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CHIRAL BUILDING UNITS FROM CARBOMYDRATES - XIII.
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Summary - The synthesis of both enantiomers of endo-7-ethyl-5-methyl-6,8-
dioxabicyclo[3.2.1] octane {endo-brevicomin, 12 and 128) starting from D-ri-
bose is described. Key intermediate is the open chain derivative 1, a chiral
building unit easily available from carbohydrates. Complexation gas chroma-
tography showed the natural pheromone of males of the southern pime beetle,
Dendroctonus frontalis Zimm,., to be (1R,55,7S)- endo-brevicomin,

The exo- and endo-isomers 6f brevicomin, 7-ethyl-S-methyl-6,8-dioxabicyclo-[3.2,1]actane, were
first identified from the frass of females of the western pine beetle, Dendroétonus brevicomis'.
The compounds were later found as components of the pheromone systems also of other bark beetle
species. Natural exo-brevicomin, the female released aggregation pheromone of D, brevicomis uas
shown to have (1R,5S,7R)-configuration. Complexation gas chromatography> of abdominal volatiles of
males of the mountein pine beetle, D.pondercsae revealed the presence of (1R,S5S,7R)-(+)-exo-brevi-
comin of high enantiomeric purity, while enantiomeric proportions of the additionally produced
(1R,5S,75)-(+)-endo-isomer range between 65-75%ee only, showing some variation in different popula-

tions?. Similarly, males of Dryocoetes confusus contain (+)-exo-brevicomin of 98%ee and (+)-endo-
brevicomin of low optical purity“.
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Already 15 years ago Vité and Renwick® identified endo-brevicomin from males of the southern pine
beetle, Dendroctonus frontalis, however, the absolute configuration of the compound remained

undetermined. We now wish to present our results on the analysis of the enantiomeric composition of
the natural pheromone and the synthesis of both of its enantiomers.

Analysis: Head space anslyses of living beetles and of dissected hindguts as well as extracts of
hindguts showed that D. frontalis males release gggg-'and exo-brevicomin in a ratio of 97:3;
(1R,55,75)-(+)-endo-brevicomin is the naturally occuring enantiomer, present in an enantiomeric
purity of about 97%.

thile in eerlier field tests racemic endo-brevicomin elicited complex dosage-dependent reactions,
recent investigations showed that the activity of the female produced aggregation pheromone, fron-
talin, is strongly enhanced by (1R,55,75)-(+)-endo-brevicomin, while its antipode inhibits
responses. These results strongly indicate the high demand for optically pure enantiomers of endo-
brevicomin for a successful pest management.

Synthesis: The subject of our study on the synthesis of (+)- and (-)-gggg-brevicom1n7‘13 was the

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

Retrosynthesis:
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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 endo-
brevicomin: enantiomerically pure erythro configurated diols are available from numerous carbohy-
drates. A chiral diol segment, 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 enantiomers. The open chain D-ribose derivative 7 fulfills this
synthetical requirement. Compound 4 is easily available from D-ribose 3 by reaction with 1.3-pro-
panedithiol under acidic conditions to form the open chain thiocacetal 4. Selective isopropylidena-
tion to the monoisopropylidene derivative 5 and benzylation of the remaining hydroxy groups with
NaH/benzyl bromide in the presence of a catalytic amount of methyltriphenylphosphonium iodide
yields the totally blocked open chain carbohydrate 6. Cleavage of the thicacetal function by
treatment of § with methyl iodide/collidine in acetone/uwater gives the key component 7 in an

