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Formal Total Synthesis of (+)-Dihydromevinolin via a Chelate-Controlled
Intramolecular Diels-Alder Reaction as the Key Step')

by Jiirgen Schnaubelt?), Barbara Frey, and Hans-Ulrich Reissig*
Institut fiir Organische Chemie der Technischen Universitdt Dresden, D-01062 Dresden, Germany

Dedicated to Prof. Armin de Meijere on the occasion of his 60th birthday

Compound 3 was synthesized efficiently from enone 4 via (silyloxy)cyclopropanecarboxylate intermediates
6 and 7. A chelate-controlled intramolecular Diels-Alder reaction of 3 afforded the octahydronaphthalene-2-
carboxylate isomer trans-2b as the main product. This compound was stereoselectively converted into the
known dihydromevinolin precursor 1, thus providing a formal total synthesis of this natural product.

Introduction. — Compactin, mevinolin (also known as lovastatin, monacolin K), and
their dihydro analoga are natural products of high pharmaceutical interest3). They are
potent inhibitors of 3-hydroxy-3-methylglutaryl coenzyme-A reductase (HMG-CoA
reductase) [3], an enzyme which controls the rate-determining step in cholesterol
biosynthesis. Since the discovery of these compounds, numerous structural modifica-
tions have been accomplished, leading to a number of novel HMG-CoA reductase
inhibitors#). Three inhibitors of natural origin, mevinolin, pravastatin, and simvasta-
tin®), are marketed as therapeutics for treating hypercholesterolemia. The significance
of this family of compounds is also reflected in the number of total syntheses (for
reviews, see [6])°) [8]. For the construction of the fused bicyclic core of these
compounds, several synthetic routes have employed an intramolecular Diels-Alder
reaction [6a]7). Here, we report the efficient synthesis®) of an advanced intermediate 1
towards dihydromevinolin via a chelate-controlled intramolecular Diels-Alder reac-
tion, developed by our group [13], to install the correct configuration of the
bicyclo[4.4.0]decene framework. Since (racemic) 1 was converted into (+)-dihydro-

1) Part 4 of ‘Intramolecular Diels-Alder Reactions’. Part 3: [13].

2)  Part of the Ph. D. thesis [1].

3)  For isolation of compactin, see [2a]; for isolation of mevinolin, see [2b]; for isolation of dihydrocompactin,
see [2c]; for isolation of dihydromevinolin, see [2d].

4)  For recent synthetic work on decalin derivatives of mevinic acids, see [4a]; for recent work on novel
synthetic HMG-CoA reductase inhibitors, see [4b].

5)  For isolation of pravastatin, see [5a]; for partial synthesis of simvastatin from mevinolin, see [5b].

6)  Recent synthetic work on naturally occurring HMG-CoA-reductase inhibitors: for total synthesis of (+)-
compactin, see [7a]; for total synthesis of (+)-mevinolin, see [7b]; for total synthesis of dihydrocompactin,
see [7c]; for total synthesis of dihydromevinolin, see [7d].

7)  For total syntheses of mevinic acids involving an intramolecular Diels-Alder reaction of the decalin
framework, see [9]. For the intramolecular Diels-Alder reaction approach for construction of the decalin
framework of mevinic acids, see [10]. For reviews about the intramolecular Diels-Alder reaction, see [11].

8)  For a preliminary report, see [12].
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mevinolin by Heathcock and co-workers [9a][9b], our approach comprises a formal
total synthesis of this target compound.

Results and Discussion. — A retrosynthetic analysis suggested that the decalin
derivative 1 should be available from octahydronaphthalene 2, which was expected to
form in a stereocontrolled intramolecular Diels-Alder reaction of the ester 3
(Scheme 1). Compound 3 should be assembled in a few steps from the three known
precursors ( E,E)-1-bromohexa-2,4-diene?), enone 4 [15], and methyl diazoacetate [16].

Actually, ester 3 was synthesized efficiently in a four-step process starting with
BnOCH),-substituted enone 4, which was first transformed into silyl enol ether 5 by a
standard protocol [17] (Scheme2). The [2+41] cycloaddition of 5 with methyl
diazoacetate under Rh,(OAc), catalysis afforded cyclopropane 6 in 75% yield (cis/
trans-mixture 30:70). Stereoselective alkylation [18] of 6 with sorbyl bromide [14]
provided a 4:1 mixture of the tetrasubstituted cyclopropane 7 and its ring-opened
product 3. This instability of a tetrasubstituted cyclopropane under the conditions of
alkylation has not been seen before, even in compounds with very similar structure to 7
[18]. However, this did not present a problem, as 3 was the desired product of the

9)  Following the procedure in [14], we obtained the desired (2E,4E)-1-bromohexa-2,4-diene in only 80-85%
purity, along with 15-20% of the (2E4Z)- and (2Z4E)-isomers. As this inseparable mixture was
employed in the alkylation of 6, intermediates 7 and 3 consisted of the corresponding three isomers in
approximately the above-mentioned ratio. However, only the (E,E)-form undergoes the intramolecular
Diels-Alder reaction, and the isomers with one (Z)-configured C=C bond could be completely separated
from 2 at this stage.
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subsequent step. The completion of the ring opening of cyclopropane 7 was achieved by
treatment of the mixture with NEt;-3 HF [19] to afford 3 in 64% yield in two steps
from 6.

Our earlier investigations on the intramolecular Diels-Alder reaction of related
trienones (BnOCH, replaced by Me or (--Bu)Me,SiOCH,) showed that the thermal
cycloaddition reactions furnish a mixture of all four possible diastereoisomers [20].
Catalysis by monocoordinating Lewis acids, however, enhanced the endo-selectivity of
the reaction markedly, and provided the cis-fused isomers in high yields [1][13]. Good
exo-selectivities could be achieved by application of strong Lewis acids with two free
coordination sites, such as TiCl,, TiBr,, and SnCl, [13][21]. These promoters afforded
the desired trans-fused products in good yields, and have found application in the total
synthesis of the sesquiterpene a-eudesmol [13][21]. Yamamoto and co-workers could
increase the trans-selectivity of a simple deca-1,79-trien-3-one remarkably by using the
bulky Lewis acid ATPH (aluminium tris(2,6-diphenylphenoxide)) [22]. They also
observed high preferences for the otherwise unfavorable exo-transition states in
bimolecular Diels-Alder reactions [22]. The authors assumed that the secondary orbital
interactions, which are responsible for the endo-preference of activated dienophiles, are
effectively diminished by the complexation of the dienophile-activating group with
ATPH.

