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Abstract

A tandem aldol condensation — Diels-Alder cyclo#iddi process is developed to combine
isophorone (3,5,5-trimethyl-2-cyclohexen-1-onepnaatic aldehydes, and methyl acrylate in an
efficient stereoselective one-pot synthesis of yid&@R,39)-rel-3-aryl-1,2,3,4,5,6,7,8-octahydro-
6,6-dimethyl-8-ox0-2-naphthalenecarboxylates ugnage quantities of ammonium ions under
aqueous conditions. Alternatively, the respectivajegated dienes which are formed situ
from the condensation of isophorone with the aldelsycan also react with methyl acrylate in a
stepwise fashion leading to the same products.

Keywords: Tandem reaction, organocatalysiklol condensation, Diels—Alder reaction,
stereoselectivity

Introduction

The 4+2 Diels-Alder (DA) reactidris one of the most widely used organic transforomat in
synthetic organic chemis¥ since it has the potential to construct a six-memb ring via
simultaneous formation of two carbon-carbon bordsaddition, the reaction can lead to the
creation of up to four stereogenic centers withdjtable stereoselectivity in a one step
operatio® Numerous studies are reported in recent yearsneittta the reactivity and the
selectivity features of DA cycloadditions by usictujral catalystS;” enantioselective reagerits
temporarily tethered reactarifs:* and self-assembled systets® These approaches and use of
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intramolecular and transannular variants of thetrea have led to the preparation of natural
product moleculé$ > and complex polycyclic systems.

Within the framework of our studies on the aldaindensation reactidh'® and its
application in tandem process@sye reported the synthesis of a series of 3-s@agyclohex-1-
ones3,%° obtained from the condensation bfwith 2 (Scheme 1). These dienes were then
examined for their DA activity* and were further studied in a one-pot aldol cosdéan - DA
process to construct the octahydronaphthalenetstasc directly. However, the results were
limited to the reactions with doubly activated diphiles, and singly activated dienophiles such
as methyl acrylate4] could react only under stepwise conditiéh#n continuation, we would
like to report here the application of this stratég the reactions of, which cycloadds tm situ
formed dienes, solely producingis-octahydronaphthalene type cycloaddug{&cheme 1), a
structural unit which is found in several naturadgucts and perfumés Reactions take place in
agueous medium using catalytic quantities of a Eramine.
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Scheme 10ne-pot and stepwise pathways for the syntheds of

Results and Discussion

We optimized the conditions by examining the reacof 1 with 2,6-dichlorobenzaldehyd@4)
and methyl acrylated], as shown in Table 1. The progress of the reaetias monitored by GC
experiments. In the presence of water and catadytantities of diethylamine, the intermediate
diene was formedh situ. Addition of methyl acrylate4) and dilute HCI to the mixture led to
75% formation oftis 5a after 11 h (entry 1). Use of different quantittddhe amine showed that
25 mol% would be the optimum amounts (entries 2M)en the reaction was conducted in the
absence of water (entry 5), hydrochloric acid (el or the amine (entry 7), either no product
was obtained or the reaction progress was not derable. Without water or HCI, only the
formation of the intermediate was noticed, whiletire absence of the amine, no reaction
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occurred. Use of other amines also led to the foomaf 5a, but in lower quantities (entries 8-
10). These results showed that the optimum comdit{@ntry 1) could be employed to explore
the one-pot combination of the three reactantstess octahydronaphthalene derivatives of type
5 directly.

Table 1. Optimization of the one-pot reaction for the swsdiis of5a Ar = 2,4-dichlorophenyl

Entry Medium Amine (mol%) Time (h) Yield (%)
1 H,O/HCI EtNH (25) 10 75
2 H,O/HCI E&NH (15) 10 50
3 H,O/HCI EtNH (5) 10 30
4 H,O/HCI EtNH (50) 10 77
5 HCI EtNH (25) 24 0
6 H.O EtNH (25) 24 <5
7 H,O/HCI - 24 0
8 H,O/HCI EGN (25) 10 55
9 H,O/HCI Pyrrolidine (25) 10 48
10 HO NH4CI (25) 10 15

2 yields determined by GC.

