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CONVENIENT SYNTHESES OF SOME ANALOGS
OF THE SEX PHEROMONE OF CITRUS MEALYBUG,
PLANOCOCCUS CITRI (RISSO)

Liu Fu~Chu®*, Li Wan—Xun®, Wang You~Chu®and Lin Jun®

«Department of Chemistry, Yunnan University, Kunming, 650091, P. R. China
sYunnan Institute of Tobacco Industry, Xiaocaiyuan, Kunming,650223,P. R. China

Department of Chemistry, Kunming Teachers College, Kunming,650031,P. R. China

ABSTRACT A series of structural analogs(a-h) of(#)—cis—(1R)-3
—isopropenyl—-2,2—dimethylcyclobutanemethanol acetate, the sex pheromone of citrus
mealybug, Planococcus citri (Risso), was synthesized from(+) —a—pinene(l) via inter-

mediate ,{+)—cis—(1R)-2,2— dimethyl-3- acetylcyclobutaneethanol(2).

The citrus mealybug, Planococcus citri { Risso), is a cosmopolitan pest, its sex
pheromone was separated and identified as (+)-cis—(1R)~3-isopropenyl
—2,2~dimethylcyclobutanemethanol acetate(I)[ 1 | For the synthesis of the
pheromone(I), a variety of synthetic methods was reported®™®. Recently Dunkelblun
et al'” found that the bio—activity of (+)—cis—(IR)-3—isopropenyl-2,2

—dimethyleyclobutaneethanol acetate (4a), the structural analog of the pheromone (1),
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was comparable to that of the pheromone(I). the analog (4a), however, was

synthesized from (+)—cis—pinonaldehyde and no data was given.

mo/o\ ‘\D/

D {4a)

In this paper, we presented a convenient method for the synthesis of the structural
analog( 4a) and some other analogs{4b—h) of the sex pheromone(I) from (+)—z—pinene
via ozonization, incomplete sodium borohydride reduction, acylation and Wittig reac-

tion as depicted in scheme.

Scheme
R &
1, 11) 0 OH i) g 2
(2 (3a-c) 0
1v) Lv)
1y
{(4f-h) {4a-g)

i) 0,/ isopropanol, 7 hr, iii) RZCOOCOCH:‘(R?‘COCI), 20 hr,
ii) NaBH,/NaOH-H,0, 12hr, iv) R'Ph,PBr(I)/ NaH~DMSO, 74hr.

32 3b 3¢ 4a 4b  4c  4d 4e  4f 4g  4h

R! - - - Me Pr Et Me Et Me Et Pr

R? Me H Et Me Me H Et Et - - -

For the synthesis of (2), Gora and co—workers! ¥ reported the method of the
electroreductive ozonolysis of a~pinene( 1) , however this method has some disadvan-
tages. Consequently, (2) was usually obtained by the selective reduction of

[9-H)

#+)—cis—pinonaldehyde . we found that the ozonide of a—pinene(l) can directly be

reduced to (2) by sodium borohydride through controlling the mole ration of «
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—pinene(1)to NaBH with a satisfactory yield. On the configuration of (2), there was no
discussion in 1t® However, reportedly the reductive ozonolysis of (+)—~a—pinene gave

IR and cis configurational products.®

Experimental

All melting and boiling points were uncorrected. IR spectra were recorded on a
Shimadzu 450S infrared specirophotometer. 'HNMR spectra were measured with
FX-90 spectrometer(S0MHz) using TM S as an internal standard and CDCl,as a sol-
vent. Mass spectra were made on a GC MS-QP1000 spectrometer. a—pinene
([a]f,":+38 ° ) was redistilled before use. column chromatography silica gel 200~
300mesh{ Tsing Dao Oceanography Chemical Factory, China).

