
SYNTHESIS OF THE ENANTIOMERS OF MUBSTITUTED 
y-LACTONES WITH KNOWN ABSOLUTE CONFIGURATION 

Un Rmm,t ROBERT M. SIL~RSIEAN l andLJzvEREITR.Sm 
SUNY Co&e of Envirotuncntrl !kba and Farestry. Syncuse. New York. U.S.A. 

(Reed& ia USA 5 Jdy l!J77: Rectid k UK for &htior 16 lkember 1977, 

AbdKt-Tb8 bigly plm CttUlM Of rCVenl4-&l (Or dtUlyl~yJrt0ms of howa 8bsolute conflolartion 
were Sytttkkd from ghtuttk acid enutiwm. The key step is rkctive losyhte disphccnwtt rather tit80 ring 
OPL+ of tbc ktottc tosy; s ztiFt* or +kcny~uprstc. The enantiomric purity of 
Vn-tapotrtoPc ltawmasofRrLle’scbtralsolv~rpnt.TkeMn~ntcrs 
of Symbcti (7 Were ured for reference to &tamiac the enuhomeric composition of the 

In a brief communkation,’ we outhed a generaI 
synthesis of opticany active 4-alkyl-y4ect~, and c 
ldkcnyCy-hctoncs wboae W bond is two or more c 
atonm removed from the ring. l&tenth of the integrity 
of the chiral center was assumed, but no r&able (a& 
values were availabk from the hature. Extorts to use 
tbe chiraI shift reagent, Eu&fbch, in conjuoctioo with 
PMB or CMB to determine cnantiomcric composith 
were not successful. We report here d&Is of an im- 
proved synthetic procedure. and conlhation of optical 
purityofthecaantiomersofycrprdsaoaewithinthe 
timitations of tbc chiraI sol- agent recently intro- 
ducaibyPihkctaL~Unf~ythismetbodwas 
successful in our hands only for ywkctone, but tbc 
integrity of the chiral center of the other kctoncs seems 
a reasonabk assumption since they were syntbesii by 
anahgous proccdurcs from the same starting mat&Is. 
As examples, we syntheshed both enanthers of y- 
cspoladoae (la, R is methyl), y&tonc (la, R is 
ll-butyl) and (_lide (lb). 

+AIkyl (or aIkenyl~y-kctones are ubiquitous natural 
products, and have been found, for exampk, in: peach;u 
apricot: strawberry: tobaccos the Bower Polianh 
twbmo~,‘, coo&I Iamb,’ b~~ttcrfat,‘~” the pygidal gland 
of Iwo spl&a of rtaphylinid be&s.” the ma&b&r 
gland of tbe,Jl!afGltting an’ Atta sex&u mb?vpiloal,” 
scvcml F of w beep of the penus Iho- 
gt%$& thehpanesebeetk. ondtbebkck-tahI 

H&ans can perceive differences in llavor and odor of 
“c. pain of eaanha?.n‘* Sevual insects 
m between m of pbaomoae 
components, and in ail cases reported are more reapon- 
sive to the naturaUy occuniag enhomer.“- In one 
case,” the racemic form SlKnvd little or no ahity; 
apparently the “wrollg” enanther “masked” tbc active 
ollc. we were especiauy interested in y-capfoIactooc (I& 
R is methyl) aed (Wen4olidc (lb), since these 
arc. n?spcctbdy.conQonent of the aaracmntphaomone 
of several rmgudenne specks of &rmcstid beetks” 
and of the “social scent” of the black-taikd hr.“ Tbc 

avahbi&y of the pure enantiomers ma& it possible to 
detamh that T. gmnahm responds to the (RH+) 
cnaotiomr of y-~aproh~tone but to neither tbc (SH-) 
enantiomer nor the racemic form.% Deer, on the other 
hand, &owed a marghal preference for UK predominant 
enantiomer, (RH-1. of its pheromone, whe cnan- 
tiomeric composition (8996(RH-W1196(Sj-(+)) was 
determined by direct comparison of the optical rotation 
of tbc naturauy “‘u&J material with that of the 
synthesized eaantiomer. In informaI tests, seven 
people were uoabk to disthguisb between the cnan- 
then of the y-lactones descni bcre. 