To show the generality of the procedure, the optmconditions (Table 1, entry 1) were
used to conduct the reactions with other aldehydeble 2). Therefore, the same process with
aldehydes bearing electron withdrawing (entrie9 &l electron releasing (entries 7-10) groups
proceeded within comparable time periods. Similaalysubstituted homocyclic (entry 11) and
heterocyclic aromatic aldehydes (entry 12) gavaltegqually well.

In all cases formation of a single DA product vehserved. The structure of these products
was assigned based on thgir NMR spectra. The H-2 and H-3 signals appearabatt 3 and
3.5 ppm, respectively. These two vicinal protonkileited a "mediumJy.4 of about 5-6 Hz.
This coupling constant is proportional with tlemdo stereocisomer as opposed to téeo
structure, which is expected to show a lafggr. In order to confirm the suggesteid structure
for the adducts, a single crystal@fwas prepared and analyzed by X-ray crystallograpisyit
is clear from Figure 1, migration of the double daio the more stable doubly endocyclic
position and the relative configuration of the tadjacent stereogenic centers correspond to the
suggested structures in Table 2.
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Figure 1. Asymmetric unit ofsl. Displacement ellipsoids at 30% probability level.

Table 2.H,O/ELNH catalyzed one-pot synthesis of compoubds

Entry  Product Ar ir2 and5 Reaction time (h) Yield of 5 (%)*
1 5a 2,6-dichlorophenyl 11 75
2 5b 4-bromophenyl 11 75
3 5c 3-bromophenyl 12 77
4 5d 3-nitrophenyl 8 73
5 5e 3-methoxyphenyl 8 75
6 5f 3,5-dimethoxyphenyl 10 87
7 59 4-methoxyphenyl 9 82
8 5h 3-methylphenyl 10 78
9 5?2 4-methylphenyl 8 82
10 5j 2,4-dimethylphenyl 10 80
11 5k phenyl 10 81
12 5l 2-thienyl 8 85

%lsolated yields.

Based on these results, a mechanism (Scheme 2beauggested for the process. The
starting enond is first deprotonated by the amine organocatdtygfive the respective enolate.
The enolate is then added to the aldehd® produce the aldol intermediate, which after
dehydration gives the dierde TLC and GC experiments prove the formation of ttiene prior
to addition of methyl acrylatet). Finally addition of the dienophiléto the reaction mixture led
to the formation of the DA adduct, which spontarspusomerizes to the final produbtby
rearranging the double bond to the more stable Igjoebdocyclic position. To support the
suggested mechanism, intermedidteas prepared separately (for Ar sHg, 4-CHCgH,4, and
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4-CH;OCsH,4), by addition ofl to the aldehydes, and subjected to react wWiih a parallel
experiment to obtaib.
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Scheme 2A suggested mechanism for the synthesis of me#R/BE)-rel-3-aryl-
1,2,3,4,5,6,7,8-octahydro-6,6-dimethyl-8-oxo-2-rithplenecarboxylates

Conclusions

In summary, we have developed an efficient and gémme-pot protocol for the synthesis of
various methyl (R,39-rel-3-aryl-1,2,3,4,5,6,7,8-octahydro-6,6-dimethyl-8oeX-
naphthalenecarboxylat&s Under agueous conditions and in the presencatafytic quantities

of EtLNH, a three-component process takes place andntiséu formed diene3 reacts with
methyl acrylate4) to form the final products. The development of the process by using more
diverse dienes and dienophiles is under furthatystu

