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Palladium-Catalyzed Intermolecular [3+2] Cycloaddition Reactions of
Vinylcyclopropanes : Use of Acrylamides as Michael Acceptors
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Palladium-catalyzed intermolecular [3+2] cycloaddition reactions of vinylic
cyclopropanes using acrylamides as Michael acceptors were successfully accomplished to
give cyclopentane derivatives. The palladium-catalyzed reactions of vinyl-cyclopropanes
with acrylamides as Michael acceptors were studied, and the effects of the acryamides

moieties are discussed.
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Table 1. Palladium-Catalyzed Intermolecular [3+2] Cycloaddition Reactions of 1

Entry Catalyst Ligands ‘Time (h) Yield of 3a (%)
1 Pd:(dba)s- CHCls dppe 12 98
2 Pd:z{(dba)s: CHCls dpppropane 12 75
3 Pdz(dba)s- CHCls dppb 12 50
4 Pdz(dba)s- CHCls dpppentane 13 39
5 Pdz(dba)s- CHCls dpph 13 28
6 Pd(PPhs)4 dppe 13 69

a) The palladium-catalyzed reaction of 1 with an amide 2 (1 equiv.) were carried out in DMSO at 80 C in
the presence of palladium catalysts (0.1 equiv.) and a phosphine ligand (0.2 equiv.).

(2a) VTN T VY LIEIC L 25T M
[3+2] BRALAMRICZMET L 72, 1L T,
tris (dibenzylideneacetone) (chloroform)
dipalladium [ (dba)sPd2 -+ CHCls] (0.1 &),
1,2-bis (diphenylphosphino) ethane (dppe) (0.2
WME) OFFET acrylamide 2a (1 %&) %
dimethyl sulfoxide (DMSO) &id 80 T T 24
BEODEEEE, HWETHHBRERY,
N,N-dimethyl-4,4-dimethoxycarbonyl-2-
vinylcyclopentanecarboxamide (3a) % 98% @
INFECH., ERYOMHMEEICDOWTIE,
amide O I/ IOLEIZ LY, (2T trans
RoTWwWah EHEEEND.

X2, dppe ICHRTRFHNDEV 1,3-bis
(diphenylphosphino) -propane (dpppropane),
1,4-bis (diphenylphosphino) butane (dppb), 1,5-

bis- (diphenylphosphino) pentane (dpppentane),
1,6-bis (diphenylphosphino) -hexane (dpph), &
O" 1,1'-bis (diphenylphosphino) ferrocene (dppf)
% phosphine B+ & L THW, (dba)sPdz -
CHCls, B\ iZ Pd(PPhs)s DA T 80 CTRIE
#4To72& 2 5 Table 1 L/T'?'fﬁ*%z‘)‘ Lhz
(Table 1).

Table 1 IZ;RT & 912, BT % dppe 2°5
dpph ~ESARBICKE (T AIZONIERIMET
L7z, COBRMTICEZEEE, KDL IIH
BHTAZENTES,

Thbb, BE1EHVSTE [3+2] &
MBI RD & ) ITETTHLEZONS.
X U®iZ, vinylcyclopropane 1 (233 LT O flid
NIV TLDBHEL, BPRRLTr-T )N
ST LKA 52 5. RIZ, 4 D Michael
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Table 2. Palladium-Catalyzed Intermolecular [3+2] Cycloaddition Reactions of 1%

