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An enantiospecific synthesis of (+)-hydroxy-exo-brevicomin
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Abstract—A concise enantiospecific synthesis of the pine beetle pheromone (+)-hydroxy-exo-brevicomin was achieved from r-(+)-
tartaric acid in high yield. The key step involves the reduction of a keto-Weinreb amide derived from tartaric acid.
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Several species of the Western pine beetle produce alkyl-
ated 6,8-dioxabicyclo[3.2.1]octanes, which play a major
role in their communication systems. Extensive out-
breaks of bark beetles may result in the destruction of
millions of trees per year causing great ecological and
economic damage. Brevicomin 1, 7-ethyl-5-methyl-6,8-
dioxabicyclo[3.2.1]octane was the first pheromone of
this kind that was identified from the frass of the females
of the Western pine beetle, Dendroctonus brevivomis.!
Similar structures having varied bicyclooctane struc-
tures such as frontalin 2 and multistriatin 3 were isolated
in addition to a number of other compounds from differ-
ent Dendroctonus species. Interestingly, marine tunicates
belonging to the genus Dedemnum produce serinolipids
such as didemniserinolipid 5 which possess the same
bicyclic core? (Fig. 1). Francke et al. reported the isola-
tion and synthesis of hydroxy-exo-brevicomin 4, 1-(5-
methyl-6,8-dioxabicyclo[3.2.1]oct-7-yl)ethanol from the
head-space extracts from Dendroctonus ponderosae.’

There are only a few approaches for the enantioselective
synthesis of hydroxy-exo-brevicomin reported in the lit-
erature employing either a chiron approach or other
asymmetric methodologies.*> In continuation of our
efforts on the utility of chiral pool L-(+)-tartaric acid
in natural product synthesis,® herein, we report an
efficient enantiospecific synthesis of (+)-hydroxy-exo-
brevicomin starting from chiral pool L-(+)-tartaric acid.

We reasoned that the keto-amide 7, which is produced
by controlled addition of the appropriate Grignard
reagent to the bis-Weinreb amide 6 derived from tartaric
acid, could be elaborated to the title compound (Scheme

1.

Thus, controlled addition of 4-pentenylmagnesium bro-
mide (1.5 equiv) to the bis-Weinreb amide’ 6 produced
the mono keto-amide 7 in 92% yield. A highly diastereo-
selective reduction of the ketone group in 7 was achieved
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Figure 1. Bio-active bicyclic acetals possessing the 6,8-dioxabicyclo[3.2.1]octane skeleton.
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Scheme 1. Retrosynthesis of (+)-hydroxy-exo-brevicomin.
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Scheme 2. Synthesis of (+)-hydroxy-exo-brevicomin.

with L-selectride furnishing a single diastereomer of the
corresponding alcohol 8 with the requisite stereochemis-
try. Protectlon of the hydroxy group in 8 as its silyl ether
9 ([o ] —6.2 (¢ 1.3, CHCI;)) was effected with TBDM-
SOTf in almost quantitative yield. The high reactivity
of the Weinreb amide was then exploited by reduction
to the corresponding alcohol with sodium borohydride
to give 10 in 95% yield. The primary alcohol group in
10 was converted to the corresponding tosylate 11,
which on reduction with super hydride® gave 12 in excel-
lent yield. The trihydroxy—protected alkene 12 under
Wacker oxidation® conditions, produced (+)-hydroxy-
exo-brevicomin ([o]; +61.2 (¢ 2.4, CHCly); lit®
[or ]25 +61.3 (¢ 1.18, CHCly)), via the formation of the
ketone and 51multaneous deprotection of the silyl and
acetonide group followed by intramolecular ketalization
(Scheme 2). The synthetic sample exhibited spectral data
identical to that of an authentic sample.'°