We employed both types of Lewis acids, the biscoordinating SnCl, and the bulky
ATPH, in the intramolecular Diels-Alder reactions of trienone 310). It was found that
the desired isomer trans-2b was formed preferentially and with similar ratios (60 and
56%, resp.) with both promoters (Scheme 3). The only other isomer, formed in the
SnCl,-mediated reaction, was cis-2a (40% ), whereas cis-2a and trans-2a were found in
the ATPH-promoted cycloaddition in 32 and 12% overall yield, respectively. Based on
earlier work on Lewis-acid-promoted intramolecular Diels-Alder reactions [13][21],
we attributed the exo-product trans-2b to an exo-chelate transition state 8 as depicted in
Scheme 3. The Lewis acid thereby forces the MeOCO group of 3 into the otherwise
unfavored axial position on the folded chain. It is unclear, however, whether cis-2a
results from an endo-chelate transition state 9 or from a (SnCl, - 2 trienone ) complex, in
which SnCl, coordinates the C=O groups of two trienone molecules in boat-like
transition conformations [20]. The high trans-selectivity of ATPH was, based on
Yamamoto’s results [22], as expected. We see no obvious reason, however, why in this
case the diastereoisomer trans-2b is favored so significantly over isomer trans-2a. In the
thermal intramolecular Diels-Alder reactions of related trienones, and in the reactions
that were promoted by monocoordinating Lewis acids, trans-b did not appear as a
product, or it was formed in very minor amounts [13][21]1).

10)  For other decatrienones, the highest trans-selectivities had been recorded with TiCl, or TiBr, as promoters
(see [20][21]). However, since attempts to use these very strong Lewis acids for the cycloaddition of a
precursor similar to 3 (Me instead of BnOCH,) lead to decomposition of the substrate, we did not try these
promoters with our valuable compound 3.

1) Tt is possible that formation of trans-2b with usually unfavorable axial orientation of the MeOCO group
might be attributed to a repulsive interaction of this substituent in an equatorial position (leading to trans-
2a). Here, complexation with ATPH might force the MeO group into a conformation where strong
repulsions with adjacent H-atoms at the dienophile and diene come into play.
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Octahydronaphthalene-carboxylate trans-2b could be obtained in pure form, after
flash chromatography (45% overall yield from 3), of the SnCl,-promoted cycloaddition
reaction. Subsequent conversion of trans-2b into the known dihydromevinolin
precursor 1 was achieved by a series of standard steps analogous to a related
compound (Scheme 4). Stereoselective reduction of the ketone moiety with L-
Selectride® [9d] furnished the alcohol 10, which was subsequently protected as the
silyl ether 11 [9¢]. The MeOCO group was transformed into a Me group [9¢] by
reduction with Super-Hydride®, and subsequent tosylation of the formed alcohol 12,
followed by a second reduction with Super-Hydride®, providing intermediate 14 in
satisfactory yields. Finally, cleavage of the silyl ether to alcohol 15, and reductive
deprotection of the BnO group proceeded smoothly to afford target compound 1. All
spectroscopic data of 1 were in accordance with those reported in [9a][9b], thus
confirming the relative configuration of this compound and of the crucial intermediate
trans-2b.

The overall yield of 1 over 11 steps from enone 4 was 4%; the crucial intermediate
trans-2b was synthesized in 14% overall yield. Although these yields seem to be rather
low, the efficiency of our route to (+)-dihydromevinolin compares very well with other
known syntheses [8][9]. A shortcoming of our approach is the fact that three steps
alone were devoted to the conversion of the MeOCO function into a Me group (11 —
14). On the other hand, the ester function served as a second ligating group in the
chelate-controlled intramolecular Diels-Alder reaction of 3, thereby enabling the
formation of the otherwise unfavored trans-b isomer. Moreover, the MeOCO group
can serve as a tool for introducing other substituents and functional groups for the
synthesis of analogs of dihydromevinolin [9e].
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Conclusion. — Our approach to the mevinolin core demonstrates that the correct
relative configuration of five of the six stereogenic centres can be established in a single
step by the appropriate Diels-Alder conditions. A chelate-controlled intramolecular
Diels-Alder reaction, which had been employed successfully in earlier examples
[19][20], provided the otherwise unfavored isomer trans-2b. This intermediate should
also provide a versatile precursor for the syntheses of other known or new mevinic-acid
analogs [9¢][91]12).

This work was generously supported by the Fonds der Chemischen Industrie. We thank Dr. K. Pachler
(E. Merck, Darmstadt) for recording a 500-MHz NMR spectrum.

Experimental Part

General. NMR Spectra ("H: 500 MHz, *C: 125.8 MHz) of 10 were recorded on a Bruker AM 500. All other
instrumentation and general conditions have been described previously [18].

(E)-5-(Benzyloxy)-2-(trimethylsilyloxy ) penta-1,3-diene (5). To a soln. of (E)-5-(benzyloxy)pent-3-en-2-
one (4; 750 g, 39.5 mmol) and NEt; (6.38 g, 63.1 mmol) in MeCN (40 mL) at 0° was added dropwise over a
period of 0.5 h a soln. of Me;SiCl (6.85 g, 63.1 mmol) in MeCN (20 ml), followed by a soln. of dry Nal (7.50 g,
49.7 mmol) in MeCN (70 ml). The mixture was refluxed for 20 h, cooled to r.t., and poured into a mixture of ice-
water (100 ml) and pentane (100 ml). After separation of the top (pentane) layer, the two bottom layers were
extracted with pentane (2 x 50 ml), and the combined org. phases were washed with H,O (50 ml), dried
(Na,S0O,), and concentrated. Bulb-to-bulb distillation of the residue (110-150°/0.06 Torr) yielded 5 (7.49 g,
72% ). Pale-yellow oil. IR (neat): 3125,3100, 3075, 3050 (=C—H); 2975-2850 (C—H); 1625, 1595 (C=C); 1250
(Si—C). 'H-NMR (200 MHz): 7.36 (m,, S arom.H); 6.13-6.07 (m, H-—C(3), H-C(4)); 4.54, 4.35 (2s,
2Heach, H-C(1), PhCH,); 4.12 (d,J=4.5, 2H-C(5)); 0.26 (s, Me;Si). C-NMR (50.3 MHz): 154.3
(s, C(2));138.3 (s, arom. ipso-C); 130.3,128.3, 127.7,127.4,126.9 (5d, C(3), C(4), arom. C); 95.9 (¢, C(1)); 72.9,
69.8 (2t, C(5), PhCH,); —0.1 (g, Me;Si). Anal. calc. for C;sH»,0,Si (262.4): C 68.65, H 8.45; found: C 68.98,
H 8.53.

trans/cis-Methyl 2-[ (E )-3-( Benzyloxy )prop-1-enyl ]-2-(trimethylsilyloxy )cyclopropanecarboxylate (6). To a
mixture of 5 (7.40 g, 28.2 mmol) and Rh,(OAc), (175 mg, 0.396 mmol) in CH,Cl, (20 ml), a soln. of methyl

12)  For synthesis of octahydrobenzocycloheptenone derivatives employing a chelate-controlled intramolecular
Diels-Alder reaction, see [23].
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diazoacetate (4.55g, 45.1 mmol) in CH,Cl, (40 ml) was added over a period of 4h. The mixture was
concentrated and filtered through alumina (pentane). The filtrate was concentrated, and the crude product
(8.71 g) was distilled (bulb-to-bulb; 150°/0.02 Torr) to give 6 (trans/cis 70:30) (7.05 g, 75%). Colorless oil. IR
(neat): 31003050, 2950-2850 (C—H); 1730 (CO,Me); 1675, 1500, 1450 (C=C); 1250 (Si—C).

