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Chiral amino thioesters are important scaffolds owing to their wide-
spread use in organic synthesis and biosynthesis. Despite their use-
fulness, their asymmetric synthesis, especially the catalytic asym-
metric synthesis of a-chiral tetrasubstituted a-aminothioesters, is
limited, with only one example reported so far. Herein, we report
the first phase-transfer catalysed asymmetric synthesis of a-chiral
tetrasubstituted a-aminothioesters to afford the corresponding pro-
ducts in up to 81% ee.

The synthesis of amino thioesters is of great importance
because of their widespread use in the biosynthesis of non-
ribosomal peptides' and because of their application as useful
substrates in the Fukuyama reaction” to obtain further functio-
nalised molecules (Fig. 1). The chiral amino thioesters have
also been used as activated derivatives of important chiral
amino acids as they serve as useful building blocks in organic
synthesis and foldamer chemistry.® Therefore, their catalytic
asymmetric syntheses have attracted significant research inter-
est.* In 2007, Ricci and Pettersen et al. reported the p-ICD cata-
lysed asymmetric decarboxylative addition of malonic half
thioesters into aldimines to afford the corresponding amino
thioesters in high yields with up to 79% ee (Fig. 2).** In 2014,
Wennemers et al. developed the highly enantioselective cata-
lytic synthesis of several classes of f-amino thioesters with ter-
tiary or quaternary stereogenic centres through the addition
reaction of malonic acid half thioesters with aldimines,
affording the desired products in up to 99% ee (Fig. 2).*’
Although the catalytic asymmetric synthesis of f-amino thioe-
sters could be smoothly accomplished through these routes,
the catalytic asymmetric synthesis of a-tetrasubstituted-
a-amino thioesters still remains unexplored. In 2017, Palomo
et al. reported the first catalytic asymmetric synthesis of
a-tetrasubstituted-a-amino thioester derivatives through the
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Michael reaction of a-alkyl isocyanothioacetates with enones.
The reaction was catalysed by Cinchona-derived chiral squara-
mides to give the corresponding products in up to 99% ee
(Fig. 2).” Nevertheless, the seminal discovery of the enantio-
selective synthesis of their a-aryl candidates has been much
sought-after.

The phase-transfer catalysed asymmetric syntheses of un-
natural amino acids have been researched mainly through the
a-alkylation of imines.® Maruoka et al. reported the enantio-
selective a-alkylation of glycine-derived benzophenone imines
by using their originally developed chiral binaphthyl-based
catalyst (Maruoka catalyst), which provided the corresponding
products with excellent stereoselectivities (Fig. 2).%

The organocatalytic asymmetric umpolung reaction of
imines has been utilised as an efficient method for synthesiz-
ing chiral amines.” We also recently developed the chiral
phase-transfer catalysed umpolung reaction of a-imino carbo-
nyl compounds with enones to afford chiral a-tetrasubstituted-
a-amino esters and amides in high yields with excellent
enantioselectivities (Fig. 2).* From the above information, we
speculated that the use of aldimino thioesters as the substrate
of the phase-transfer catalysed asymmetric alkylation reaction
could afford the corresponding unprecedent a-aryl-tetrasubsti-
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Fig. 1 Biosynthesis of non-ribosomal peptides through the thioester
intermediate. ATP = adenosine triphosphate, AMP = adenosine mono-
phosphate, PP; = pyrophosphate, A domain = adenylation domain, T
domain = thiolation (peptidyl carrier protein) domain, and C domain =
condensation domain.

This journal is © The Royal Society of Chemistry 2021


www.rsc.li/obc
http://orcid.org/0000-0002-3498-3696
http://orcid.org/0000-0003-1588-1202
http://orcid.org/0000-0001-9489-2641
http://crossmark.crossref.org/dialog/?doi=10.1039/d1ob00829c&domain=pdf&date_stamp=2021-07-23
https://doi.org/10.1039/d1ob00829c
https://pubs.rsc.org/en/journals/journal/OB
https://pubs.rsc.org/en/journals/journal/OB?issueid=OB019029

Published on 01 June 2021. Downloaded on 8/12/2021 5:12:34 PM.

