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CONJUGATE ADDITION OF ORGANOCOPPER REAGENTS TO l-ARYLSULFONYLBICYCLOBUTANES SYNTHESIS OF THE 

RACEMIC FORM OF THE SEX PHEROMONE OF THE CITRUS MEALYBUG, PMNUCOCCUS CITRI (RISSO) 

Yehlel Gaonl 

Department of Organic Chemistry, The Weizmann Institute of Science, Rehovot, Israel 

Conjugate addition of organocopper reagents to l-arylsulfonylblcyclobutanes yields 3-alkyl or 

alkenyl l-arylsulfonylcyclobutanes, a synthesis of the sex pheromone of Planococcus cztrz 

IS based on this reaction 

The central bond of the blcyclo[l 1 Olbutane system 1s known to possess a high degree 

of r-character and to exhlblt oleflnlc properties 
1 
When an electron withdrawing group 1s 

located at Cl, this bond becomes even more activated and It can add various nucleophlles 

by stablllzatlon of a negative charge c( to the electronegative group 
2 

It has now been found that 1-arylsulfonylblcyclobutanes (A), readily obtainable from 

y,6-epoxy sulfones, 
3 
exhibit some chemical properties characterlstlc of a,@-unsaturated 

sulfones In particular, they can be reduced with lithium alumlnlum hydride to cyclobutyl- 

sulfones, 
4 
or undergo conlugate addition of organocopper reagents 

5 

R;CuLl 
, ArS02 

3 

or R3MgX/Cu(I) 

1 a, R1 =R2=H 
-vv 

k, R1 = H, R2 = exe-Me 

2 a, R1 = R2 = H, R3 = n-Bu 
hrrr 

k, R1 = H, R2 = Me, R3 = n-Bu 

Z> 
R1 = R2 = Me 5, R1 = R2 = H, R3 = Me 

d, R1 = R2 = H, R3 = CH=C(CH3)2 

e, R1 = R2 = H, R 
3 &H2 

Y 
= CyH3 

/CH 
f, R1 = R2 = Me, R3=CcCH2 
Y 3 
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Addltlon of llthlum dlbutylcuprate (from n-butylllthlum and Me2S CuBr In hexane-ether- 

dlmethyl sulflde6) to 2 (Ar=E-tolyl), mp 91-2 ‘C, 
7 

or lb (Ar=Ph) , mp 44-5 OC, provided 2 
N 

(Ar=E-tolyl) or 2,b (Ar=Ph) ln 87 and 73% yield, respectively ’ One sole isomer, of a yet 

undetermined geometry, was obtained In both cases 

Addition of methyl magnesium lodlde In ether to 2 (Ar=Ph),3 In the presence of 6 mole 

percent of a cuprous salt (added as Me2S CuBr or as CuCl) provided $ (Ar=Ph), again as one 

sole Isomer, in 85% yield This product, mp 113-4 ‘C, was identical with the llthlum aluminium 

hydride reduction product of the corresponding blcyclobutane 4 

Addition of vlnyllc reagents to Awas not speclflc, but showed some selectivity Thus, 

addition of lsobutenyl magnesium bromide In tetrahydrofuran (with 6 mole % of Me2S CuBr) to 

12 (Ar=p-tolyl) furnished two 22 (Ar=p-tolyl) isomers, in a ratlo of ca 1 2 by order of 

elution from silica gel, and In a total 77% yield 

A similar ratio of 1 2 of two 22 (Ar=E-tolyl) isomers was obtained from 12 (Ar=p-tolyl) 

and isopropenyl magnesium bromide (CuBr catalysis), in a total 61% yield Addition of llthlum 

dllsopropenyl cuprate (prepared from the bromide, with llthlum and then cuprous lodlde) to 

the same substrate,furnlshed a similar mixture of the 2_e isomers, but in a low, 28% yield 

A synthesis of the racemlc form of thesexpheromone of the citrus mealybug Plarwcoccus 

cztn (RISSO) , czs-2, 9 was based on the addition of lsopropenyl magnesium bromide to 2 

(Ar=Ph) 3J lo Only one 2f isomer could be isolated in pure form from the complex reactlon 

mixture, in 22-31% yield The low yield results here probably from sterlc hindrance and from 

the relative instability of both substrate and reagent 

CH3Coo w Ar SO re 
3 
ry 

$2, R = Me 

HO 

5 
Al 

b, R = H 
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Treatment of the a-sulfonyl carbanlon of 2f (n-BuLi in THF, 0 "C) with monomeric form- 
Cv 

aldehyde produced two 42 (Ar=Ph) isomers, mps 122-3 and 98-9 'C, In a ratio of 1 7 and 

in 73% total yield When carried out on 3, this reaction gave the same mixture of two j& 

isomers from each 2e isomer, in a ratlo of ca 1 2 and in a total 50-55% yield 

Desulfonylatlon of the major, lower-melting 42 isomer with 6% sodium amalgam in 

methanol produced a mixture of two alcohols 5 
,v' 

which were acetylated directly with acetic 

anhydride in pyrldlne to yield a mixture of czs- and truns-2 in a ratio of 2 1, respectively 

Gas chromatography coupled with mass spectrum measurement establlshed the ratio of products 

and showed for both the characterlstlc fragmentation reported for the natural pheromone 
9 

The 'H NMR showed two sets of gem-dlmethyl signals and of side chain methylene multlplets 

in the indicated ratlo 

Separation of the two isomers was achieved by preparative gas chromatography (15% 

Carbowax on Chromosorb W, 20 feet x l/2 inch column, 195 "C) Pure czs- and trans-3 were 
rv 

thus obtained, with 'H NMR spectra, matching exactly those published9 (except for the lower 

field signal of the gem-dlmethyl in czs-2, which appears at 6 1 19 instead of 1 12, this 

value 1s in accordance with the value obtained by extrapolation from the reproduced spectrum 

in ref 9) 

The blologlcal activity of the racemlc pheromone 1s now being tested in the field 

A synthesis of grandlsol, the boll weevil sex pheromone, is now in progress along 

similar lines 
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11 111 
- \ 
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