(+)—cis—(1R)—2,2-dimethyl—3—acetylcyclobutaneethanol(2):

A stream of 3.0%({v/ v) ozonized oxygen was bubbled through a solution of
a—pinene(1)(19g,140mmel) in isopropanol(150ml) at —2T until an aliquot test portion
no longer decolorized a dilute solution of bromine in glacial acetic acid,the ozonide so-
Iution was then transferred to a flask with a magnetic stirrer, subsequently the aqueous
solution of sodium borohydride( 3. 2 g, §4mmol) and sodium hydroxide was added
dropwise to the stirred ozonide mixture under ice—salt bath cooling, the reaction mix-
ture was then stirred at room temperature for at least 10 hr, the isopropanol was re-
moved by distillation under reduced pressure. The layer was separated and the
aqueous layer was extracted with ether(3 x 20 ml),the combined organic layers were
dried over anhydrous magnesium sulfate. Solvent removal and distillation under re-
duced pressure gave() (21. 3 5,89 .5%, b.p.147-148 T (10mmHg, Litl ¥,
{14-116T / 1.5Torr). semicarbazone, m.p. 180 —181T (tit™, 184-185T ). IR (film):
3350(0H); 1700( CO); 1385, 1365[C{CH,),}; 1050(C-0) em™". "HNMR {3,ppm): 0.86,
1.30 {2 s,3H each, C{CH,),;; 1.01-1.12(m,3H,CHCH,CH and CH,CHCH,); 1.
43-1.64(m, 2H, CHZCHz()_); 2.03(,3H,CH,CO); 2.92 (t_,lH,CHICHCO); ;38 s 1H,
OH); 3.56(t,2H,CEZCH20H). MS((20ev—,—m /2171 M +1 ,4%);-126(15); 108(17)
98—(—1 5); 85(100); 83(49);;2(38); 71(17); 69440); 57(23); 43(15).

(+)—cis—(1R)~2,2—dimethyl-3—acetylcyclobutaneethanol acetate (3a):

The acetylation of 2 (6.8 g, 40 mmol) with acetic anhydride (13.5 ml,142 mmol) in
dry pyridine (3 mil) afforded 3a (7.9 g, 93%)as a colorless oil, b.p. 151-152€ (9
mmHg). '
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(+)—cis— (1R)-2,2—dimethyl—3—acetylcyclobutaneethancl formate (3b):

2(8.6 g, 51 mmol) was added to a dry 50m! 3—necked flask equipped with a drop-
ping funnel, reflux condenser, thermometer and magnetic stirrer, under stirring acetic—
formic anhydride (6.2 g, 70 mmol) was added dropwise. After stirring about 12 hr at
room temperature,solvent removal and distillation under reduced pressure gave a
crude oil 3b) 9 g) b.p.129-131 T ( 7 mmHg) . Further purification on column
chromatography [silica gel, cyclohexane / EtOAc(2:1)] afforded 3b (4.5 g,45%).

(+)~cis— (1R)—2,2—dimethyl—3—acetyleyclobutaneethanal prapionate(3c):

The propionylation of 2 (5.8 g, 34 mmol) with propionyl chloride (5.0 g,54 mmol)
and redistilled xylidene(5.5 ml) in ether (20 ml) gave a crude oil (3¢) (6.9 g), b.p.
149-152€ (6 mmHg). Further purification on column chromatographyl(silica el,
cyclohexane / EtOAc (2:1)]afforded 3¢ (3.2 g, 41.6%).

General Procedure™for the Synthesis of Analogs (da—h):

In a dry 50ml 3—necked flask equipped with reflux condenser ,thermometer and
magnetic stirrer, urder nitrogen a solution of sodium hydride (0.48 g, 16 mmol, §0% in
paraffin) in dry DM SO (20 m!) was treated at 50—60T until sodium hydride was com-

Blyas then added and stirred

pletely dissolved, the corresponding phosphonium halide
for 2 hr at 60T . after cooling to room temperature, 3a—c¢ (14 mmol) and 2 (14 mmol)
was added to the above mixture, respectively, and stirred for 5 hr at 60—707T . the mix-
ture was then poured into water (20 ml) and stirred for 15 min, after extraction with
ether (3 % 50 ml), the combined ethereal layers were washed with water and dried
over anhydrous sodium sulphate. Solvent removal gave yellow oils, purification on
column chromatography{ silica gel, cyclohexane / EtOAc (5:1)] afforded colorless oils
4a-h).