Organic & Biomolecular Chemistry

>Catalytic asymmetric synthesis of B-amino thioesters >Catalytic asymmetric synthesis of

a-tetrasubstituted-a-amino thioester

O NHPG i
PG, H
N R's” o CRY R R’
§ Rso)?/l’(E ' Y 0
o o R* o i NC o
R‘SMORS Chiral amine cat. Upto99%ee ! H)\n/sAr Chiral amine cat. CN SAr
H R
R? O NHPG ! o o
Ricci and Pettersen et al. (2007) R'S R4 + R:Alkyl, Allyl Up to 99% ee
Wennemers et al. (2014) i Palomo et al. (2017) V
Upto79%ee |
>Ph: t f lysed ic a- of glycine-derived imines
Chiral PTC  Ph 0 : 00
- s =N |
>_N\/U\ors R h>_ %O'Bu ;
oo
Glycine-derived imine Amino acid derivative ' Chiral PTC

Up to 96% ee
>Our Previous Work
Phase-transf

ic synthesis of chiral a-tetrasubstituted-a-amino carbonyl compounds
NO, NO,

NO,
Chiral PTC
X O,
N~ /\ﬂ/ SN X N e
R o HN.J .

o
R‘ XRZ —_— R|
(o} X=0orNH (e} o o
a-Imino carbonyls Amino acid derivative Enamide Aminal
Up to 98% ee Up to 99% ee Up to 97% ee

>This Work: Phase-transfer catalysed asymmetric synthesis of chiral a-tetrasubstituted-a-amino thioesters

NO, T
2 ON
o Chiral PTC IN ) Potentially applications for
SN + —_— N SR? |:> >Biosynthesis of peptides
SR? | X R >Fukuyama couplings
A SN
R - Chiral a-tetrasubstituted-
Z o a-amino thioesters
a-Imino thioesters Up to 97% yield
Up to 81% ee

Fig. 2 Catalytic asymmetric synthesis of amino thioesters.

tuted-a-amino thioesters in an enantioselective manner.
Herein, we report the catalytic asymmetric synthesis of
a-tetrasubstituted-a-amino thioesters through the Michael
reaction of aldimino thioesters with enones; the desired pro-
ducts were obtained in high yields with good enantioselectivi-
ties (Fig. 2).

First, aldimino thioesters 1 were synthesised through the
dehydrative imination of the corresponding ketones with
4-nitrobenzyl amine and subsequent isomerisation with DBU
in moderate yields (see the ESI for more detailst). With the
substrate in hand, the reaction conditions for the catalytic
asymmetric synthesis of 4a were optimised (Fig. 3, Table 1).
The reaction of 1a with methyl vinyl ketone 2a was carried out
in toluene at —10 °C, and the catalyst and base were screened.

N= 3a
Ph—( }Ph\ ! R=Cl
N : = OMe
A

| o
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3b 3c
R=Cl R = N(CHg),
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Fig. 3 Catalysts employed in this study.

This journal is © The Royal Society of Chemistry 2021

View Article Online

Communication

Table 1 Catalyst and base optimisation for the catalytic asymmetric
synthesis of a-chiral tetrasubstituted a-aminothioesters 4a”

O,N
Catalyst (X mol%) Q
Base (Y mol%) IN
SBu 4 SBu
©)\ﬂ/ ﬁj\ toluene (017 M), -10°C

2a(2.0eq.) 4a

NO,

Time  Yield® eef

Entry  Catalyst X Base Y (h) (%) (%)
1 3a 20 K,CO; aq. 200 20 67 2

2 3a 20 KOH aq. 100 20 57 2

3 3a 20 KOH aq. 50 20 69 2

4 3b 20 K,COj; aq. 200 20 43 48
5 3b 20 KOH aq. 50 20 38 57
6 3b 2 KOH aq. 50 1.5 74 53
7 3c 2 KOH aq. 50 1.5 70 61
8 3d 2 KOH agq. 50 1.5 51 -2

“Reactions were conducted with 1a (1.0 eq.), 2a (2.0 eq.), catalyst (X
mol%), and base (Y mol%) in toluene (0.17 M) at —10 °C, unless other-
wise stated. ”'H NMR yields using 1,3,5-trimethoxy benzene as an
internal standard. “ Determined by HPLC analysis.

