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ABSTRACT
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We developed Hg(OTf) ,-catalyzed cyclization of ( E)-1,3-dimethoxy-5-(4-methyl-3-nonen-7-ynyl)benzene leading to the formation of (4a

$*,10aSY)-

3,4,4a,9,10,10a-hexahydro-5,7-dimethoxy-1,4a-dimethylphenanthrene in 98% yield with up to 100 catalytic turnovers. This is the first mercuric

salt-catalyzed biomimetic tandem cyclization.

Biomimetic olefin cyclization is an efficient process of

that the Hg(OTf) and Hg(OTf—tetramethylurea (hereafter

preparing polycarbocycles that has been investigated forTMU) complex showed highly efficient catalytic activity for

many yeard.We have developed mercury(ll) trifluoromethane-

sulfonate, so-called mercuric triflate [hereafter Hg(QT'f)
as a highly efficient olefin cyclization ageérand applied it
to the synthesis of polycyclic terpenoitiRecently, we found
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the hydration of terminal alkynes to give methyl ketofes,
hydroxylative 1,6-enyne cyclization to give exomethylene
five-membered ring products;yclization of 1-alkyn-5-ones
leading to 2-methylfurans,and w-arylalkyne cyclization
leading to dihydronaphthalene derivative3he reaction
involves a protodemercuration step of the vinylmercury
intermediatéinduced by TfOH that is generated in situ. We
describe herein Hg(OTHcatalyzed tandem cyclization of a
nonenylbenzene derivative and dodecadienyl substrates to
give polycarbocycles with an efficient catalytic turnover.
Although Yamamoto and co-workers have demonstrated
Bragnsted-Lewis acid-induced asymmetric biomimetic olefin
cyclization? the present procedure is the first mercuric salt-
catalyzed biomimetic tandem cyclization leading to poly-
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carbocycles in the vast history of mercuric salt-mediated
biomimetic olefin cyclizatior?:'°

MeO. OMe

Hg(OTf),

When E)-1,3-dimethoxy-5-(4-methyl-3-nonen-7-ynyl)-
benzene (2} was treated with 5 mol % Hg(OTfjn CHs-
CN at 0°C for 15 min, a tricyclic compoun@d was obtained
in 94% yield after agueous workup and column chromatog-
raphy on silica gel (Table 1, entry 1). StructuPewas

Table 1. Hg(OTf),-Catalyzed Cyclization ol

catalyst time yield (%)
entry (mol %) solvent temp (h) 2 1

1  Hg(OT)2 (5) CHsCN 0°C 025 94 0
2 Hg(OThs (1) CHsCN 0°C 3 93 0
3  Hg(OTDs (0.1) CH3CN rt 24 58 40
4 Hg(OTf);—TMU (1) CHsCN rt 24 88 10
5  Hg(OTfH2 (1) toluene rt 24 62 36
6  Hg(OThs (1) CHCl; 0°C 1 93 0
7  Hg(OTDH2 (1) CH3NO; 0°C 0.1 98 0
8 Hg(0Tf). (0.1) CH3NO; rt 24 8 10
9 Hg(OTH,—TMU (1) CH3NOs 0°C 3 94 0
10 Hg(OAc): (1) CH3NO; rt 24 0 99
11  Hg(OTFA); (1) CH3NO; rt 24 80 15

a|solated yield.

confirmed by two-dimensional NMR experiment. A lower

solvent is also evident from the observation that the reaction
with Hg(OTf),—TMU was also complete in 3 h with a 90%
yield of the product (entry 9). Hg(OAgXid not show any
catalytic activity (entry 10). Mercuric trifluoroacetate [Hg-
(OTFA);] (1 mol %) also afforded in 80% vyield after 24

h in CH;NO, at room temperature (entry 11).