Experimental Section

General. Reactions were monitored by TLC using silica-gelated plates and ethyl
acetate/hexanes mixtures as the mobile phase.ndghnints are uncorrected. FT-IR spectra
were recorded using KBr disks on a Bruker Vectoiffeared spectrometer and absorptions are
reported as wave numbers (n'H NMR and*C NMR spectra were obtained in CRCI
solutions and the chemical shifts are expressedl wsts with MgSi as the internal standard.
Mass spectra were obtained on a Finnigan MAT 84@uatus at ionization potential of 70 eV.
Elemental analyses were performed using a Thermaidgan Flash EA 1112 instrument. All
reagents were purchased from commercial sourcesvarelfreshly used after being purified by
standard procedures. New produd&-h,j-l were characterized based on their spectral and
physical data.
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Typical Procedure for the Synthesis of Methyl (R,3S)-rel-3-Aryl-1,2,3,4,5,6,7,8-octahydro-
6,6-dimethyl-8-oxo-2-naphthalenecarboxylates 5A mixture of enonel (276 mg, 2.0 mmol),
an aldehyde (2.0 mmol), water (2.0 mL), angNEt (52 uL, 0.5 mmol, 0.25 mol%) was stirred
at 40°C for 1-2 h, until TLC showed the starting matesiare converted to the intermediate
diene3. To this mixture were addeti(543uL, 6.0 mmol) and HCI (0.01 M, 2 mL) and stirring
was continued for another 6-10 h. At this point,CTkhowed complete disappearance of the
starting materials and the intermediate. The métwas diluted by EtOAc (5 mL) and washed
sequentially with saturated NaHG@nd brine solutions. The organic layer was driedro
NaSO; and the volatile portion was evaporated under cedupressure. The residue was
fractionated by column chromatography using EtOAx#nes mixture (1:3) as the eluent to
obtain the final produch. All products were obtained as white crystalseafecrystallization
from ethyl acetate).

Methyl (2R,39)-rel-3-(2,6-Dichlorophenyl)-1,2,3,4,5,6,7,8-octahydro;6-dimethyl-8-oxo-2-
naphthalenecarboxylate(5a). Mp 156-157 °C*H NMR (400 MHz)& 1.09 [s, 6H, (CH),-6],
2.20-2.66 (m, 3H), 2.32 (s, 2H), 2.48-2.53 (m, 1MJ0 (d,J 18.0 Hz, 1H), and 3.09 (dd,3.5,
6.5 Hz, 1H) (H-1,4,5,7) 3.57 (s, 3H, COOGH 3.75-3.83 (m, 1H, H-2), 4.00 (ddd 3.5, 4.0,
12.5 Hz, 1H, H-3), 7.12 (1] 8.0 Hz, 1H, H-4"), 7.31 (d] 8.0 Hz, 2H, H-3'5") ppm-*C NMR
(100 MHz) 6 26.1, 26.7, and 29.7 [C-1, (G)#6], 31.9 (C-4), 33.4 (C-6), 39.9 (C-3), 41.2 and
45.4 (C-2,5), 51.4 and 51.9 (C-7 and COQJ;H28.2 and 128.4 (C-1'4"), 129.6 and 130.0 (C-
3',5',8a), 136.3 (C-2',6"), 154.0 (C-4a), 173.8 (W), 198.8 (C-8) ppm. IR 1735, 1655, 1433
cmt. MS m/z(%) 382 (7), 380 (M 11), 319 (100), 263 (75), 165 (22), 91 (17). AiZdlcd for
C20H22C|2031 C, 63.00; H, 5.82. Found: C, 63.21; H, 6.15 %.

Methyl (2R,39)-rel-3-(4-Bromophenyl)-1,2,3,4,5,6,7,8-octahydro-6,6-tlethyl-8-oxo0-2-
naphthalenecarboxylate(5b). Mp. 117-118 °C*H NMR (250 MHz)5 1.06 (s, 3H) and 1.08 (s,
3H) [(CH3)2-6], 2.26 (s, 2H) and 2.33 (s, 2H)8,7), 2.44-2.47 (m, 1H) and 2.63-2.76 (m, 3H)
(H2-1,4), 2.96 (dddJ 2.0, 5.5, 9.5 Hz, 1H, H-2), 3.40 (ddl5.5, 9.5 Hz, 1H, H-3), 3.55 (s, 3H,
COOCH), 7.00 (d,J 8.5 Hz, 2H, H-2',6"), 7.37 (d} 8.5 Hz, 2H, H-3"5) ppm-C NMR (62.5
MHz) 6 22.3 (C-1), 28.1 and 28.5 [(G)Z-6], 33.3 and 36.0 (C-4,6), 39.4 (C-5), 43.4 andlL45
(C-2,3), 51.3 and 51.5 (C-7, COOgH120.8 (C-4"), 129.1, 129.3, and 131.5 (C-2"8",Ba),
140.7 (C-1, 153.4 (C-4a), 173.5 (COOgHL98.4 (C-8) ppm. IR 1737, 1657, 1440°tnMS
m/z (%) 392 (23), 390 (M 23), 331 (100), 275 (50), 251 (20), 175 (12). lAr@alcd for
Ca0H23BrOs: C, 61.39; H, 5.92. Found: C, 61.66; H, 6.01 %.

