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A~ct-(lR,SS,7SH+)-endo_Brcvlcormn (7e~hyl-5-me&yl-6,8d~oxab~cyclo[3 2 l]octane) and IIS 
(lS,5R,7R)-(-)-isomer were syntheslsed employmg the Sharpless asymmetnc epoxldatlon as the key-step 

endo-Brevlcomm 1 was first Isolated’ and synthewedZ 
by SIlverstem et al as a blologully mactlve component 
of the frass of the western pme beetle, Dendroctonus 
brevlcomls Very recently Kohnle and Vote’ found that 
the aggregahon of female and male beetles of the 
swlytid Dryocoetes autographus on Norway spruce was 
enhanced by endo-brevlcomm 1 released by the male 
beetle upon feedmg m the phloem tissue ofsuitable host 
matenal In cooperation with Professor Vote, we 
became interested m syntheslsmg the enantlomers of 1 
so as to find the stereochemistry-pheromone activity 
relationship Although a number of syntheses of ( f )-1 
have been recorded to date,“’ there LS only one paper 
reportmg the synthesis of ( + )- and ( - )-1 l2 That choral 
synthesis of 1, however, was not stereoselectlve l2 
Herem we descnbe a simple and enantloselectlve 
synthesis of both (lR,SS,7S)-( +)- and (lS,5R,7RH -)-1 
m highly optically pure state (9697% e e ) 

treated with ethyl vmyl ether m the presence of 
pyrldmlum ptoluenesulfonate (PPTS) to gve (2R,3St 
3b m 23% overall yield from ( f )-2 A Gngnard reagent 
prepared from 3-butenyl bromide was added to the 
epoxlde 3b m the presence of Cu,Br,” to effect the C- 
cham elongation yddmg(3S,4R)-4a as a crude oil Aad 
hydrolysis of4a with dll HCI-THF yielded acrystallme 
dlol(3S,4R)db. mp 81-82”, [alp + 11 6” (CHCI,), m 
54% yield from 3b Recrystalhsatlon of (3S,4R)-4b from 
n-hexane unproved Its chermcal and optical punties 
(96% e e , see later) Finally the Wacker oxidation of 
(3S,4R)-4b urlth PdCl,-CuCl, m l&dlmethoxyethane 
(DME)’ Is ” gave (1 R,SS,7.$endo_brevlcomm 1, 
[a];’ +78 8” (ether) @it I2 [a&, 74” (ether)], m 53 7% 
yield The overall yield of ( + )-1 from ( f )-2 was 7% 
Slmllarly, by usmgdnsopropyl D-( -)-tartrate,(2S,3Rb 
3a was obtamed from ( f t2 The epoxlde (2S,3R)-3a 
was converted to (3R,4*4b, m p 81-82”, [a];’ - 11 5” 
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Scheme 1 

The first step of the synthesis was the kmetlc 
resolution of (+_ )-1-penten-3-01 2 by enantloselectlve 
epoxldatlon usmg dusopropyl tartrate according to the 
procedure of Martm et al ’ 3 Employmg dnsopropyl L- 
(+ Ftartrate as the choral source and mtenuptmg the 
reaction after 15 hr at -20” m the presence of t- 
BuOOH and Tl(l-Pro),, an optically ative epoxy 
alcohol (2R,3S)-3a was obtamed as a crude 01 This was 

t Pheromone Synthesis-Part 75 Part 74, K Man, T 
Uematsu, K Yanag and M Mmobe, Tetrahedron 41(1985) 
The experuncntal part of ttus work was taken from the 
forthcoming doctoral dissertation of Y -B Seu 

(CHCIS), via 3b and 4~ The Wacker oxldahon of 
(3R,4S)-4b gave (lS,SR,7Rtendo_brevlwmm, 1, [a];’ 
- 75 9”(ether) @it ‘2 [or&,- 76 7”(ether)] m4 5%overall 
yield from (+ )-2 The IR and ‘H-NMR data of the 
enantiomers of endo-brevlwmm wmclded with those 
of ( f )-endo-brevlwmm previously synthesised by us 8 

The optical punty of (3S,4R)-4b and that of (3R,4S)- 
4b were estunated to be 96 and 97”/, vvely, by 
the HPLC analyses of the wrrespondmg bls-(S)-a- 
tnfluoromethylphenylacetate (MTPA ester)” 4c On 
the basis of these analyses. the optical punty of our ( + )- 
landthatof( -)-1 wereassumedtobe96970/,smceno 
racermsatlon was antlcrpated m the course of the 
Wacker reaction 
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In conclusion, both the enantlomers of endo- 
brevlcomm were syntheslsed m five steps from the 
commercially avrulable startmg mater& (+)-2 The 
blologtcal acttvlty of our matenals 1s now being tested 
by Professor J P Vote of Frelburg Umverslty 
Accordmg to his prehmmary results, (lR,SS,7S)-1 
attracted Dryocoetus autograph, while (lS,SR,7R)-1 
was mactlve 