Data of trans-6: '"H-NMR (200 MHz): 7.32 (m,, 5 arom. H); 5.83 (¢d,J =5, 15, H—C(2')); 5.46 (td, J =1.5,
15 Hz, H—C(1));4.48 (s, PhCH,); 4.08 —4.00 (obscured m,2 H—C(3'));3.65 (s, MeOCO);2.17 (dd, J=8,9 Hz,
H-C(1)); 1.58-1.41, 1.34-1.19 (2 obscured m, 1 H each, H—C(3)); 0.18 (s, Me;Si). *C-NMR (50.3 MHz):
170.3 (s, MeOCO); 138.3 (s, arom. ipso-C); 131.4, 128.2, 127.9, 127.7, 127.0 (5d, C(1"), C(2), arom. C); 71.6
(t, PhCH,); 69.9 (1, C(3')); 62.6 (s, C(2)); 51.7 (q, MeOCO); 30.2 (d, C(1)); 22.0 (¢, C(3)); —0.9 (g, Me;Si).

Data of cis-6: 'H-NMR (200 MHz): 7.32 (m,, 5 arom. H); 5.94 (¢d, J =5, 15, H-C(2)); 5.19 (td, J =15, 15,
H-C(1)); 4.50 (s, PhCH,); 4.08-4.00 (obscured m, 2 H—C(3)); 3.67 (s, MeOCO); 1.86 (dd,J=8, 10,
H-C(1)); 1.58-1.41, 1.34-1.19 (2 obscured m, 1 H each, H—C(3)); 0.18 (s, Me;Si). *C-NMR (50.3 MHz):
169.1 (s, MeOCO); 138.1 (s, arom. ipso-C); 135.3, 128.3, 128.0, 127.6, 125.5 (5d, C(1'), C(2'), arom. C); 72.0
(t, PhCH,); 69.6 (1, C(3)); 62.0 (s, C(2)); 51.5 (g, MeOCO); 28.5 (d, C(1)); 20.7 (¢, C(3)); —0.85 (g, Me;Si).
Anal. calc. for C;sH,,0,Si (334.5): C 64.64, H 7.83; found: C 64.71, H 7.83.

Methyl c-2-[(E)-3-(Benzyloxy)prop-1-enyl]-1-[ (2E,4E )-hexa-2,4-dienyl [-t-2-(trimethylsilyloxy )cyclopro-
pane-r-1-carboxylate (7). To a soln. of (i-Pr),NLi (8.97 mmol; generated from (i-Pr),NH and BuLi at —78°,
20 min reaction time) in THF (90 ml) at —78°, the methyl cyclopropanecarboxylate 6 (2.00 g, 5.98 mmol) was
added. After stirring for 2 h at —78°, 1-bromohexa-2,4-diene (1.44 g, 8.97 mmol) was added, and stirring was
continued at —78° for 16 h. The reaction was quenched with sat. aq. NH,Cl soln. (90 ml) and extracted with
AcOEt (3 x180ml). The combined org. extracts were washed with H,O (500 ml), dried (MgSO,), and
concentrated. The excess of 1-bromohexa-2,4-diene was removed by bulb-to-bulb distillation (60°/0.02 Torr),
and the residue (2.00 g) was filtered through alumina with Et,O to provide a mixture of 7 and 3 (4:1;1.62 g,
65%). The products contain 15-20% of the corresponding (2E,4Z)- and (2Z4FE)-hexa-2,4-dienyl isomers,
which could not be separated from the desired (2E,4FE)-isomers. IR (neat): 3100-3050 (=C—H); 2950, 2850
(C—H); 1725 (CO,Me); 1625, 1500, 1450 (C=C); 1255 (Si—C).

Data of Compound T: 'H-NMR (200 MHz): 7.14 (m,, 5arom.H); 5.95-5.25 (m,6 olef. H); 4.28
(s, PhCH,); 3.84 (d,J=5.5,2 H-C(3')); 3.44 (s, MeOCO); 2.77 (dd, ] = 6, 16, H—C(1")); 2.10-1.91 (partially
obscured m, H—C(1")); 1.64 (dd,J=15, 6.5, H,—C(3)); 1.56 (d,J=6, 3H—C(6")); 0.92 (d,J=625,
H,uns—C(3)); 0.04 (s, Me;Si). BC-NMR (50.3 MHz): 172.2 (s, MeOCO); 138.4 (s, arom. ipso-C); 132.2, 131.7,
131.5,128.5,128.3,127.8,127.7,127.5,127.2 (9d, arom. C, olef. C);71.6 (¢, PhCH,); 69.9 (¢, C(3')); 64.7 (s, C(2));
51.9 (¢, MeOCO); 37.1 (s, C(1)); 31.9 (¢, C(1")); 24.8 (£, C(3)); 17.9 (g, C(6")); 0.93 (g, Me;Si).

Methyl (4E,6E )-2-[ (E )-5-(Benzyloxy)-2-oxopent-3-enyl]octa-4,6-dienoate (3). To a soln. of 7 (ca. 1.79 g,
4.27 mmol; mixed with 3, ca. 0.366 g, 1.07 mmol) in CH,Cl, (50 ml) at —25°, NEt;-3 HF (2.76 g, 17.1 mmol) was
added. After stirring for 2 h at —25°, the reaction was stopped by the addition of H,O (80 ml). The aq. layer was
extracted with CH,Cl, (3 x 40 ml), the combined org. phases were washed with H,O (100 ml), dried (Na,SO,),
and concentrated. The crude material was filtered through silica gel (hexane/AcOEt 2:1), and the resulting
product 3 was obtained as a yellow oil (1.80 g, 98%; purity ca. 85% due to the presence of (2E,4Z)- and
(2Z AE)-hexa-2,4-dienyl isomers) and used without further purification. IR (neat): 3100 -3050 (=C—H); 2950,
2850 (C—H); 1735 (CO,Me); 1700 (C=0); 1640 (C=C). 'H-NMR (200 MHz): 7.25 (m,, 5 arom. H); 6.76
(td,J=4,16,H-C(4));6.28 (td,J =2, 16, H-C(3")); 6.01 -5.82 (m, H-C(5), H-C(6)); 5.61-5.42, 5.40-5.20
(2m, 1 H each, H-C(7), H-C(4)); 447 (s, PhCH,); 4.09 (dd,J =2, 4,2 H-C(5")); 3.57 (s, MeOCO); 2.98 -
2.81,2.65-2.11 (2m,H-C(2),2 H-C(3),2 H-C(1")); 1.63 (d,J = 6,3 H—C(8)). *C-NMR (50.3 MHz): 197.7
(s,C=0);175.0 (s, MeOCO); 142.4 (d, C(4')); 137.6 (s, arom. ipso-C); 133.2, 131.0, 128.8, 128.3, 128.2, 127.8,
127.6, 126.4 (8d, C(4), C(5), C(6), C(7), C(3'), arom. C); 72.8 (t, PhCH,); 68.7 (¢, C(5')); 41.1 (¢, C(1')); 40.1
(d, C(2));34.7 (¢, C(3));17.9 (g, C(8)). Anal. calc. for C,;H,0, (342.4): C 73.66, H 7.65; found: C 73.52, H 7.73.

