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ABSTRACT
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The choice of Lewis acid catalyst can result in dramatic differences in the chemoselectivity of the rearrangement reactions of vinylcyclopropenes.

When BF 3-OEt, was used as the catalyst, naphthalenes were formed. However, when Cu(OTf)

» was used as the catalyst, indenes were obtained.

Thermal and photochemical skeleton rearrangements ofclopropene<2, which are derived from the corresponding

strained small rings with multiple bonds and functional

vinylidenecyclopropanes under basic conditions, to afford

groups have attracted much attention from both synthetic naphthalene and indene skeletons in good to high yields
and mechanistic viewpoints. However, only a few examples under mild conditions.

of such thermdl and photochemicalskeletal conversions
of vinylidenecyclopropanekshave been reported. Previously,
we observed that naphthalene Hebenzo[c]fluorine, and

indene derivatives can be obtained by Lewis acid catalyzed

rearrangement of arylvinylidenecyclopropariedepending
on the substitution pattern on the cyclopropyl ring and the
electronic nature of aryl grougsn this paper, we wish to
report the Lewis acid catalyzed rearrangement of vinylcy-
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As shown in Table 1, vinylcyclopropenésare readily
accessible from simple isomerization of the corresponding
vinylidenecyclopropane4 under basic conditions. For all
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Table 1. Isomerization of Vinylidenecyclopropandsto
Vinylcyclopropene2
2 4
" R L RAR
Bu4NHSO,, NaOH R
_DUaNHoLy, bl |
R I\R“ Toluene, 60°C, 5 R! = R?
1 g 2
entry 1 (RVRYR%RY yield (%)°
1 1a (CgHs/CgHs/Me/Me) 2a, 92
2 1b (4-FCgH,/CeHs/Me/Me) 2b, 63
3 1c (4-CIC4H4/CsHs/Me/Me) 2c, 81
4 1d (4-MeCgH,/CsHs/Me/Me) 2d, 79
5 1e (CgHg/4-CICgH,/Me/Me) 2e, 93
6 1f (CgHs/4-BrCgH/Me/Me) 2f, 93
7 1g (CgHs/4-MeCgH4/Me/Me) 2g, 85
8 1h (CgHs/CsHs/Me/H) 2h, 61
9 1i (CgHs/CgHs/H/H) 2i, 68
CeHs CeHs
10 CeHs
CeHs 4 CgHs CeHs
2j,73
CgH
CsH erl5
(LY C5H5
11
C6H5 CeHs CeHs

a All reactions were carried out usirig(0.2 mmol), NaOH (20.0 equiv),
and BUuNHSO, (2.0 equiv) in toluene (5.0 mL) at 6 for 5 h. Isolated
yields.

vinylidenecyclopropanet examined, the isomerization reac-
tion proceeded smoothly to give vinylcycloproperzdn
good to high yields within 5 h under mild conditions (Table
1). Compound2b was unambiguously determined by an
X-ray diffraction (Figure 1Y.

Figure 1. ORTEP drawing of compoungb.

Initial examinations using vinylcyclopropeiza (R* = R?
= CgHs; R® = R* = Me) as the substrate in the presence of
various Brnsted acids, such as trifluoromethanesulfonic acid
(TfOH), CRCO:H, CH;CO;H, and the Lewis acid BFOE®,
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were aimed at determining the optimal conditions for
rearrangement t@a. The results are summarized in the
Supporting Information. It was found that BBE®L was the
best catalyst and that 1,2-dichloroethane (DCE) was the
solvent of choice, and8awas produced in 60% yield at 4C
(Scheme 1) (see the Supporting Information for details). The

Scheme 1. Optimal Conditions for the Formation of

Naphthalenea
R%_ _R* O
R BF 5 OEt, (10 mol %) Q O
R~ X"~z DCE 40°C,5h
2a: R'=R? = CgHs,
el 3a, 60%

generality of this transformation was examined, and we found
that for all of the employed substrated (he corresponding
rearranged produ@could be obtained in good yield (Table
2).

A plausible mechanism for the BfOEt-catalyzed rear-
rangement of vinylcyclopropene® to naphthalenes is
outlined in Scheme 1. Initially, reaction of B®EL with
trace amounts of water in the system generates thaded
acid catalysiA,® which is similar to the Bpnsted acid TfOH.
The reaction of catalysA with 2 produces cationic inter-
mediateB (the corresponding counteranion in all of the
intermediates has been omitted for convenience), which will
rearrange to either ring-opened cationic intermed@ter
resonance-stabilized intermedig&tvia o-bondb cleavagé.
Subsequent intramolecular Fried€lrafts reaction o€’ with
the aromatic group Rgives the cyclized intermediat®,
which affords intermediatd& via deprotonation. Finally,
aromatization of intermediateé furnishes the corresponding
naphthalen& (Scheme 2).