Entry Acrylamides Time (h) Products 3b-g  Yield of 3 (%)
1 2b 12 3b 40

2 2c 12 3c 35

3 2d 12 3d 30

4 2¢ 13 2e 7

5 2f 13 2f

6 29 13 29 3

a) The palladium-catalyzed reaction of 1 with an amide 2b-g (2 equiv.) were carried out in DMSO at 80 C in
the presence of Pdz (dba)s + CHCls (0.1 equiv.) and dppe (0.2 equiv.).
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acceptor IZ¥ A 7F VAL AFEAES 252, &
WT -7 U IVERICH L FP R E RS &
CLHBRERY 6 EKT .
COoOBBEARDCEILT 5 L&,
vinylcyclopropane {233 L/XT U7 AR KET 5
L&, BMNFEIANICKRELSTELEZDODY
VEFEERDODL AEfLEA (bite angle) 2°
LA ZEIZEY, BFFEEFLOTDY
% BV S D Michael acceptor DL % 1)
5720, <475 VRMPETLIZS R DIR
BOBRTE2HFEV-bDEEZ 55 (Scheme 3).
XRIZ, B Michael acceptor IZD\W T %
Yoy Y Ui, EXR)V IV UVREET A
N-acryloylpyrroridide (2b), N-acryloyl-

fro7-.

piperidide (2c) 2B W TIZIEED KIE 2K T A
Roh, TNEN40%, 35% & HREDINFET
3b, 3¢ %5272, RIZ, Michael acceptor & L
THFINT I FRUA I FEZHW/2. Michael
acceptor & L T N-acryloyl- (S) -proline methyl
ester (2d), 3-acryloyl-1,3-oxazolidin-2-one
(2e), 1l-acryloylpyrrolidin-2-one (2f), 1-
acryloylpyrrolidine-2,5-dione (2g) %M\ Ts¥
777 LS X BRI IS 2R L7z &
25, 2d ZBVTIRINEI0% &L DT ITET
L7z%%, 2e Tl 7%, 2f, 2g TIIZ#NEFN 3%
ERIEZINEDE T 2272 (Table 2).
DEDHERIRDEHIZEEEINL., Thb
DI TIEE LD 1 #ENT %A%, acrylamide
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2a-2g ICB L TRIFE A LEITX Y, ML
BIEBW %S5 272, TOZ &5 acrylamide %°
HOREGEEZ LTwah, £ 3a-3g A%
ERTOBELEHB L TWAUJREEIZZ NS,
NS ORIEDERD 720 \2 TS IREE, FUSEE,
ROCEEfE, acrylamide OfF & DM 7% & ORRET
B o7, BILRRLNeHh o7,
LLE®d X 9 iz, Michael acceptor & LT
acrylamide % i\ T4 F R [3+2] BALAIMN
RG24, b BWRAETTIZ98% &) &
NERCTHWET2HERILEYZ/AEI LD T
-, L2 Lads, RRIDIVANEE, &
FHIRBE L X7 T <, acrylamide (ZEFRKT]
BEAEALLE ZIERGIZIZEACETYE
T, I, EHETBHERT 4 VEMF O

KESHPRBOETICRE BT L0

gan, 4%, KARCOREFEENORREN
Hfrsh s,

£ B 0 8

IR A7 b VIZHAS K DR-81 fourier
transform infrared spectrometer (2 & ) {#lj5E L
7z. NMR & HARE T JNM PMX 60si 8 & OF JNM
EX 270 high resolution NMR spectrometer % fi
AL, 1t 7 b i tetramethylsilane [ (CHs) 4Si]
ZPEAERE L LT (CHs)4Si 2°5® ppm TR L
2. BYTFINVDFREING — ZIEROD &) ITHE
3. s, singlet ; d, doublet ; q, quartet ; m,
multiplet. &F 4+ 1t EI-MS (3 HAEF JMS-
DX-303/JMA-DA 5000 SYSTEM high resolution
mass spectrometer |2 & V) % L 7. Preparative
TLC & E. Merck Silica gel 60 PF-254 % ffif L C
AL, 140 TT 3.5 RejN#A L TiEMEAL L 72
bD#AEMH L7z, Flash column chromatography
i% E. Merck Silica gel 60 % L 72.
1Z2AVAENSTY L (0) MEICES2TFE
[3+2] eSS
— iR MEE

