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Abstract - (+)-j-Citronellene, the main component of the 
%ecbnical grade pyrolysate of (+)-cis-pinane, can be chemose- 
lectively processed to certain C10 derivatives in the presen- 
ce of isomeric Clo olefins. These derivatives are converted 
into mono- and bifunctional chiral building blocks suitable 
for the incorporation of4deCH.Y fragments with 8- or &con- 
figuration into aliphatic chains. Although their optical pu- 
rity may be as low as 50%, that of  the end prQducts can be 
upgraded by inclusion of an optical resolution step in the 
synthetic sequence. 

INTRODUCTION 
Due to the different reactivity of its double bonds, /3-citronelle is a good 
chiral building block CBB). Both of its enantiomers, g-(+)-l and FJ-(-)-l, 
are manufactured from +)-a- or (-)-d-pinene, respectively. Rowever, theTr 
use in the EPC-synthesis (ref. 1) remains, so far, limited for two reasons: 
(i) Insufficient optical purity of d-pinenes in the majority of turpentine 
oils brings about the same drawback in the resulting p-citronellene; (ii) 
In industry, 8-1 or &-I have to be separated from the isomeric hydrocarbons 
poduced from (+I-cis-pinane (2) or its (-)-enantiomer upon thermolysis. 
That implies the need f o r  care'ful fractionation and, consequently, enhanced 
cost. 
Chemoselective extraction of  S-I- or 8-1 from a technical grade pyrolysate 
of cis-pinane (TGPP or ntechn2cal grade @-citronellenelf) could reduce the 
cost of  chiral building blocks (CBBS) derived from it. Moreover, the pro- 
ducts thus obtained would be more suitable f o r  the control and upgrading of  
optical purity than the parent diolefin. 

PREPARATION OF CHIRAL BUILDING BLOCKS 

C Blocks. We elaborated several variants of chemoselective transformation 
og0g=the presence of  isomeric hydrocarbons (2-2, 4, cisltrans-2) which 
provixe easy separation of the products from the unreacted componenTs of the 
dextrorotatory TGPP (Scheme 1 ) . 
Thus, a known procedure (ref. 2) was mpdified to give the methoxy alkene 5 
in ca. 45% yield (based on the content of 8-1 in IGPP). Broader opportuni': 
ties are opened by the formation of the e oxTde 6 (0.95-1,lO eqv of a pera- 
cid per 1 eqv of 2-1 in the TGPP). Withou! isolaTion, it was isomerized to 
the 3&3, 6pdienol B which was separated from the unreacted hydrocarbons by 
distillation (ref. 3) .  Still better, the acid hydrolysis of 6 results in the 
32,6 g diol (2) which is isolated simply by distilling off a n  the more vo- 
lati 5! e components of the reaction mixture (ref. 4). Yet another procedure is 
to transform the raw e oxide 6 into ~-3,'/-dimethyl-l-octene-6-one (cf .ref. 
la) and from there to %he c0r'f;esponding hydrazone (70). Finally, direct oxi- 
dation o f  the organoborane 1 as described for the synthesis of alkanoic 
acids from terminal alkenes (ref. 5 )  affords 2-citronellic acid (71) in 40- 
42% yield. 
Cg, c7, C , and C 
Table did 9. F i z z t m a s  converted to a number of monofunctional CBBs of 
general type EtCHMe(CH2) X (where X is an oxygen-bearing function or halogen 
atom and n=l-3). ;i-4-Met%yl-5-hexenal (2) and B-4-methylhexanoic acid (2) 
served as intermediates from which other 9, C6, and C5 blocks with pcon- 
figuration were prepared. 
Still wider is the set of bifunctional CBBs derived from diol or aldehyde 
ve 2 or in the acetal 20 opens the way to the CBBs of C 1 0  group (21,21a, 

Blocks. All of them were obtained from the easily avai- 

12. Thus, hydroboration of the double bond in the 0-isopropyli ? ene derivati- 
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respectively, while its oxidative cleavage 
groups (25,26 or 27,281. The unsaturated C7- 

tosylate 29, is obtained from 9 in three steps. Due to their bifunctionality 
these CBBs can be used for the incorporation of a chiral-CEIb4e- fragment in- 
to a target molecule either in s- or in &configuration. 

APPLICATION TO THE SYNTHESIS OF NON-RACEMIC COMPOUNDS 

Pheromones with one chiral centre In our synthesis of R,g- and e ,  ptrogodermals, 
the two sex pheromones of khapra beetle, bromide 75 via organocuprate 
0 was coupled with the allylic acetates 31 or 32. In the first case (Scheme '& a clean S 2' reaction took place. In the second, the ratio of %2 and Sw2t 
coupling proxucts was ca. 93:7, so acetal 34 had to be chromatographed be- 
fore 10s conversion to z-trogodermsl (ref.-6). The reaction of organocuprate 2 with 3-buten-2-one affords ketone 5, from which 8&methyl-2Bjpdecyl pro- 

(ref. 7). g-10-methyl-l-dodecyl acetate, a component of the smaller tea tor- 
trix ($doxo;ys %) sex pheromone, was synthesized in two ways via a com- 
mon in erme la e 6). The latter is obtained by the organocopper coupling 
reaction between bromide 16 or tosylate I a and the respective complementary 

tion of aldehyde 12 with the complementary U-hydroxyalkyl phosphorane fol- 
lowed by hydroge-ion of the diene intermediate 37. 

