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trans -7,8-Dimethoxy-11,12-dehydrocalamenene, a projected intermediate for the total synthesis of marine serrulatane and amphilectane diterpenes,

was efficiently synthesized. Starting from a styrene, asymmetric Rh-catalyzed hydroboration using a novel chiral

an organoboron intermediate (93% ee) which was directly used for C ~ —C

trans-disubstituted tetralin skeleton was selectively formed by a Friedel

—Crafts-type cationic cyclization under strictly aprotic conditions (Me

P,P-bidentate ligand afforded
bond formation (double homologation, Suzuki coupling). The 1,4-
LAICH)

to suppress a remarkable proton-catalyzed disproportionation via diastereoselective hydride transfer.

Over the past 20 years, several aromatic diterpenes with an All of these compounds possess a tetralin substructure

amphilectane or serrulatane skeleton were identified as
bioactive metabolites from marine soft corals, especially
Pseudopterogorgia elisabethaérominent representatives

of such compounds (Figure 1) are the anti-inflammatory

Me
pseudopteroxazole

pseudopterosin A helioporin D

aglycone

Figure 1. Structures of some amphilectane diterpenoids.

pseudopterosinksthe antiviral and cytotoxic helioporifsand

the pseudopteroxazolésthe latter exhibiting promising
antibiotic activities againstMycobacterium tuberculosis
H37Ruv.
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formed by rings A and B with the same relativeafs)
configuration of the benzylic substituents (stereocenters C-3
and C-6)—as a consequence of a 1,4-trans-disubstituted
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tetralin derivative (erogorgiaene) serving as a common
biosynthetic intermediatk®

Using 3 as a substrate, we next studied its asymmetric
Rh-catalyzed hydroboration to establish the first (benzylic)

We describe here an efficient and highly stereoselective stereocenter. Initially, we performed the reaction according

synthetic entry to the calamenehgeatrans-1,4-disubstituted

to HayasH® using catecholborane and a catalyst prepared

tetralin derivative representing a promising precursor for the in situ from [Rh(COD}|BF4 and (R)-BINAP in DME as a

synthesis of the marine diterpenes mentioned aba\so,
the bis-O-demethylated compound corresponding ie a
known anti-infective constituent of the pla@uardiola
platyphylla’

According to the retrosynthetic analysis sketched in
Scheme 1, we optimistically planned to build up thens-

Scheme 1. Retrosynthetic Analysis

tetralin through a diastereoselective cyclizatidnom a
precursor of typ&. This compound in turn might be derived
from the styrene derivativ@ by means of enantioselective
hydroboratiofi and subsequent coupling reactions of the
organoboron intermediates.

Building block 3, needed as a substrate for the planned
hydroboration, was prepared from commercially available
2,3-dimethoxytoluene 4 by directed ortho-metalation/

formylation and subsequent methylenation of the aldehyde

5 employing Nysted reagens)l® in the presence of BF

solvent at—78 °C. However, after addition of pinacélthe
boronate8 was obtained with an enantiomeric purity of only
63% e€!? a rather low value as compared to 96% ee obtained
for the hydroboration of simple styrene under the same
conditions? By screening a library of chiral phosphite
phosphane ligands developed in our laboratérye identi-
fied the TADDOL“-derived ligand7 as particularly well
suited. Under optimized conditions, the enantioselective
hydroboration of8 proceeded smoothly on a multigram scale
to afford pure8 in 93% ee and 80% isolated yield after
chromatography (Scheme 3B).

Scheme 3. Enantioselective Hydroboration &f
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etherate (Scheme 2). Noteworthy, much lower yields were The absolute configuration of the hydroboration product

Scheme 2. Preparation of the Styreri2
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8¢ was proven by X-ray crystal structure analysis of its
tricarbonylchromium complex (Figure 2).
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Figure 2. Structure of8—Cr(CO} in the crystalline state.

The conversion o8 into the cyclization precursdrl was

achieved as shown in Scheme 4. To prepare for the side chairT

Scheme 4. Preparation of the Cyclization Precursht
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elongation by means of an%spsp® Suzuki cross couplingy,

8 was first double homologated through two subsequent
treatments with bromochloromethane anebutyllithium
under in situ quench conditions at low temperatdféThe
boronate9, thus obtained in high yield (under optimized
conditions), was then first activated by addition séc-
butyllithium?® before it was reacted with the substituted vinyl
bromide 10%° in the presence of 5 mol % of Pd(dppfCl
Fluoride-induced cleavage of the TBS-ether @acetyl-
ation finally afforded the desired allylic acetaté in good
overall yield.

We next investigated the projected cationic (Friedel
Crafts-type) cyclization ofll (see Scheme 1). In a first
experiment, a solution of the acetdtgin a 3:1 mixture of
trifluoroacetic acid and acetic acid was stirred for 5 days at
20 °C, according to the protocol of Ma and Zhatig.

1. s-Buli, THF, NaOAc,
cat. Pd(dppf)CI2

TBSO\)\/B,»

2. TBAF
3. Acy0, Et3N, DMAP

J

75%
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Surprisingly, GC-MS analysis of the crude product (Figure
3) revealed the formation of a 1:1 mixture of two products

8.58 min
9.32 min

Me
o

Me_, OMe Me O OMe

3 | / \ 1 @
Me OMe OMe

Me Me

12 13
(miz = 262) (miz = 258)

4 5 6 7 8 9 13 t[min]

Figure 3. GC—MS of the crude product resulting from the
cyclization of11 according to Scheme 5.

