalyst L4 was fabricated and examined as
a catalyst for this stereocontrolled organocatalytic asymmetric
process during the elaboration of the optimal conditions.

Next, we further examined the optimal reaction conditions
for this Mannich reaction (Table 1). These results indicated that
changing the solvent had a significant effect on the enantiose-
lectivity of this transformation and the use of, for example,
THF and MeCN, significantly decreased the stereoselectivity
(Table 1, entries 1 and 2). Of the solvents that were examined,
toluene was the best in terms of chemical yield and enantiose-
lectivity (Table 1, entry 5). With the purpose of improving the
stereoselectivity, the reaction temperature was lowered further.
The best result was obtained without a significantly decrease
in yield (88% vyield, 95% ee; Table 1, entry 7) for the reaction in
the presence of thiourea (15,25)-L4 at —15°C; thiourea (1R,2R)-
L4 also exhibited superior catalytic activity, with an opposite
sense of asymmetric induction (85% yield, 91% ee; Table 1,
entry 10).

The results of experiments under the optimized conditions
that probed the scope of this reaction are summarized in
Table 2. Thus, the stereocontrolled catalytic Mannich reactions
of dibenzyl malonate with various N-Boc-protected imines that
were generated in situ from a variety of substituted a-amido
sulfones were examined. Except for an aliphatic substrate
(Table 2, entry 15), a variety of aromatic amido sulfones that
contained various types of substituents underwent the reac-
tion to afford the desired products with S or R configurations
with excellent enantioselectivities and high yields (R adducts:
90-96% ee, 80-92% yield; Sadducts: 90-96% ee, 81-90%
yield; Table 2, entries 1-12). As expected, the reactions of het-
erocyclic amido sulfones also proceeded in excellent enantio-

mation, Table S1, entries 1-9).
We found that an inorganic Table 2. Mannich-type reactions of dibenzyl malonate with N-Boc-protected imines that are generated in situ
. . from a-amido sulfones under the optimized conditions.”
base was crucial for obtaining _Boc _Boc B8
high reaction efficiencies. We ] (1R2R)-L45% N (18,2S)-L45 % S
COOBn =—— J\ + CHy(COOBn)y —— » ; COOBn
found that the best result was R Tol, K,COs g SO,Ph Tol, K,CO3 R
obtained when the reaction was COOBn COOBn
conducted with 1.0 equivalent 3a-o 2a-0 1a 3a-o
of K,CO, in a biphasic solvent 1. R Product Yield R/S [%]®! ee R/S [%]
(90% vyield, 85% ee; see the
. . 1 Ph 3a 88/85 95/91
supporting Informa.\tlon, 2 2-naphthyl 3b 80/81 95/91
Table S1, entry 6). Interestingly, 3 4-MePh 3¢ 80/83 90/90
when using the opposite config- 4 4-MeOPh 3d 85/83 92/92
uration of tertiary amino thiour- | ° 4-CIPh 3e 90/85 93/92
ea L3, a pair of opposite optical- 6 4-Fph 3f 83/86 95/91
" . 7 4-BrPh 3g 90/86 96/94
ly active f-amino carbonyl ad- | g 3-CIPh 3h 85/90 93/94
ducts were obtained with similar 9 3-MeOPh 3 81/81 91/90
yields and enantioselectivities | 10 2-FPh 3 92/86 95/96
. . 1 2-BrPh 3 85/86 90/90
(see the Supporting Information, 12 >-MeOPh 3| 80/82 93/62
Table S1, entry7). Next, we |43 2-thiopheny 3m 88/90 92/90
tested the effects of other cata- 14 2-furyl 3n 81/85 93/93
lysts (see the Supporting Infor- | 15 cyclohexyl 30 05/08 nd.
mation, Table S1, entries 10-12). [a] Unless otherwise stated, the reactions were performed with an a-amido sulfone (0.1 mmol), dibenzyl malo-
To further improve the recycla- nate (1a, 0.2 mmol), and K,CO; (1.0 equiv) in toluene (1.0 mL) and water (50 pL) at —15°C for 48 h. [b] Yield of
o isolated product. [c] The ee value was determined by HPLC and the configuration was assigned by comparison
bility of these catalysts, MNP- Y Y
ted in-derived terti of the HPLC data and specific rotation with literature data.*?!
supported rosin-derived tertiary

© 2013 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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selectivities and high yields (R adducts: 92% and 93 % ee, 88 %
and 81% yield; Sadducts: 90% and 93% ee, 90% and 85%
yield; Table 2, entries 13 and 14, respectively).

TEM images showed that catalyst (15,25)-L4 had an almost-
spherical shape, with a mean diameter of 10 nm (Figure 1b).

No remarkable change in the
catalyst morphology was ob-
served after 15 cycles, except for
some slight aggregation (Fig-
ure 1¢), thus confirming the ro-
bustness of this heterogeneous
catalyst. The catalyst phase and
crystallinity were determined by
powder X-ray diffraction (Fig-
ure 1d). The magnetization
curve verified that catalyst
(15,25)-L4 exhibited superpara-
magnetic behavior at 298K,
with a saturated magnetization
value of 598emug™’ (cf.
38.7 emug™' for the Fe;0, nano-
particles, Figure 1e). As shown
in Figure Te, inset, catalyst
(15,25)-L4 could be conveniently
separated from the reaction
mixture under an external mag-
netic field. FTIR analysis indicat-
ed that the thiourea catalyst
had been successfully anchored
onto the surfaces of the ob-
tained MNPs (see the Support-
ing  Information,  Figure S1).
Thermogravimetric (TG) analysis
in N, showed a weight loss of
22.7 wt.% within the range 25-
800°C for the carriers and
a weight loss of 29.3 wt.% for
catalyst (15,25)-L4, thus implying
that the loading of catalyst
(15,25)-L4, approximately
6.6 wt.%, matched the ultimate
analysis (0.13 mmolg™'; see the
Supporting Information,
Figure S2).

