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Cycloheptatriene—Fused Pyrrolidin—3,3'-Oxindoles
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Abstract The spiro pyrrolidin-3,3'-oxindole core is a privileged skeleton that is found in many natural products and bio-
logically active molecules. For its construction, the [3+2] cycloaddition of 2 component 3-alkenyl-oxindoles with 3w com-
ponent azomethine ylides is one of the most effective strategies. Since the pioneering work of Gong and co-workers, great
effort has been devoted to the development of asymmetric [3+2] cycloadditions with azomethine ylides as the dipole syn-
thon, and impressive progress has been achieved. In contrast, there is no report about higher-order [8+2] cycloaddition of
3-alkenyl-oxindoles with azaheptafulvenes as the 8n dipole synthons, which is an effective way to build cyclohepta-
triene-fused pyrrolidin-3,3'-oxindole derivatives with three contiguous stereocenters, including a spiro-quaternary chiral car-
bon atom. Herein, the azaheptafulvenes is developed as a new dipole synthon with 3-alkenyl-oxindoles to construct pyr-
rolidin-3,3'-oxindoles derivatives for the first time. In the presence of 1 mol% of chiral N,N"-dioxide L6-Ni(Il) complex, the
asymmetric [8+2] cycloaddition performs well, affording functionalized cycloheptriene-fused pyrrolidin-3,3'-oxindoles de-
rivatives in excellent yields (90%~99%), diastereoselectivities (up to 97 : 3 dr), and enantioselectivities (92%~99% ee)
under mild conditions. A representative procedure for the asymmetric [8+2] cycloaddition is as follows: to a test tube, the
catalyst solution (1 mol% , in THF) was added, and the THF was evaporated by oil pump. N-Boc-3-alkenyl-oxindole 2a and
0.5 mL of CH,Cl, were added sequentially under air (I, atmosphere is not necessary). The reaction solution was stirred at
35 °C for 0.5 h, then the 8w component azaheptafulvene 1a (1.05 equiv.) was added. The mixture continued stirring at 35 C
until N-Boc-3-alkenyl-oxindole 2a was consumed (detected by TLC). Finally, the corresponding product 3a was purified by
flash chromatography on basic Al,O; [V(petroleum)/V(CH,Cl,)/V(EtOAc)=8 - 8 - 1].

Keywords chiral N,N'-dioxide; Ni(Il); [8+2] cycloaddition; spiro; asymmetric catalysis
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Figure 1 Selected bioactive natural products bearing the ring-fused
pyrrolidin-3,3"-oxindole skeleton
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Figure 2 [3 + 2] cycloaddition for the synthesis of spiro pyr-
rolidin-3,3'-oxindole derivatives
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Figure 3 [8-+2] cycloaddition for the synthesis of cycloheptatriene-
fused pyrrolidin-3,3'-oxindoles derivatives
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Table 1 Optimization of the reaction conditions

Ars N Ph
! y/ metal-ligand
(x mol%)
+ ERLELL LN
N CH,Cl,, 35 °C
Ar = 4-MeCgHy Boc
1a 2a 3a
n
L +
OQ\\‘ :\/\\:B\l (0] o
No @ 0. N
A H H™ “Ar

L1: Ar = 2,6-i-PryCgHz, n =1
L2: Ar=2,6-Et,CgH3, n=1
L3: Ar = 2,6-Mey,CgHz, n=1
L4: Ar=Ph,n=1

L5: Ar = 2,6--Pr,CgHgz, n =2

L6: Ar = 2,6--PryCgHs

22 EYMEEMER
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HL A, 455 BORAE 1 mol% AL AN, e ble
T B AR IREPE (83 1 17~86 ¢ 14 dr 1H)
L5 BT e BEME(97%~99% ee {EL)FIAF AT [RIME IR
IR =413 2, Entries 1~4). #t—5%} N-Boc-3-J#i&H|
WA A O FE I HUARE BT 8. 2 o A R
X9 7 HE AR TR v 1 N AN UK, o v I it
HL ORI L, S RESRAFIRLF e it xS ik ¢
PEFIER 5 (K155 ik $ 1 (3% 2, Entries 5~10). 2-Z5HUA R
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Table 2 Substrate scope of the reaction
R’ R?
G R3 /Z L-Ni(BF4),* 6H,0
. o (1 mol%)
@N r‘\j CH,Cly, 35°C
1 , Boc (Ar = 4-R'CgHy)

Entry* R' R% R? 3 Time/h Yield/%  dr°  ee/%
Entry” Metal L x  Yield/% arf ee!% 1 Me Ph, H 32 3 99 85:15 99
1 Zn(OTH), L1 10 99 32:68 34 29 MeO Ph, H 3b 3 99 83:17 97
2 Sc(OTH); L1 10 87 26 : 74 0 3 Cl Ph, H 3¢ 3 99 86 :14 98
3 La(OTf); L1 10 99 44 .56 25 4 Br Ph,H 3d 3 99 86:14 99
4 Mg(ClO,), L1 10 99 28 172 91 5 Me 4-FC¢Hy, H 3e 3 96 87 13 99
5 Co(BF,),*6H,0 L1 10 99 44 56 88 6 Me 3-CIC¢H4, H 3f 3 97 86:14 99
6 Ni(BF,)»6H,0 L1 10 99 45:55 95 7 Me 4CICH,H 3g 3 99 8713 98
7 Ni(BF,),*6H,0 12 10 96 58 142 91 8 Me 4-BrCsH;, H  3h 3 99 83:17 92
8 Ni(BF,),*6H,0 L3 10 99 66 . 34 89 9 Me 4-MeCcH,;, H 3i 3 92 8713 99
9 Ni(BF,),*6H,0 L4 10 99 63:37 —30 10 Me 3-MeOC¢Hs4, H 3j 3 99 84:16 99
10 Ni(BF,)»#6H,0 L5 10 99 53:47 78 11 Me 2-Naph, H 3k 3 99 86:14 93
11 Ni(BF,),*6H,0 L6 10 99 80:20 97 13 Me Ph,F 313 99 79121 99
12 Ni(BF,)6H,0 L6 1 99 85:15 99 14 Me Ph, Br 3m 3 99 81:19 98
13 Ni(BF,)»6H,0 L6 0.5 99 83:17 94 15  Me Ph, MeO 3n 3 99  81:19 99

“ Reaction conditions: metal/L (1 : 1), 2a (0.05 mmol) and 1a (0.055 mmol) in
CH,CL, (0.5 mL) at 35 ‘C for 3 h, and the product was purified by flash
chromatography on basic ALO;. ” Isolated yield. © Determined by chiral
HPLC.
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“ Reaction conditions: Ni(BF4),*6H,0/L6 (1 : 1), 2 (0.05 mmol) and 1 (0.055
mmol) in CHyCl, (0.5 mL) for 3 h, and 3 was purified by flash chromatogra-
phy on basic Al,03. The dr and ee values were determined by chiral HPLC.
? Isolated yield. © Determined by chiral HPLC. ¢ The 8 component was gener-
ated in situ from the corresponding tetrafluoroborate salt with Et;N.
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Figure 4 (a) The cycloaddition of 20; (b) the gram-scale synthesis of cycloadduct 3¢
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