pionate the sex pheromone of Diabrot &- ca virgifera beetle, was obtained 

acetal components (ref. 8r More practica 4- synthesis is based on the reac- 

Scheme 2 

A.Organocopper coupling reaction; B.Wittig olefination 

Although the Smidt-Wacker oxidation in the vicinity of a chiral centre may 
be configurationally unsafe, on two occasions we were fortunate to perform 
it without loss of optical activity. Thus, the 3Rs,62 acetate & (derived 
from alcohol 8)  was converted into diolefin 38 &ose oxidation gave the dex- 
trorotatory ketone 2. The latter in two steps afforded 2eg,3%,7spdiprionyl 
acetate with the same sign of[dJD as for the natural sex pheromone of ine 
sawflies (ref. 3 ) .  Similarly, tosylate 29 via olefin 40 was converted Po 8- 
3-methylheneicosan-2-one, a mimic of th-lattella germanica sex pheromone 
(ref. 9). 
The sex pheromone of the southern corn rootworm (Diabrotica undecimpunctata), 
and that of the peach leafmining moth (Lyonetia clerckella) were synthesized 
from the bifunctional CBB 21a (ref. 10). In the first case it was cross- 
coupled with MemI to affora C block (41) which was converted into tosy- 
late 
was &owed in the second case to give intermediates 43 and & (Scheme 3). 

2a via the corresponding aliohol (42r Precisely the same algorithm 
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Scheme 3 
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A. Organocopper coupling reaction. 
C. H30+. D. H5106. E. NaBH4. F. TsCl-PY 

B. 02/PdC12-CuC12. 

Pheromones with two or more chiral centres B,&-Tribolure, the aggregation 

nocopper cross-cou ling 2-2.5 fold excess of the chiral Grignard reagent 
(from 15, 24, or l g )  was required to obtain good yie€ds in the key step, To 
avoid 5 e  =ate orthe chiral material, bromide 16 via the phosphonium salt 

hydrogenanon the saturated intermediate 46 and hence E,&txbolure in 
16.7% overall yield (ref. 14). 
The pheromone complex of the larger elm bark beetle (Scolytus scolytua) con- 
tains g,g-4-methyl-3-Ireptanol as one of the active ingredients whilelts 38, 
4%-epimer, secreted in small amounts, acts as a weak synergist. Both were 
obtained from aldehyde 25, whose reaction with EtlMgBr in accordance with 
Cram's rule gave, upon acetylation, the g,g-acetate 49 (tbreo) and its 33, 
4pcounterpart 50 (erythro) in the ratio ca.7:3. 
Hydrolysis of tms mixture followed by periodate cleavage afforded the 
threo aldehyde 2 and its erythro epimer 52 in the sane ratio. 
The Wolff-Kishner reduction of these acetoxy aldehydes gave a mixture of 
the 38,49- and 3g,4 -alcohols in a ratio close to that found for S.scolytus 
(ref. 13 (Scheme 46. 

Upgrading of optical purity 
'H-NMR spectra for the S-ITPA esters of alcohols 14,Q, and &2, show that 
the 0.P. values of our CBBs lay within 50+5%. Tharcorrelates well with the 
O.P. vaJue of the original (+I-d-pinene. Can those inexpensive CBBs be used 

beetles, was obtained from the TGPP in several 
in Scheme 4. In all variants based on the orga- 

was converted into the corresponding phosphorane which was condensed with 4 a dehyde 25 under neutral conditions. The resulting olefin 48 afforded upon 

The values of [.LID, and the data of HPLC and 
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Scheme 4 
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to obtah products of higher enantiomeric purity? Their non-racemic nature 
makes this quite feasible. 
Thus, the acetoxy acid 

hydrolysis gave lactoaa 55 with doe. 100% and e.e. 9% in 16% y 41. e d overall. 
Earlier, lactone 52 had been the enultimate intermediate in one of the syn- 
theses of serricornine, the sex pEeromone of the cigarette beetle (ref. 17) ,  
so  our result is formally equivalent to a twelve-step synthesis of serri- 
cornine from -1. 
2-Methoprene $!s%nown to display higher morphogenetic activity than its d , l -  
-form. Starting from alkene 5 (O.P. 50%) we prepared in 29% yield a sample 

-methoprene with e.e. 6% (ref. 16). A mixture of a-methoxycitronellol 

705'0, e.e. 52%), obtained from a + 5 0  (ref. 
give a mixture of diastereomeric sxts. Its 14), was treated with 

repeated diastereomerically pure salt 5 , whose 

,3g-osyrol c58), obtained from upon hydroboration-oxidation 

to give a mixture of regio- and stereoisomeric salts. 'hpo 
was converted into a mixture o ? hemiphtalates and then treat- 

crystallizations from Et20-hexane provided a salt, from which chemically 
pure alcohol with e.e. 67% was recovered and processed to pmethoprene. 

+ M m , i ,  
OH 

ole OMe OH OMe 
58 S- (+)-Me thoprene - 57 - 

CONCLUSION 

Our examples show that the TGPP-derived CBBs can be successfully used to 
synthesize chiral molecules of higher optical purity if at an appropriate 
moment an optical resolution step is included in the synthetic sequence. 
The higher the optical purity of 2-1 in the TGPP, the more efficient this 
procedure will be. Obviously, these arguments are equally valid for the 
laevorotatory %PP, the use of which may offer further opportunities for 
the synthesis of chiral isoprenoids and propiogenins. 
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