excellent overall yield.
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Reaction of 7 with an excess of the Wittig reagent 2 {a suitable C-4 synthon prepered from the
correspanding bromide 1) at carefully controlled reaction conditions (12h, +5 °C in THF) completes
the carbon chain to 8, in which the blocked diol segment shows D-configuration. Removal of the
isopropylidene group, and transformation of the resulting unblocked diol 9 into the olefin 11 via
the DMF-acetal 10 and subsequent hydrogenation of 11 (MeOM, 20 bar; 5% Pd/C) followed by acid
treatment yields (1S,5R,7R)-(-)-endo-brevicomin 12.
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Reaction of 7 with triphenylmethylenephosphorane yields the olefin 13 which may be transformed to
(1R,55,75)-(+)-endo-brevicomin 12a: removal of the isopropylidene group gives the diol 14 which
upon  treatment with lead tetraacetate in acetonitrile at -40 °C generates aldehyde 15. uWittig
reaction of 15 with reagent 2 already used in the synthesis of 12, now yields 118, the enantiomer

of 11. The following steps to (1R,S5S,7S)-(+)-ando-brevicomin 12a are identical with the analogous
sequence lsading to 12.
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EXPERTNENTAL
All melting points are uncorrectad. NMR spectra were recorded at 270 MHz or 400 MHz on WH 270. snd‘WM 400 (Brucker) with TMS
ss an internal standard. Optical rotations were measured on a Perkin Elmer Polarimeter 243. TLC analysis was carried out with
Merck pre-coated plates, ‘Kleselgl 8(}'256. Column chromatography was carried out under pressure (sax. 6 bar) through silica
gel 60 (230-400 mesh, Woelm). Dther apperatus and reagents used in this work ars typified in th- taxt.
Analysis: Male D. frontalis, collected from infested pine trees near Cleveland, Texas, were subjected to aeration for 20 h
while walking in the test chamber of a CLSA-apparatus (Brechblhler AG, CH-83952 Schlieren, Suitzerland). Subsequently, the
.5mg charcoal filter of the CLSA was extracted with methylene chloride, the beetles wers dissected and their hindguts
removed. The extracts and the dissected hindguts were kept at dry ice tempereture until snalysis. Samples containing the
hindguts of 10 or 200 male bestles were steam-distilled, and the head-space vapour or the CLSA-extract, respectively, was
analysed (without further purification or chemical manipulation) by GC on a fused silica capillary column (30m x 0.25mm)
coated with nickel(II)bis(J-heptaflmrobutmyl-(15)—carmrats)13 in SE S4, The absolute configuration of the predominant
enantiomer, i.e. (1R,5S,7S)-(+)-endo-brevicomin, was assigned via coinjection of a synthetic sample of knoun absolute confi-
guration. The exo/endo-brevicomin ratio as well as the enantiomeric composition of endo-brevicomin was monitored by GC-
(CI)MS/SIM (m/z 157, methane) on a Varian MAT 112 S-system.

D-Ribose trimethylene dithioacetal (4)

To a suspension of D-ribose 3 (159, 0.1 mol) in chloroform (10 ml) 1,3-propanedithiol (10.6 ml, 0.098 mol) is added. The
heavily stirred mixture is acidified with concentrated hydrochloric acid (10 ml). After 2-2.5 h (tlc toluene/ethanol 311)
the reaction is quenchad by dropwise addition of concentrated aqueous ammonia. The mixture is concentrated in vacuo and the
residue is evaporated twice from toluene. To remove the salts, 2 is scetylated in pyridine (150 ml) with scetic anhydride
(150 ml) (tlc toluene/sthanol 611). The mixture is concentrated in vacuo and the residue is evaporated twice from toluene.
The crude residue is dissolved in chloroform end washed with diluted sulfuric scid and wvater. The organic layer is concen-
trated and the resulting sirup is purified by column chromatography (silice gel 3.5 kg, ether/petroleum ether 1:1). The
acetates are removed by Zemplen deacetylation. yields 21g (87%); [&]50 -1.3° (c 1.0 methanol), m.p. 84 °C. - CgH 0,5,
(240.34):  calc. c, 39.98; H, 6,713 S, 26.68; found C, 38.90; H, 6.68, S, 26.62%.

