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Suanary - The synthesis of both enantiowrs of endo-7-ethyl-S-methyl-6,6- 
dioxabicyclo[3.2.l]oct+ne (endo-brevicanin, 12 and-) starting from D-ri- 
bose is described. Key inteziete is the open charderivative 1, a chiral 
building unit easily available from carbohydrates. Complexation gas chrana- 
tography showed the natural pheromone of males of the southern pine beetle, 
Dendroctonus frontalis a, to be (lR,SS,7S)- endo-brevicomin. 

The exo- and s-isomers of brevicomin, - 7-ethyl-S-methyl-616-dioxabicyclo-[3.2.-l]octane, were 

first identified frcei'the frass of females of the western pine beetle, Dendroctonus brevicomis'. 

The can&&s were later found as coolpcnentsof the pheromone systems also of other bark beetle 

species. Natural exo-brevicanin, - the female released aggregation pheromone of 0, brevicomis was 

shown to have (lR,SS,7R)-configuration2. Canplexation gas chranatography3 of abdominal volatiles of 

males of the mountain pine beetle, O.ponderosae revealed the presence of (lR,SS,7R)-(+)-E-brevi- 

comin of high enantiomeric purity, while enanticxneric proportions of the additionally produced 

(lR,SS,7S)-(+)-endo-isaner range between 6S-7S$ee only, showing scm variation in different popula- 

tions4. Similarly, males of Dryocoetes confusus contain (+)-exo-brevicanin of 96%ee and (+)-endo- - 
brevicunin of low optical purity'. 

(lS,9?.7f?)-t-1-12 (lR.SS.7Sb(+)-'J& 

2029 



2030 H. REIXICH et al. 

Already 15 years ago Vi& and Renwick' identified endo-brevicomin from males of the southern pine 

beetle, Dendroctonus front&is, however, the absolute configuration of the canpound remained 

undetermined. We now wish to present our results on the analysis of the enantianeric composition of 

the natural pheranone and the synthesis of both of its enantianers. 

Analysis: Head space anelyses of living beetles and of dissected hindguts as well as extracts of 

hindguts showed that D. frontalis males release endo-'and exo-brevica& in a ratio of 97:3; - - 
(lR,SS,7S)-(+)-endo-brevicomin is the naturally occuring enantianer, present in an enantiomeric 

purity of about 97%. 

Wile in earlier field tests racemic endo-breviccnnin elicited complex dosage-dependent reactions, 

recent investigations showed that the activity of the female produced aggregation pheranone, frm- 

talin, is strongly enhanced by (lR,SS,7S)-(+)-endo-brevicomin, while its antipode inhibits 

response'. These results strongly indicate the high demand for optically pure enantiomers of e- 

brevicomin for a successful pest management, 

synthesis: The subject of our study on the synthesis of (+)- and (-)-endo-brevicomin7"3 was the 

use of versatile chiral building units, readily available fran carbohydrates. 

fW.rosynttmsis: 
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Retrosynthesis of the target molecule reveals the presence of an erythro configurated diol, which 

upon intramolecular acetalization with a carbonyl function in the appropriate distance yields _&g- 

brevicomin: enantiaaerically pure erythro configurated dials are available fran nunerous carbohy- 

drates. A chiral diol segnent, allowing chain elongation at either side with a carbonyl containing 

synthon, would be a particularly useful starting material, since only one chiral block would be 

necessary for the synthesis of both enantiuners. The open chain D-ribose derivative 1 fulfills this 

synthetical requirement. Compound i is easily available frun II-ribose 3 by reaction with 1.3-pro- 

panedithiol under acidic conditions to form the open chain thioacetal 4. Selective iscpropylidena- 

titan to the monoisopropylidene derivative 5 and benzylation of the remaining hydroxy groups with 

NaH/benzyl brcxnide in the presence of a catalytic amount of methyltriphenylphosphonium iodide 

yields the totally blocked open chain carbohydrate S. Cleavage of the thioacetal function by 

treatment of 2 with methyl iodide/collidine in acetone/water gives the key component 1 in an 

excellent overall yield. 
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Reaction of 1 with an excess of the Wittig reagent2 (a suitable C-4 synthm prepared from the 

corresponding bromide 1) at carefully controlled reactim cmditims (IZh, +!i OC in THF) completes 

the carbon main to fi, in which the blocked diol segnent shows D-configuration. Removal of the 

ismropylidene group, and transformation of the resulting unblocked diol 2 into the olefin 11 vie - 

the CM-acetal 10 and subsequent hydrogenation of 11 (fMii, 20 bar; 5% Pd/C) followed by acid - - 

treatment yields (lSt5R,7R)-(-)-m-brevicmin 2. 

