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ABSTRACT

5% (PPP)Pt2*
N
B-citronellene cis-thujane (47:1 dr)

one step from commercial
starting materials

Dicationic Pt(ll) complexes containing triphosphine pincer ligands are excellent catalysts for the cycloisomerization of 1,6- and 1,7-dienes into
hicyclopropane carbocycles. In analogy to the biosynthetic route to these monoterpene-like compounds, carbocation intermediates are proposed

and supported by trapping experiments. Reactivation of the trapped intermediates indicates that cation generation by C —C bond formation is
both rapid and reversible.

The generation of carbocations from unsaturated poly- competitive in catalysts capable of facjfeH elimination.
prenoids, followed by €C bond/ring-forming cation-olefin  In this communication, we report that a family of 1,5- and
reactions, constitutes the key mechanism for the biosynthesisl,6-dienes reacts under Pt-catalysis in a fashion that seem-
of most, if not all, of the terpene-derived natural proddcts. ingly parallels the biosynthesis of the [3.1.0] bicyclic
Under enzyme control, the position of cation generation, the monoterpenes. Additionally, we disclose a trapping experi-
sequence and regioselectivity of the-C bond-forming ment that supports the intermediacy of organometallic
steps, and the method of cation quenching all contribute to carbocations.
the skeletal structure and functionality of the cyclization The [3.1.0] bicyclic skeleton is the key structural feature
products. of many monoterpenes (thujane, thujene, sabinene, sabinene
Electrophilic Pt(ll) dications supported by a tridentate hydrate, sabina ketone, etc.), which are found in numerous
pincer ligand have recently been shown to catalyze severalessential oils and consequently find importance in flavors
of the reactions typically associated with terpene biosynthesisand fragrance$Considerable effort has been devoted to the
(cation generation, cation-olefin, hydride shift, cyclopro- construction of this ring system, and the available methods
panation). Key to the activity of these catalysts is their highly include both intrat and intermoleculdr addition of car-
electrophilic, but also carbophilic, electronic structures, benoids to alkenes, intramolecular alkylation of enoléts,
coupled with the alkis pincer ligands, which block-hydride tandem Li-ene cyclization/thiophenoxide eliminatioa Ti-
elimination in any Pt-alkyl intermediates. The result is a mediated enyne cyclizatichand an unusual rearrange-
buildup of intermediates that follow pathways not otherwise ment after reaction of silylketene acetals with bromoform-

(1) In Biosynthesis of Isoprenoid Compounéwrter, J. W., Spurgeon,

S. L., Eds.; John Wiley & Sons: New York, 1981; Vol. 1. (3) (a) Croteau, RChem. Rev1987,87, 929—954. (b) Croteau, R. In

(2) (@) Hahn, C.; Cucciolito, M. E.; Vitagliano, Al. Am. Chem. Soc. Recent Developments in Flavor and Fragrance Chemistry: Proceedings
2002,124, 9038. (b) Kerber, W. D.; Koh, J. H.; Gagné, M. ®g. Lett. of the 3rd International Harmann & Reimer SymposjWtH: Weinheim,
2004,6, 3013. 1993; p 263.

10.1021/0l051277¢c CCC: $30.25  © 2005 American Chemical Society
Published on Web 06/14/2005



diethylzinc? Each of these approaches requires multiple stepsrearrangement occurs and the natural prodissthujané!
and usually leads to oxygenated monoterpenes that are mos{5) is obtained in 47:1 dr.

amenable to the synthesis of the oxidized congeners.

Phy  (BRONTE)

In keeping with the high carbophilicity of these strong
Lewis acids, ester-containing compounds did not poison the
catalyst and the expected product was obtained (entry 3).
The [4.1.0] bicyclic compoun@ could also be obtained but
at a decreased rate (entry 4). A [3.1.0] bicyclic product was
also obtained from the cycloisomerization@fBn linalool
10 (entry 5). In this case, the major product resulted from
allylic isomerization to a mixture 0©-Bn geraniol/nerol;