4,5-0-Isopropylidens-D-ribose trimethylene dithioacaetal (S)
At 0°C isopropenyl methyl ether {0.286 ml, 3.06 mmol = 1.6eq) is added to a solution of 4 (460mg, 1.91 mmol) in dry dimethyl-

formamide {50 ml), After S min p-toluenesulfonic acid H,0 (92mg, dissolved in 0,25 ml OMF) is added. After 1 h (tlc ether)
the reaction is stopped by adding concentrated ammonia. The _solvant is removed in vacuo, the residue is evaporated twice
from toluens. To remove the salts, the residue is dissolved in chloroform and filtered. Evaporation of the solvent yields
crude product 5, which can be purified by colum chromatography (silica gel, ether/petroleum ether 3:2). yield: 477mg (89%);
[a]go +13.0° (c 1.0 methanol). - Cy5H240,5; (364.48 acetate)s calc. C, 49.43; H, 6.643 S, 17.59; found C, 48.773 H, 6.82; S,
17,43 K. 1H-M'R (c0c13/msmt): 8= 2,01, 2.10 (2s, 6 H, 2 OAc), 3.80 (dd, Jh.S = 6.4Hz, 35’5 = B.6Hz, 1 H, 5-H), 3.99 (d,
J1,2 = 10.6Hz, 1 H, 1-H), 4.08 (dd, JIJ,S » 6.0Hz, 1 H, 5-H), 4,40 (ddd, 33,6 s 7.5Hz, 1 H, 4-H), 5.67 (dd, 32’3 = 2,24z, 1 H,
3-H), 5.78 ppm (dd, 1 H, 2-H).

2,3-Di-0-benzyl-4,5-0-isopropylidens-D-ribose trimethylene dithioacetal (6)
To s solution of S (280 mg, 1 mmol) in THF (4 ml) under Ny, NaH (72 mg, 3 mmol) and methyl triphenylphosphonium iodide (40

mg, 0.1 mmol) is added. After 2 h of stirring at roam temperature benzyl bromide (3% mg, 2.2 mmol) is added. The mixture is
stirred for 12 h . After adding a trace of weter the solution is filtrated and concentrated. The crude residue is chromato-
graphed on silica gel (2.5 b;r pta;m) using t-butyl-methyl ether/petroleum ether b.p. 50-70 °C ( 1:10, containing 1%
triethylanine) es the eluent. yield: 438 mg (358) [2)20 +26.0° (c 1.4 methanol), m.p. 86-81 °C. - CocH3,0,S, (460.7)s calc.
C, 65.185 H, 7.00; S, 13.93; found C, 65.18; H, 7,09; S, 13.94 %. TH-wm (cm:i/msint)’ 8= 1,33 and 1.42 (s, 6 H, isoprop.)s
2,15-1.79 (m, 2 H, -5—012-9_"2~CHZ-5-); 2.92-2.64 (m, 4 H.-S-CH_Z—Chz— _2-5-)3 3.68 (dd, 1 H, 2-H, 32’3 = 4,84z); 3.80 (dd, 1 H,
S5-H, 10’5 =6.7Hz, J5,5 = 8,0Hz); 3.95 (dd, 1 H, S5-H, Ja,s = 7.2Hz); 4.09 (dd, 1 H, 3-H, J3.° = 3.8Hz); 4.40 (dod, 1 H, 4-H)s
4.42 (d, 1 H, 1-H, 31'2 = 5,7Hz)3 4.92-4,63 ppm (m, 4 H, —cgz-nm 7.5-7.1 {m, 10 H, arom. prot.).