Intramolecular Diels-Alder Reaction of 3 to 2 Promoted by SnCl,. To a soln. of SnCl, (228 mg, 0.876 mmol)
in CH,Cl, (45 ml) at —78°, 3 (200 mg, 0.584 mmol) was added. The mixture was stirred at —78° for 12 h, then
warmed to —40°, and stirred at this temp. for 9 h. After addition of H,O (45 ml), the aq. phase was extracted
with CH,Cl, (3 x 45 ml), the combined org. layers were washed with H,O (180 ml), dried (Na,SO,), and
concentrated. The residue (180 mg) was filtered through a plug of silica gel with Et,O. The diastereoisomer ratio
of the crude product (180 mg) was determined by 'H-NMR as cis-2a/trans-2b 40 : 60. Separation by flash
chromatography (hexane/AcOEt 10:1) yielded pure cis-2a (80 mg, 40%) and trans-2b (90 mg, 45%) as
colorless oils.

Intramolecular Diels-Alder Reaction of 3 to 2 Promoted by ATPH. To a soln. of 2,6-diphenylphenol
(485 mg, 1.97 mmol) in CH,Cl, (30 ml), 2.0M Me;Al in hexane (0.328 ml, 0.66 mmol) was added. The mixture
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Table 1. 'H-NMR (300 MHz) Data of Octahydronaphthalene-carboxylate 2

H-Atom?) cis-2a trans-2a trans-2b
H-C(7) 5.50 (d,J=10) 5.72 (ddd,J=2, 5, 10) 5.70 (ddd,J =215, 5, 10)
H-C(8) 5.65 (ddd,J =2, 4.5, 10) 5.41 («d,J =15, 10) 5.40 (1d,J =15, 10)
MeOCO 3.67 (s) 3.70 (s) 3.68 (s)
H-C(2) 2.66 (1t,J=3.5,12.5) 2.83 (1t,J =45, 12.5) 3.16 (m,)
H,,—C(3) 2.83 (1,J=13) 2.66 (1,J=12.5) 2.54 (dd,J =17, 13)
H,,—C(3) 2.50-2.35 (m) 2.52 (ddd,J =15, 5, 12.5) 270 (td,J =2, 13)
H-C(8a) 2.50-2.35 (m) 2.24-2.12 (m) 2.50-2.23 (m)
H-C(4a) 2.50-2.35 (m) 2.42-2.25 (m) 2.50-2.23 (m)
H,,—C(1) 2.06 (br. d,J=13) 2.24-2.12 (m) 2.50-2.23 (m)
H-C(5) 1.90-1.75 (m) 2.42-2.25 (m) 2.50-2.23 (m)
H-C(6) 1.90-1.75 (m) 2.57-2.45 (m) 2.50-2.23 (m)
H,,—C(1) 1.70 (br. £,/ =13) 1.66 (q,J=13) 1.72 (ddd,J =6, 12, 14)
Me—C(6) 1.05 (d,J=17) 0.94 (d,J=17) 0.95 (d,J=17)
2 H-C(5) 3.63 (dd,J=2,9) 3.96 (dd,J=3,9) 4.03 (dd,J=3,9)

3.25 (dd,J=8,9) 3.48 (,J=9) 3.50 (r,/=9)
PhCH, 4.37, 428 (2d,J =11.5 each) 4.50, 439 (2d,J =12 each) 4.49, 4.39 (2d,J =12 each)
Ph 7.31 (m,) 7.31 (m,) 7.33-7.20 (m)

) Integrals are

in accordance with the expected values.

Table 2. 3C-NMR (75.5 MHz) Data of Octahydronaphthalene-carboxylate 2

C-Atom cis-2a trans-2a trans-2b

C(4) (s) 211.7 209.9 208.8

MeOCO (s) 173.8 173.6 174.0

Arom. ipso-C (s) 137.9 138.7 138.8

C(7), C(8), arom. C (5d) 133.3, 128.2, 127.92, 1344, 128.2, 127.5, 134.1, 128.2, 127.5,
127.86, 127.5 127.4, 127.0 127.4,127.2

PhCH, (1) 73.2 73.0 72.9

CH,—C(5) (¥) 71.7 68.8 69.0

C(4a) (d) 54.7 49.0 49.3

MeOCO (q) 51.9 52.1 52.0

C(3) (1) 413 44.5 43.0

C(2) (d) 429 44.1 41.8

C(8a) (d) 38.1 433 40.6

C(5) (d) 40.4 35.8 36.0

C(6) (d) 32.7 31.2 31.2

C(1) (¢) 315 354 36.0

Me—C(6) (q) 20.1 16.2 16.2

was stirred for 0.5 h at r.t., then cooled to —10° and treated with 3 (147 mg, 0.429 mmol). The mixture was
warmed slowly to r.t., and then left for a period of 21 h. The reaction was then quenched with 2x8 HCI (30 ml),
and the aq. layer was extracted with CH,Cl, (30 ml). The combined org. phases were washed with sat. aq.
NaHCO; soln. (2 x 60 ml), dried (Na,SO,), and concentrated. The residue was subjected to gradient elution
chromatography on silica gel (first hexane/AcOEt 10: 1, to elute the 2,6-diphenylphenol, followed by Et,0) to
afford 2 (90 mg, 61%, cis-2al/trans-2altrans-2b 32:12:56) as a yellow oil.

