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Abstract. We reported herein an efficient alternative for F S oH
asymmetric synthesis of structurally complicated chiral Ve §oNa J/N .y 0
bispiro-cyclopropane-pyrazolones  via  dipeptide-based N o
phosphonium salt catalyzed [2 + 1] cyclization of 2,3- O™ 0 A N \)—Q
dloxopyrrolldlnes a_nd halogenated pyrazolones. Wlth thls o \ o ph~Nen?
catalytic asymmetric protocol, a broad range of bispiro ()
heterocyclic compounds bearing a pyrazolone unit were Metamizole P38 Inhibitor Antibacterial agent
prepared in high vyields with excellent diastereo- and HO o
enatioselectivities. Of note, this transformation proceeds in 0=\ £ coMe
a really short time under mild reaction conditions. Toj-N Ph\ﬁl?{ )

Me0,C 7 20 N o N

Keywords: dipeptide-based phosphonium salts; [2+1] NN P P
cyclization; bispiro-cyclopropane-pyrazolones; asymmetric analgesic Anti-infective agent  AGE formation inhibitor
synthesis; hydrogen-bonding interaction Figure 1. Selected bioactive molecules containing (spiro-)

Asymmetric organocatalysis has been a frontier in
the realm of asymmetric catalysis, which shows
powerful capability in building a range of chiral
molecules. Among the manifold organogatalysts,
chiral phase-transfer catalyst (PTC) is one type of
fundamental organocatalysts.[! Over the past decades,
quaternary ammonium salts, being regarded as
privileged components in PTC, have been widely
employed in asymmetric synthesis. By contrast, PTCs
involving phosphonium salts just began to flourish
until very recently.®l Outstanding contributions in this
field have been made by the research groups of Ooif!
and Marouka. Later, Ma and co-workers disclosed a
binol-derived P-spiro-phosphonium salt and realized

pyrazolone core.

Substituted aziridines®® and other biologically
momentous hetercyclic molecules.*! Of note, such
dipeptide-based phosphonium catalyst possesses
remarkably high tunability, and further, this catalyst
with an ion-pairing moiety and peptide backbone that
captures essential features of enzymatic active sites
with hydrogen-donating characteristics becomes a
multifunctional phase-transfer catalyst, which can be
advantageous for asymmetric induction.™ However,
its applications in asymmetric synthesis are still in its
infancy.

On the other hand, pyrazolone unit is widespread ir.
both natural products and pharmaceutical targets
(Figure 1).1 Particularly, structurally spiro

its application in asymmetric amination of

benzofuranones®. Recently, Zhao® and Lul" Ov 2 N pipeptdeased O A .\

pioneered the development of  bifunctional > o Phosehonum sal, Q%_b+ 5;(”‘5“
phosphonium catalysts derived from natural amino H (21l °

acids, and demonstrated their effectiveness in many
organic transformations. Quite recently, our group
developed an novel pattern of dipeptide-based
phosphonium salt catalysts and fulfilled its utilization
in the asymmetric synthesis of challenging tetra-

X =Br, Cl

O Novel bispiro-cyclic molecules
@ Vincinal quaternary carbon centers
O Sequential three stereocenters

Scheme 1. Asymmetric synthesis of bispiro-cyclopropane-
pyrazolones via [2 + 1] reaction by dipeptide-based
phosphonium salt catalysis.
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pyrazolone frameworks are an interesting and
important subclass of bioactive agents, and these ring
systems are always displayed in numerous drug leads
and pharmaceuticals.™® In this context, catalytic
asymmetric construction of chiral spiro-pyrazolones
has stimulated considerable interest among synthetic
chemists, and a number of methods have been
developed for preparing such scalffords.[**! It should
be noted that the catalytic asymmetric construction of
structurally rigid bispiro-cyclopropane-pyrazolone
molecules is still rare. To the best of our knowledge,
only one example related to this issue has been
reported so far. In 2015, Du and co-workers
disclosed a cascade reaction of arylidenepyrazolones
and 3-chlorooxindoles to provide such compounds in
moderate stereoselectivities (2.4:1-6.7:1 d.r. and
40-74% ee).™ From our review, the main challenge,
lying on controlling the enantio- and diastereo-

Table 1. Optimization of reaction conditions. [

o 0 N, gat. (1(2 mol%)) OWF) \::N
— ase (2 equiv. . N—
%:\ + N-R B Bn-N R
BnN Ph Br solv., T, 0.5 h. ~ 0
o} PR H
1a 2a;:R=Ph 3a,:R=Ph
2a,: R = Bu 3a,: R=1Bu

