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A Novel Synthesis of Unsaturated Spiro Compounds Based on Reactions
of Bifunctional Organometallic Reagents.
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Abstract Z-allylic dibromudes regio- and stereoselectwvely prepared were reacted with the sodwm enolate of ethyl
acetoacetate or di{a-ethoxyvinyl)cuprate to yield, after hydrolysis, and decarboxylation in the case where the
enolate of ethylacetoacetate was the nucleophile, the corresponding ketones After reducnion and bromination, the
products were converied into the appropriate organometallic compounds and reacted with selected cyclic
anhydrides and B-halo-o,B-unsaturated cyclic ketones The spiro compounds so obtained are key intermediates for

the synthesis of naturally occurring spiro sesquiterpenes

Many natural spiro compounds or key mtermechates! in the preparation of these natural products possess
a double bond 1n the o. position of the quaternary center The desired onentation of this double bond often
causes some difficulty, mainly because of a possible 1somenzation during 1ts formation To circumvent this
problem, we established a general method for the preparation of Z-vinyl alkyl dibrormdes which can be made to
react at selected dielectrophihic sites after conversion nto the appropriate bisorganometallic reagents Moreover,
depending on the dibromide chosen, 1t 1s possible to construct five or six membered rings

The dibromdes have the general structure represented hereafter, where R 1s a hydrogen atom or an alkyl
group and n 15 exther 1 or 2, and can rapidly provide key tntermediates in the synthesis of natural products, as
selected examples will llustrate

R Br
ar)“ ~(CHy), A

1R=H, n=2
2R=Ma,n-2
3R=Pr,n=1

In order to demonstrate the general applicability of this approach, we prepared Z-dibromdes 1, 2 and 3,
as shown 1n Scheme 1 The first step in this synthesis consisted 1n the easy formation of compounds 4, 5 and 6
by the regio- and stereoselective addiion of hydrogen bromude to the tnple bond? and by bromnation of the
pnimary allyl alcohol or the corresponding dertvative In the case of compound 4, the starting material was
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propargyl alcohol itself, while for compound §, 1t was 2-butyn-1-ol Finally, the introduction of an 1sopropyl
group on the terminal acetylenic carbon of 1-tetrahydropyranyl-2-propyne, according to Brown's method,3 led
to 4-methyl-1-tetrahydropyranyl-2-pentyne Addition of hydrogen brommde to the latter provided 6 with a high
degree of stereoselectivity

Scheme 1
oR' R R o R Br
R—m— - Br)a/B’ _—’Br}=\(CH2),,)’\ - Br>-=\(CH2),,)\
4Ra=H, RaH 4R=H 7R=H, n=2 1R=H, na=2
SRaMe R =H 5R=Me 8R=Ms, n=2 2R=Me, n=2
6R=1-Pr, R = THP 6R w1-Pr SR«-Pr, n=1 3R=1Pr, n=1

The next step consisted 1n the homologation of the primary allylic site by displacement of bromune For
compounds 4 and 5, the sodium enolate of ethyl acetoacetate acted as the nucleophile Hydrolys:s of the resultant
mtermediate, followed by decarboxylation, led to ketones 7 and 8 In the case compound 6, di(ct-
ethoxyvinylcuprate* effected a quanutative displacement to yield an enol ether which was then hydrolysed,>
giving ketone 9 1n hugh yeld

A quanntative reduction of methylketones with sodium borohydnde, followed by bromination of the
resulting alcohols, using carbon tetrabrommde and triphenylphosphine 1n methylene chloride,b completed the
preparation of compounds 1, 2 and 3 i good to high yields

In connection with the development of a fundamentally new synthes:s of spiro compounds, we extended
our sprroannulation methodology to the formation of unsaturated spiro compounds based on the use of
unsaturated di-Grignard reagents That the created ring contains a double bond adjacent to the spirocenter and
two methyl groups 1s the major advantage and the specific feature of this present method. Alternatve methods to
accomplish this overall process require multistep processes mvolving sequental attachment of two nings and the
creation of the double bond 7

D1-Gnignard reagents 10 and 11 were respectively prepared by reaction of dibromudes 1 and 2 (8 §
mmoles) 1n 70ml of anhydrous tetrahydrofuran with magnesium turmngs (18,2 mmoles) at 10°C under
vigourous strring and a nitrogen atmosphere The resulting di-Grignard solution was stirred at room
temperature over a three hour period To this sturred and cooled solution (0°C) was then added anhydnde 12 or
13 (7 mmoles) diluted 1n anhydrous tetrahydrofuran (30 ml) over a one hour period The reaction mixture was
allowed to warm to room temperature for three hours and then was submutted to a standard work-up procedure,
leading to the formation of spirolactones 14, 15 and 16 1 good yield (Scheme 2) Spirolactone 14 1s a key
intermediate 1n the synthesis of cubebene 9

The second major goal of this study concerned the synthesis of unsaturated spiroketones based on the
use of 3-halo-2-cycloalken-1-ones which, as 1s well established, react with cuprates 3-Halo-2-cyclopenten-1-
one (17) was easily prepared from the corresponding 1,3-cyclopentanedione, according to the procedures
previousty reported.10 Notable examples are found m the synthesis of B-vetivone, hinesol and agarospirol
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Thus, 1n order to obtain the important key intermediate 6,10-dimethylspiro[4 5]-6-decen-2-one (18), the
dibromo compound 2 was selected as precursor of the appropniate annulating reagent

Scheme 2
(o]
[o]
Cr a5
[o}
12
BrMg MgBr 14R=H
I 15R=Me
o)
10R=H
11R=M9 O R o
O
0
13 16 R = Me

In the present study, 1t was important to examne factors that influence the efficiency of the process,
mncluding the nature of the organometallic reagent as well as that of the halogen 1n the 3-halo-2-cyclen-1-one It
resulted that di-Grignard 11, 1n the presence of a catalytic amount of the copper(I) bromde-dimethyl sulfide
complex, treated with 3-chloro-2-cyclopenten-1-one at -30°C 1n tetrahydrofuran,1! led to the preparation of
6,10-dimethyl[4 5 }-6-decen-2-one (18) 1 a 65% yeld, after purification by flash chromatography on silica gel
After analysis of the product, 1t was observed that the reaction proceeded stereospecifically, indeed only the cis-
1somer was formed The stereochemistry was confirmed by H-NMR and IR spectra which were compared to
those previously reported by professors P Deslongchamps!2 and D, Caine 13 This spircketone also gave a
muxture of two 2,4-dimtrophenylhydrazone dernivatives (m.p 76-86°C, lit 78-88°C!2) which can be separated

The observed stereochemustry can mainly be attributed to the selective displacement of the halogen by the
secondary alkyl organometallic function, leading to a umquely favoured conformation due to the steric hindrance
caused by the presence of the introduced methy! group Consequently, the conjugate addition of the vinyl
organometallic function, responsible for the ring closure, 1s completely stereoselective

1 CuBr-MegS
BrMg MgBr Z
I Q

- Q

11 17 cl 18
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Furthermore, 1n studies related to this spiroannulation process, 1t was found that replacement of the di-
Grignard reagent by 1,5-dihithioalkane and two equivalents of copper(I) thiophenoxide led to more side products
and, accordingly, lower yields 14

A new apphication of our methodology has been developed, based on the reaction of cyclic anhydrides
and B—halocycloalkenones with unsaturated vinyl alkyl organodimagnesium compounds This method affords
the concise synthesis of the spiro[4 5] decane squeleton found 1n many sesquiterpenes
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