Data of Methyl 5-[ (Benzyloxy)methyl]-1,2,3,4,4a,5,6,8a-octahydro-4-oxo-6-methylnaphthalene-2-carboxy-
late (2): IR (neat): 3100-3075 (=C—H); 2950-2850 (C—H); 1735 (CO,Me); 1710 (C=0); 1650 (C=C).
'"H-NMR: See Table 1. ®*C-NMR: See Table 2. Anal. calc. for C,;H,,0, (342.4): C 73.66, H 7.65; found: C 73.83,

H 7.90.
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Methyl (2a,4a,4af3,506,60,8ac.)-5-[ (Benzyloxy)methyl]-1,2,3,4,4a,5,6,8a-octahydro-4-hydroxy-6-methylnaph-
thalene-2-carboxylate (10). To a soln. of trans-2b (200 mg, 0.584 mmol) in THF (30 ml) at —78°, L-Selectride ®
(1.0m in THF; 0.640 ml, 0.64 mmol) was added. The mixture was stirred at — 78° for 10 min, and then quenched
by the addition of sat. aq. NH,Cl soln. (20 ml) and Et,0 (20 ml). The aq. layer was extracted with Et,O (2 x
15ml), the combined org. layers were dried (Na,SO,), and concentrated. The residue (264 mg) was
chromatographed on silica gel (hexane/AcOEt 5:1) to provide 10 (177 mg, 88%) as a colorless oil that
contained small amounts of tri-s-butylborane. 'H-NMR (500 MHz): 7.35-7.26 (m, 5 arom. H); 5.54 (ddd, J =
2.5, 5, 10, H-C(7)); 543 (br.d,J=10, H-C(8)); 4.55, 446 (2d,J=12, 12, 1 Heach, PhCH,); 4.00
(m,H—C(4)); 3.71 (s, MeOCO); 3.55 (t,/=9, 1 H, BnOCH,); 3.43 (dd,J=4.5, 9, 1H, BnOCH,); 3.41
(m., OH); 2.68 (m., H-C(2)); 2.57 (tdd,J =5, 10.5, 13, H-C(8a)); 2.51 (ddd,J =2, 5, 14.5, H,,—C(3)); 2.37
(m., H-C(6)); 2.18 (ddd, J =2, 5.5, 13, H,,—C(1)); 2.09 (dddd, J=4.5, 6, 9, 11, H-C(5)); 1.74 (ddd, J =3, 6,
14.5, H,,—C(3)); 120 (dt,J=5, 13, H,,—C(1)); 1.16 (dt,J=2, 11, H-C(4a)); 0.86 (d,/J =7, Me—C(6)).
BC-NMR (125.8 MHz): 175.2 (s, MeOCO); 132.1 (d, C(7)); 131.1 (d, C(8)); 138.9 (s, arom. ipso-C); 128.4,
127.8, 127.7 (3d, arom. C); 73.5 (¢, PhCH,); 72.2 (t,BnOCH,); 65.8 (d,C(4)); 51.7 (q, MeOCO); 42.6
(d, C(4a)); 38.7 (d, C(5)); 36.9 (d, C(2)); 33.8 (1, C(3)); 33.2 (d, C(6)); 33.1 (1, C(1)); 31.9 (d, C(8a)); 15.8
(. Me—C(6)).

Methyl (2a,4a,4af3,506,60,8aa)-5-[ (Benzyloxy)methyl]-4-{[ (tert-butyl)dimethylsilyl Joxy}-1,2,3,4,4a,5,6,8a-
octahydro-6-methylnaphthalene-2-carboxylate (11). A soln. of 10 (150 mg, 0.436 mmol) in CH,Cl, (10 ml) was
treated with 2,6-lutidine (117 mg, 1.09 mmol) and [(fert-butyl)dimethylsilyl] trifluoromethanesulfonate
(196 mg, 0.741 mmol). After stirring at r.t. for 1.5 h, the mixture was hydrolyzed with 2x HCI (25 ml). The
org. layer was washed with 2x HCI (20 ml), sat. aq. NH,ClI soln. (20 ml), and brine (20 ml), dried (Na,SO,), and
concentrated. The residue was purified by flash chromatography (hexane/AcOEt 20 :1) to provide 11 (150 mg,
75%). Colorless oil. IR (neat): 3100-3025 (=C—H); 2955-2855 (C—H); 1735 (CO,Me); 1650, 1475 (C=C);
1260 (Si—C). 'H-NMR (200 MHz): 7.35-725 (m,5 arom. H); 5.57 (ddd,J=2.5, 5, 10, H-C(7)); 5.38
(br.d,J=10, H-C(8)); 442 (m.,PhCH,); 3.92 (m,H—-C(4)); 3.61 (s, MeOCO); 3.62-3.54 (m,1H,
BnOCH,); 3.23 (dd,J=4, 10.5, 1H, BnOCH,); 2.72-2.01 (m, H-C(2), H-C(8a), H,,—C(3), H-C(6),
H.,—C(1), H-C(5)); 1.68 (ddd, J=3,7,14.5, H,,—C(3)); 1.23-0.93 (m, H,,—C(1), H—C(4a)); 0.84 (d, /=7,
Me—C(6)); 0.80 (s,t-Bu); —0.05, —0.06 (25, Me,Si). *C-NMR (50.3 MHz): 175.3 (s, MeOCO); 132.2
(d, C(7)); 130.6 (d, C(8)); 138.7 (s, arom. ipso-C); 128.3, 127.7, 127.5 (3d, arom. C); 73.2 (¢, PhCH,); 69.3
(t, BnOCH,); 66.9 (d, C(4)); 51.4 (g, MeOCO); 41.9 (d, C(4a)); 36.6,36.5 (2d, C(2), C(5)); 35.4, 33.4 (2, C(1),
C(3)); 31.2,30.5 (2d, C(6), C(8a)); 25.9, 18.2 (g, s, Me;C); 15.9 (¢, Me—C(6)); —3.3, —5.0 (2q, Me,Si). Anal.
calc. for C,;H,,0,Si (458.7): C 70.70, H 9.23; found: C 70.15, H 9.32.