In conclusion, we have achieved an efficient enantio-
specific synthesis of (+)-hydroxy-exo-brevicomin in an
overall yield of 48% in seven steps starting from the
bis-Weinreb amide 6 derived from L-(+)-tartaric acid.
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Further application of the strategy for the synthesis of
a number of other similar bicyclic systems is currently
underway.
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. All the compounds exhibited spectral data consistent with

their structures. Spectral data for selected com-
pounds: compound 7, [oc]zD5 +6.6 (¢ 1.8, CHClLy); 'H
NMR (300 MHz, CDCl) ¢ 5.77 (ddt, J=17.1,10.2,
6.6 Hz, 1H), 5.06-4.97 (m, 3H), 4.82 (d, /= 5.4 Hz, 1H),
3.71 (s, 3H), 3.23 (s, 3H), 2.77-2.55 (m, 2H), 2.11-2.04
(m, 2H), 1.76-1.66 (m, 2H), 1.49 (s, 3H), 1.44 (s, 3H); '*C
NMR (75 MHz, CDCl;) ¢ 208.1, 169.7, 137.7, 115.3,
112.7, 82.2, 73.9, 61.6, 38.4, 32.9, 32.5, 26.6, 26.2, 22.1.
HRMS for C;4H»3NOs+Na caled 308.1474; found
308.1480. Compound 8 [a]f)s —5.5 (¢ 1.8, CHCl); 'H

NMR (400 MHz, CDCl5) § 5.79 (ddt, J = 17, 10.2, 6.6 Hz,
1H), 5.03-4.93 (m, 2H), 4.75 (br s, 1H), 4.36 (br s, 1H),
3.74 (s, 3H), 3.62-3.60 (m, 1H), 3.23 (s, 3H), 2.08-2.04 (m,
2H), 1.68-1.42 (m, 4H), 1.48 (s, 3H), 1.45 (s, 3H);
3C NMR (100 MHz, CDCly) 6 170.6, 138.5, 114.7,
111.1, 80.7, 73.8, 70.2, 61.6, 38.4, 34.0, 33.5, 27.0, 26.1,
25.1. Compound 10, [oc]]z)S +12.1 (¢ 2.4, CHCly); 'H NMR
(300 MHz, CDCl3) 6 5.70 (ddt, J=16.8, 10.2, 6.6 Hz,
1H), 4.96-4.82 (m, 2H), 3.93 (dt, J=8.1, 4.8 Hz, 1H),
3.80-3.45 (m, 4H), 2.37 (br s, 1H), 1.98-1.94 (m, 2H),
1.60-1.24 (m, 4H), 1.31 (s, 3H), 1.30 (s, 3H), 0.81 (s, 9H),
0.01 (s, 6H); 1*3C NMR (75 MHz, CDCl3) § 138.5, 114.7,
108.6, 80.5, 77.0, 71.9, 62.9, 33.7, 31.9, 27.0, 26.9, 25.8,
25.3, 18.1, —4.2, —4.7. HRMS for C;5H3504Si+Na calcd
367.2281; found 367.2281. Compound 12, [¢]5 +16.0 (c
1.5, CHCl3); '"H NMR (300 MHz, CDCl;) 6 5.80 (ddt,
J=17.1, 10.5, 6.6 Hz, 1H), 5.054.9 (m, 2H), 3.99 (dq,
J=8.4, 6.3 Hz, 1H), 3.80-3.69 (m, 1H), 3.53 (dd, J = 8.4,
4.2 Hz, 1H), 2.06 (m, 2H), 1.59-1.38 (m, 4H), 1.39 (s, 3H),
1.37 (s, 3H), 1.29 (d, J = 6.3 Hz, 3H), 0.89 (s, 9H), 0.07
(s, 6H); '*C NMR (75 MHz, CDCl3) é 138.6, 114.5, 107.7,
84.6, 72.7, 719, 33.7, 324, 273, 269, 259, 251,
18.8, 18.2, —4.1, —4.6. (+)-Hydroxy-exo-brevicomin 4:
(o] +61.2 (¢ 2.4, CHCI3); "H NMR (300 MHz, CDCls) &
423 (s, br, 1H), 3.77 (d, J = 7.2 Hz, 1H), 3.63 (dq, J = 7.2,
6.3 Hz, 1H), 2.58 (s, br, 1H), 1.76-1.94 (m, 2H), 1.62-1.71
(m, 3H),147-1.51 (m, 1H), 145 (s, 3H), 1.14 (d,
J=6.3Hz, 3H); °C NMR (75 MHz, CDCl;) 6 108.4,
83.8, 76.5, 69.2, 34.6, 27.6, 24.8, 18.4, 17.1.
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