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A variety of substituted  o.,8-unsaturated ketone and benzofulvene derivatives were readily prepared in good to excellent yields via the reaction
of alkylidenecyclopropanes with various acyl chlorides in the presence of aluminum chloride. The stereochemistry of the acylation and cyclization

is discussed.

Alkylidenecyclopropanes (ACPs) are highly strained but mediated reactions of ACPs have also been disclbget.

readily available molecules that have served as usefulattractive but often troublesome feature of methylenecyclo-
building blocks in organic synthesisSo far, increasing  propanes is their multiform reactivities that may lead to
attention has been paid to the transition-metal-catalyzedformation of a variety of products through various reaction
reactions of unsubstituted methylenecyclopropanes, whichpathways: addition to a-€C double bond or cleavage of

have been employed for the construction of complex organic proximal and distal bonds of the three-membered ¥ing.
molecules:® Examples of Lewis acid or Brgnsted acid Moreover, for the reactions with unsymmetrical ACPs, the
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regiochemistry generally makes the reaction complicated. changing the catalyst to TigGIFeCk, SnCl, or ZnCk only
Thus, the regio- and stereoselectivity of the insertion and afforded a trace ofa (Table 1, entries 44). In addition,
ring-opening methods have been the highlight of methyl- using a catalytic amount of Alglonly a trace of2a was
enecyclopropane chemistty. formed (Table 1, entry 6).

The Lewis acid promoted FriedeCrafts reaction is a Next, we carried out the AlG@imediated acylation of
powerful carbon—carbon bond-forming process in organic various ACPsL with aliphatic and aromatic acyl chlorides.
chemistry’ Since the 1960s, the chemistry of the acylation The results are summarized in Table 2. The symmetrical ACP
of cyclopropanes has been explored with regard to the
similarity between the cyclopropane ring and the olefinic
double bond. However, the addition of an acyl chloride
aluminum chloride complex to ACPs has not been reported
so far. Because of the fact that ACPs are generally more

Table 2. Reactions of Various Acyl Chlorides with ACPs in
the Presence of 1.0 Equiv of AlgI

strained than cyclopropanes, they are also expected to react . Q

with the acyl cation. Herein, we wish to report the reaction > _<R . ﬁ\ AlCls, N, R3J\/|(V c
of ACPs with various acyl chlorides in the presence of R2 R °Cl CH,Cl,, -20°C, 1h RI7OR2
aluminum chloride. Special emphasis will be placed on the 2

regio- and stereochemical aspects.

We started our investigations by the reaction of diphen- entry ACP 1 (RYR2) R3 yield (%)°
ylmethylenecyclopropandg and acetyl chloride in the 1 CgHy/CeHs (1a) Me 2a, 84
presence of metal halides, in @El, under an N atmosphere 2 1a i-Pr 2b, 67
(Table 1). The reaction proceeded smoothly in the presence 3 1a Ph 2¢, 80

4 1la p-MeOCgH4 2d, 92
5 1la Bn 2e, 89 (3¢, 5)
. . . 6  p-MeCgHs/p-MeCgHy (1b) Me 2f, 92
Table 1. Effects of Reaction Conditions on the Reaction of 7 p-MeOCsHy/p-MeOCeH, (1¢) Me 2g, 30
ACP 1a with Acetyl Chloride in the Presence of Metal 8 1e Bn 2h, 55
Chlorides 9 1lc i-Pr 2i, 73
o 10 1c Ph 2j, 76
Ph ., 9 MCl, cl 11 p-ClCeH4/p-CICsH, (1d) Phe 2k, 79
P=C Xy omer ) 12 p-FCeHy/p-FCeH, (1e) Me 21, 66 (31, 9)
Ph”” Ph 13 CeHy/H (1) Me (E)-2m, 68
1a 2a 14 1f Et (E)-2n, 71
15 1f Ph (E)-20, 64
entry metal chloride (equiv) temp (°C) time (h) yield (%)° 16 p-BrC¢HyH (1g) Me (E)-2p, 50
- 17 1g Et (E)-2q, 63

; ],T;g}: 8; :;g g:g gzzg 18 2,6-Cl-CeHy/CeHs (1h) Me (E)-2r, 59

3 SnCly (1) -20 1 trace a Unless otherwise specified, the reaction was carried out us{ig0

4 ZnCl, (1) rt 3 trace mmol) and acyl chloride (1.0 mmol) in GBI, at—20°C for 1 h.b Isolated

5 7rCl, (1) —90 05 46 yields. ¢ (p-ClCsH4),C=CHCH,CI was obtained with 8% isolated yield.

