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Cyclopropenedhighly strained but readily accessible carbocyclic Table 1. MX,-Catalyzed Cycloisomerization of Cyclopropenyl
.. . . a
molecules, have been shown to possess useful reactivity in organic<etone 1a

synthesig. In the past several years, more and more attention has 0

CO,Et C4Hg CO,Et

been paid to the transition metal-catalyzed reaction of cyclopro- EtO,C CHx MX .
) ] X 3 MX,(5 mol%) A J\
penes. Two kinds of reaction patterns of cyclopropenes, that is, C4Ho CH; + CHs
the direct oxidative addition of the-GC ¢ bond?*3cand metalation Cale™ 4a g’a 2
(hydrometalatioifa@Pcarbometalatiod? and bismetalatioh) of the 2
C=C bond, have been disclosed for their interaction with transition entry catalyst solvent/T (°C) t(h) 2/3° yield (%)°
metals (Scheme 1). It is obvious that there is an attractive but often 1 no acetone/reflux 19 0
troublesome regioselectivity issue whehiRdifferent from R.56 2 CoCb acetone/reflux 24 65:35 7
3 NiBr; acetone/reflux 24 20:80 20
Scheme 1 4 FeCk acetone/reflux 12 99:1 25
5 5 RuCk-3H,0 acetone/reflux 14 98:2 61
R! R . 6  RhCk3H,0 acetone/reflux 12 98:2 58
dative addi TR 7 PdCh acetonefreflux 11 94:6 60
el end " s M 8  PdBp(PhCN) acetone/reflux 17 946 53
FI§4 R? 9 Pdb acetone/reflux 12 trace
/ N\ l—\ﬁ@ 10  PdCHCHsCN), CHsCN/80 17 8812 25
RZ. RS M 11 PACH(CH3CN),  AcOEt/reflux 17 94:6 64
A R 12 PdCHCHCN), CI(CHp)-ClI80 11  96:4 66
R R4 hydro-, carbo- and R? RS 13 PACH(CH3CN),  CHCly/reflux 18 98:2 74
R1o% R me‘i'g"%agat'%” Y. M 14  CuCh acetonefreflux 12 12:88 75
7= O = on .
Control? R};z R3R4 15 Cul CHCN/80 9 <199 9F
M Y 2 The reaction was carried out usidg (0.5 mmol) and catalyst (5 mol
R! R* %) in solvent (2.0 mL)? The ratio was determined §4 NMR analysis
_ of the crude reaction mixturé€.Unless otherwise specified, isolated yields
Y =H, CHz, M of two isomersd Isolated yield of the major isomer.

After observing some interesting chemistry with methylenecy-
clopropanes (MCPS)we showed high interest in the transition
metal halide-mediated reaction of cyclopropenes, which also have
an active G=C bond in the three-membered ring. Although the
chloropalladation of cyclopropenes with a stoichiometric amount
of PACL(CH3;CN), leading to an allylpalladium species has been
disclosed?, no catalytic reaction has been reported. Herein, we wish
to report a highly regioselective ring-opening cycloisomerization
of cyclopropenyl ketones, in which the subtle application of Cul
and PdCJ(CH3;CN), addressed the issue of regioselectivity leading
to corresponding 2,3,4- or 2,3,5-trisubstituted furans, respectively. Figure 1.
Initially, we tested the halometalation of cyclopropenyl ketone study, we were excited to find that the reactiorilafin CH;CN at
1&° in the presence of a number of transition metal halides jMX 80 °C under the catalysis of 5 mol % Cul (Conditions B) for 9 h
(Table 1). NiBs and CoC} are less effective with low regioselec-  gave 3a with an excellent regioselectivity>99:1) in 91% vyield
tivity (entries 2-3, Table 1), while FeGlshowed high regioselec-  (entry 15, Table 1).
tivity with a low yield (entry 4, Table 1). Rh@i3H,0, RuCk- Some typical examples for this regioselective transformation are
3H,0, PdBE(PhCN), and PdC] showed higher activity to give summarized in Table 2. Several types of substituents such as 1-alkyl,
2ain good yields with high regioselectivities (entries8, Table tert-butyl, and phenyl groups could be introduced (entrie8.1
1). After numerous screenings, we were pleased to find that the Table 2). The introduction of the Phg@roup as R provided us
reaction applying 5 mol % Pd&CH;CN), as the catalyst and  further evidence for the regioselectivity, since we established the
CHCI; as the solvent (Conditions A) gaa in 71% yield with structures o2h'® and3h!! by X-ray diffraction studies (Figure 1).
very high regioselectivity (98:2) (entry 13, Table 1). Both yields A possible rationale for this regioselectivity is depicted in Scheme
and regioselectivities in other solvents such as;@N, AcOEt, 2. In the presence of a catalytic amount of P4CH;CN), (cycle
and CICHCH,CI are lower (entries 18612, Table 1). After further A), the regioselective chloropalladatfoaf the G=C bond of the
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Table 2. Regioselective Cycloisomerization of Cyclopropene