2,3-0i-0-benzyl-4,5-0-isopropylidene-D-ribose (7)

To 8 solution of 6 (460 mg, 1 mmol) in scetona/water (10 ml, 411 v/v) s-collidine (882 mg, 7 mmol) end methyl iodide (0,5 m1)
is sdded. The mixture is warmed to 40°C for approx. 4 h . After removal of the solvents the tesidue is dissolvsd in ether and
washed with water. The organic layer is dried and concentrated; the residue is evaporated in high vacuum. The oily residue is
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chromatographed on silica gel (2.5 bar pressure) using t-butyl-smthyl ether/petroleun sther (1:S) as the eluent. yield: 337
mg (91%); [c]go +46.3° (c 0.72 methanol). - CyHoeOg (370.8): calc. C, 71.33; H, 7.07 found C, 71.36; H, 7.07 %.
1H-N!!(C()(:lslﬂ'lsmt): S 1.30 and 1.31 (s, 6 H, isoprop.}s 3.7 (dd, 1 H, 3-H, 32,3 = 1.8Hz, J}.h s B.6Hz)t 3.86 {dd, 1 H,
5'H, 34 g = 8.2z, Jg gv = BoBHZ)t 4.07 (dd, 1 H, 5-H, Jg g = BesHiz)s 4011 (dd, 1 H, 2H, 3y 5 = 1.242); 4.34 {dddy T H,
4-H)g 4.56 (g, 2 H, -CH,-Ph}; 4.78 (g, 2 H, ~TH,-Ph)s 7.5-7.2 (m, 10 H, arom. prot.})s 9.70 pom {d, 1 H, 1-H).

6, 7-Di-0-benzyl-8,9-0-isopropylidene-1,3,4,5-tetradeoxy-0-ribo-non-4-enc-2-ulose athylens acetal (8)
a) Refluxing of equimolar amounts of the bromoacatal"‘ 1 and triphenylphosphane in 1-propanol yields 50-55% of the phospho-

nius bromide, m.p. 155-157 °C from chloroform/ethyl acetate. If the protecting group is pertially lost during the reaction

(controlled by TH-NR after removal of the solvent) it is sssily regained by azeotropic reacetalizstion of the crude product.
b) The protected aldehyde, 7, {358 mg, immol) is added to a solution of the Wittig reagent 2 (gererated from 1.37 g, 3mmol of
the respective triphenylphosphonium bromide with n-butyllithium in hexane at -20 to -10 °C) in THF (7.5ml) at -20 °C under
N, The reaction mixture is stored at +& °C for 12 h and after the addition of acetone (1 ml) it is concentrated in vacuo.
Most of the salts are removed by cristallization from ether at -5 -~ 0° C and filtration over celite. After evaporation of the
solvent, the oily residue is chromatographed on a silics gel colum (2.5 bar pressure) using t-butyl-methyl ether/petroleum
ather (1:4) as the sluent. yleld: 310 mg (66%); mg" +54.3° {c 1,2 methanal}. - CogHy 0 (468.8)1 cale, C, 71.774 H, 7.7
found €, 71.33; H, 7.73 %. 'H-NR (cnclalmsint): 8= 1.30 (s, 3 H, -CH3)s 1.38 and 1.32 (B M, isoprop.); 2.49-2.26 (m, 2 H,
3-0_12); 4,14-3,69 (m, 8 H); 4,84-4,36 (m, 1 H)3 4,51 (qy 2 H, -%-Ph); 4,77 (g 2 H, —CH_Z-Ph)t 5,088-5.60 (m, 2 H, olef.
prot.)s 7.44-7.2tppm {m, 10 H, arom. prot.).

6, 7-Di-0-benzyl-1,3,4,5-tetredeoxy-D-ribo-non-4-enc-2-ulose ethylene scatal (9)

A& solution aof 8 (470 mg, 1 mmol} in scatic acfd (80%, 2.5 ml containing 1% trifluorcacetic acid} is stored for 1 h at room
temperature. The solvent is evaporated in vacuo by co-distillation with toluene. for analytical purpose a purification is
necessary. yields 411 mg (96%); [a]Z0 +3.2° (c 0.95 methanol), - CpeHy,0g (428.6)1 calce C, 70.073 M, 7.53; found C, 69.82;
Hy 7,405 H-NWR (COC13/TMS, )} Discetate: S« 1.29 (s,3 H, ~CHs)s 2.00 (s, 6 H, scetate); 2.48-2.21 (m, 2 H, -CHy-)3 3.77
(8dy 1 H, 7-H, Jg 7w 5.0, Jp g= 5.0Hz)s 3.87-3.82 (m, & H, -OCH,-CH,-0-)3 .25 (dd, 1 H, BH, Jg ge 3.4, J, o= 0.6H2)3 4,48
(dd, 1 H, 8H, Ja,g" 2,6Hz)3 4.51 {q, 2 H, -%J’h}; 4,686 (g, 2 H, - _2-Ph); 5.25 {add,1 H, 8-H)3 5,62 {m, 1 H, 5-H); 5.88
(me 1 Hy 6-H)5 7,4-7.2 ppm (m, 10 H, arom. prot.).