)YPPh Mel /H/\PPhZMeI

O« _NH

"’”NHBoc NHBoc NHBoc
P3

& ‘ & ‘;‘thBr\%‘
/H/\PthBr )Y\PPthr /H/\F?thsr: o N L
Oj: Oy NH kAr TBDPSOTINHBOC
\;NHBOC NHBoc >’j:NHBoc P8
P5 P6 P7
(Ar = 2-naphthyl)
3, yield ee
entry  cat. solvent base d.r.
™ (%)
1 P1 toluene K,CO3 3a;, 75 3 11
2 P2 toluene K,CO3 3a;,83 6 11
3 P3 toluene K,COs 3a,, 82 16 11
4 P4 toluene K,COs 3a,, 88 34 1.3:1
5 P5 toluene K,COs 3a;, 89 38 1.3:1
6 P6 toluene K,CO3 3ay, 86 34 1.3:1
7 P7 toluene K,CO3 3a;, 78 39 1.3:1
8 P8 toluene K,CO3 3a;, 93 46 1.3:1
9 P8 toluene Cs,CO4 3a;, 91 59 1.3:1
10 P8 toluene K3PO4 3a,, 87 43 1.3:1
11 P8 toluene PhONa 3a;, 94 13 1.3:1
12 P8 toluene  (NH4),CO;  3a, 96 73 1:16
13t P8  toluene  (NH,),CO;  3a; 95 94 45:1
141 P8  toluene  (NH,),CO;  3a, 95 95 >20:1

@ All reactions were performed with la (0.1 mmol),
2a1/2a2 (0.12 mmol), and catalyst (10 mol%) in solvent
for 0.5 h. The d.r. values were determined by *H NMR
analysis and ee values were determined by HPLC
analysis.

0l Isolated yield.

(I The reaction was performed at -20 °C.
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selectivities of this transformations, may due to the
strongly steric hindrance of final products. In
continuation of our major interest in bifunctional
organocatalysis involving phosphonium salt catalysts,
we questioned whether our dipiptide-based
phosphonium salt catalysis can be an efficient
alternative for achieving high stereoinduction, and
thus prepare structurally rigid and optically pure
bispiro-cyclopropane-pyrazolone molecules (Scheme
1). Herein, we describe a highly stereoselective [2 + 1]
cyclization reaction between 2,3-dioxopyrrolidines
and halogenated pyrazolones under dipeptide-based
phosphonium salt catalytic conditions, providing an

efficient and complementary way to bispiro-
cyclopropane-pyrazolone derivatives.
Initially,  the  cyclization  between  2,3-

dioxopyrrolidine 1a and 4-bromo-pyrazolone 2a; was
chosen as a model reaction for optimizing reaction
conditions. The reaction was performed with different
bifunctional phosphonium salt catalysts in the
presence of K,COs in toluene at room temperature.
Pleasingly, the model reaction proceeded swiftly
while dipeptide-based phosphonium salts were
employed as catalysts (entries 1-8).1%3 Both L- and
D-valine-based dipeptide-phosphonium iodides could
promote this reaction, affording the cycloadduct in
good yield but with poor enantioselectivities (entries
1-2). By contrast, the dipeptide-phosphonium
bromides were found to be slighly more favorable in
asymmetric induction (entries 3—4). Accordingly.
several dipeptide-based phosphonium bromides were
prepared and evaluated (entries 5-8), and the L-Val-
L-OTBDPS-Thr-derived phosphonium salt P8 was
found to be the best catalyst, furnishing the desired
product in moderate enantioselectivity (entry 8). With
a promising ee value in hand, a series of bases were
tested (entries 8-10),1%" and the relatively weak base
of (NH4).CO; proved to be a suitable choice with
affording the adduct in excellent yield and good
enantioselectivity (entry 12). The solvent screening
was explored, and none of the solvents were shown to
be superior to toluene.**! Subsequently, it was found
that decreasing reaction temperature led to a better
diastereoselectivity and enantioselectivity without
sacrificing the isolated yield (entry 13). Moreover, the
desired product 3a, could be isolated in 95% vyield
with >20:1 d.r. and 95% ee when pyrazolone 2a, was
used instead of 2a; (entry 14).