13 R’ ,R’= Isoprop. - 

2 R’=H 

a.1 IHI 
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Reaction of 1 with triphenylmethylenephosphorane yields the olefin 13 tiich may be transformad to 

(lR,SS,7S)-(+)-e-brevicunin 12e: - ramoval of the isopropylidene group gives the diol 14 which - 
upon treatment with lead tetraacetate in acetmitrile at -40 OC generates aldehyde 2. Wittig 

reaction of 15 with reagent 2 already usad in the synthesis of J& now yields >, the enantiomar 

of 11 -* The following steps to (lR,SS,7S)-(+)-m-brevicain 12a are identical with the analogous - 

smuence laading to 2. 
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All “WltinQ points arm uxorrwtad. NW spactra wore rrprded rt 270 Mt or 400 PHI m w 27l.,md!u( 400 (9ruckmr) with TRS 

as m intamal rtmdnrd. Optical rotation wera msawrad m a Psrkin Ehr Polarinatar 243. TLC analysis us carrimd out with 

Merck pro-coated plates. I(iesalpsl 61F25b. Colon, chrcmatopraphy ~8s carried cut mdw pressas (MX. 6 bar) throw silica 

gel 60 (230-400 mesh, hImIn). tR.her appratus and maQants used in this work are typified in t& taxt. 

&ml-r Rala 0, frmtalis. collected fron infested pim trees near Clswland, Texas. wro s&Llbjected to aeration for 20 h 

tiile walking in the test ChaRber of a USA-apparatus (6rodWYUr AC. CH-8952 Schlisrm. Switzerland). Subsequsntly, thm 

.5n~ charms1 filter of the Cl_64 ws sxtrscted with nmthylene chloride. tlm be&l- usrw dissected and their hindguts 

remwed. The extract8 md ths dissected hindputs w-a kept at dry lm tenpsrature until analysis. Sample, mt~ining th 

hindguts of 10 or Zm male beetles ware steamdistilled, and tlm head-spdce vaparr or the USA-extract, rwtlwly, was 

analysed (without further purification or chemical manipulation) by GC m a fused silica capillary colon (Sm x O.Z%n) 

coated with nickel(II)bis(3-heptfluorobutMoyl-(l~)~~r~t~)13 in SE 54. The absolute cmfigurstim of ths predominant 

enanticmer. i.e. (lR,SS,7S)-(+)-endo-brevicomin, ras assigmd via colnjactim of a synthetic saula of kmvl absolute cmfi- 

gurstim. The exo/mdo-brwicmin ratio as us11 cu tJw enmtiomeric -itim of ando-brevicain YBS monitored by CC- - 

(CI)RS/SIN (m/z 157, metham) m a Uarim RAT 112 S-systsm. 

D-Rib~ss trimethyl- dithioautal u 

To a suspension of 0-riboss 2 (159, 0.1 ml) in chloroform (10 ml) 1.3-propanedfthiol (10.6 ml, 0.098 ml) is added. The 

heavily stirred mixture is acidified with concentrated hydrochloric acid (10 ml). After 2-2.5 h (tic toluena/ethaml 311) 

thn reactim is psnchsd by droprism additim of cmcmtrsted a- -ia. The mixture is nncentrated in vacua and the 

resi&s is evaporated twica frOn tolwne. To remwe the salts, 1 is acstylated in pyridine (lg ml) with acetic anhydride 

(150 ml) (tic tolusne/sthanol 611). The mixture is cmcentratsd in vacua and the residue is evaporated twice from tolwne. 

The crude resids is dissolved in chloroform end wsthed with diluted sulfuric acid and uabr. The organic layer is awan- 

treted and ths resulting sirup is purified by colum chra~tography (silica gal 3.5 kg, athsr/petmleun ether 111). The 

acetates are ramvad by Zenpla draacstylatim. yield8 219 (67%): [a];’ -1.9 (C 1.0 msthaml), m.p. 94 oc. - C6H1604S2 

(240.34): talc. C, 39.981 H. 6.711 S, 26.68: found C, 36.901 H, 6.66, 5. 26.62$. 