(2a,4a,4aB,56,65,8aa)-5-[ (Benzyloxy )methyl]-4-{[ (tert-butyl)dimethylsilylJoxy}-1,2,3,4,4a,5,6,8a-octahydro-
2-(hydroxymethyl)-6-methylnaphthalene (12). A soln. of 11 (125 mg, 0.272 mmol) in THF (10 ml) at 0° was
treated dropwise with Super-Hydride ® (1.0m in THF; 0.680 ml, 0.68 mmol) and stirred at this temp. for 2 h. The
reaction was stopped by successive addition of H,O (0.5ml), 2y NaOH (0.34 ml), and 30% H,O, soln.
(0.24 ml). The mixture was concentrated to ca. 1/3 of its volume, diluted with brine (20 ml), and extracted with
Et,0O (3x10ml). The combined org. extracts were washed with brine (3 x20ml), dried (Na,SO,), and
concentrated. Crude alcohol 12 (115 mg, 98% ) was used without further purification. '"H-NMR (200 MHz): 7.22
(m,, 5 arom. H); 5.52 (ddd, ] =2.5, 5,10, H—C(7)); 5.27 (br. d,J =10, H—C(8)); 4.37 (m., PhCH,); 3.84 (m,,
H-C(4)); 3.80-3.11 (m,BnOCH,, CH,0OH); 2.49-1.57 (m,H.,—C(1), H-C(2), 2H-C(3), H-C(5),
H-C(6), H-C(8a), OH); 1.25-0.97 (m, H,,—C(1), H-C(4a)); 0.82 (d,J=7, Me—C(6)); 0.79 (s, -Bu);
—0.01, —0.07 (25, Me,Si). *C-NMR (50.3 MHz): 132.4 (d, C(7)); 130.8 (d, C(8)); 138.7 (s, arom. ipso-C); 128.3,
127.7,127.5 (3d, arom. C); 73.3 (1, PhCH,); 69.4 (t, BnOCH,); 67.6 (d, C(4)); 67.0 (t, CH,OH); 41.9 (d, C(4a));
37.0,35.6 (2d, C(2), C(5)); 36.1,34.2 (21, C(1), C(3)); 31.2,30.1 (2d, C(6), C(8a)); 26.0, 18.2 (¢, s, Me;C); 15.8
(g, Me—C(6)); —2.5, —5.5 (2 q, SiMe,).

(2a,4a,4ap,55,65,8aa)-5-[ (Benzyloxy )methyl]-4-{[ (tert-butyl)dimethylsilylJoxy}-1,2,3,4,4a,5,6,8a-octahydro-
6-methyl-2-{[ (4-methylphenyl)sulfonyloxy Jmethyljnaphthalene (13). To a soln. of 12 (97 mg, 0.23 mmol), 4-
(dimethylamino)pyridine (10 mg, 0.082 mmol), and pyridine (1 ml) in CH,Cl, (5 ml) freshly recrystallized TsCl
(47 mg, 0.25 mmol) was added. The mixture was stirred at r.t. for 90 h. After this period, the mixture was washed
with 28 HCI (2 x 10 ml), 28 NaOH (10 ml), and brine (10 ml), dried (Na,SO,), and concentrated in vacuo.
Crude 13 (108 mg, 82% ) was used without further purification. 'H-NMR (200 MHz): 7.80 (d,J =8, H, of Ts);
7.39-7.28 (m, Ph, H,, of Ts); 5.60 (ddd, J =2, 5,10, H-C(7)); 5.16 (br. d,J =10, H—C(8)); 4.46 (m,., PhCH,);
4.35 (m,, 1 H, TsOCH,);3.99 (m.,, H—C(4)); 3.90 (dd, ] =4,9,1 H, TsOCH,); 3.58 (dd, ] =4,9,1 H, BnOCH,);
326 (dd,J =9, 10, 1 H, BnOCH,); 2.45 (s, MeAr); 2.42-1.62 (m, H,,—C(1), H-C(2), 2 H-C(3), H-C(5),
H-C(6), H-C(8a)); 1.29-1.01 (m, H,,—C(1), H—C(4a)); 0.88 (d,J=7, Me—C(6)); 0.85 (s, &-Bu); 0.02,
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—0.05 (25, Me,Si). *C-NMR (50.3 MHz): 144.6, 138.5, 133.2 (3s, arom. ipso-C); 132.6, 130.2, 130.0, 129.7, 128.3,
127.7,127.5 (7d, C(7), C(8), 5 arom. C); 73.5, 73.3 (2t, PhCH,, TsOCH,); 69.1 (t, BnOCH,); 67.2 (d, C(4));
67.0 (t, CH,OH); 41.9 (d, C(4a)); 36.8, 32.6 (2d, C(2), C(5)); 35.6, 32.8 (21, C(1), C(3)); 31.1, 28.9 (2d, C(6),
C(8a)); 25.9, 18.1 (g, s, Me;C); 21.9 (MeAr); 15.7 (g, Me—C(6)); —2.3, —5.7 (2q, Me,Si).

(2a,4a,4ap,50,6p,8aa.)-5-[ (Benzyloxy )methyl]-4-{ [ (tert-butyl)dimethylsilyl Joxy}-1,2,3,4,4a,5,6,8a-octahydro-
2,6-dimethylnaphthalene (14). To a soln. of 13 (100 mg, 0.171 mmol) in THF (5 ml) was added Super-Hydride ®
(1.0Mm in THF; 0.430 ml, 0.43 mmol). The mixture was refluxed for 3 h, then treated with a second batch of Super-
Hydride ® (1.0M in THF; 1.3 ml, 1.3 mmol), and refluxed for further 3 h. After cooling to 0°, the reaction was
quenched by successive addition of H,O (2 ml), 2~y NaOH (1 ml), and 30% H,O, soln. (1 ml). The mixture was
stirred for 1.5 h at this temp., then diluted with brine (10 ml) and extracted with Et,O (3 x 10 ml). The combined
extracts were dried (Na,SO,) and concentrated. The crude product (60 mg) was purified on silica gel (hexane/
AcOEt 10:1) to yield 14 (45 mg, 63%). Colorless oil. IR (neat): 3075-3025 (=C—H); 2960-2860 (C—H);
1650, 1475 (C=C); 1250 (Si—C). 'H-NMR (200 MHz): 7.32 (m,, 5 arom. H); 5.63 (ddd,J=2.5, 5, 10,
H-C(7)); 5.34 (br.d,J=10, H-C(8)); 4.46 (m,PhCH,); 3.93 (m,H-C(4)); 3.64 (dd,J=4, 9, 1H,
BnOCH,); 328 (dd,J=9, 11, 1 H, BnOCH,); 2.63-1.05 (m,2 H-C(1), H-C(2), 2H-C(3), H-C(4a),
H-C(5), H-C(6), H-C(8a)); 1.16 (d,J=17.5, Me—C(2)); 0.89 (d,J=7, Me—C(6)); 0.88 (s, t-Bu); 0.09,
—0.01 (2s, Me,Si). BC-NMR (50.3 MHz): 132.4 (d, C(7)); 131.4 (d, C(8)); 138.9 (s, arom. ipso-C); 128.3, 127.7,
127.4 (3d, arom. C); 73.3 (t, PhCH,); 69.4 (t, BnOCH,); 68.3 (d, C(4)); 42.2 (d, C(4a)); 39.9, 38.6 (21, C(1),
C(3)); 37.0, 31.2, 29.3, 27.5 (4d, C(2), C(5), C(6), C(8a)); 26.0, 18.2 (¢, s, Me;C); 22.1 (¢, Me—C(2)); 15.8
(g, Me—C(6)); —2.5, —5.6 (2q, Me,Si). Anal. calc. for C,sH,,0,Si (414.7): C75.30, H 10.21; found: C 75.35,
H 10.39.