Methyl (2R,39)-rel-3-(3-Bromophenyl)-1,2,3,4,5,6,7,8-octahydro-6,6-tlethyl-8-0x0-2-
naphthalenecarboxylate(5c). Mp. 139-140 °C*H NMR (300 MHz)8 1.01 (s, 3H) and 1.03 (s,
3H) [(CHg)2-6], 2.21 (s, 2H) and 2.26 (s, 2H)£8,7), 2.33-2.39 (m, 1H) and 2.53-2.63 (m, 3H)
(H2-1,4), 2.90 (dddJ 2.0, 6.5, 12.0 Hz, 1H, H-2), 3.37 (dbl5.5, 10.0 Hz, 1H, H-3), 3.50 (s, 3H,
COOCH), 6.98 (d,J 7.5 Hz, 1H, H-6", 7.09 (dd] 7.0, 7.5 Hz, 1H, H-5'), 7.20 (s, 1H, H-2,
7.27 (d,J 7.0 Hz, 1H, H-4") ppmt*C NMR (75 MHz)$ 22.1 (C-1), 27.6 and 28.5 [(G}4-6],
33.0 and 35.6 (C-4,6), 39.5, 43.2, and 44.8 (C52,%1.1 and 51.2 (C-7, COOGKI122.2 (C-
3), 125.7 (C-6"), 128.7, 129.7, 130.0, and 13C4'(4',5',8a), 143.8 (C-1), 152.9 (C-4a), 173.1
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(COOCH;), 198.0 (C-8) ppm. IR 1732, 1656, 1446°tnMS m/z (%) 392 (60), 390 (M 62),
332 (100), 276 (52), 175 (22), 115 (9), 91 (15)aArCalcd for GeH23BrOs: C, 61.39; H, 5.92.
Found: C, 61.53; H, 5.96 %.

Methyl (2R,39)-rel-1,2,3,4,5,6,7,8-Octahydro-6,6-dimethyl-3-(3-nitropenyl)-8-oxo-2-
naphthalenecarboxylate(5d). Mp. 113-114 °C*H NMR (250 MHz)3 1.09 (s, 3H) and 1.12 (s,
3H) [(CHs)2-6], 2.30 (s, 2H, K#5), 2.36 (s, 2H, K7), 2.42-2.48 (m, 1H), 2.66-2.70 (m, 1H), and
2.71-2.81 (m, 2H) (kt1,4), 3.00-3.07 (m, 1H, H-2), 3.53-3.56 (m, 1H,34-3.58 (s, 3H,
COOCH), 7.45-7.47 (m, 2H, H-5',6"), 8.02 (s, 1H, H-8)05-8.13 (m, 1H, H-4") ppmC NMR
(62.5 MHz)$ 22.3 (C-1), 27.9 and 28.7 [(G)#6], 33.3 (C-4), 35.7 (C-6), 39.6, 43.4, and 45.1
(C-2,3,5), 51.3 and 51.7 (C-7, COOgH122.2 and 122.6 (C-2',4"), 129.2, 129.4, and& 83-
5'6'.8a), 143.7 (C-1"), 148.5 (C-3"), 152.7 (C;44)3.1 (COOCH), 198.4 (C-8) ppm. IR 1733,
1657, 1528, 1352 ch MS m/z (%) 357 (M, 8), 339 (100), 279 (30), 241 (7). Anal. Calcd for
Ca0H23NOs: C, 67.21; H, 6.49. Found: C, 67.33; H, 6.40 %.