4.5-O-Isoprwylidens-ll-ribme trimethylene dithioacetsl u 

At 0% isqxqmnyl methyl ether (0.26S ml, 3.C6 mm1 I 1 &q) is add& to a solution of 4 (460q, 1.91 mnol) in dry dimethyl- 

formmnidu (50 ml). After 5 min p-tolumesulfmlc acid Hf (T&q, dissolved in 0.X ml Om) is added. After 1 h (tic ether) 

the reaction is rtcgped by adding cmcentratad mmnonie. Tha solvent is remwed in uaam, the residus is evaporated twice 

fra toltmne. To ranwe the salts, the residue is dissolwd in chloroform and filtered. Evaporation of the solvent yields 

crude pro&t 5, l.hich can be purified by colum chromatography (silica gal, ether/petrolam ether 312). yield: 47i%q (89J)r 

[.a);’ t13.0’ (C 1.0 methanol). - C15H2b04S2 (334.49 acetate): cslc. C. 49.431 Ii, 6.641 S. 17.59; fand C, 49.77: H, 6.621 S, 

17.43 x. ‘HHa (CDC13/TmSint)r 6. 2.01, 2.10 (2s. 6 H. 2 OAc). 3.60 (dd, Jb,5 . 6.4Hr. J5,5 - 6.6Jir. 1 H, 5-H), 3.99 (d, 

J1,2 - lO.@ir, 1 H, l-H), 4.09 (c!d, J4,5 - 6.Mt, 1 H, 5-H). 4.40 (ddd, 33,b = 7.912. 1 H, 4-H), 5.67 (dd, J2,3 - 2.2H2, 1 H, 

3-H), 5.76 ppm (dd. 1 H, 2-H). 

2.3-Di-0-benryl-4,5-D-i~rmylidas-O-rib trlmethylme dithioacetal m 

To s solution of 5. (280 mg, 1 mnol) in TIC (4 ml) wader N2, NaH (72 mg, 3 nmol) and ethyl triphmylphos@?-miun iodide (40 

mg, 0.1 mnol) is ad&d. After 2 h of stirring at ram tawaraturs bmzyl branida (576 nrg, 2.2 ml) is added. The mixture is 

stirred for 12 h . After addinp a trace of Wter the sDlUtim iS filtratd and Cmmtr~td. The Crude reSi&S iS Chrmtw 

prophad on silica gel (2.5 bar pressure) using t-tutyl-methyl ether/petrolam ether b.p. 50-70 ‘C ( lrl0, containing 1% 

triethylamlm) as the slum+. yield: 436 mg (952) [a]? i26.0’ (c 1.4 m&!mol), r&p. 66-91 ‘C. - Cz5Hs20bS2 (460.7)s talc. 

C, 65.16; H, 7.00; S, 13.93; fond C, 65.161 H, 7.091 S, 13.94 %. ‘H-m (CLKl,/lVS,,)r 6. 1.33 and 1.42 (s, 6 H, is~~.)1 

2.151.79 (m, 2 H, -SM2-Ctltl-012-S-): 2.92-2.64 (m, 4 H,-S-M&h2-Cl@-): 3.66 (dd, 1 H, 2-M. J2,3 = 4,E?ir); 3.80 (dd, 1 HI 

S-H. J4,5 -6.741. J5,5 = 6.m~); 3.95 (dd. 1 H. 5-H. Jo,5 - 7.Mz)1 4.09 (dd, 1 H. 3-H. J3,b = J.tMz)r 4.40 (ddd. 1 H, 4-H): 

4.42 (d. 1 H, 1-H. J,.2 = 5,7+lz): 4.92-4.63 ppn (m. 4 H. -CHH-Fh); 7.5-7.1 (m, 10 H, arun. pmt.). 