6 AICl5 (0.1) —-20 3 trace

7 AICl; (1) rt 0.5 24

8 AlCI;3 (1) —-20 1 84 la smoothly reacted with various acyl chlorides, affording

9 AlCl; (1) -20 2 81 the correspondingt,S-unsaturated ketoneza—e in good

10 AlCl3 (1) —20 1 56¢ yields (Table 2, entries -15). For ACP 1b having an

a Unless otherwise specified, the reaction was carried out Usir{d.0 electron-donating methyl group on the benzene ring, the

e Ao s Lok oo, Soesponing produaas obteined i hgher vild (Table
yields and the C11'eaction tin¥e are determined t;)y TLC on the basis of 2, entry 6)' However, using ACRc as the substrate, the
consuming the starting materials. ¢ Quenched by the addition of & products2g—j were formed in moderate yields, along with
(0.22 mL, 1.5 mmol) in 4 mL of pentane &t20 °C. an unidentified polymeric byproduct (Table 2, entriesID).
On the other hand, fatd and1e having electron-withdraw-
ing substituents on the benzene ring, the corresponding
adducts2k and 2| were obtained in 79% and 66% vyield,
respectively (Table 2, entries 11 and 12). All reactions were
completed within 1 h.

For the unsymmetric ACPs, only the isomers of the
products? were obtained (Table 2, entries-138). TheE/Z

of ZrCl, to give thea,-unsaturated ketone derivatia,
albeit in moderate yield (Table 1, entry 5). However, when
a stoichiometric amount of AlGlwas used, the yield was
improved to 84% (Table 1, entry 8). On the other hand,
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selectivity was determined by tHél NMR spectra of the
crude reaction mixture. The structure of the prod&tZm

If Rt = CHj, the intermediate carbonium idhgives4 via
B-proton eliminationt?

was established by spectroscopic analysis and single-crystal Controlled experiments with varying stoichiometries of

X-ray diffraction analysis (Figure 1).

Figure 1. Single-crystal X-ray structure of compound){2m.

However, for unsymmetric aliphatic ACH, we observed
that the acyl cation easily added to the=C bond without
cleavage of the cyclopropane ring giving the vinylcyclopro-
pane derivativeda as a single product under the same
conditions (Scheme 1).

Scheme 1. Reaction of ACP1j with Acetyl Chloride

0 0
p-MeOCeH, PN N
Mé AICI3, N, p-MeOCqH,

CH,Cly, -20°C, 1 h
1j 96% 4a

A possible pathway for the observed selectivity is based
on Yamamoto’s model for the HX addition of ACPs (Scheme
2)° Attack of an acyl cation on the C-1 position of the=C

Scheme 2. Proposed Mechanistic Pathway for the Reaction in

Table 1 and Scheme 1
o]
|

H™ “Ar
2

R'=H, R?=Ar

—_— -

CI attack

AICI R3J}]

RICO*AICI,
0
Ra
R'=CHj, R2=Ar |

R
[proton elimination Ar

C bond affords cation intermediate Subsequent nucleo-
philic attack of the chloride ion (or AlGI) produces the
stereospecific ring-opendgisomer2 (R = H, R?> = Ar).

aluminum chloride revealed an interesting reactivity pattern,
leading to entirely different products. In the presence of 2.0
equiv of AICkL, la was consumed within 12 h at room
temperature to affor@a as a major product in 74% yield
(Scheme 3§t