Interestingly, we found that vinylcyclopropen@scan
rearrange to the corresponding indene derivatés the

(4) The crystal data dtb have been deposited in the CCDC with number
602862. Empirical formula: £&HxoF,. Formula weight: 358.41. Crystal
color, habit: colorless, prismatic. Crystal system: monoclinic. Lattice
type: primitive. Lattice parametersi = 12.5896(12) Ap = 9.1294(8) A,
¢ = 17.6833(16) Ao = 90°, B = 102.192(2)°,y = 90°, V = 1986.6(3)

A3, Space group:P2(1)/n.Z = 4; D, = 1.198 g/crﬁ Fooo = 752.
Diffractometer: Rigaku AFC7R. Re&dualﬁ Ry: 0.0431, 0.1098.

(5) For related papers, which report that trace amounts of water are
required to trigger the formation of cati@with BF; (BFs + H20 + Me,-

CH = CH, — MesCH"BF;OH"), see: (a) Evans, A. G.; Holden, D.; Plesch,
P.; Polanyi, M.; Skinner, H. A.; Weinberger, M. Nature1946,157, 102.

(b) Evans, A. G.; Meadows, G. W.; Polanyi, M.; Skinner, H. A.; Weinberger,
M. A. Nature1946,158, 94. (c) Evans, A. G.; Polanyi, M. Chem. Soc.
1947, 252. (d) Prakash, G. K. S.; Mathew, T.; Hoole, D.; Esteves, P. M.;
Wang, Q.; Rasul, G.; Olah, G. Al. Am. Chem. So@004,126, 15770.

The rearrangement &a in anhydrous DCE was also studied by bubbling
BF; gas into the reaction solution by means of a Schlenk tube, under an
argon atmosphere. The reaction proceeded slowly under these conditions.
However, when the solution was exposed to the ambient atmosphere for
several minutes, the reaction proceeded smoothly to give pr&iuit

good yield.

(6) Reaction of electrophilic reagents with strained bonds has been
extensively studied. See: (a) Bishop, K.Chem. Rev1976,76, 461. (b)
Leftin, J. H.; Gil-Av, G.Tetrahedron Lett1972,13, 3368. (c) Padwa, A.;
Rieker, W. F.; Rosenthal, R. J. Am. Chem. Sod 985,107, 1710. (d)
Padwa, A.; Blacklock, T. J.; Loza, R. Am. Chem. S0d981,103, 2404.
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Table 2. BF;-OEt-Catalyzed Rearrangement ffor the

Formation of Naphthalene®

R1|
R:. R* . “*,I"\
R BF5OEt, R2 e
4]
R~ ~~=\gz DCE 40°C,5h R R,
2 3
entry® 2 (R'RIRRY) yield (%)°
1 2a (CgHs/CgHs/Me/Me) 3a, 60
2 2b (4-FCgH4/CqHs/Me/Me) 3b, 55
3 2¢ (4-CICgH4/CsHs/Me/Me) 3c, 65
4 2d (4-MeCgH,/CsHs/Me/Me) 3d, 70
5 2e (CgHs/4-CICsH,/Me/Me) 3e, 63
6 2f (CgHs/4-BrCgHy/Me/Me) 3f 65
7 2g (CgHs/4-MeCgHs/Me/Me) 3g.68
8 2h (CgHs/CgHs/Me/H) 3h, 63
9 2i (CgHs/CgHs/HIH) 3i, 60
CgHs

10 i& Wy
CeHs S CeHs

11
CeHs

a All reactions were carried out usir@y(0.2 mmol) in the presence of
BF3:OEt (10 mol %) and DCE (5.0 mL) at 41T for 5 h.? Isolated yields.

CeHs
3j, 66
CgHs

2j

Gote D@
\ o

CeHs . CgHs

3k, 65

presence of the Lewis acid Cu(OTfp DCE at 50°C. The

solvent of choice, anda was produced in 98% yield at 50
°C (Scheme 3) (see the Supporting Information for details).