(2a,4a,4af,506,6p3,8aa)-5-[ (Benzyloxy)methyl]-1,2,3,4,4a,5,6,8,8a-octahydro-2,6-dimethylnap hthalen-4-ol
(15). A soln. of 14 (40 mg, 0.096 mmol) in MeCN (10.5 ml) was treated with 40% aq. HF (0.5 ml) and stirred for
21 h at r.t. The mixture was then neutralized with solid NaHCO; and concentrated. The residue was suspended
in H,O (10 ml) and extracted with CH,Cl, (4 x 10 ml). The combined org. extracts were dried (Na,SO,) and
concentrated. The residue (30 mg) was purified by chromatography (hexane/AcOEt 10:1) to provide 15
(25 mg, 87%). Colorless oil. IR (neat): 3500-3400 (O—H); 3030 (=C—H); 2960-2880 (C—H); 1600, 1460
(C=C). 'H-NMR (200 MHz): 7.26 (m,, 5 arom. H); 5.46 (ddd,J=2.5, 5, 10, H—C(7)); 5.32 (br.d,J=10,
H-C(8)); 445 (m.,PhCH,); 397 (m, H—C(4)); 343, 333 (2m,1Heach, BnOCH,); 2.55-1.20
(m,2H-C(1), H-C(2), 2H-C(3), H-C(4a), H-C(5), H-C(6), H-C(8a), OH); 1.13 (d,J=725,
Me—C(2)); 0.73 (d,J=7, Me—C(6)). BC-NMR (50.3 MHz): 1324 (d,C(7)); 131.6 (d,C(8)); 137.5
(s, arom. ipso-C); 128.5, 127.89, 127.86 (3d, arom. C); 73.8, 73.6 (2t, PhCH,, BnOCH,); 67.4 (d, C(4)); 43.6
(d, C(4a));39.2,37.6 (2t,C(1), C(3)); 38.9, 33.9, 30.2, 27.3 (4d, C(2), C(5), C(6), C(8a)); 21.2 (¢, Me—C(2));
15.8 (g, Me—C(6)). Anal. calc. for C,y)Hx0, (300.4): C 79.97, H 9.39; found: C 80.15, H 9.56.

(2a,4a,4af3,56,6p,8ac.)-1,2,3,4,4a,5,6,8a-Octahydro-5-(hydroxymethyl)-2,6-dimethylnaphthalen-4-ol (1). To
a soln. of Li (5 mg, 0.7 mmol) in lig. NH; (2 ml) at —78°, a soln. of 15 (20 mg, 0.066 mmol) in THF (5 ml) was
added. After stirring at —78° for 2 h, the mixture was treated with solid NH,Cl and warmed to r.t. The residue
was extracted with Et,0 (4 x Sml), the combined org. extracts were washed with brine (10 ml), dried
(Na,SO,), and concentrated. The crude product was purified on silica gel (hexane/AcOEt 4:1) to yield 1
(12 mg, 94%). Colorless solid. M.p. 119-121° ([9d]: 118-120°). All spectroscopic data correspond to those
reported in [9a][9b][9d]. IR (neat): 3550-3150 (O—H); 3050 (=C—H); 2950-2850 (C—H); 1460 (C=C).
'"H-NMR (300 MHz): 5.55 (ddd, J =3, 5, 10, H—C(7)); 5.39 (br.d,J =10, H—C(8)); 4.21 (¢,J =3, H—C(4));
3.75 (t,J=10,1H, CH,0H); 3.65 (dd,J =3, 10, 1 H, CH,OH); 2.90 (br.s,2 OH); 2.56-2.45 (m, H—C(8a));
243-2.34 (m,H-C(6)); 2.10-1.95 (m,H-C(2), H-C(5)); 1.88-1.70 (m,2H—-C(3)); 1.63-153 (m,
H,,—C(1)); 1.30 (td,J=5, 13, H,—C(1)); 1.24-1.15 (partially obscured m, H—C(4a)); 121 (d,J=175,
Me—C(2)); 0.81 (d,J=7, Me—C(6)). *C-NMR (75.5 MHz): 132.1 (d, C(7)); 132.0 (d, C(8)); 67.9 (d, C(4));
65.3 (t, CH,OH); 43.1 (d, C(4a)); 41.0 (d, C(2)); 38.9 (z, C(1)); 38.1 (¢, C(3)); 33.8 (d, C(6)); 30.3 (d, C(8a));
27.1 (d, C(5)); 21.2 (g, Me—C(2)); 15.7 (g, Me—C(6)). Anal. calc. for C;H,,0, (192.2): C74.25, H 10.54;
found: C 74.33, H 10.67.

REFERENCES

[1] J. Schnaubelt, Dissertation, Technische Universitdt Dresden, 1995.

[2] a) A.Endo, M. Kuroda, Y. Tsujita, J. Antibiot. 1976, 29, 1346; A.G.Brown, T. C.Smale, T.J. King,
R. Hasenkamp, R. H. Thompson, J. Chem. Soc., Perkin Trans. 1 1976, 1165; b) A. Endo, J. Antibiot. 1979,
32, 852; A. Endo, J. Antibiot. 1980, 33, 334; A. W. Alberts, J. Chen, G. W. Kuron, V. M. Hunt, J. W. Huff,
C. H. Hoffman, J. Rothrock, M. B. Lopez, H.Joshua, E.E.Harris, A.A. Patchett, R.L. Monaghan,



676 HELVETICA CHIMICA ACTA — Vol. 82 (1999)

S. A. Currie, E. O. Stapley, G. Albers-Schoenberg, O.D. Hensens, J. M. Hirshfield, K. H. Hoogsteen,
J. M. Liesch, J. P. Springer, Proc. Natl. Acad. Sci. U.S.A. 1980, 77,3957; ¢) Y. K. T. Lam, V. P. Goegelman,
D.Jorn, L. Huang, C.DeRiso, R.L.Monaghan, I. Putter, J. Antibiot. 1981, 34, 614; d) G. Albers-
Schoenberg, H. Joshua, M. B. Lopez, O. D. Hensens, J. P. Springer, J. Chen, S. Ostrove, C. H. Hoffman,
A. W. Alberts, A. A. Patchett, J. Antibiot. 1981, 34, 507.

[3] A.Endo, J. Med. Chem. 1985, 28, 401; A. Endo, K. Hasumi, Nat. Prod. Rep. 1993, 10, 541.