With the optimized conditions identified, the
generality protocol for different 2,3-dioxopyrrolidines
was investigated. Generally, a diverse array of 2,3-
dioxopyrrolidine  derivatives  bearing  different
aromatic substituents were found to be well tolerated
under the standard reaction conditions (3a-r). 2,3-
dioxopyrrolidines bearing either electron-neutral, -
withdrawing or -donating groups in the ortho-, meta-,
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Table 2. Scope of 2,3-dioxopyrrolidines 1.[20]

0 =N

0. \—|
o) N P8 (10 mol%) W : N-t
. i«N Bu (NH,);,COs (2 equiv) (N Y Bu
@N S toluene, -20°C, 0.5 h ’H
all >20:1 d.r.
1 2a, X = Br 3
2a,' X = Cl
0w 9 \=N o0 =N OVQ —N

3a,, 96%, 95% ee
(94%, 91% ee)

3h, 94%, 94% ee

o0 \_
Oy o =N

3m, 93%, 94% ee

o0 \_
Oy =N

3p, R=CN, 95%, 93% ee
3q, R = CF3, 98%, 94% ee

3t, 92%, 92% ee 3u, 94%, 93% ee

3v, 96%, 94% ee

@ All reactions were performed with 1 (0.1 mmol), 2a:
[2a2" (0.12 mmol), catalyst P8 (10 mol%) and (NH4).CO3
(0.2 mmol) in 0.5 mL toluene at -20 °C for 0.5 h. The d.r.
values were determined by 'H NMR analysis and ee
values were determined by HPLC analysis.

bl Isolated yield.

[9 2" was used.

or para-position of the phenyl ring could deliver the
corresponding products in high yields (89—-98%) with
excellent stereoselectivities (all >20:1 d.r. and
90-96% ee). Of note, chlorogenated pyrazolones was

10.1002/adsc.202000073

also well tolerated in this catalytic process and
provided the corresponding product in good yield and
stereoselectivities. Surprisingly, both naphthyl and
thienyl substituted dioxopyrrolidines were also
compatible with the reaction conditions for giving the
desired product in quantitive yields with excellent d.r.
and ee values (3s—u). Moreover, the N-tert-butyl
substituted dioxopyrrolidine was also tolerated,
affording the desired product 3v in 96% yield
with >20:1 d.r. and 94% ee.

Encouraged by these results, we turned our
attention to the scope of halogenated pyrazolones.
The results were outlined in Table 3. Varies
pyrazolones bearing linear aliphatic chains were
found to be suitable, irrelevant with the length of
these chains, producing the desired cycloadducts (4a—
¢) in high yields with excellent stereoselectivities.

Table 3. Scope of halogenated pyrazolones 2. [&]

(10 mol%)
NH4)2003 (2 equiv.)

N-'Bu - o N ~_N-Bu
toluene, -20°C, 0.5h BN~ A
H
4

all >20:1 d.r.

0, 9 =N 2
N-tgy oy 9 =N
N Bn-N “57 T{ N-Bu
=~ O
H

4b, 94%, 94% ee

“(

Z

0
Ow

N-t
_N Bu P N-t;
Bn’N Bu
~ 0
H

4e, 94%, 96% ee

Me @
o
V
_N o =N

N Bu

4h, 90%, 93% ee

N-t
Bn-N Bu Bn~
PEe]
H

4j, 94%, 94% ee 4k, 98%, 94% ee

o
o
T
z
-
o]

N-tgy

z
B
Oj‘
w
3
\
z
b §
(]
z
&
[=4

41, 92%, 94% ee

@ All reactions were performed with 1a (0.1 mmol), 2
(0.12 mmol), catalyst P8 (10 mol%) and (NH4).COs3 (0.2
mmol) in 0.5 mL toluene at -20 °C for 0.5 h. The d.r.
values were determined by *H NMR analysis and ee
values were determined by HPLC analysis.

