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CONJUGATE ADDITION OF ORGANOCOPPER REAGENTS TO 1-ARYLSULFONYLBICYCLOBUTANES SYNTHESIS OF THE

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

Yehiel Gaoni

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

Conjugate addition of organocopper reagents to l-arylsulfonylbicyclobutanes yields 3-alkyl or
alkenyl 1-arylsulfonylcyclobutanes, a synthesis of the sex pheromone of Planococcus citrt

1s based on this reaction

The central bond of the bicyclo[l 1 0]butane system 1s known to possess a high degree
of m-character and to exhibit olefinic properties 1 When an electron withdrawing group 1s
located at Cl, this bond becomes even more activated and 1t can add various nucleophiles

by stabilization of a negative charge o to the electronegative group 2

It has now been found that l-arylsulfonylbicyclobutanes (1), readily obtainable from
s
Y ,8-epoxy sulfones,3 exhibit some chemical properties characteristic of o,R-unsaturated
sulfones In particular, they can be reduced with lithium aluminium hydride to cyclobutyl-

4
sulfones, or undergo conjugate addition of organocopper reagents >

R;CuLl 3
ArSO2 3 > ArSO2
or  R™MgX/Cu(I)
R:l R2 R1 R2
1a, R1 = R2 = H 2 a, R1 = R2 = H, R3 = n-Bu
~ Ay ~ o~
b, R1 = H, R™ = exo-Me b, R1 = H, R2 = Me, R” = n-Bu
~ ~
¢, R' = R% = Me %,R1=R2=H,R3-Me
~
d, ’' = r% = u, % = cu=c(cHy),
1 2 3 +CHy
R-=R°=H,R =¢C
< “CHz
e, R' = R? = Me, RO =cZ%h
~ CH3
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Addition of lithium dibutylcuprate (from n-butyllithium and MeZS CuBr 1in hexane-ether-
dimethyl sulfldee) to la (Ar=p-tolyl), mp 91-2 °C,7 or 1b (Ar=Ph), mp 44-5 °C, provided 2a
~ Patd
(Ar=p-tolyl) or ZP (Ar=Ph) 1n 87 and 73% yield, respectively 8 One sole 1isomer, of a yet

undetermined geometry, was obtained i1n both cases

Addition of methyl! magnesium 1odide i1n ether to AE (Ar=Ph),3 in the presence of 6 mole

percent of a cuprous salt (added as Me_S CuBr or as CuCl) provided 2c¢ (Ar=Ph), again as one
i d

2
sole 1somer, 1n 85% yield This product, mp 113-4 °C, was 1dentical with the lithium aluminium
hydride reduction product of the corresponding bicyclobutane 4

Addition of vinylic reagents to }/was not specific, but showed some selectivity Thus,

o,

addition of 1sobutenyl magnesium bromide in tetrahydrofuran (with 6 mole % of MeZS CuBr) to
la (Ar=p-tolyl) furnished two gg (Ar=p-tolyl) 1somers, in a ratio 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 %3 (Ar=p-tolyl) 1somers was obtained from {3 (Ar=p-tolyl)
and 1sopropenyl magnesium bromide (CuBr catalysis), in a total 61% yield Addition of lithium
diisopropenyl cuprate (prepared from the bromide, with lithium and then cuprous iodide) to

the same substrate, furnished a similar mixture of the 2e 1somers, but in a low, 28% yield

A synthesis of the racemic form of the sex pheromone of the citrus mealybug Planococcus
crtrr (Risso), czsié,g was based on the addition of i1sopropenyl magnesium bromide to ls

(Ar=ph) >-10

Only one 2f 1somer could be 1solated in pure form from the complex reaction
miXture, in 22-31% yield The low yield results here probably from steric hindrance and from

the relative instability of both substrate and reagent

OH
CH,C00 HO
3 / / /
ArSO2
R R
3 4 a, R =Me 5
~ ~ ~

o ¢
=~

"
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Treatment of the a-sulfonyl carbanion of 2f (n-BuLi in THF, 0 °C) with monomeric form-
-~
aldehyde produced two ig (Ar=Ph) 1somers, mps 122-3 and 98-9 °C, 1n a ratio of 1 7 and
1n 73% total yield When carried out on 29, this reaction gave the same mixture of two i?

1somers from each 2e isomer, in a ratio of ca 1 2 and 1n a total 50-55% yield
~

Desulfonylation of the major, lower-melting 4a 1somer with 6% sodium amalgam 1n
methanol produced a mixture of two alcohols 3, which were acetylated directly with acetic
anhydride 1in pyridine to yield a mixture of czg- and trans:é in a ratio of 2 1, respectively
Gas chromatography coupled with mass spectrum measurement established the ratio of products
and showed for both the characteristic fragmentation reported for the natural pheromone 9
The 1H NMR showed two sets of gem-dimethyl signals and of side chain methylene multiplets

in the indicated ratio

Separation of the two 1somers was achieved by preparative gas chromatography (15%
Carbowax on Chromosorb W, 20 feet x 1/2 inch column, 195 °C) Pure cits- and trans;é were
thus obtained, with 1H NMR spectra, matching exactly those publlshed9 (except for the lower
field signal of the gem-dimethyl in ctsié, which appears at 6 1 19 instead of 1 12, this
value 1s 1n accordance with the value obtained by extrapolation from the reproduced spectrum

in ref 9)
The biological activity of the racemic pheromone 1s now being tested in the field

A synthesis of grandisol, the boll weevil sex pheromone, 1s now in progress along

similar lines
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772 5 7 7%2
’ H
11 111
~ - L \
C.H,50,,
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