[4] a) D.L.J. Clive, C. Zhang, J. Org. Chem. 1992, 57, 1413; G. E. Stokker, J. Org. Chem. 1994, 59, 5983;
N. Turabi, R. A. DiPietro, S. Mantha, C. Ciosek, L. Rich, J.-I. Tu, Bioorg. Med. Chem. 1995, 3, 1479;
G. M. Coppola, R. E. Damon, H. Yu, R. G. Engstrom, Bioorg. Med. Chem. Lett. 1997, 7, 549; b) C. Chan,
E. J. Bailey, C. D. Hartley, D. F. Hayman, J. L. Hutson, G. G. A. Inglis, P. S. Jones, S. E. Keeling, B. E. Kirk,
R. B. Lamont, M. G. Lester, J. M. Pritchard, B. C. Ross, J. J. Scicinski, S.J. Spooner, G. Smith, I. P. Stee-
ples, N. S. Watson, J. Med. Chem. 1993, 36, 3646; P. J. Connolly, C. D. Westin, D. A. Loughney, L. K. Minor,
J. Med. Chem. 1993, 36, 3674; M. Watanabe, H. Koike, T. Ishiba, T. Okada, S. Seo, K. Hirai, Bioorg. Med.
Chem. 1997, 5, 437.

[5] a) N. Serizawa, K. Nakagawa, K. Hamano, Y. Tsujita, A. Terahara, H. Kuwano, J. Antibiot. 1983, 36, 604;
N. Serizawa, S. Serizawa, K. Nakagawa, K. Furuya, T. Okazaki, A. Terahara, ibid. 1983, 36, 887, b) W. F.
Hoffman, A. W. Alberts, P. S. Anderson, J. S. Chen, R. L. Smith, A. K. Willard, J. Med. Chem. 1986, 29, 849.

[6] a) T. Rosen, C.H. Heathcock, Tetrahedron 1986, 42, 4909; b) D. Lawrence, J. Clive, K. S. K. Murthy,

A. G. H. Wee, J. S. Prasad, G. V.J. da Silva, M. Majewski, P. C. Anderson in ‘Studies in Natural Products

Chemistry’, Ed. Atta-ur-Rahman, Elsevier, Amsterdam, 1992, Vol. 11, p.335. c) Y. Chapleur, ‘The

Chemistry and Total Synthesis of Mevinic Acids’ in ‘Recent Progress in the Chemical Synthesis of

Antibiotics and Related Microbial Products’, Ed. G. Lukacs, Springer, New York, 1993, Vol. 2, p. 829.

a) H. Hagiwara, M. Kon-no, T. Nakano, H. Uda, J. Chem. Soc., Perkin Trans. 1 1995,777;b) D. L. J. Clive,

K. S. K. Murthy, A. G. H. Wee, J. S. Prasad, G. V.J. da Silva, M. Majewski, P. C. Anderson, C. F. Evans,

R. D. Haugen, L. D. Heerze, J. R. Barrie, J. Am. Chem. Soc. 1990, 112, 3018; c) H. Hagiwara, M. Kon-no,

T. Nakano, H. Uda, J. Chem. Soc., Perkin Trans. 1 1994, 2417; S. Nagashima, T. Taishi, K. Kanematsu,

Heterocycles 1994, 39, 55; d) S. Hanessian, P. J. Roy, M. Petrini, P. J. Hotges, R. Fabio, G. Cargarnico, J.

Org. Chem. 1990, 55, 5766.

[8] a) A. R. Daniewski, P. M. Wovkulich, M. R. Uskokovic, J. Org. Chem. 1992, 57, 7133; b) H. Hagiwara,
M. Kon-no, H. Uda, J. Chem. Soc., Chem. Commun. 1992, 866.

[9] a) S.J. Hecker, C. H. Heathcock, J. Org. Chem. 1985, 50, 5159; b) S. J. Hecker, C. H. Heathcock, J. Am.
Chem. Soc. 1986, 108, 4586; c) G. E. Keck, D. F. Kachensky, J. Org. Chem. 1986, 51, 2487; d) K. Narasaka,
M. Saitou, N.Iwasawa, Tetrahedron: Asymmetry 1991, 2, 1305; e¢) C. M. Blackwell, A.H. Davidson,
S. B. Launchbury, C. N. Lewis, E. M. Morrice, M. M. Reeve, J. A. R. Roffey, A.S. Tipping, R. S. Todd, J.
Org. Chem. 1992, 57, 5596; f) Y. Araki, T. Konoike, J. Org. Chem. 1997, 62, 5299.

[10] D.J. Witter, J. C. Vederas, J. Org. Chem. 1996, 61, 2613.

[11] a) W.R. Roush in ‘Comprehensive Organic Synthesis’, Eds.: B. M. Trost, I. Fleming, Pergamon Press,
Oxford, 1991, Vol. 5, p. 513; b) W. R. Roush, ‘Advances in Cycloaddition’, JAI Press Inc., 1990, Vol. 2,
p-91; c¢) D. Craig, Chem. Soc. Rev. 1987, 16, 187; d) D. Craig in ‘Stereoselective Synthesis/Methods of
Organic Chemistry’, Eds.: G. Helmchen, R. W. Hoffmann, J. Mulzer, E.Schaumann, Georg Thieme
Verlag, 1995, Vol. E 21c, pp. 2872.

[12] J. Schnaubelt, H.-U. Reissig, Synlett 1995, 452 —454.

[13] B. Frey, J. Schnaubelt, H.-U. Reissig, Eur. J. Org. Chem, in press.

[14] K. Mori, Tetrahedron 1974, 30, 3807.

[15] A. Gossauer, K. Suhl, Helv. Chim. Acta 1976, 59, 1698.

[16] N. E. Searle, Org. Synth. Coll., Vol. IV 1963, 424.

[17] P. Cazeau, F. Duboudin, F. Moulines, O. Babot, J. Dunogues, Tetrahedron 1987, 43, 2089 —2100.

[18] a) E.Kunkel, I Reichelt, H.-U. Reissig, Liebigs Ann. Chem. 1984, 512; b) R.Zschiesche, B.Frey,
E. Grimm, H.-U. Reissig, Chem. Ber. 1990, 123, 363; c) J. Schnaubelt, R. Zschiesche, H.-U. Reissig,
H. J. Lindner, J. Richter, Liebigs Ann. Chem. 1993, 61.

[19] E. Kunkel, I. Reichelt, H.-U. Reissig, Liebigs Ann. Chem. 1984, 802.

[20] B. Frey, J. Schnaubelt, H.-U. Reissig, Eur. J. Org. Chem, in press.

[21] B. Frey, S. Hiinig, M. Koch, H.-U. Reissig, Synlett 1991, 854.

[22] K. Maruoka, H. Imoto, H. Yamamoto, J. Am. Chem. Soc. 1994, 116, 12115.

[23] B. Frey, H.-U. Reissig, J. Prakt. Chem. 1999, 341, 173.

(7

—

Received January 28, 1999