(with m/z = 258 and 262, respectively), none of them
showing the molecular weight of the expected cyclization
productl (m/z = 260). Repetition of the cyclization reaction
in dichloromethane (0 to 28C) in the presence of different
common Lewis acids such as Bétherate (1.0 equiv, 1 h),
scandium triflate (1.1 equiv, 40 min), TMS-triflate (0.75
equiv, 1 h), or AlMg (0.3 equiv, 12 h) gave more or less
identical results (Scheme 5).

Scheme 5. Cyclization of 11 under “Protic” Conditions

TFA/AcCOH
OMe
OMe

1
> 95%

or BF3OEt,
or Sc(OTf);
or TMS-OTf
—_—

The two reaction products, which obviously result from
an unexpected disproportionation process, were identified as
the cis-calamenen&2 and the naphthalene derivati¥8 by
means of NMR spectroscopg$?®

While, according to TLC analysis, the conversionldf
accordant to Scheme 5 was quantitative in all cases within
a few minutes once the temperature had reached a critical
value (ca. 0°C), a more careful monitoring of the BF
mediated reaction (using initially only 0.3 equiv) revealed
the occurrence of three major transient species with the
(desired) mass afn/z= 260.

We therefore reasoned that the formationl@and 13
might result from a proton-catalyzed secondary process. To
probe this hypothesis, we reacted the cyclization precursor
11 again, however under strictly aprotic conditions by

(22) From the NMR spectra of the mixture, the signals of compounds
12 and cis-1 could be unambiguously assigned by comparision with the
spectrum of authentic samples of the pure cis isomers obtained in this
laboratory by stereo-rational synthesis; see refs 6a and 6b as well as: Arnold,
M. Dissertation, Universitédt Frankfurt 1994.

(23) After completion of our experimental work, Kraus and Jeon
independently reported the related observation that the TFA-mediated (ref
20) cyclization of compoundac-11, prepared by a different route, leads to
disproportionation to afford a mixture of two products, one of them being
a cis-calamenene; see: Kraus, G. A.; JeorQig. Lett. 2006,8, 5315—
5316.
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employing MeAICI (1 equiv) as a “proton-scavenging” abstracts a hydridefrom 16 to give rise to12 and a new
Lewis acid (Scheme 6}. benzylic cation (17), from which the naphthalet8 is
generated by proton loss.

While the cis diastereoselectivity of the formation Xk
certainly results from the hydride dona6 to approaching
the cation15 from the less hindered face (Figure 4), the

Scheme 6. Cyclization of 11 under “Aprotic” Conditions
.Me Me
- Me,AICI (1 equiv) N

OMe benzene, Me
7°C, 30 min
—_—

Me. OMe

CH
AcO OMe  98% 2 OMe

Me Me

1(dr.=upto10:1)

Much to our satisfaction, the envisioné@ns-dehydro-
calamenend was formed under these conditions in almost
quantitative yield and with very good diastereoselectivity (up
to 10:1), if benzene was used as a sol&rh dichloro-
methane or 1,2-dichloroethane somewhat lower trans/cis
selectivities were obtained (3:1 and 5:1, respectively).

The trans configuration of the main produc) (was
unambiguously proven by comparing its NMR data with
those reported by Wahyouridn addition, a spectrum of an  preferred formation of the trans-configurated prodiidh
authentic sample afis-1°**?allowed its reliable identification  the MeAICI-mediated cyclization of11 is not easily
as the minor isomer in the mixture. As a most characteristic explained. Actually, the stereochemical outcome contradicts
feature, the signals of the two olefinic protons (isopropeny! the prediction of Kraw® that the cationic cyclization should
side chain) are strongly split in the trans isomer (4.21 and proceed via a chairlike transition state (with the benzylic
4.83 ppm) while they are virtually isochronic (4.92 ppm) in - methyl group taking a pseudoaxial position to avoid allylic

Figure 4. Diastereoselective hydride transfer between a dihydro-
naphthalene and a benzylic cation (red).

the cis isomer.

The surprising formation o2 and 13 from 11 can be
rationalized in terms of the mechanistic picture given in
Scheme 7. At first, proton-catalyzed double bond migration

Scheme 7. Suggested Mechanism of the Formation of
Compoundsl2 and13 from 11

hydride
transfer

=

leads from the primary cyclization produdj to its isomers
14 and 16. In the key disproportionation step, the benzylic
cation 15 formed by protonation of eithet4 or 16 now
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strain) to give a cis product.

In conclusion, we have elaborated a stereoselective
synthetic route to the nonracemians-calamenenéd (6
linear steps and 57% overall yield starting fr@nThe novel
combination of (1) catalytic asymmetric hydroboration, (2)
double homologation, and (3) Suzuki coupling may prove
of value for other applications, as does the new chi&l-
ligand 7. Moreover, a remarkable trans-selective cationic
cyclization was achieved, and important insight into the
chemical and stereochemical aspects of the proton-catalyzed
disproportionation proce$swas gained.
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