EXPERIMENTAL 

All m ps and bps were uncorrected IR spectra were 
measured as NUJOI mulls (solid) or as films (hqmd) on a Jasco 
A-102 spectrometer NMR spectra were recorded at 60 MHz 
as CCI, soln wrath TMS as an Internal standard on a Hltacht R- 
24A spectrometer unless othenvlse stated Optical rotations 
were measured on a Jasco DIP 140 polaruneter 

1,2-Epoxy-3-pentanol EE ether 3b 
(a) (2S,3R~lsomer To a stu-red and cooled dry CH,Cl, 

(loo0 ml) at - 23” under Ar were added TI(I-PrO), (29 8 ml, 
100 mmol), dusopropyl H -)-tartrate (25 5 ml, 120 mmol), ( +b 
2 (10 26 ml, 100 mmol) and t-BuOOH m CHzCI, (3 37 M, 
26 8 1 ml, 100 mmol) m this order The mixture was left to stand 
for 15 hr at -20” The temp was raised to room temp and 
dduted v&h ether (1000 ml) and sat NazSO, aq (30 ml) The 
mixture was stlrred for 2 hr, and filtered The filtrate was 
concentrated m uocuc to gve 56 2 g of an 011 contauung 31 
~was~lvedmdryCH,C1,(150ml) Toth~swereadded 
ethyl vmyl ether (300 ml) and PPTS (3 g) under lce-coohng. 
The mixture was stlrred for 20 hr at room temp It was then 
dduted urlth ether The ether soln was washed with bnne, dned 
(NazS03 and concentrated m wcw to pve 92 g of a crude 011 
This waschromatographed over SIO, Theody(ZS,3Rh3b was 
dlstdled to gve 2.03 g (23 4%) of 3b, b p 102”/58 mm, 4:’ 
14146,[&+6 15”(i = 1 &i,CHCl,).;, 1130(s), 1095(i), 
1080(s11055(s~cm-1.607-19(11H.m).24-28(2H.m).2!& . ,. 
37(3H,m),4‘&9(l&m) (Q&fo;C&I,sO, ‘c,82&,H, 
1041 Found C,6172,H, 1054%) 

(b) (2R,3!+lsomer In the same manner as described above 
except that dusopropyl L-( +)-tartrate was used, 10 26 ml (100 
mmol) of ( f )-2 Gelded 2 06 g (24%) of (2R,3S)-3b, b p 115”/70 
mm. n? 14142. fal~“-6 12” Ic = 103. CHCI,) (Calc for 
C,Ii,,& C, 62’Oi,-ii, 1041 iound C; 6171 ,-i-1,.10 55%) 
The IR and ‘H-NMR spectra of(2R,393b were Identical with 
those of (2S,3R)-XI 

8-Nonene-3.4-dtol4b 
(a) (3R,4Sklsomer A soln of CH,=CHCH,CH,MgBr m 

THF was prepared from CH,=CHCH,CH,Br (4 78 g, 35 4 
mmol) and Mg ( 103 g, 42 5 mg atom) m dry THF (35 ml) Thus 
was added dropullse to a stirred and cooled suspension of 
CuzBr, (473 4 mg, 165 mmol) m THF (10 ml) at - 30” under 
Ar The stumng was continued for 10 mm A soln of(2&3Rb3b 
(1914 g, 11 mmol) m dry THF (10 ml) was added droplvlse to 
the stmed and cooled mixture at -30” The sttmng was 
contmued overmght Hrlth gradual rrusng of the temp to 5” The 
rmxture was poured mto sat NH&Cl soln, filtered to remove 
morgamc matenal and extracted with ether The extract was 
dned (MgSO,) and concentratai in uacuo to gve crude 4a 
(3 536 g) The crude product 4a (3 536 g) in THF (7 ml) was 
added to a stlrred and cooled nuxture of N HCI (15 ml) and 
THF (15 ml) After stlmng for 25 hr, the mixture was 
neutrahsedwlthsatNaHCO,aqandextractedwlthether The 
ether soln was washed wrlth brme, dned (MgS03 and 
conantrated m uacuo The residue was recrystalbsed from n- 
hexaneto@ve584mg(33 6%)of(3R&)-4b,m p 81-82”,[a]k’ 
- 115” (c = 0 92). Y, 3320 (s), 3225 (s), 1640(w), 1065 (s), 985 
(m),970(s),910(s)cm-‘,6097(3H,t,J = 6Hz),l20-180(6H, 
m), 180-2 20(2H,m),261(2H, br s,-OH), 3.20-3 80(2H,m), 
4 60-5 30 (2H, m), 5 30-6 10 (lH, m) (Calc for C9HLB0z C, 
6831,H,1147 Found C,6804,H,1165%) 