First, the reaction was conducted in the presence of 20 mol%
of 32’ and 200 mol% of aq. potassium carbonate. The desired
product was obtained in 67% yield and with 2% ee (Table 1,
entry 1). Following this, the base was screened with catalyst 3a.
The desired product 4a was obtained in moderate yields with
all the bases, although the enantioselectivity was almost nil
(entries 1-3). The same bases were screened with the catalyst
3b,%* and a drastic increase in the enantioselectivities was
observed, with potassium hydroxide being the optimal base
(entries 4 and 5). The product yield with only 2 mol% of 3b
was higher than that with 20 mol% of 3a or 3b, probably due
to the inhibition of the decomposition of imines, and most
importantly, there was no decrease in the enantioselectivity
(entry 6). Finally, the use of the catalyst 3¢®” with a dimethyl-
amino group afforded 4a in 70% yield with 61% ee (entry 7).
Further investigations of catalysts such as N-benzyl cinchonidi-
nium chloride (3d), which is widely used as a phase-transfer
catalyst, provided 4a in 51% yield with almost no selectivity
(entry 8). Thus, 2 mol% of catalyst 3¢ and 50 mol% of aq. pot-
assium hydroxide were determined to be the optimal
conditions.

The solvent and temperature were optimised next (Table 2).
When the reaction temperature was decreased to —30 °C in
toluene, the enantioselectivity of 4a increased to 74% ee (entry
2). Solvent screening at this temperature revealed that the
yields were better in non-polar solvents, with m-xylene being
the optimal solvent, and 4a was obtained in 79% yield with
76% ee (entries 3-5). A further decrease in the reaction temp-
erature to —45 °C in m-xylene afforded 4a in 77% yield with
81% ee (entries 6 and 7).

With the optimal conditions in hand, the substrate scope of
the present asymmetric transformation was investigated
(Scheme 1). The scope of the aldimino thioester revealed that
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Table 2 Solvent and temperature optimisation for the catalytic asym-
metric synthesis of 4a®

NO,
3¢ (2 mol%)
KOH aq (50 mol%)
©/J\(S'Bu + HK
Solvent (0 17 M)
Temperature, 1.5 h
2a(2.0eq.)

Entry Solvent Temperature (°C) Yield” (%) ee (%)
1 Toluene -20 68 69
2 Toluene -30 82 74
3 DCM -30 68 27
4 MeCN -30 44 1
5 m-Xylene -30 79 76
6 m-Xylene —40 75 78
7 m-Xylene —45 77 81

“Reactions were conducted with 1a (1.0 eq.), 2a (2.0 eq.), 3¢ (2 mol%),
and aq. KOH (50 mol%) in solvent (0.17 M) at an appropriate tempera-
ture for 1.5 hours, unless otherwise stated. 'H NMR yields using
1,3,5-trimethoxy benzene as an internal standard. ‘Determined by
HPLC analysis.

NO,

2(20eq.)

3¢ (2 mol%)
o KOH agq. (50 mol%)

-X

m-xylene (0.17 M)
—45°C, 1.5-24 h

SBu
[¢] o
4a(1.5h) 4b(1.5h)
77% yield 93% yield

81% ee 65% ee
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Scheme 1 Substrate scope for the asymmetric synthesis of a-chiral tet-
rasubstituted a-aminothioester 4. Reactions were conducted with 1 (1.0
eq.), 2 (2.0 eq.), ag. KOH (50 mol%), and 3c (2 mol%) in m-xylene (0.17 M)
at —45 °C for 1.5-24 h, unless otherwise stated. Yields of isolated pro-
ducts are shown. “Isolated after NaBH,4 reduction in EtOH at —20 °C.

