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Abstract: Aluminacyclopentenes, obtainable via Zr-catalyzed cyclic carboalumination with Et;Al and alkynes or

envnes. can be converted to the rnrregmnd ing gygl lonronanes h v treatment with (‘O, and

BrCH,OCH,, respectively. © 1998 Elsevier Science Ltd. All rights reserved.

Until recently, synthesis of cyclic organic compounds via aluminacycles had been very rare.'? In one case,

ationalized i
rationalize

vith i-Bu,AIH was rationalized in

=

erms of the intermediacy

of 1-isobutyl-1-aluminadecalin.’ Over the past several years, the Zr-catalyzed carboalumination of alkynes has

been shown to produce, in some cases, aluminacyclopentenes as the products.‘*6 Also developed recently are

conversion of a nmmnr‘vv]v entanes into r_‘,ygl

7 t :
nversion of 1 butane’ and cyclopropane® derivatives. In this paper, we

< 1 LI% apel,

(a) the preparation of aluminacyclopentenes by the Zr-catalyzed carboalumination of alkynes and enynes and (b)

conversion of aluminacyclopentenes into the corresponding cyclopentenones and vinylcyclopropanes by their

The above-mentioned recent finding that the Zr-catalyzed carboalumination of alkynes’ with Et;Al and
higher trialkylalanes can give aluminacyclopentenes (1)*¢ prompted us to seek various ways of converting 1 into
both cyclic and acyclic organic products. One of the most obvious reagents to be considered was carbon

monoxide. Curiously, however, the literature appears to be devoid of reports on the reacti

CO.121%1! Indeed, treatment of 1a (R = n-Bu) with 10 atm of CO at 23 °C for 24 h did
-5-

aloim o el

nes wiin
ot lead to carbonylation

ecene (>95% D in both

Q- =3

10a
of 1a. After deuterolysis of the reaction mixture, (Z)-5-deuteriomethyl-6- deuterio

0/ <2

positions) was obtained in 90% yield. Evidently, little or

Y
favorable results were obtained with carbonic acid derivatives and CO, itself. Thus, treatment of 1a with 3 equiv
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of CICOOQEt"? (65%), CO(OEt), (34%), or even CICOCOCI (34%) produced the desired 2,3-di(n-butyl)-2-

cvclonentenone (2a)
cycl clia)

DAoLl

n the yields indicated in parentheses.
dry CO," at 0 to 23 °C, which led to a 76% yield (> 95% by NMR) of 2a. Similarly, treatment of 1b with CO,
produced 2b in 72% yield. Conversion of aluminacycles to the corresponding cyclic ketones via treatment with

CO, appears to be novel, although not unexpected,
rry ’ o r

aluminacycles with CO unnecessary.

Scheme 1 Z
CO, or R
CICOOEt = o
7 / _ L )
. “1] e al el Ve ]
RC=CZ o T am z
v
R z 1 \\ BrCH,0CH, R\,(K
a n-Bu n-Bu o > 3
b n-Pr n-Pr )
. 1 S‘IMPA;

Et;Al

~=—siMe, _cat CLZICp, SN,

G, = (\Un ALt SIVIEs

\/\ n =1 (4a) or 2 (4b) \/K/ \ /\A
) s _ BrCH,0CH; S

c e O ,
co T
S a
6

In search for other carbon-carbon bond formation reactions of 1, 1a was first converted to the
corresponding “ate” complex by its treatment with n-Buli and then reacted with an excess (6 equiv) of
paraformaldehyde in one case and CICH,0OMe in another. Whereas the reaction with paraformaldehyde provided,
after protonolysis, the expected (E)-2-(n-butyl)-3-ethyl-2-hepten-1-ol in 56% yield, that with CICH,OMe produced
unexpectedly 1-(n-butyl)-1-(2-hexenyl)cyclopropane (3a) in 30% yield. Ate complexation proved to be
unnecessary for the latter reaction. Furthermore, the use of BrCH,OMe improved the yield of 3a to 62%.
Similarly, 3b (R = n-Pr) was obtained in 56% yield, and 1-phenylpropyne (1c) was converted to 1-(1'-
phenylethenyl)-1-(n-propyl)cyclopropane (3¢) in 52% yield along with a minor amount of 1-phenyl-1-(2'-
propenyl)cyclopropane. The results indicate that, as in the corresponding reaction of acyclic alkenylaluminates,'?
the alkenyi group must seiectively react with methoxymethyi halides but that the aliyi ether thus formed must
undergo homoallyl-cyclopropylcarbinyl rearrangement and deoxyalumination (Scheme 2). This reaction adds to

the growing list of trapping cyclopropylcarbinylmetals via B-elimination to give alkenylcyclopropanes.'*
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The Zr-catalyzed cyclic carboalumination as well as the reactions with CO, and BrCH,OCH, are also
applicable to the cases of enynes, such as 7-(trimethylsilyl)-1-hepten-6-yne (4a) and 8-(trimethylsilyl)-1-octen-7-
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proposition. We are currently pursuing this aspect.

nf 1
11

catalyzed bicyclization of 7-(trimethylsilyl)-1-hepten-6-yne with Et;Al followed by treatment with CO, to
provide 2-(trimethylsilyl)bicyclo[3.3.0]oct-1(2)-en-3-one. To a suspension of Cp,ZrCl, (0.074 g, 0.25 mmol)

'nt‘r\)lnpne(jmf)\vnc added Et. A1{1 9 M in toluene. 2.7 mL. § mmo

A L o L R i i Z ST I T ¢ 8 5 Y

at 23 °C. AfterSmin7

mmol) at 23 °C. After S min 7-(trimethy

hepten-6-yne (4a) (0.3 0 mmol) was added, and the reaction mixture was stirred for 65 h. Analysis of a

332 g, 2.
protonolyzed aliquot by GLC indicated the formation of 5a in 60% yield. After cooling the reaction mixture to
bhub

0°C.CO, was nw]y

gl ganoe dle ) .
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poured on 3N HCI and ether at 0 °C. The organic layer was washed with aqueous NaHCO,, dried over MgSO,,
and concentrated. Chromatographic purification (pentane and then 4:1 pentane-ether) afforded 6a'® as a pale
yellow oil (0.194 g, 1.0 mmol, 50%
with Et;Al followed by its treatment with BrC
reported previously® from 5-decyne (0.36 m mmol), Et,Al (0.82 mL, 6 mmol), and Cp,ZrCl, (59 mg, 0.2

mmol) in hexanes (4 mL). At -78 °C BrCH,0CH; (90%, 0.20 mL, 2.2 mmol) was added, and the mixture was

LYol ~ s AL L

stirred overnight at 23 °C. Afier the usual workup, purification by column chromatography {(pentane) provided
1-(1'-butylethenyl)-1-butylcyclopropane (0.224 g, 62% yield): 'H NMR (CDCl,, Me,Si) 4 0.34 (dd, J= 6 and 4
Hz, 2 H), 0.53 (dd, J= 6 and 4 Hz, 2 H), 0.8-1.0 (m, 6 H), 1.2-1.5 (m, 10 H), 2.06 (t, /=8 Hz, 2 H), 4.74 (s, 2 H);

71A o 1A 1A 2"1"1 = C! 2 'l AL L8 1N

13 % I7alaYal e N R1A N n s ] N 0N NL NE AN n a7 OnNn O 20 1‘.'1 £
U NIV (L«UL/I:;, VICyO1) 014U/, 14U/, 14.19, LL. 1/, LL.OL, £LO.LD, £LT.01, DV, D/, J3D.7VU, DV.UI, 1U¥Y.2308, 101.00.
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