1 [solated yield.
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Both acyclic and cyclic branched aliphatic
pyrazolones were also suitable reactants and resulted
in corresponding adducts with satisfying yields and
stereoselectivities (4d-f). The pyrazolone substrates
bearing different benzyl substituents, regardless of
their steric hindrance or electron properties, could be
readily transformed into the expected adducts in
parallel yields with no loss of diastereoselectivities
and enantioselectivities (4g-1). To illustrate the
robustness and utility of this catalytic protocol, the
scaled-up reaction was conducted and corresponding
adduct 3n was obtained in satisfying yield with >20:1
d.r. and 95% ee (Scheme 2a). Besides, the optically
active products were readily converted into other
bioactive compounds (5 and 6) in high yields
(Scheme 2b). The relative and absolute configuration
of the above [2 + 1] annulation products were
assigned on the basis of X-ray crystallographic

analysis of derivative compound 6 (CCDC
1951824).171
(a) Scale-up reaction:
0 o
o O, =N
NH4 ggamglgq)ulv) Bn /?I—/J s N-Bu
toluene, -20 °C 2h g-q\o(
Cl 3n

1.5 mmol (466 mg) 695 mg, 95% yield
95% ee, >20:1 d.r.
(b) Transformation of products:

0 o OH\
0y =N NaBH,, EtOH Oy " =N
an-N N-Bu —*——% o N N-igy
\/y\o( -20°C, 2 h, 89% \/m

Ph H PR H
3a, 5
95% ee, >20:1 d.r.
0 OMe x
0. 9 =N oHo, N
S, *
o N N-tgy MeOH, Et,0 o ,EJ N-igy
L 0 ., 18 h, 95% L0
H H
Br 30 ’) % I 6
" ¥ 92% ee, 5:1d.r.
/
/Y e
| g e \ e '(L
\‘/ -(
d (CCDC 1951824)

Scheme 2. Scale-up synthesis and transformation of chiral
product.

To gain some insights into the dual activation of
this dipeptide-based catalytic system, the control
experiments were performed (Table 4). The
methylated catalysts P8-1 and P8-2 were further
prepared and applied to the model [2 + 1] cyclization,
respectively. It was found that their
enantioselectivities decreased sharply (entries 1-3).
Notably, when methanol was used as solvent, racemic
product was obtained (entry 4). These preliminary
results clearly verified the significance of the H-
bonding as well as ion-pair interactions in such
catalytic system. Based on these experimental

10.1002/adsc.202000073

Table 4. Preliminary investigation of the reaction

mechanism and proposed transition state models.[*?]
P8 (10 mol%)

%_\ i« N-Bu _(NHi):COs (2 equiv) o2 \~NN .

Toluene, 20°C, 051 Bn” / u

all >20:1 d.r. m
az 3a,

entry  solvent cat. t (h) yield (%) ee (%)
1 toluene P8 0.5 96 95
2 toluene P8-1 0.5 94 18
3 toluene P8-2 0.5 93 23
4 MeOH P8 1 23 0

@ All reactions were performed with 1a (0.1 mmol), 2az
(0.12 mmol), catalyst (10 mol%) and (NH4).CO; (0.2
mmol) in 0.5 mL solvent at -20 °C for 0.5 h. The d.r.
values were determined by *H NMR analysis and ee
values were determined by HPLC analysis.

] |solated yield.

/H/\PthBr

Bn /N N NBu
TBDPSO. EI)
H
R'=R2=

Ps1 R' = Me, R2 H (5S, 6S, 11S)-3a,

P8-2: R'=H,R?=M
31,/%
H

YH o Q
T el

Ph

next
attack

%)ﬁ% T
3 1:

observations and our previous studies, the plausible
transition state models were presented (TS-1 and TS-
2) in Table 4.

In conclusion, we have disclosed a highly efficient
and stereoselective [2 + 1] annulation reaction
between 2,3-dioxopyrrolidines and halogenated
pyrazolones under dipeptide-based phosphonium salt
catalytic conditions. This method represented an
efficient and complementary approach for the
construction of optically active bispiro-cyclopropane-
pyrazolone derivatives in high yields with excellent
diastereo- and enantioselectivities. Of note, these
results indicated that such type of highly tunable
dipeptided phosphonium salt catalysis was a
practicable approach for constructing structurally
complex chiral molecules, and further investigation is
ongoing in our laboratory.

TS-2

Experimental Section General
Procedure for [2+1] Annulation

To a flame-dried round bottle flask with a magnetic
stirring bar were added the 2,3-dioxopyrrolidines 1
(0.2 mmol), halogenated pyrazolones 2 (0.12 mmol),
phosphonium salt P8 (0.005 mmol) and (NH4).COs
(0.4 mmol), followed by the addition of toluene (0.5

4
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mL). The reaction mixture was stirred at -20 °C for
0.5 h. The solvent was then removed under reduced
pressure, and the residue was purified by column
chromatography on silica gel (petroleum ether/ethyl
acetate = 10:1 to 3:1) to afford 3/4 as a white solid.
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