the electron-donating group substituted 4a-4f were obtained
in high yields with moderate to good enantioselectivities
(47-81% ee). Compound 4e was obtained in only 31% yield
due to substrate decomposition. The substrate decomposition
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occurs due to the higher solubility to the aqueous layer, which
is caused by the highly polar methoxy group. The electron-
withdrawing group substituted 4g and 4h were also isolated in
high yields with moderate ees. From the substrate scope
results for imines, the electron-deficient substrate was found
to slowly react with enones, maybe due to the lower nucleophi-
licity of their anion intermediate compared to that of the elec-
tron-rich one. Next, the scope of the Michael acceptor was
investigated. Substituted enones such as ethyl vinyl ketone
and cyclopentenone provided the corresponding adducts 4i
and 4j in good yields with moderate to low enantioselectivities.
The use of methyl acrylate also gave the desired product 4k
and its cyclised product 4k’ in 15% and 18% yield, respectively,
which could not be achieved in our previous study (Michael
reaction of a-imino esters).®” This suggested the higher reactiv-
ity of the a-imino thioesters employed in this study.

To demonstrate the usefulness of the present reaction, the
a-chiral tetrasubstituted a-aminothioester 4 was derivatised
(Scheme 2). The reduction of 4c¢ with sodium cyanoborohy-
dride (NaBH;CN) under acidic conditions afforded the chiral
pyrrolidine derivative 5 through the reduction of the imine
moiety, followed by the reductive amination, in quantitative
yields. 5 bears a proline-like core skeleton and has potential
usefulness as artificial amino acids® and organocatalysts."’

Next, the reaction mechanism was investigated (Scheme 3).
When 1a was stirred with 2 mol% of 3c and 50 mol% of pot-
assium hydroxide (50 wt% deuterium oxide solution) in
m-xylene at —45 °C for 1.5 h, substrate 1a was recovered with
90% deuterium incorporation at the a-position of the thioester
moiety. However, no deuteration occurred at the imine proton.
This result suggested that the negative charge of the ionic
intermediates for the present reaction were not delocalised on
the imine moiety.

The plausible reaction mechanism is shown in Fig. 4.
Aldimino thioester 1 was deprotonated by potassium hydrox-
ide to form the enolate intermediate A, which underwent a

Oo,N
NaBH5CN (2.0 eq.)
AcOH (5.0 eq.)
EtOH (0.01 M)
0°C,1h
4c
78% ee
Scheme 2 Derivatisation of chiral thioester 4c.
NO, NO,

3¢ (2 mol%)

~ KOH ag. (50 wt% D,0 solution, 50 mol%) ~ (0%) | .
HTSN D7 SN (90%)

m-xylene (0.17 M), 45 °C, 1.5 h ° sy
0

1a 1a

Scheme 3 Deuterium incorporation of 1a.
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Fig. 4 Plausible reaction mechanism.

counter cation exchange with a chiral phase-transfer catalyst to
give intermediate B. Then, the Michael addition of B with
enone proceeded to give the chiral enolate C. This was fol-
lowed by protonation to give the corresponding product 4,
along with the regeneration of the catalyst. In this mechanism,
the conversion of intermediate B to C is the enantioselective
carbon-carbon bond forming step. Therefore, the structure of
B is crucial for both the enantioselectivity of the product and
reactivity with the unactivated reactant such as methyl acrylate.
The tert-butylthio moiety behaved as a strong electron-donat-
ing group, thereby increasing the electron density and nucleo-
philicity of B and enabling the reaction with various
reactants.'’

In conclusion, the phase-transfer catalysed asymmetric syn-
thesis of o-chiral tetrasubstituted o-aminothioesters was
achieved using various enones. The corresponding products
were obtained in high yields with up to 81% ee. Mechanistic
studies revealed that the negative charges of the ionic inter-
mediates for the present reaction were not delocalised on the
imine moiety but were delocalised only on the thioester part.
The derivatisation reactions demonstrated the wide applica-
bility of the products for the synthesis of more functionalised
molecules. Further investigations on the application of chiral
products in asymmetric catalysis are ongoing.
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