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Abstract The asymmetric allylic alkylation (AAA) reaction is one of the important transformations in asymmetric synthe-
sis, which was intensively studied in the last decade. Recently, the use of Morita-Baylis-Hillman (MBH) carbonates as elec-
trophiles for the AAA reaction has attracted much attention. Pyrazole is an important pharmacophore, which often exhibit
various biological and pharmacological activities. In the last years, the asymmetric synthesis using pyrazolones as the nu-
cleophiles were reported by several research groups. However, the work were mainly focused on the asymmetric conjugate
addition of pyrazoles to a,f-unsaturated compounds, and other types of enantioselective reactions were seldom studied.
Herein, we report the first example of AAA reaction of MBH carbonates using pyrazolones as nucleophiles. In the reaction,
we found that different Lewis basic catalyst, namely PPh; and DABCO, shown different regioselectivity: PPh; gave the
y-selective product whereas DABCO led to a complete f-selectivity. During the catalyst screening, cinchonine gave the best
result. The enantioselectivity heavily relied on the choice of solvent: MeOH was superior compared to EtOH, CH,Cl,, DCE,
acetone, CH;CN, toluene, m-xylene and PhCl. In the substrate scope study, all the reactions were proceeded smoothly under
mild conditions by using cinchonine as the catalyst (20 mol%) and give the S-selective allylic alkylation products with good
yields (5§5%~91%) and high enantioselectivities (up to 93% ee). Based on our experimental results and previous reports, a
preliminary mechanism of bifunctional catalysis was proposed. A representative procedure for the asymmetric allylic alkyla-
tion of MBH-carbonates with pyrazolones is as follows: to a flask equipped with a magnetic stirring bar was charged with
pyrazolone 1 (0.1 mmol) and MBH-carbonate 2 (0.12 mmol) in methanol (2 mL), and then, the cinchonine catalyst (6 mg, 20
mol%) was added under air. The reaction solution was stirred at room temperature for 72 to 96 hours. Then, the mixture was
concentrated and purified through a flash chromatography (silica gel, PE/EtOAc, V' : V=7 © 1) to give the corresponding
products 3.
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Scheme 1 The catalytic activities for different Lewis bases
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Table 1 Optimized the conditions *

CO,Me fh
Cat. (20 mol%
T o. )\(Ph _Cat. (20 mol%) NW
~N OBoc solvent, r.t, 72 h N o CO,Me

/
Ph 3a

1a 2a

Ol

ll: R? = OMe, R® =H
V:R?=H,R3=H
V: R2=H,R%=TMS

F3C\©/CF3
HNYS
HN,,

I: R"=0Me
ILR"=H

]
VI SN
vil
Entry Cat. Solvent Yield"/% eel%
1 1 Toluene 46 11
2 11 Toluene 39 13
3 111 Toluene 73 61
4 v Toluene 71 72
5 \Y% Toluene 28 7
6 VI Toluene 69 70
7 VII Toluene 22 18
8 v m-Xylene 65 75
9 v PhCl 58 83
10 v CH,Cl, 54 62
11 v DCE 62 57
12 v Acetone 68 33
13 v CH;CN 75 67
14 v MeOH 82 86
15 v EtOH 73 71
16¢ v MeOH 80 85
17¢ v MeOH <10 —

“The reactions were carried out by using 0.10 mmol of 1a, 0.12 mmol of 2a,
20 mol% of catalyst, 2 mL solvent, and at r.t.; except as noted.  Isolated yield.
“Determined by chiral HPLC. “ The reaction was carried out with 0.10 mmol
of 1a and 0.15 mmol of 2a. “ The reaction was performed at 0 C.
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VI 53077 IV FEW R IEAA [F)(Entry 6). SF0] T
R AR IRAEALT] VIT (AL RO AR X 48 2 (Bntry 7).
IS PR T80 A5l W A e DT P R G A A v 7
I, X Rk BEVE A TR 7 (Entries 8, 9); 1 F — & H
BRI, S () SEARIEPRIE HH I T AN [RI R 1) A
(Entries 10~13); VARERAE Wy sng, FRE BT Hlf
IGE I, IR = 2 R I B 23 ik 21 82% F11 86%
(Entries 14 and 15). $2/5 2a 5 1a B8R Sy 530
P2 ee (RIFEA%(Entry 16). IEAL, BRAG SN L 3 fdi 45
PR KMEA(Entry 17). 25 FATR, BATHIL T %N
HIERAL 4 20 mol% 1l 3= IV g AT, I A v 5,
JRA AT 2 BBk 17 1.2
22 [RYMEEMMR
AT, BT W98 T SN R AR 45 74
JEE A 1A 35 3. WE 9 R R o 5 IR AR FE X
MBH 1 PR i 52 8375 2 R0 = P e AR PR R g . %47
A7 W F 7 B FR S P 1) 5 6 JE A 0 1 SR A5 1 e
HEFEE(3b~3e, 86%~91% ee), FULWR i T HEHAIHURH
7= ZE AT B (GR 2, Entries 2~5, 3d and 3e). [1]%
KK MBH TRIR IR 24 P T B(Entry 9, 3i), H & RIAL
RIS =2 F0 ee VAT W {2 5% M (Entries 6~8, 3f~3h).
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Table 2  Substrate scope study”

R2 . R' o2 R3
RH/S: QORI (20 mol%) X o
'\LN 0 +)\/R MeOH, rt, 72 ~96h N Sore
\ OBoc NTxNg 72
1 Ph 2 Ph/ 3
Entry R' R? R’ R*  Yield/%  ee/%

1 Me Me Ph Me  82(3a) 86
2 Me Me 4-Me-CeHy Me  85(3b) 88
3 Me Me 4-MeO-C¢H,4 Me 82 (3¢) 87
4 Me Me 4-CN-C¢H,4 Me  72(3d) 91
5 Me Me 4-F-C¢H,4 Me 78 (3e) 86
6 Me Me 3,4-(CH;),-CsH3 Me 81 (3f) 90
7 Me Me 3-Me-C¢H,4 Me  75(3g) 83
8 Me Me 3-MeO-C¢Hy Me 81 (3h) 84
9 Me Me 3-Cl-C¢Hy Me 67 (3i) 80
10 Me Me 2-Me-C¢H,4 Me 83 (3j) 79
11 Me Me 2-MeO-C¢Hy Me 87 (3k) 82
12 Me Me 2-Br-C¢H, Me 77 (31 80
13 Me Me 2-Furanyl Me 55(m) 13
14 Me Et Ph Me  81(3nm) 93
15 Me Bn Ph Me 91 (30) 76
16 Ph Me Ph Me  88(3p) 82
17 Me Me Ph Et 86 (39) 81

© 2014 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

“The reactions were carried out by using 0.10 mmol of 1, 0.12 mmol of 2, 20
mol% of IV, 2 mL MeOH, and at r.t. * Isolated yield.  Determined by chiral
HPLC.
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Scheme 2 Proposed mechanism
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