(b) (3S.4Rblsomer In the same manner as described above 
2061gof(2R,3S)-3bgave995mg(54%)of(3S,4R)-4b,mp 81- 
82”) [a];’ + 116” (c = 100, CHCI,) (Calc for C,H,,Oz C, 
6831,H,1147 Found C,6848,H,1156%)TheIRand’H- 
NMR spectra of (3&4R)-lb were Identical Hrlth those of 
(3R,4S)-4b 

endo-Breulcomm (7-erhyl-5-merhyl-6,&droxoblcyc~o[3 2.1]- 
octane1 

(a) (lS,5R,‘IR)-Isomer CuCl, (637 3 mg, 4 74 mmol) and 
PdClz (150 2 mg, 0 85 mmol) were added to 1,2dunethoxy- 
ethane @ME, 5 ml), and the muture was stirred for 1 hr at 
room temp A soln of(3R,4S)-lb(74Omg, 4 74 mmol) m DME 
(4 ml) was added slowly to the &u-red nuxture The shmng was 
contmuai for 6 hr Then the reamon nuxture wasdduted v&h 
water and extracted urlth ether The aq layer was acldlfied wth 
dll HCl(0 5 N, 3 5 ml) to pH 2, left to stand ovemlght, and 
extracted with ether The combined ether soln was washed 
wth water and bnne, dned (Na,SO,) and concentrated under 
atm press The rcsldue was further punlied by SIO, 
chromatography and dstlllahon to pve 428 4 mg (58 7%) of 
(lS,5R,7Rhl, b p %“/77 mm, ni’ 14420, [a];’ -75 9” (c 
= 0 717, ether), Y, 2950 (s), 2880 (s), 2750 (w), 2680 (w), 1465 
(m), 1375 (s), 1345 (m), 1335 (w), 1325 (w), 1305 (w), 1285 (w), 
1255(m), 1235(s), 1195(m), 1190(m), 1170(s), 1140(w), 1120 
(w). 1105(s), 1100(m), 1080(w), 1065(w), 1050(w), 1030(s), 1000 
(s),%5(m),940(w),900(m),865(m),850(s),815(w),805(w),790 
(w), 780 (w) cm-‘, ‘H-NMR (100 MHZ CDCI,) 0 98 (3H, t, 
J=75Hz),145(3H,s),150-220(8H,m),398(1H,dt,J,=4 
Hz, Jz = 7 5 Hz), 4 12-4 30 (lH, m). 13C-NMR 6 (25 MHz, 
CDCI,) 1101, 17 59,2196,2371,2505,3451,7657, 8168, 
107 00, GLC (Column, PEG 2OM, 2 m x 2 mm at 100-200 
(+ loo/mm), Camer gas, Nz, 0 8 kg/cm’) R, 4 0 mm (1~~). 
MS m/z 156 1147 (Calc for C9Hi602 156 1151) 

(b) (lR,SS,‘IS~lsomer In the same manner as deacnbed 
above, 436 mg of (3S,4Rh3b gave 2315 mg (53 7%) of 
(lR,SS,7S)-1, b p loo”/80 mm, n;’ 14422, [a];’ +78 8” 
(c = 0 5, ether), GLC (Column, PEG 20M, 2 m x 2 mm at 
100-200” (+ loo/mm), Gamer gas, N,, 0 8 kg/cm’) R, 4 1 mm 
(9970/.), MS m/z 156 1154 (UC for CgH,,02 156 1151) 
CC-MS (7OeV)m/z 52(13%X 53 (19%), 55 (44%), 57(51%), 58 
(300/,), 59 (15%), 67 (45%), 68 (920/,X 69 (24%), 70 (13%), 71 
W%A 72 (17%X 8l(79%), 83 (23%X 85 (4l%A 86 (90%), 97 
(24%), 98 (loo%), 99 (48%). 113 (44%), 114 (loo%), 115 (13%X 
127(10%), 156(270/, M+), 157(40/, M+ 1) TheIR. ‘H-NMR 
and *‘C-NMR spectra of (lR,5S,7S)-1 were ldentlcal with 
those of (lS,SR,7Rkl 

Determmtion of the optd puruy of 4b 
la) (3R.4Sm To a soln of 13R.4S9-4b 17 9 mn) and 4-(N.N- .,. , I 

dunethylammo)pyndme (3 4 mg)‘m &y CH,Cly(O 8 ml); were 
added MTPA chlonde (26 ~1) prepd from (!+MTPA and 
Et,N (02 ml) After 5 hr an addItIonal amount (13 ~1) of 
MTPA chlonde was added The mixture was stmed ovemlght 
at room temp After conventional work-up, (3R,4S)& was 
Isolated bv DIED TLC (Merck 80,. developed with n- 
pentane-eihei 2* 1, R, 0‘74) HPLC &alysls of (3R,4S)-4c 
(Column, Nucleosd 5-So,25 cm x 4 6 mm, solvent, n-hexane- 
ClCHzCHzC13 1,press,5-Okg/cm2)R,169mm(985%),184 
mm (15%) The optical punty of (3&tS)-4b was therefore 
97 0% 

(b) (3S,4R)-lb In the same manner as descrtbed above, 
HPLC analysis of (3S,4R)-4e was camed out under the same 
conQtlon R,172mm(l~~),188mm(9810/ TheopUcal 
punty of (3S,4R)-4b was therefore 96 2% 
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