Tbc synthetic procehe utilizes the commercial 
avaikb&y of both optically pure enanthers of glu- 
tamic acid, whose absolute con@urations are known, 
and which have been converted to the carboxylii acid 
lactone (3) with compkte retention of con@rath.” 

We orighaUy’ converted 3 by esterihtioa to 4, which 
was reduced to the akobol (6) with NaBH, in ac- 
cordance witb the reportal procaiure.tb An ahmtive 
sequence, NaBIt reduction of y&loromethyI-y-buty- 
rolactone has been sbown to proceed with fuU retention 
of cOnegumtii.nm we have found however, tht the 
more convenient direct reduction of 3 with borane- 
nwth 
al.2 

sul6de~ gives high distiIkd yields of (; Brown et 
have shown that carboxylic acids are reducai 

nXHe rapidly than y-hones with borane. 
The key step d+l) in the present syntbesii depends 

on sekctive tosylate disphccment ratbcr than ring open- 
iqj of the lactone tosylate 0 by lithium diicuprate or 
dialkenylcqxate. Pntfercntid displacement of a tosytate 
in the presence of an ester has previously been demon- 
stratuLn In this step of the syntbuii of lb, the 2 
confisuntioa of the diaIkenykuprate is maintain& no E 
isomer was detected on three d&rent GC columns. 

Syntbesii of the alkenykuprate was straightforward. 
MetaUath? of I -bcgyoc by treatment with n-BuLi 
followed by iodinahn of the I-lithio-I-heptyne yielded 
l-iodo-l-bcptync (91. Addition of dicyclo&xylboraney 
to the iodorlLpe gave (z)Godo-l-bep,~ 
which was which was protonolii, without is&ion. by 
trc&malt with acetic a&i to give (*l-ilt&l-hepteo 
(10). Treatment of 10 with II-BuLi in bcxane produced 
(Z)_l-litbio-l-bcptenc, which on addition to an ether 
suspension of CuI yieldal the lithium di_((Z)l-heptcnyl] 
ClIprote. 

llw optidly pure solvating agent (RX-)_232- 



(RW-) ord (SH+~Z&dudecen4 (lb) 
(R)+)_lh &uLi (3.73 mmd. lti ml of 23 M soln in kxmc) 

wm injected dmpwisc into a rtid soln of 10 
(8348~3.~~l)mbeuas(8ml)It-74~rrlon.Tk 
cleusohlwustim?dfar3flminIt-7t?8ndtbcntbe(z&lkhi+ 
I_ vu i+ctai iuto I stirred e of cul 
(3U.3mL.l~mmd)iaQyetp(4BmI)a-m.‘lberdnwrr 
rlkwediocometo-l~to-#P(40min).udtbenwurodcdto 
- 35.. A ti of (RH-b7 (99.9 lq. 0.37 lnlnd) ill dry C&Cl, 
(IS ml) wu in&ted dropwise to the lm solo of litbiim di#&I- 

10% N&Cl q. ‘Ibe mixture & fitted by suction (Cc&A the 
orplk layer -umI sepuatal, ad tk aq: layer was extncted 
(twice) with E&cl. The combined or&a& hyers were wuhed 
withlO96NH&lqmdH~rad&iedovaMgSG,.Tbesohxat 
was removed ad the product (6.85 II&m, 12%) MI collected 
by GC (colum A. lm. 60 ml/mm. nteation time 16min). 
[c&w- 16.1’ (c =03._M$H): MS 1% (M’). 85 (base): IR (nmt) 

H. 
cm-’ 3018 (--‘C-C’ ). 1778 (lactone C&). 1176 (C-G): NMR 
(CD& 6) 0.91 (CH,, t. 3). 1.4-1.52 (CH,. m. 6), 1.77-270 
(CH2. q .8). 456 (CH-O. q , I). JJI (CH-CH. q . 21 

(S)-(+~rk [ahmt IS.@ (c =O.l.MeGH); [&=+6.Y k- = 
O.I4,CHCl$. 

kkAW~tiJ--Tbi march was suppOrred by the USDA. 
NSF aad the Rockefelkr F-n. Tbc Vuiut XL100 NMR 
spstrometerarrsabuiwdthrou&agmntfmmtheNltiolul 
S&xx Found&n We thus Dr. K. Mori for aam* of 
am&men of v&xv-*atone. Dr. W. H. Pirkk for 
l wpk of (J$(+TF& and_Mrs. H. lcnnison and Mr. L. L 
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