To a ~lutim of 6 (460 mg, 1 nmol) in acetme/uater (10 ml, 411 v/u) s-mllidino (682 “g, 7 -1) md natJw1 iodide (0.5 ml) 

is &kd. The mixture is wti to 4PC for -ox. 4 h . After rexwsl of th sa&nts ti twiti is dissolved in ether ad 

washed with water. The organic layer is dried end cmcentratsd: the msidm is evaporated in hi@ vacua% Ths oily retids ls 
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proved to be 99S mmticmsrically plrs. Th purified 12 &IWUJ a mtatim V&N of [al”0 -79.5’ (c 1.17 Et+). - 

5.6WdeoxY-3.4-di~zyl-l.2-O-isap~YlidaP~-ribo-hex-5-enitol (13) 

15 is synthoaizsd ecordinq to the Pr=xhiM dncrikd for wwand a, Twv WinQ triphmylmthyl~ M as the r..- 

gent. yield: 313 np (65s): G;]? l 5Q.2O (c 1.2 nsthvlol). - c2&04 (369.5): ale. c, 74.971 H, 7.661 fouxl c. 75.031 Ii, 7.72 

%. ‘Ham (CDC13/nlsi”t)r 6. 1.33 and 1.39 (s. 6 Ii, iswrc+): 3.74 (q, 1 H): 4.16-3.69 (m, 4 Ii): 4.53 (q. 2 H, -C$-Ph); 

4.77 (9, 2 R, -C&Ph)i 5.41-5.26 (ml 2 HI olef. prot.); 5.92 (0, 2 H, olef. Pmt.): 7.4-7.2 pp (m, 10 H. rma. Pmt.). 

5.60i~xv-3,4-di-O-ben2Yl-L-rfx-~~l m 

A rolutim of 11. (366 mg, 1 6) in aDstic scid/triflwrmtic acid/utar 15:1:4 (4 ml) is stared for 12 h at roan 

trperOtUr% The salumt is in vucuo and by co-distillstim with tolueos. For arvlyticol plrpor 8 paificatim ia mcwsary. 

yield: 320 rp (Sn): Llp +44.5’ (c 1.2 msM). - c~2404 (326.4): cak. C, 73.15: H. 7.37; fand C, 73.15; H, 7.3411. 

‘M(C=13/TPISlnt)r 6. 3.64 (q, 1 H): 3.74 (d, 2 H)I 3.79 ( m, 1 H)I 4.09 (q, 1 H)I 4.54 (q, 2 H, -O&Ph): 4.66 (q, 2 HI 

-$29”)I 5.50-5.37 (m. 2 H, Olaf. prot.)t 5.93 (0, 1 H; olsf. prot.); 7.4-7.2 ppm (m, 10 H, arm. pmt.). 

6.7-Oi-O-bmz~l-l.3.4.5.8.%heudlowL-er~,~2-ul~ (rla) 

a) 2,3-Oi-O-bmzyl~-sr~-4-mosa (Is) 

To l solution of u (326 mg, lrfml) in awtmitrile (6 ml) sodium ecatste (1 p, 12 caol) ard lead tetrucetata (1 9, Z.-l) 

ir added at -400-C. The mixtura is stirred far u 20 rain m-d thm diluted vith ether/tolusrr 111 (lm ml). Aftar the additim 

of charcoal (5 p) the mixture is prsclssd t.hrc@~ l tirt colum, filled with rilica gsl. The mlun is wshmd with ether. 

Rmmval of the ~lvmta in vacua md drying in hi@ “(I- yielda m uuteble oil tiich is directly mod for ths next rtqa. 

b)Aldehy& 15 ir treated BS dsxrited for g. Colun chrmatoprghy is carried out with sthmr - pstmlmm ettmr lrl0. yiald: 

161 w (41X)I r&l? -9.3’ (c 1.6 mthaol). - C2&#14 (392.5): talc. C, 76.50; H, 7.19: fomd C, 76.321 H, 7.04s. 

?ha final steps of the synthesis Ima 11. to 120 won carrimd wt amrdinp to the procedure doscribed abow. Ulth rOga+ to -- 
tJw gas chmm8tDpraphic md WtroMpic data the capcad pmved to be idmtical with the mmtiamr described atow. Gas 

chrunntographic soParstim of the mmtiorrr revealad the ~resmca of 1% of the mtipodsr 1&122O +79.6’ (c 1.05 Et$). - 

lhn rotation value of our products ara in accord with those Rported in t.hm literstum7-128 they do not, hmmmr, corro- 

borate the h&h vrlw reported by Sat0 et al13. 

Max-k - Tna authors thw-k thn “Deutscha Forschmgagmminschaft’ md the “For& dar Chemischm Itistrie” for 

financial aqport. 
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