The reaction is initiated bg-complexation of alkyne with
Hg(OTf), as shown ir3. Stepwise cyclization a3 leads to
the cation4, which, following deprotonation, leads to the
aromatic vinylmercuric specids Protonation ob by the in
situ-generated TfOH leads to the alternative caGpwhich
transforms inta® and the regenerated catalyst Hg(QTdh
subsequent demercuration.

Next, we examined the reaction of (2E,6E)-3,7-dimethyl-
2,6-dodecadien-10-ynyltolyl sulfon&)(using 10 mol % Hg-
(OTf), in CH3NO, at 0°C for 20 min. The bicyclic product
8 was obtained in 74% yield. The structure 8fwas
confirmed by a single-crystal X-ray diffraction studfy.
Reaction using 5 mol % catalyst producg&ih 54% yield.
Cyclization of acetat® using 10 mol % Hg(OTHat 0°C
for 15 min gavelOin 68% yield. On reaction with 5 mol %
catalyst for 2 h,L10 was obtained in 61% yield. Reaction of
the corresponding TBS eth&d with 5 mol % Hg(OTf} at

concentration of catalyst could also be used with comparable0 °C for 20 min afforded12 in 81% yield selectively.

success. For instance, 1.0 mol % catalyst resulted in a 93%

yield of the product in 3 h (entry 2). However, the reaction
was too slow with 0.1 mol % catalyst to be of practical use.
The reaction was very slow with Hg(OTf) TMU complex
(entry 4). CHCN and CHCI, were employed as solvents
for the reaction with almost equal efficiency. The use o£CH

NO, as a solvent was, however, discovered to be the solven

of choice, as it allowed a complete reaction in 6 min and
furnished the product in near quantitative yield (entry 7).
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tconsumed. The reaction was quenched by the addition of an aqueous NaCl

NaHCG; solution, and the organic layer was extracted witbCEtdried

over MgSQ, and concentrated. The resulting crude material was purified

by column chromatography on silica gel using hexatie©Ac as an eluent.
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the product in 86% yield after 24 h at room temperature
(entry 8). The high degree of suitability of GNO, as a
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(2) A, b=13.7550 (5) Ac = 17.4400 (9) AV = 1880.96 (13) & z =

4, reaeg = 1.217 mg m3, m = 0.182 mmrL, T = 298 K, 1859 measured
reflections, 1709 independent reflections, 217 parameters, €QF.93,
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(0.1490). The measurements were carried out on a Mac Science (Bruker
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Table 2. Hg(OTf),-Catalyzed Tandem Cyclization in GNO,
at0°C

substrate Hg(OTf),, time product

S0O,C/H; SO,C7H;

7 10 mol%, 20 min H 74%
5 mol%, 20 min 54%

CZ:/O
g

9 10 mol%, 15 min
5mol%.2h
OTBS
X
|
” 11 5 mol%, 20 min
MeO\Q/OMe
[
5mol%, 1 h

Reaction of (B-1,3-dimethoxy-5-(3-methyl-2-octen-6-ynyl-
oxy)benzene (13) with 5 mol % Hg(OTfyave trans product
14in 20% yield and cis produdt5in 45% yield along with
monocyclic16 (15%). The structure of4 was established
by a single-crystal X-ray diffraction study,and that ofl5
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was confirmed by detecting the NOE relationship between

the C-6aaproton and the angular methyl group.

ORTEF Drawing of 8

ORTEP Drawing of 14

The above development of the catalytic biomimetic tandem
cyclization should open a new avenue for the catalytic
preparation of the carbon skeleton of polycyclic natural
products. We have initiated such studies, and the result will
be described elsewhett.
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(14) We would like to mention the toxicity of mercury. While GHgCl
and (CH).Hg are extremely dangerous, causing serious damage to the
central nervous system, most organomercuric compounds with higher
molecular weights such as phenylmercuric acetate and mercurochrome are
not that toxic and are used in agrochemicals and medicine, respectively.
The toxicity of most inorganic mercuric salts is moderate compared with
that of Os, As, Tl, Cd, or Pb.
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