On the basis of previous cycloisomerization studies with however, a single diastereomer tf was also obtained in
1, we postulated that it should also be capable of directly |y yield. A skeletal rearrangement has obviously taken place

providing the [3.1.0]-bicyclic coféfrom simple 1,6-dienes.
Gratifyingly, a variety of dienes with the substitution pattern

that will require additional study and optimization. Despite
the moderate isolated yield%,these one-step reactions

shown in Table 1 are converted to the saturated bicyclic represent the most efficient syntheses of the [3.1.0] bicyclic

Table 1. Cycloisomerization of Dienes with 5 mol % d#

diene t(h) yield® product
1 25 61 EX\
e
Qv 3
2 \CIK 15 65 /EX\
e
4
5dr =47:1°
. MeO,C.__CO,Me . s CO,Me
MeOZC
Xy
36 53

6 7
4
> =
8 9
Me
BnO OBn
5 54 11¢
X
10 11
a Compoundl generated in situ from [(PPP)PtMe]BRcetone (1 equiv),
and HNT% in MeNO,, 5% catalyst loading, 40C. See Supporting

Information.® Isolated.c By GC. 923 °C. ¢ By GC; successive chromatog-
raphy afforded purdlin 5% isolated yield.

products when exposed to 5 mol % DfIn the case of the
1,6-diene g-citronellene (4), a highly diastereoselective
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core from simple acyclic starting materials.

The initiating step in the cycloisomerization reactions was
presumed to involve electrophilic activation of the terminal
alkene and intramolecular addition of the trisubstituted alkene
to cyclogenerate intermediate carbocations that were stable
to -H elimination? These putative Pt(Il)-alkyl carbocations
had not been observed directly, but we hoped that a trapping
nucleophile could intercept them for characterization. In the
event, excess benzyl alcohol and:RNe rapidly converted
12, the catalyst’s resting statéto a mixture of endo- and
exocyclic Pt-alkyls®#~16 The composition of this mixture
changed with time to ultimately favor the endocyclic product
13a (see table in Scheme I).Characterization of the

Scheme 1. Trapping of Carbocationic Intermediates

m/ 60 BnOH
PN 20 Ph,NMe
(PPP)Pt*Z/ - (PPP)Pt* OBn
12 13a
+
th) [12] [13a] [13b] OBn
02 10% 52% 31%
24 0% 85% 4% (PPP)P*  13b

carbocyclic fragment was achieved by reductive removal with
NaBH4.15’18’19

The data in Scheme 1 indicate not only that© bond
formation was reversible but that both endo- and exocyclic
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regiochemistries were kinetically viable. WhdiBa was
treated with 1 equiv of the strong Lewis acid BFg)s,
benzyloxide abstraction occurred concomitant with retro-
cyclization to12 (eq 1) (L3a:12~3:1 at early timesj° This

NT,

S
PPP)Pt* OBn  B(CgFs)s g:Y
(PPP) =——— (FPPP? 45 (1)

13a
+ BnO-B(CsFs)s™  NTfy

mixture is eventually driven t8 and (PPP)Pt(OBn)?* The
observation that3areturns to the catalyst resting stal)
upon OBnN abstraction and the time-dependent ratib3af/

a key carbocation that ig to the metal (from a 1,2-hydride
shift of the kinetic cation). Related, stereospecific, double
inversion processes are known for $h-e-22 and Ti-alkyl$*
with y-carbocationg®

We have described the cycloisomerization of dienes to
[3.1.0] and [4.1.0] bicyclic compounds, including the one-
step synthesis of the natural prodaistthujane. The catalyst
for these reactions, a Lewis acidic Pt(ll) pincer complex,
activates alkenes for cation-olefin cyclizations, as evidenced
by the trapping of intermediate organo-platinum carbocations.
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and that a postcyclization step (ishift or cyclopropanation)
is turnover-limiting.
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Since both endo- and exocyclization geometries are procedures, including catalytic methods and characterization
demonstrably viable, two plausible mechanisms for the of products. This material is available free of charge via the

cycloisomerization o to 3 must be considered (Scheme
2). The two scenarios differ in the timing of ring construction,

Scheme 2

with the 6-endo pathway (b) most closely following the
sequence of thujane biosynthesiBistinguishing the two
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intermediate; see ref 2b. However, this possibility has not been rigorously
disproven.
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