Ketones 1 under Conditions A and B
R1 R2
+ U‘Rs
0]
3

(0] R2
R* s B
R 1 3
R R
o

1
R 1 2
Conditions A: [PdCl,(CH3CN),] (5 mol%), CHClI3, reflux;
Conditions B: [Cul] (5 mol%), CH3CN, reflux.
cyclopropenyl ketones 1
entry RYRYR? cond./t(h) yield? (2:3)°
1 TBSO(CH),/COEt/CHs (1b) Ac/3 (2b) 65 (95:5)
2 1b B/10 (3b) 85 (<1:99)
3 TBSOCH/COEt/CHs (1) A/3 (2c) 60 (96:4)
4 1c B/10 (30) 83 (<1:99)
5 t-Bu/COEt/CHs (1d) A/13 (2d) 66 (98:2)
6 1d B/4.5 (3d) 80 (<1:99)
7 Ph/CQEt/CHs (1¢) A/10 (2¢) 73 (99:1)
8 le B/2.5 (38 89 (1:99)
9 n-CsH1/COEt/Ph (Lf) Ac/24 (2f) 50 (98:2%
10 1f B/10 (3f) 80 (<1:99)
11 n-C4Ho/COMe/CH; (10) Ac/3 (29) 78 (95:5)
12 19 B/6 (39) 80 (<1:99)
13 n-C4Ho/SO,Ph/CH; (1h) Ac/5 (2h) 88 (99:1)
14 1h B/10 (3h) 96 (<1:99)

a|lsolated yield of the major isomet.The ratio was determined By
NMR analysis of the crude reaction mixtufreCH,Cl, was used as the
solvent.d Unidentified product was also formed.

Scheme 2
cPd_ R? 2 2 Q
R
o Y
3
R R—L> PACl 17

Yo

1 ]
ath a
rj Cycle A P path b
2

)
g3 ) (0] ) R? | RS
T R.] 3 R1 RS '
@O ~— R R R o Jio
R cli ci PdC Cu I Cu

5 4 7 8

cyclopropenyl ketonel (path a) would afford the palladium
intermediate4, which would underg@-decarbopalladation to afford
delocalized intermediate Subsequent intramoleculandemode
insertion of the &C bond into the oxygenpalladium bond of
intermediate5 would afford a cyclic palladium intermediat&
which would underg@-halide elimination to affor® and regener-

ate palladium(ll) species. On the other hand, in the presence of a
catalytic amount of Cul, it would proceed according to cycle B.

The opposite regioselective iodocupration of thebond ofl

(path b) and subsequeng-decarbocupration gave delocalized

intermediate8. The intramolecularendemode insertion of the
C=C bond into the oxygencopper bond of intermediai® and
subsequeng-halide elimination of intermediat@ afforded3 and
regenerated Cul.

In conclusion, we have developed a regioselective cycloisomer-
ization of cyclopropenyl ketones leading to 2,3,4-trisubstituted
furans or 2,3,5-trisubstituted furans by using the catalyst Cul or
PdCL(CHsCN),, respectively. Further studies into the scope,
mechanism, and synthetic applications of this transformation are
being carried out in our laboratory.
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X-ray data for compoun@h: C;sH:80sS, MW = 278.35, orthorhombic,
space groupPrca2(1), Mo Ka, final R indices [ > 20(1)], R1 = 0.0446,
wR2 =0.0598,a = 12.0416 (9) Ab = 15.7116 (11) Ac = 15.1600
(A1) A =90, =90, y =90, V= 2868.2 (4) &, T=293 (2) K,

Z = 8, reflections collected/unique: 16 943/649R,( = 0.0555), no
observation I[ > 20(1)] 3776, parameters 425. CCDC 211695 contains
the supplementary crystallographic data.

X-ray data for compoungh: CisH1505S, Mw = 278.35, triclinic, Space
group P-1, Mo Ky, final R indices [ > 20(1)], R1 = 0.0488, wR2=
0.1119,a = 7.9303 (11) Ab = 9.6961 (13) Ac = 11.1246 (11) Aa

= 68.445 (2}, f = 81. 980 (3, y = 66.606 (2), V= 730.16 (17) A,

T =293 (2) K,Z = 2, reflections collected/unique: 4497/32@(=
0.0589), No Observation B 20(1)] 2119, parameters 245. CCDC 211696
contains the supplementary crystallographic data.
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