Methyl  (2R,39)-rd-1,2,3,4,5,6,7,8-Octahydro-3-(3-methoxyphenyl)-6 @dimethyl-8-oxo-2-
naphthalenecarboxylate(5¢). Mp. 103-104 °C'*H NMR (250 MHz)$ 1.06 (s, 3H) and 1.09 (s,
3H) [(CHs)2-6], 2.26 (s, 2H, K5), 2.30 (s, 2H, K7), 2.39-2.43 (m1H), 2.58-2.65 (m, 2H), and
2.70-2.73 (m, 1H) (kt1,4), 2.93-3.00 (m, 1H, H-2), 3.37-3.44 (m, 1H,3H-3.56 (s, 3H,
COOCH), 3.79 (s, 3H, OCHK3), 6.56-6.69 (m, 2H) and 6.77 (dU3.0, 8.5 Hz, 1H) (H-2',4',6"),
7.17 (t,J 8.5 Hz, 1H, H-5") pprtC NMR (62.5 MHz)5 22.4 (C-1), 28.1 and 28.6 [(G}-6],
33.2 and 36.2 (C-4,6), 40.0 (C-5), 43.6 and 45.2%), 51.4 (C-7), 55.1 (COOGH 67.0
(OCH;-3Y), 112.0 (C-4"), 113.6 (C-2"), 119.8 (C-6"), 2and 129.3 (C-5',8a), 143.3 (C-1"), 153.7
(C-4a), 159.6 (C-3"), 173.7 (COOG}H198.5 (C-8) ppm. IR 1732, 1664, 1596 trMS m/z (%)
342 (M', 12), 310 (12), 281 (100), 226 (38), 121 (12). IAalcd for GiH2¢04: C, 73.66; H,
7.65. Found: C, 73.85; H, 7.93 %.

Methyl (2R,39)-rel-1,2,3,4,5,6,7,8-Octahydro-3-(3,5-dimethoxypheny§;6-dimethyl-8-oxo-
2-naphthalenecarboxylate(5f). Mp. 110-111 °C*H NMR (250 MHz)$ 1.07 (s, 3H) and 1.09
(s, 3H) [(CH)2-6], 2.26 (s, 2H, K5), 2.32 (s, 2H, K7), 2.41-2.50 (m, 1H), 2.59-2.65 (m, 2H),
and 2.77 (ddJ 5.5, 19.0 Hz, 1H) (k1,4), 2.94-2.99 (m, 1H, H-2), 3.38 (ddb2.0, 6.0, 8.0 Hz,
1H, H-3), 3.58 (s, 3H, COOGH 3.78 (s, 6H, OCEi3',5), 6.26 (dJ 2.5 Hz, 2H, H-2',6"), 6.33
(t, J 2.5 Hz, 1H, H-4") ppm-*C NMR (62.5 MHz)5 22.4 (C-1), 28.0 and 28.6 [(G}46], 33.3
and 36.2 (C-4,6), 40.3 (C-5), 43.6 and 45.2 (C;53)4 and 51.5 (C-7, CQOGKI55.2 (OCH-
35", 98.6 (C-4"), 105.8 (C-2',6"), 129.1 (C-884.1 (C-1), 153.7 (C-4a), 160.7 (C-3')5), 174.0
(COOCH), 198.6 (C-8) ppm. M3n/z (%) 372 (M, 25), 311 (100), 255 (36), 151 (12). Anal.
Calcd for GoH280s: C, 70.94; H, 7.58. Found: C, 70.69; H, 7.41 %.

Methyl (2R,39)-rel-1,2,3,4,5,6,7,8-Octahydro-3-(4-methoxyphenyl)-6 dimethyl-8-oxo-2-
naphthalenecarboxylate(5g). Mp. 120-121 °C*H NMR (300 MHz)3 1.02 (s, 3H) and 1.05 (s,
3H) [(CHs)2-6], 2.24 (s, 2H, k5), 2.28 (s, 2H, K7), 2.39-2.50 (m, 2H) and 2.58-2.65 (m, 2H)
(H2-1,4), 2.85-2.90 (m, 1H, H-2), 3.36-3.39 (m, 1H3H-3.51 (s, 3H, COOCH\, 3.73 (s, 3H,
OCHs-4"), 6.75 (d,J 8.5 Hz, 2H, H-3',5"), 6.97 (dl 8.5 Hz, 2H, H-2'6") ppm-*C NMR (75
MHz) § 21.8 (C-1), 27.9 and 28.3 [(G}Z-6], 33.0 and 36.3 (C-4,6), 39.0 (C-5), 43.5 an®®44
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(C-2,3), 51.0 (C-7), 54.9 and 55.0 (COOLKCH-4"), 113.5 (C-3',5), 128.3 and 128.7 (C-
2'6'.8a), 133.5 (C-1", 153.6 (C-4a), 173.6 (C-474.6 (COOCH), 198.2 (C-8) ppm. IR 1732,
1656, 1444 cM. MS m/z (%) 342 (M, 75), 282 (100), 226 (50), 175 (45), 121 (56),(92).
Anal. Calcd for GiH2604: C, 73.66; H, 7.65. Found: C, 73.76; H, 7.81 %.