Scheme 3. Optimal Conditions for the Formation of Indene

4a
R R*
R CU(OTH, (10 mol %) O
R X~—>R?  DCE,50°,5h Q 4
2a: R'=R? = CgH, O O
R%=R* = Me 4a, 98%

It should be emphasized here that, usingiiated acid Ck
COH as a catalyst, both indene and naphthalene products
can be obtained as a mixture. Compourdvas unambigu-
ously determined by an X-ray diffraction (Figure 2JThe

Figure 2. ORTEP drawing of compounda.

optimization of the reaction conditions for this process is 9enerality of this Cu(OTf}catalyzed rearrangement reaction

of various Lewis acids, such as Sc(Offpn(OTfy, Eu-
(OTf)3, and Zr(OTf). It was found that Cu(OT§)was the

uents, whether they are electron-rich or -poor aryl groups
(R* and R) or methyl groups or hydrogen atoms3(&nd

best catalyst and that 1,2-dichloroethane (DCE) was the RY)- All reactions proceeded smoothly to give the corre-

Scheme 2. Plausible Mechanism for the Formation of

Naphthalene8

trace amounts R X" R?

f
BF, Ot of water

R R* R% .+ _R*
R1/a"r%z_> R
* HR | 1
1 1 1 R
R! g R R
3

R3
/?R“
R R?
|
\ Rt
D

2

HBF,(OH)gy ——m———>

A

R 4
R
H* {
AR RZ —» 3
\ gt
E

Org. Lett, Vol. 9, No. 1, 2007

sponding indene derivativé in good to high yields under
the optimal conditions (Table 3).

A plausible mechanism for the formation of inderes
illustrated in Scheme 4. The coordination2fo the Lewis
acid initially gives zwitterionic intermediate, which results
in the formation of cyclopropyl ring-opened zwitterionic
intermediateG via o-bonda-cleavage. Intermediaté also
can be drawn as its delocalized representations as intermedi-
ate H or intermediateH’.%8 Subsequent intramolecular
Friedel—Crafts reaction of intermediat# with aromatic
group R affords intermediaté. Elimination of Lewis acid
and deprotonation from intermediatdurnish 4.

(7) The crystal data ofahave been deposited in the CCDC with number
615026. Empirical formula: &H,,. Formula weight: 322.43. Crystal color,
habit: colorless, prismatic. Crystal system: Triclinic. Lattice type: primitive.
Lattice parametersa = 8.1168(19) Ab = 10.068(2) A,c = 11.493(16)

A, o = 93.001(4)°,8 = 98.563(4)°,y = 98.080(4)°,V = 917.0(4) &.
Space group:P1. Z = 2; D, = 1.168 g/cm; Fooo = 344. Diffractometer:
Rigaku AFC7R. ResidualsR. Ry: 0.0655, 0.1722.

(8) For the mechanism of the 1,3-proton shift, see: Carey, F. A,
Sundberg, R. JAdvanced Organic Chemistrrd ed.; Plenum Press: New
York, 1990; p 609.
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Table 3. Cu(OTf),-Catalyzed Rearrangement of
Vinylcyclopropenes for the Formation of Indeneé

a All reactions were carried out usiry(0.2 mmol) in the presence of
Cu(OTf), (10 mol %) and DCE (5.0 mL) at 5@ for 5 h.? Isolated yields.

T
RN

)R;R:K}i“ Cu(0TH), " ) R
° 4
RPN DCE.50°C.5h _, R

2 4 R?
entry® 2 (RV/R¥R%RY yield (%)°
1 2a (CgHs/CgHs/Me/Me) 4a, 98
2 2b (4-FCgH,/CgHsMe/Me) 4b, 68
3 2¢ (4-CICgH./CgHs/Me/Me) 4c, 78
4 2d (4-MeCgH,/CgHs/Me/Me) 4d, 94
5 2e (CgHs/4-CICqH4/Me/Me) de, 87
6 2f (CgHs/4-BrCgHa/Me/Me) 4f, 80
7 29 (CHs/4-MeCgH,Me/Me) 49, 98
8 2h (CgHs/CgHs/Me/H) 4h, 84
9 CeHs Q '
= CeHs Q 4
CeHs - GCeHs CoH
2j 4i, 78 ¥6''5
. O~
10 65
= CeHs
CeHs CeHs C-H
2k 4j, 75 “o'ls

Scheme 4. Plausible Mechanism for the Formation of Indenes
4

In conclusion, we have discovered efficient and mild Lewis
acid catalyzed rearrangement reactions of vinylcyclopropenes
2. In these reactions, the choice of Lewis acid catalyst is
important and naphthalen8sor indenes4 can be obtained
in good to high yields. Stronger Lewis acid catalysts (or
Br¢nsted acid in this case) and somewhat weak Lewis acid
catalysts will result in the different-bond cleavage o2,
which directly affects the subsequent Fried€rafts reaction
and determines the product structure. Efforts are underway in
the laboratory to further elucidate the mechanistic details of
these reactions and to understand their scope and limitations.
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