§,7-0i-0-benzyl-1,3,4,5,8,9-hexadeoxy-D-erythro-non-4,8-diena-2-ulose ethylene acetal (11)

8) Prepsration of the N,N-dimethylformemide acetsl 10: According to the procedure of Henessian'> to a solution of @ (429 mg,
1 mmol) in dichloromethane (& ml) N,N-dimethylformsmide di-methyl acetal (1.4 ml, approx. 10 mmol) is added. After 1 h the
rasgent and the sclvent is evaporated.

b) The crude 10 is dissolved in 10 ml toluenas and methyl iodide (6:14) and stored at room temperature for 1 -2 h . The mixture
is subseguently refluxed for approx. 30 min. After removal of the main pert of the solvents in vacun the crude material is
directly chromatographed on silica gel (2.5 bar pressure, sther/pstroleum ether 1:2, containing 1% triethylamine). yleld:
120-240 mg (30-60%} (the reaction showsd no const. yields); {alg" +8.5° {c 1.7 methenol). - CocHog0, (392.5)s calc €, 76.50;
H, 7.18; found C, 76.43; H, 7.27 5. 'H-NR (COC13/TMS 1 )e 8= 1.30 (s, 3 H, —CHy)t 2.47- 2,21 (m, 2 H, -CHy-}5 4.0 - 3.8 (m,
5 H, ~CH,-CH ~»-CH-OR-)3 6.26 (o, 1 H)3 4.48 (q, 2 H, -Cy.z-Ph); 4,47 (q, 2 H, - _Q-F'h)s 5.36-5.20 (m, 2 H, olef. prot.): 5.52-
5.51 {m, 1 H, olef, prot.); 5.98-5.71 (m, 2 H, olef. prot.); ?.4-7.2 ppm (m, 10 H, arom. prot.).

{18,50, TR)-7-Ethyl -S-methy1-5,8-dioxabicyclo[3. 2.1 ]octans, {=)-endo-brevicomin (12}
A solution of 11 {392 my, 1mmol) in methanol {5 ml) is hydrogenated (Hz, S% Pd/C, 20 bar). After ramoval of the catalyst by
filtration, the solution is acidified with p-tolusnesulfonic acid H,0 (SO mg), stirred for 1 h and subsequently extracted

with pentane. To remove traces of water and acid, the pentane extract is dried over magnesium sulfate containing some
potassium carbonate. After filtration, the pentane is evaporated under normal pressure; subsequent Kugelrohr distillstion
(bath: 100 °C) gives a colorless liquid. A gas chromatograsm of the crude distillate (S50Om glas capillisry costed with ¥G 11,
100 °C) showed the presence of 5% of exo-brevicomin and traces of higher boiling impurities. The product was further purified
by preparative gas chromatography on SE as s stationary phase, ylelding 50 mg (32X} of pure 12. Gas chromatographic and mass
spactroscopic properties of the final product, as well as its TR spectrum, proved to be identical with those of an
authentic racemic sample. Both enantiomers of exo- and endo-brevicomin may be simultansously separated on nickel(II)bis(3-
heptaflmrobutanoyl-hR,2S)~pinan—a—mate)15; the arder of elution s {+)-sxo-, (-)-exo-, (+)-endo- and (-)-sndo-brevicomin.
It could be shown that the exo-brevicomin formed during the reaction sequence was almost racemic, while sndo-brevicomin 12
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Proved to be 9% enantiomerically pure. The purified 12 showed a rotation velus of [a]?4) -78.5° (c 1.17 Et0). -