To evaluate their recyclability,
MNP-supported thiourea cata-
lyst L4 was employed in 15 suc-
cessive cycles under the same
reaction conditions (Table 3).
These results indicated that the
heterogeneous catalyst could be
recycled up to 15 times with es-
sentially no loss of yield and
enantioselectivity.

According to a previously re-
ported procedure,™ these N-
Boc-protected f-amino malo-

© 2013 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

nates were converted into their corresponding [-amino acids
in a straightforward manner. Thus, the N-Boc-protected f3-
amino malonates (3) were transformed into their correspond-
ing -amino acids by heating at reflux with a 6 M aqueous so-
lution of HCl (Scheme 1). The desirable -amino acid hydro-

60+

——Fe;0,

40{ __(1S,29)-L4

Intensity / CPS —

Magnetization/ emu g~ —= @
)
<

10 20 30 40 50 60 70 80 -5 -10 -5 0 5 10 15
20/° Magnetic field / kOe —

—

Figure 1. TEM images of a) Fe;0,, b) (15,25)-L4, and ¢) (15,25)-L4 after 15 cycles. d) X-ray diffraction (XRD) patterns
and e) vibrating sample magnetometry (VSM) plots of Fe;O, and (15,25)-L4. CPS=counts per second.

Table 3. Recyclability of MNP-supported thiourea catalyst L4.

HN,Boc HN/Boc HN,Boc
(1R,2R)-L4 5 % 1S,25)-L4 5 % H
COOBn =————— )\ + CHy(CO0B), (o2MA0%_ 5 oo
Ph Tol, K2CO3  pp” g0,Ph Tol, K,CO;  Ph
COOBn COOBn
3a 2a 1a 3a

Cycle number Yield R/S [%]® ee R/S [%]"

1 88/85 95/91
2 88/86 95/94
3 86/84 93/91
4 85/82 92/92
5 86/84 96/91
6 84/85 95/93
7 88/84 92/90
8 86/86 96/92
9 85/82 94/93
10 88/87 94/92
il 90/85 92/92
12 86/84 94/91
13 88/83 95/92
14 86/82 93/91
15 85/86 93/90

[a] Unless otherwise stated, the reactions were performed with compound 2a (0.1 mmol), dibenzyl malonate
1a (0.2 mmol), and K,CO; (1.0 equiv) in toluene (1.0 mL) and water (50 puL) at —15°C for 48 h. [b] Yield of isolat-
ed product. [c] The ee value was determined by HPLC and the configuration was assigned by comparison of

the HPLC data and specific rotation with literature data."
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- B° NHyHCI
__COOB 6MHCl " _COOH
n —»

Ph 100°C, 2 h PN
20308” g VG T8 %
(R)-3a (R)-4a [,120= 21 (c=10,H,0)
B

HN S NHyHCI
6M HCI
cooBn — COOH

Ph 100 °C, 2 h Ph

COOBn .
ield: 73 %
(S)-3a (Sy-4a V °

[]®=+1.9 (c = 1.0, H,0)

Scheme 1. Conversion of N-Boc-protected -amino malonates into chiral 3
amino acids.

chloride 4a was obtained by evaporation of the solvent and
washing of the residue with 6 m aqueous HCI.

In conclusion, an efficient stereocontrolled, organocatalytic
method to access chiral (-amino acids through asymmetric
Mannich reactions with the in situ generation of N-Boc imines
by using new magnetic-nanoparticle-supported bifunctional
rosin-derived tertiary amino thiourea catalysts has been estab-
lished. These heterogeneous organocatalysts have been found
to be very effective promoters for this kind of catalytic asym-
metric process and this reaction provides a convenient, envi-
ronmentally friendly, stereocontrolled synthesis of chiral -
amino acids with high optical purity.

Experimental Section

Asymmetric Mannich reaction of malonates with N-Boc-pro-
tected imines

Typically, a solution of dibenzyl malonate (1a, 0.2 mmol) in toluene
(1.0mL) and a 2m aqueous solution of potassium carbonate
(50 pL, 1.0 equiv) were added to a stirring solution of (1R,2R)-L4 or
(15,25)-L4 (5.0 mol%) at —15°C. Subsequently, a-amido sulfone 2a
(0.1 mmol) was added and the solution was stirred at —15°C for
48 h. After the reaction had been completed (by TLC), the MNP-
supported catalysts (L4) were separated from the reaction medium
by using an external magnet. Then, the mixture was extracted with
CH,Cl, (4x10 mL) and dried with sodium sulfate. Concentration
and purification by flash chromatography on silica gel (EtOAc/n-
hexane, 1:8) afforded the optically pure product. The enantiomeric
purity of the product was determined by HPLC. The reactions with
catalysts L1-L3 were performed under similar procedures.
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