Scheme 3. Reaction of ACPla with Acetyl Chloride in the
Presence of 2.0 Equiv of Algl

H
H
Ph o AICI, (2.0 mmol) /
> +
Ph Cl CH,yCly, -20 °C-rt, 12 h O’ cl
1a (1.0 mmol) 3a

This reaction also appears to be general, and the results
are summarized in Table 3. ACHshaving an electron-

Table 3. Reactions of ACPs with Various Acyl Chlorides in
the Presence of 2.0 Equiv of AIgI

R! [} AIC
[>_<R2 R el CHZCIZ 12 h
1 3a cj 3b
R = p-R-CgHy
entry ACP1 R3 R* yield of 8 (%)b
1 la Me H 3a, 74
2 la i-Pr - 3b, 19
3 la Bn Ph 3¢, 63
4 la p-MeOCgH4CH, p-MeOCgHy 3d, 70
5 1b Me H 3e, 81
6 1c Me H 3f, 54
7 1d Me H 3g, 57
8 1d Bn Ph 3h, 88
9 le Me H 3i, 49
10 le Bn Ph 3j, 86

a Unless otherwise specified, the reaction was carried out usiig0
mmol) and acyl chloride (1.0 mmol) in the presence of Al(.0 mmol)
in 3 mL of CHCI, at —20 °C for 30 min and stirred for 12 h at room
temperature® Isolated yields.

withdrawing group or an electron-donating group which is
para substituted on the aromatic ring did not significantly
affect the reaction, and the reaction proceeded readily in
satisfactory yields. However, the bulky acyl chloride gives
the desired products in low yield (Table 3, entry 2), indicating
that the reaction is sensitive to steric hindrance. We also
found that arylacetyl chloride reacted with various ACPs very
well to give the corresponding adducts in moderate to good

(9) Siriwardana, A. I.;
2003,44, 985.
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yields (Table 3, entries 3, 4, 8, and 10). The reaction
exhibited a surprising degree of stereochemical control, and
only Z-isomer 3 was isolated. TheE/Z selectivity was

Scheme 5. Proposed Mechanism for the Reaction

ClAl-,, " _..+AICly
determined by théH NMR spectra of the crude reaction ac. R i o NE
mixture. 2+ V\IA(V — { ¢
The product3c was characterized on the basis of spec- S RN
6 7 8

troscopic data and the single-crystal X-ray diffraction analysis

(Figure 2).

Figure 2. Single-crystal X-ray structure of compouid.

In addition, we investigated the reaction 2& with a
stoichiometric amount of aluminum chloride in dry MeCN
under an N atmosphere at 50C for 12 h. The desired
product was obtained in 92% yield (Scheme 4).

Scheme 4. Reaction of2ain the Presence of 1.0 Equiv of

AICl;
0 " H

Cl /

I AlCI, ’
Ph Ph MeCN, 50 °C, 12 h cl
Ph
92%

2a 3a

A possible pathway for the formation & is shown in
Scheme 5. The carbonyl group®toordinates to aluminum
chloride to give the cationic intermediaée The intramo-
lecular Friedel—Crafts reaction & produces the bicyclic
intermediater. Proton migration in carbocatiohor 8 gives
intermediate9. Tandem elimination of water from the
intermediate9 finally affords product3 with high stereose-
lectivity through the E1 proceds.
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The fulvene system represents a very attractive unit which
is known as a model for theoretical studié3herefore, our
methodology for the easy preparation of functionalized
benzofulvene derivatives is unique and important from the
viewpoint of both mechanistic and organic synthesis.

In conclusion, we have developed two novel reactions of
ACPs with acyl chlorides leading to two different ring-
opened products under Al&inediated conditions. In one
case, the acylation producgcan be obtained in good to
excellent yields. This bifunctional moiety is one of the most
interesting structural units for organic chemi&tk the other
case, the ACPs are converted to benzofulvene derivatives
efficiently with a highZ-stereoselectivity. Further studies to
expand the scope and synthetic utility of the method are
underway.
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