(+)—cis— (1R)~3—isopropenyi—2,2—dimethylcyclobutaneethanol acetate(da):

3a(3.0 g,14 mmol) and MePh,PI (6.1 g,15 mmol) was converted into 4a{0.6
2.21%}). IR(film): 3050(=CH.,); 1738(CO); 1650(C=C); 1368[C(CH,},|; 1245
{CH,CO00); 885(C=CH,) em”™. 'THNMR @,ppm): 0.88, 1.06[2s, 3H each, C(CH,),};
1.04-1.14(m,2H, CHCH,CH); 1.24-1.31(m, 1H, CH,CHCH,); 1.4§—1.77 (m,_ZH,
CH,CH,0); l.99(s,3H,_CH3C=C); 1.80-1.90(m, 1H, - C-CHCH,); 2.02G,3H,
CEJCO); 3.85-4.00(t,2H, (—J-HZCHZO); 4.56—4.85(m,2H, C=CH; MS@0ev,m / 2):
IEECM“'—CH,COOH,I %); 96(); 9—5—(2); 82(100); 819); 68(6); 67(35; 54(1); 43(70).
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{(+)—cis—(1R)~3—(1-methyl—1—butenyl)—2,2—dimethylcyclobutaneethancl
acetate(db):

3a(3.0 g,14 mmeol) and n—PrPh,PBr (5.7g, 15mmol) was converted into 4b 0.3
g.17.8%)IR(film): 3010(=CH); 1733(CO); 1650(C=C); 1365[C(CH,);; 1244
CH,CO0); 816(C=CH)m™. 'HNMR @.ppm): 0.74,1.16[2s,3H cach,C(CH),;
0.89-0.92(t,3H, CH,;CH,); 1.17-1.27(m,2H, CHCHch);l.42—1.46(u:1H,
CH,CHCH,); 1.56(3,3%, CH,C=CH) 1.61-1.68(m,2H, CHZEHZO); 1.78-1.90(m 2H,
CH,C§2C=CH); 2.03(, —SH, CH,CO); 2.14-—2.38(m,*1H, CHC=CH); 3.92-
4‘08(t,;H, CH,CH,0); 4.92—5;3(m, 1H, CH=CQC). M_é(‘mev, m/ z):
124(M+—CH3COOH': CH,=CH-CH=CH,, 6%); 1_23(2); 96(28); 95(6);82(100);
81(12); 54(2); 43(10).

(+)—cis—(1R)-3—(l-methyl—1—-propenyl)~2,2~dimethyicyclobutaneethanol
formate(de):

3b(2.8 £,14 mmol) and EtPh,PBr(5. 8 g, 15. 6 mmol) was converted into 4¢(0.5
2,17.0% }.IR {film):3010(=CH); 1725(C0)1677(C=C); 1369[C(CH,)2; 1181 COO);
838(C=Clem™'. '"HNMRG, ppm): 0.92, 1.09[2s, 3H each, C(CH),); 1.04~1.18(m,
2H,CHCH,CH); 1.15-1.28(m,1H, CH,CHCH,) 1.40—1,52(m,21:1_,CHZCH20); 1.62
d,3d, C;ISCH=C); 1.94(5,3H,CH=C—C_I_-I3); 1.99—2.38(m,1H,=CC_HCHZ); 3.97-
4,12(t,2H,_ CH,CH,0); 4‘56—5.02(m,l}—I:CH,CH=C); 7.94(s,1H,_CHO). MS
Q(lev.m / z): 164(]\{*——HCO0H,1%); 116y 109(2);;2(100); 81(4);54(1). -

(+)~cis— (1R )-3—isopropenyl—2,2—dimethylcyclobutaneethanol pro pionate(dd):

3¢(3.2 g,14 mmoDland MePh,PI16.1 g, 15 mmol) was converted into 4b{0.7
£22.3%) IR (film):3050(=CH); 1737(CO); 1645(C=C); 1365[C(CH;)); 1190
C,H,C00); 886(C=CHem™'. '"HNMR @,ppm):0.79,1.22[28,3H each, C(CH,),};
8.93-1.27(m ,5H, CH,CH,CO and CHCH,CH); 1.66(s,3H, CH,C =CH,); 1.44:1.60
(tn,BH,CHCHZCHz();; 2.14—2.61(m,3H,€HCHC= and CH?CHZCO); 3.91-4.05
(t,ZH,CH_zCI—YZO); 4,52-4.75(m,2H,C =CH,) I\TIS(7Uev,m/z): lS[l?hI*—CszcOOH,
2%); 96(13);—95(11); 82(100); 81(23); 6801 1;67(49); 57(55); 54(4).

