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Abstract Z-allylzc drbromades regto- and stereoselectrvely prepared were reacted wtth the somum e&ate of ethyl 

acetoacetate or dz(a-etho~myl)cuprate to peld, after hydrolyses, and decarbonylatton tn the case where the 

enolate of ethylacetoacetate was the nucleophtle. the correspondmg ketones After reductton and brommatton, the 

products were converied gnto the appropnate organometallrc compounds and reacted wzth selected cyclrc 

anhydndes and &halo-a&unsaturated cychc ketones The spzro compounds so obtatned are key zntermedrates for 

the syntheses of naturally occumng sptro sesquaterpenes 

Many natural splro compounds or key mtermtiatesl 111 the preparation of these natural products possess 

a double bond m the CL poslhon of the quaternary center The deswd onentatlon of 011s double bond often 

causes some difficulty, mamly because of a possible lsomenzatlon durmg its formation To cmumvent this 

problem, we estabhshed a general method for the preparahon of Z-vinyl alkyl &brormdes which can be made to 

mact at selected &electroptilc sites after conversion mto the appropriate blsorganometalhc reagents Moreover, 

dependmg on the dlbrormde chosen, it 1s possible to construct five or SIX membered nngs 

The &brormdes have the general structure represented hereafter, where R IS a hydrogen atom or an alkyl 

group and n 1s either 1 or 2, and can rapidly provide key mtermemates m the synthesis of natural products, as 

selected examples will ~Uustrate 

lR=H, n=2 
2R=Me,n-2 
3R=kPr,n-1 

In order to demonstrate the general applicability of this approach, we prepared Z&bromides 1,2 and 3, 

as shown m Scheme 1 The first step m this synthesis conslsted m the easy formanon of compounds 4,5 and 6 

by the reglo- and stereoselective addmon of hydrogen bromxk to the mple bond2 and by brommatlon of the 

pnmary ally1 alcohol or the corresponding denvauve In the case of compound 4, the starung matenal was 

5861 



5862 

propargyl alcohol Itself, while for compound 5, it was 2-butyn-l-01 Fmally, the mtroduction of an isopropyl 

group on the termmal acetylemc carbon of l-tetrahydropyranyl-2-propyne, accordmg to Brown’s method? led 

to 4-methyl-1-tetrahydropyranyl-2-pentyne Ad&hon of hydrogen brormde to the latter prom&d 6 wth a high 

degree of steleoselectlvlty 

Scheme 1 

4R=H, FY3l-l 
SR-M&R-H 
6 R - I-Pr, R = THP 

4R=H 

SR-Me 
BR-I-Pr 

7R-H, n-2 
BR-Me, n-2 
9R=c-Pr, n-l 

lR=H, n-2 
2R=Me, n-2 
3R-I-Pr. n-l 

The next step consisted In the homologauon of the pnmary allyhc site by displacement of bromme For 

compounds 4 and 5, the sodmm enolate of ethyl acetoacetate acted as the nucleophle Hydrolysis of the resultant 

mtermediate, followed by decarboxylatlon, led to ketones 7 and 8 In the case compound 6, dl(a- 

ethoxyvmyl)cuprate4 effected a quanutatlve hsplacement to yield an enol ether which was then hydrolysed,5 

gtvmg ketone 9 in high yield 

A quantltatlve reduchon of methylketones wth sodium borohydnde, followed by brommatlon of the 

rf%UlhUg alcohols, usmg carbon tetrabroxrude and tnphenylphosphme in methylene chlonde,(j completed the 

preparation of compounds 1,2 and 3 m good to high yields 

In connectton with the development of a fundamentally new synthesis of splro compounds, we extended 

our splroannulatlon methodology to the formanon of unsaturated Spiro compounds based on the use of 

unsaturated di-Gngnard reagents That the created nng contams a double bond adJacent to the splrocenter and 

two methyl groups is the mayor advantage and the specific feature of this present method. Altemanve methods to 

accomplish this overall process require mulhstep processes mvolvmg sequentral attachment of two rings and the 

creanon of the double bond 7 

Di-Gngnard reagents 10 and 11 were respecnvely prepared by reachon of dlbrormdes 1 and 2 (8 8 

mmoles) m 70ml of anhydrous tetrahydrofuran with magnesium turnings (18,2 mmoles) at 10°C under 

vlgourous stmmg and a mtrogen atmosphere The resulting dl-Gngnard soluhon was stlrred at room 

temperature over a three hour penod To this stmed and cooled soluhon (OOC) was then added anhydnde 12 or 

13 (7 mmoles) &luted in anhydrous tetrahydrofuran (30 ml) over a one hour penod The reaction nuxture was 

allowed to warm to room temperature for three hours and then was submitted to a standard work-up procedure, 

leadmg to the formatlon of splrolactones 14, 15 and 16 in good yield (Scheme 2) Splrolactone 14 is a key 

mtermedtate In the synthesis of cubebene 9 

The second maJor goal of this study concerned the synthesis of unsaturated splroketones based on the 

use of 3-halo-2-cycloalken-l-ones which, as 1s well established, react with cuprates 3-Halo-2-cyclopenten-l- 

one (17) was easily prepared from the correspondmg 1,3-cyclopentane&one, according to the procedures 

prevtously reported.lO Notable examples are found m the synthesis of p-vehvone, hmesol and agarosplrol 
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Thus, m order to obtam the Important key mtermedlate 6,10-&methylsplro[4 5]-6-decen-2-one (W), the 

&bromo compound 2 was selected as precursor of the appropnate annulatmg reagent 

Scheme 2 

14R.H 
15R=Me 

In the present study, it was unportant to examme factors that influence the efficiency of the process, 

mcludmg the nature of the organometalhc reagent as well as that of the halogen m the 3-halo-2-cyclen- l-one It 

resulted that dt-Gngnard 11, m the presence of a catalytic amount of the copper(I) bromtde-&methyl sulfide 

complex, treated with 3-chloro-2-cyclopenten-l-one at -3OT m tetrahydrofuran,ll led to the prcparauon of 

6,1O_dunethyl[4 5 ]-6-decen-Zone (18) m a 65% yield, after punficatlon by flash chromatography on silica gel 

After analysis of the product, it was observed that the reaction proceeded stereospecfically, indeed only the CW- 

isomer was formed The stereochenustry was confirmed by IH-NMR and IR spectra which were compared to 

those previously reported by professors P Deslongchamps 12 and D. Came 13 This spiroketone also gave a 

nurture of two 2,4_dm~trophenylhydrazone denvatlves (m.p 76-86”C, ht 78-88T*2) which can be separated 

The observed steteochermstry can mamly be atmbuted to the selechve hsplacement of the halogen by the 

secondary alkyl organometalhc functton, leadmg to a uniquely favoured conformafion due to the stenc hmdrance 

caused by the presence of the introduced methyl group Consequently, the conjugate addmon of the vmyl 

organomctalhc fun&on, responsible for the rmg closure, 1s completely stereoselechve 

1 CuBr-MesS 
C 

0 

2 n I 

11 

\ 
17 Cl 
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Furthermore, m studies related to this sprroannulatron process, rt was found that replacement of the dt- 

Gngnard reagent by l,%blrthroalkane and two eqmvalents of copper(I) tlnophenoxrde led to more side products 

and, accordmgly, lower ytelds l4 

A new apphcatton of our methodology has been developed, based on the reaction of cyclic anhydrtdes 

and Ehalocycloalkenones wrth unsaturated vinyl alkyl organodunagnesmm compounds This method affords 

the conctse syntheses of the sprro[4 51 decane squeleton found m many sesqtnterpenes 
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