26ml O 2HEAKT 5 AT tris
(dibenzylideneacetone)
[Pdz(dba)s - CHCls]

chloroform) dipalladium
8.4 mg, 0.016 mmol),

o~ o~

1,2-bis- (diphenylphosphino)ethane (13 mg,
0.032 mmol) ZFF VY, Ar &H T dimethyl
sulfoxide (DMSO) (1.5 ml) %hIz, ZFEIZT
30 IR 5. ZhiZ, 1 (30 mg, 0.16 mmol)
» DMSO (1.5 ml) #WZHT LIZHEN,N-
dimethylacrylamide (2a) (16.2 mg, 0.16 mmol)
Nz, 80 CIZT 12 KBTS, RIBE,
RIS % ether THWL, U IS5 VIEEZAT
“, EHEERERE L, 85 hoME R %
flash Column chromatography [AcOEt-hexane
(1:4)] THBE, K%Y 2 L N,N-dimethyl-4,4-
dimethoxycarbonyl-2-vinylcyclopentanecarboxamide
(3a) #18%. N-acryloylpyrroridide (2b), N-

“acryloylpiperidide (2¢), N-acryloyl-(S)-proline

methyl ester (2d), 3-acryloyl-1,3-oxazolidin-2-
one (2e), 1-acryloylpyrrolidin-2-one (2f)
& O° 1-acryloylpyrrolidine-2,5-dione (2g)
x F Vv CRERIZAT Y, 4,4-dimethoxycarbonyl-
2—vinylcyclvopentanecarbonylpiperidide
(83b), 4,4-dimethoxycarbonyl-2-
vinylcyclopentanecarbonylpyrroridide
(3¢), N- (4,4-dimethoxycarbonyl-2-
vinylcyclopentanecarbonyl) - (S) -proline methyl
ester (3d), N-(4,4-dimethoxycarbonyl-2-
vinyleyclopentanecarbonyl) -1,3-oxazolidin-2-one
(3e), N-(4,4-dimethoxycarbonyl-2-
vinylcyclopentanecarbonyl) -2-pyrroridone
(3f), MU'N-(4,4-dimethoxycarbonyl-2-
vinylcyclopentane-carbonyl) succinimide (3g)
FENENEZ BoNKERE Table 1 RO
Table 2 27" 7.

3a : J{=E 98%. IR (NaCl) cm: 1750 (ester),
1540 (olefin). 'H-NMR (270 MHz, CDCls) &
2.03-2.15 (1H, m, CHCH=CH), 2.17-2.30 (1H,
m, CHCO), 2.60-2.85 (4H, m, CH2.CCHz), 3.67-
3.88 (6H, m, CO:CHs X 2, 3.67-3.88 (6H, m,
NCHs X 2), 4.80-5.15 (2H, m, CHCH=CHz),
5.60-5.78 (1H, m, CHCH=CHz). EI-MS m/z: 283
(M*). Exact mass determination : 283.1350
(Caled for C14H21NOs: 283.1401).

3b : Y= 40%. IR (NaCl) cm: 1755 (ester),
1547 (olefin). 'H-NMR (270 MHz, CDCls) & :




Vinyleyclopanes % 372785 % AT & 2578 [3+2] BLAIIBIL © Michael Acceptor & LT Acrylamides EO#H 107

1.72-1.84 (4H, m, NCH2CH: X 2), 2.05-2.15
(1H, m, CHCH=CH), 2.23-2.38 (1H, m, CHCO),
2.60-2.85 (4H, m, CH2CCHz), 3.67-3.93 (6H, m,
CO:2CHs X 2), 3.60-3.88 (4H, m, NCH:z X 2),
4.83-5.24 (2H, m, CHCH=CH:), 5.65-5.85 (1H,
m, CHCH=CHz). EI-MS m/z: 309 (M*). Exact
mass determination: 309.1459 (Caled for
C16H2sNOs: 309.1098) .