(+)—ecis~(1R)—3~(1—methyl—1—prapenyl)—2,2—dimethyleyclobutaneethanol
propionate (de):

3¢(3.2 g,14 mmol) and EtPh,PBr(5.6 g,15 mmol) was converted into 4e(0.6
2,18%).IR (film):3030(= CH); 1737(CO); 1650({C=C); 1367[C(CH,),; 1190
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(C,H,C00); 805(C=CH)em™. '"HNMR (6,ppm): 0.81,1.17(2s,3H each, C(CHy),};
0.96(t,3H, CH,CH,CO ); 1.25(m,3H, CHZCgCHz); 1.45-1.57 (m,2H, CH,CH,0)
1.63(5,3H,CH_,C= CH); 1.85,1.96(dd,3H, EH,CH =C); 2.11-2.40(@,2H, CH?CH,CO);
2.14—2.31(t,1—H,CHZCHC=); 3.88—4,02(:2H,CHZCH20); 4.57-4.88(m,h 1H,
CH,CH=C): MS(?O;;,m/ z): 110(M*~ CZHSCOOHt CH,=CHCH=CH,, 6%)
109(9)}2( 100); 81(26); 57(83); 54(4).

(+)~cis—(1R)—3—isopropenyl—2,2—dimethylcyclobutaneethanol (4f):

224 g,14 mmol) and MePh;P1 6.5 g,16 mmol) was converted into 4£(0.7
2,29.2% ).IR (film):3310(OH); 3080(=CH,); 1645(C=C); 1365[C{CH,),}; 1050(C—-0Q);
880(C=CH2)cm". 'UNMR{3,ppm):0.85, 1.28[2 s,3H each, C(CH;},l; 1.09-1.39
(m,1H,CH,CHCH,); 1.61-1.91(m,2H,CHCH,CH); 1.83(8,3H,CH35=CH2); 1.96—
2.21(m 2H, C;ICHZCHz()H); 2.49-2.92(m, 1H, CHC=CH,) 3.576,1H,0H); 3.85—
4.02(t,2H, CHZC;IZOH); 5.07-5.30(m,2H, C=EH2). MS@0ev,m / 2): 150(M*-
H,0,2%); 96(17); 9;(4); 82(28); 81(21); 68(23); 67(36);—57 (100); 54(2).

(+)—cis—(1R)—-3-(l—metﬁyl—l-prupenyl)—-l,z—dimethylcyclobutaneethanol(4g):

2(2.4 g,14 mmol) and EtPh,PBr (5.9 g,16 mmol) was converted into 4g(05
£19.6%).IR (film):3370(0H); 3075(=CH); 1645(C=C); 1369{C(CH,},]; 1052(C~-0)
830(C=CH)em ' '"HNMR {3,ppm):0.80,1.24[2 s,3H each, C(CH;);}; 0.97-1.12(m,1H,
CH,CHCH,); 1.31-148(m,2H, CHCH,CH); 1.72(s,3H, CI?,CnCH); 1.79-1.88
(m,3HT CH,CH=CH); 1.98—2.1l(1;1—,2H,CH,CHZO);2.27(.°:1H,CHZOH); 2.52-
2.91(m,1H, B CH,CHC=), 3.90—4.08(t,2H,_ CH,CH,0H); 5.52——6.03(m,1H,
CH,CH=C) MS(70:v,m/z): 110(M*~H 0~ CH2=C—I:ICH=CH,,5%); 109(11);
82(100; 81(30); 57(91); 54¢6).

+)—eis— (1R)—3—(1—-methyl-1—butenyl)-2,2~dimethyicyclobutaneethanol(4h):

224 g,14mmol) and n—PrPh,PBr( 6.2 g,16mmol) was converted into 4h(0.85
£32.5% ).IR (film): 3350(0H); 3050(=CH); 1590(C=C); 1366[C(CH,),}; 1080(C—-O});
825(C=CH,)em™'. '"HNMR(@,ppm):0.88, 1.14[2s, 3H each, C(CH,),}; 0.72 (;3H,
CH,CH,); 1.16(m,l1H,CH,CHCH,); 1.21—1.32(m,2H,CHCHZEH); 1.53(s,3H,
CE,C=CH); 1.77—1.96(m,2HTCH,CHzC=); l.46—l.70(m,2H,_CHzCHZOH); 241
(s,_l—H,CHZOH); 2.23-2.45(m,1H, CHZEHC=C); 3.46—-3.61(t,ZH,CE;zCHZOH); 4.84-
5.32(rn,1H,C;I=C); MS(‘Iﬁev,m/z):_ 124(M*—HZO—-CHZ=CHCH—=CH2,IU%);
123Q2); 96(6);_95(4); 82(100); 81(9); 54(2).
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