Methyl (2R,39)-rd-1,2,3,4,5,6,7,8-Octahydro-6,6-dimethyl-3-(3-methghenyl)-8-oxo-2-
naphthalenecarboxylate(5h). Mp. 99-100 °C'H NMR (400 MHz)§ 1.07 (s, 3H) and 1.09 (s,
3H) [(CHs)2-6], 2.26 (s, 2H, K5), 2.30 (s, 3H, CH3"), 2.33 (s, 2H, K7), 2.40-2.43 (m, 1H),
2.50-2.59 (m, 2H), and 2.74 (d#16.0, 18.5 Hz, 1H) (k1,4), 2.96-3.07 (m, 1H, H-2), 3.37 (ddd,
J 2.5, 6.0, 10.0 Hz, 1H, H-3), 3.54 (s, 3H, COOLH.88 (d,J 8.5 Hz, 1H, H-4"), 6.90 (s, 1H,
H-27), 7.03 (dJ 8.5 Hz, 1H, H-6", 7.15 (1] 7.5 Hz, 1H, H-5") ppn*C NMR (100 MHz)s 21.5
(CHs-3"), 22.5 (C-1), 27.8 and 28.8 [(G}#6], 33.3 and 36.1 (C-4,6), 40.0 (C-5), 43.7 and245
(C-2,3), 51.3 and 51.4 (C-7, COOgH 124.4 (C-6"), 127.7, 128.3, 128.4, and 129.1 (C-
2'4'5'8a), 137.9 and 141.7 (C-1',3"), 153.8 &}5-473.8 (COOC}), 198.5 (C-8) ppm. IR 1723,
1661, 1454 ci. MS m/z (%) 326 (M, 12), 265 (100), 210 (60), 105 (20). Anal. Calcd f
Cx1H2603: C, 77.27; H, 8.03. Found: C, 77.25; H, 8.11 %.

Methyl (2R,39)-rd-1,2,3,4,5,6,7,8-Octahydro-6,6-dimethyl-3-(2,4-dintieylphenyl)-8-oxo-2-
naphthalenecarboxylate(5j). Mp. 103-104 °C*H NMR (300 MHz)5 1.07 (s, 3H) and 1.08 (s,
3H) [(CHs)-6], 2.25 (s, 2H, K5), 2.29 (s, 3H) and 2.30 (s, 3H) (¢#,4"), 2.33 (s, 2H, K7),
2.51 (dd,J4.5, 18.5 Hz, 1H), 2.77 (dd,4.0, 18.5 Hz, 1H), 2.97-3.02 (m, 2H), and 3.36-3%5
2H) (Ho-1,4,H-2,3), 3.48 (s, 3H, COOGH 6.95-7.04 (m, 3H, H-3'5'6") pptiC NMR (75
MHz) 5 19.3 (CH-2", 20.8 (CH-4"), 25.1 (C-1), 27.2 and 29.2 [(Gkt6], 33.3, 34.7, and 35.6
(C-3,4,6), 41.9 (C-5), 45.3 (C-2), 51.1 and 51.4/(COQCH), 125.9 and 126.7 (C-5',6"), 128.2
(C-3), 131.5 and 135.5 (C-1',8a), 136.1 and 1362'4"), 154.7 (C-4a), 173.9 (COOgH
198.7 (C-8) ppm. IR 1732, 1649, 1501°trMS m/z(%) 340 (M, 68), 339 (100), 264 (68), 175
(38), 119 (62). Anal. Calcd forgH»g05: C, 77.61; H, 8.29. Found: C, 77.51; H, 8.26 %.
Methyl (2R,39)-rd-1,2,3,4,5,6,7,8-Octahydro-6,6-dimethyl-8-o0xo-3-phgl-2-
naphthalenecarboxylate(5k). Mp. 90-91 °C*H NMR (300 MHz)$ 1.06 (s, 3H) and 1.09 (s,
3H) [(CHg)2-6], 2.26 (s, 2H, K5), 2.33 (s, 2H, K7), 2.38-2.46 (m, 1H), 2.58-2.62 (m, 1H),
2.66 (dd,J 6.0, 11.0 Hz, 1H), and 2.73 (d#i6.0, 11.0 Hz, 1H) (kK1,4), 2.93-2.99 (m, 1H, H-2),
3.44 (dd,J 6.0, 10.0 Hz, 1H, H-3), 3.54 (s, 3H, COOgH7.09 (d,J 6.5 Hz, 2H) and 7.20-7.28
(m, 3H) (H-2'-6") ppm**C NMR (75 MHz)$ 22.2 (C-1), 28.0 and 28.4 [(G}#-6], 33.1 and 36.1
(C-4,6), 39.9 (C-5), 43.6 and 45.1 (C-2,3), 51.9 &i.3 (C-7, COQC}H), 126.9, 127.4, 128.3,
and 129.1 (C-2'-6',8a), 141.6 (C-1"), 153.6 (C-4d8.6 (COOCH), 198.4 (C-8) ppm. IR 1732,
1697, 1444 cm. MS m/z (%) 312 (M, 65), 252 (100), 196 (55), 115 (8), 91 (24). Ar@dlicd
for CyoH2405: C, 76.89; H, 7.74. Found: C, 77.01; H, 7.88 %.