3c X 35%. IR (NaCl) cm?: 1755 (ester),
1547 (olefin). 'H-NMR (270 MHz, CDCls) ¢
1.03-1.20 (2H, m, NCH2CH2CHz), 1.60-1.85
(4H, m, NCH2CH: X 2), 2.06-2.15 (1H, m,
CHCH=CH), 2.23-2.38 (1H, m, CHCO), 2.60-
2.85 (4H, m, CH:CCHz), 3.65-3.93 (6H, m,
CO:2CHs X 2), 3.65-3.93 (4H, m, NCHz X 2),
4.83-5.24 (2H, m, CHCH=CH:), 5.65-5.85 (1H,
m, CHCH=CHz). EI-MS m/z: 323 (M*). Exact
mass determination: 323.1654 (Calcd for
CirHosNOs: 323.1754) .

3d :NE 30%. IR (NaCl) cm: 1760 (ester),
1552 (olefin). 'H-NMR (270 MHz, CDCls) &
1.72-2.00 (4H, m, NCHz2CH: X 2), 2.10-2.23
(1H, m, CHCH=CH), 2.23-2.38 (1H, m, CHCO),
2.62-2.99 (4H, m, CH:CCHz), 3.67-4.13 (9H, m,
CO:2CHs X 3), 3.67-4.13 (2H, m, NCHz), 3.67-
4.13 (1H, m, NCH), 4.69-5.00 (2H, m,
CHCH=CH:), 5.33-5.55 (1H, m, CHCH=CHz).
EI-MS m/z: 309 (M*). Exact mass determination:
367.1642 (Calcd for C1sHzsNO7: 367.1629) .

3e [ JXFE 7%. IR (NaCl) cm™: 1755 (ester),
1547 (olefin) 'H-NMR (270 MHz, CDCls) & :
2.05-2.15 (1H, m, CHCH=CH), 2.18-2.30 (1H,
m, CHCO), 2.60-2.85 (4H, m, CH:CCHz), 3.48-
3.72 (2H, m, NCHz), 3.48-3.72 (2H, m, OCHz),
3.75-3.88 (6H, m, CO:CHs X 2), 4.83-5.24 (2H,
m, CHCH=CHz), 5.66-5.89 (1H, m, CHCH=CHz).
EI-MS m/z: 325 (M*). Exact mass determination:
309.1250 (Calced for C1sH19NO7: 325.1233) .

3f DX 3%. IR (NaCl) cml: 1748 (ester),
1539 (olefin) 'H-NMR (270 MHz, CDCls) &
1.99-2.08 (2H, m, NCH2CH:z X 2), 2.05-2.15
(1H, m, CHCH=CH), 2.23-2.38 (1H, m, CHCO),

2.40-2.56 (2H, m, CH2C0O), 2.60-2.85 (4H, m,
CH:CCHz), 3.67-3.93 (6H, m, CO2CHs X 2),
3.60-3.88 (2H, m, NCHz), 4.83-5.24 (2H, m,
CHCH=CH:), 5.65-5.85 (1H, m, CHCH=CHz).
EI-MS m/z: 309 ( M+) . Exact mass
determination: 323.1436 (Caled for CisH21NOs:
323.1433).

3g & 3%. IR (NaCl) cm 1745 (ester),
1533 (olefin). 'H-NMR (270 MHz, CDCl) ¢ .
2.05-2.15 (1H, m, CHCH=CH), 2.23-2.38 (1H,
m, CHCO), 2.60-2.85 (4H, m, CH:CCHz), 3.05-
3.22 (2H, m, CH:CO X 2), 3.67-3.93 (6H, m,
CO:2CHs X 2), 3.60-3.88 (2H, m, NCHz), 4.83-
5.24 (2H, m, CHCH=CH:), 5.65-5.85 (1H, m,
CHCH=CH:). EI-MS m/z: 309 (M*). Exact
mass determination: 337.1236 (Calcd for
C16H2sNOs: 337.1250) .
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