5;6-0ideoxy-3,4-d1-0-benzyl-1,2-0-iscpropyl idene-{ -ribo-hex-S-enitol 13)

13 is synthesized according to the procedure described for compound 8, now using triphenylmethylenephcsphorane as the rea-
gent. yield: 313 mg (85%); mg" +58.2° (c 1.2 mathanal). - C,3H,g0, (368.5): calc. C, 74.973 H, 7.686; found C, 75.03; H, 7.72
£, T (coc13/msint)x §a 1,33 and 1,38 (s. 6 H, isoprop.): 3.74 (q, 1 H)3 4.18-3.88 (m, & H)3 4.53 (g, 2 H, —O_iz-Ph);
4,77 (g, 2 H, -CH_2-Ph)i 5.41-5.28 (m, 2 H, olef. prot.); 5.82 (o, 2 H, olef. prot.); 7.4-7.2 ppm (m, 10 H, arom, prot.).
5,6-0ideoxy-3, 4-di-0-benzyl-L-ribo-hex-S-enitol (14)

A solution of 13 (368 mg, 1 mmol) in acetic acid/trifluoroscetic scid/water 15:1:4 (4 ml) i{s stored for 12 h at room
temperature. The solvent is in vaccuo and by co-distillation with toluene. For analytical purpose a purification is necessary.
yields 320 mg (S7%); [‘]SO +44,5° (c 1.2 methanol). - cmnzao‘ (328.4)t calc. C, 73.155 H, 7,373 found C, 73.15; H, 7.34%.
TH-NR(COCL,/TMS; )t Sa 3.64 (q, 1 H)3 3.78 (d, 2 H)s 3.78 (m, 1 H)s 4,09 (g, 1 H)j 4,54 (, 2 Hy ~Hp-Ph)s 4,86 (g, 2 M,
~CH,-Ph)y 5.50-5.37 {m, 2 H, olef. prot.)s 5.83 (o, 1 H; olef. prot.)s 7.4-7.2 ppm (m, 10 H, arom. prot.).

B37-Di-0~benzyl-1,3,4,5,8,9-hexadeoxy-L -erythro-non-4,8-dieno-2-ulose (11a)

a) 2,3-Di-0-benzyl-L-erythro-pent-4-enose  (15)

To a solution of 14 (328 mg, 1mmol) in acetonitrile (B ml) sodium acetate (1 g, 12 mmol) and lead tetrsacetats (1 g, 2.2wmol)
is sdded at -40°-C. The mixturs is stirred for ca 20 min and then diluted with ether/toluens 1:1 (100 ml). After the addition
of charcoal {5 g) the mixture is pressed through s short colum, filled with silica gel. Tha column is washed with ether.
Removal of the solvents in vacuo and drying in high vacuum yields an unstable oil which is directly used for the next step.
b)Aldehyde 15 is treated as described for 8., Column chrometography is carried out with sther - petroleum ether 1110, yiald:
161 mg (81%); [¢]§° -8.3% (c 1.6 methsnol). - Coctog0, (382.5)1 calc. C, 76.50; H, 7.18; found C, 76.32; H, 7.04%.

"IR.SS,?S)-7-€thxl-5—m0\xl-6.8—d_jpxubi:£lo|3.2.110ct“, (+)-endo-bravicomin (12a)

The final steps of the synthesis from 11a to 12a were carried out according to the procedure described above. With regards to
the gas chromatographic and spetroscopic data the compound proved to be identicel with the enantiomer described above. Gas
chromatographic separation of the snantiomers revealed the presence of 1% of the antipode: Ic'zzo +79.8° (c 1.05 Et0). -
The rotation values of our products are in accord with those reported in the litenun‘s"'ut they do not, however, corro-
borate the high values reported by Sato et all3,
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