Methyl (2R,39)-rel-1,2,3,4,5,6,7,8-Octahydro-6,6-dimethyl-8-oxo-3-({Rienyl)-2-
naphthalenecarboxylate(5l). Mp. 115-116 °C*H NMR (500 MHz)3 1.09 (s, 3H) and 1.13 (s,
3H) [(CHs)2-6], 2.28 (s, 2H, k5), 2.33 (d,J 16.0 Hz, 2H), 2.37 (d] 16.0 Hz, 2H), 2.50-2.55
(m, 1H), 2.69-2.73 (m, 2H), and 2.68 (dd.5, 16.0 Hz, 1H) (k1,4), 3.00 (dddJ 3.5, 5.5, 10.0
Hz, 1H, H-2), 3.67 (s, 3H, COOGH 3.88 (ddJ 5.5, 10.0 Hz, 1H, H-3), 6.80 (d,3.5 Hz, 1H,
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H-3'), 6.93 (dd, 3.5, 5.0 Hz, 1H, H-4"), 7.16 (dd,1.0, 5.0 Hz, 1H, H-5") ppnt’C NMR (125
MHz) 6 21.7 (C-1), 28.3 and 28.4 [(G}+6], 33.1 and 35.6 (C-4,6), 38.0 (C-3), 43.7 (C4,2
(C-2), 51.5 and 51.6 (C-7, COOG}123.8 and 124.7 (C-3'5"), 126.5 (C-4"), 1292384),
144.1 (C-2'), 152.3 (C-4a), 173.3 (COOgH198.4 (C-8) ppm. IR 1732, 1656, 1442°trMS
m/z 318 (%) (M, 87), 258 (100), 202 (52), 175 (28), 115 (7). Ar@hlcd for GgH2,0sS: C,
67.89; H, 6.96. Found: C, 67.98; H, 7.05 %.

X-ray data for compound 5l CigH2,05S, M = 318.43 g/mol, triclinic system, space group
P2:/n, a=12.9132(6)b = 14.1858(9)¢ = 18.5594(9) Ap = 92.068(4), V = 3397.6(3)AZ = 8,

Dc = 1.245 g.crii, p(Mo-Ka) = 0.200 mrit, crystal dimension of 0.50 x 0.48 x 0.45 mm. The
structure was solved by using SHELXS. The structeftnement and data reduction were
carried out with SHELXL. The non-hydrogen atoms evexfined anisotropically by full matrix
least-squares of’ values to final R= 0.1531wR,= 0.3201 and S = 1.594 with 392 parameters
using 4132 independent reflectiohréinge = 1.96 - 29.88 Hydrogen atoms were located from
expected geometry and were not refined. Crystalggic data fobl have been deposited with
the Cambridge Crystallographic Data Centre. Copfdbe data can be obtained, free of charge,
on application to The Director, CCDC, Union Roadantbridge CB2 1EZ, UK, quoting
deposition number 1412435 (Fax: +44 1223 336038 mail: deposit@ccdc.cam.ac.uk).
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