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Mn(ll)-Mediated Radical Cyclization for A'-3-Octalone Synthesis
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An efficient and practical synthetic method &'f3-octalone, which is a versatile building block for the
syntheses of polycyclic compounds, has been developed. The dianion of ethyl acetoacetate reacts with
cyclohexene-1-carboxaldehyd8) o produce the aldol addu6t which then undergoes Mn(lll)-mediated

radical cyclization followed by acetate elimination to ghte3-octalone4. A detailed mechanistic insight of
Mn(lll)-mediated cyclization 06 has been disclosed.
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Introduction 0 0 o
E‘OJ\/LJ\ tBuoK -0 o
Cyclic unsaturated carbonyl compounds are useful build a— + FBwon COLEt
ing blocks to construct biologically active polycyclic natural @AO
productst Diels-Alder reactions of conjugated cyclohexen- 1 3 5
ones with dienes produce octalone derivativ€xtalones, 4
especiallyAl-3-octalone 1) which contains an unsaturated s'°‘”j 2 |fast
carbonyl group that is ideally disposed for the constructior o o o o
of angularly fused ring structures such as steroid, can b EO st EO
efficiently used as a dienophile in Diels-Alder reacfidiot o

many literature precedents are, however, available on thi
attractive strategy to construct angularly fused polycyclic 4
structures mainly due to the inaccessibilityMe3-octalone

(1).* Herein, we disclose an efficient and practical synthetic
method of A-3-octalone by tandem aldol reaction and
Mn(lll)-mediated radical cyclization of ethyl acetoacetate In order to circumvent this double cyclization problem
(2) and cyclohexene-1-carboxaldehyd8). (A detailed producing tricyclic compound instead of bicyclicA-3-

mechanistic insight of Mn(lll)-mediated radical cyclization octalone4, the order of the tandem cyclization reaction

Scheme 1

of the aldol addud is also described. sequence was switched. Dianion of ethyl acetoace®ite (
was first reacted with cyclohexene-1-carboxaldehleo
Results and Discussion give the aldol addu@® that was trapped by acetic anhydride

to prevent the retro aldol reaction. It was envisioned that

We initially envisaged that tandem Michael addition-aldolintramolecular allylation of-keto este6 would produce the
condensation of ethyl acetoaceta®® 4nd cyclohexene-1- desired octalone skeletdBase-promoted, Pd(0)-catalyzed
carboxaldehyde3) would produceA-3-octalone 1) upon  intramolecular allylation o6 was, however, unsuccessful
decarbethoxylation of the annulation prodti¢Scheme 1).  due to the preferablg-elimination of the intermediater
This tandem sequence has been successfully applied &lylpalladium(ll) complex giving rise to the fully conjugat-
acyclic a,-unsaturated carbonyl compounds for the efficiented dienyl3-keto este (Scheme 2).
synthesis of conjugated cyclohexenoh@&se success of the  Mn(lIl)-mediated radical cyclization of unsaturaj@éteto
above cyclization method lies on the fact that base-catalyzegster6 was thought to be an ideal strategy to syntheSize
conjugate addition of the activated methylene unit to acycli@-octalone under a non-basic condittbithis radical cycli-
a,B-unsaturated carbonyl compounds proceeds rapidly. Conjuzation reaction proceeded smoothly to give 4-carbethoxy-
gate addition of ethyl acetoacet&?ptp cyclic aldehyd8 is, A-3-octalone 4) as a major product after treatment of the
however, so sluggish comparing to the subsequent intrdnitial cyclization product, 4-acetoxy-1-carbethoxy-2-decalone
molecular aldol condensation reaction that the second conju-
gate addition of ethyl acetoaceta®® &nd intramolecular

aldol reaction sequence proceeds on the initial cyclizatiol 79 Nt o 0

product4 to give rise to the tricyclic compoubBdScheme 1). S @) NeH @/\)\/“\OE,
OAc
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o 0 O OH Mn3*
EtO 1.Mn(OAc);  EtO . 0%’ Q o o " o 0
one  2DBU Et0” T Et0” Y ----- EtO
OAc T+ OAc OAc
6 8 X - :
Scheme 3 - Mn?* ?oﬁ"g?% X “ a [for 11
(10 with DBU (Schemes 3 and 4). Further oxidation 11 6-endo i . i Re DS
product, tetrahydronaphthélandA®-3-octalone9 contain- O™ S — - FO - EO
ing a hydroxyl group at the ring junction were also obtainec OAc * OAc g OAc
as minor products. The efforts to optimize the reactior 5 < DN
condition as well as to elucidate the mechanistic detail: 11°R=OH
(Scheme 4) of the Mn(lll)-mediated radical cyclizatiorBof ]g g zglAc
keto estef are summarized in Table 1.
The desiredA’-3-octalone4 was best obtained using 3 Scheme 4

equiv of Mn(OAc}-2H0O at 80°C (entries 4 and 10).

Though the reaction was well proceeded even at 25 °Cadical center in 51% yield, which implied that no 1,3-
(entry 5), better yields were usually observed at 80 °Chydrogen shift was proceeded.

Homolysis of the Mn-O bond in Mn(lll) enolafe of 3-keto Mn(Ill) as well as Cu(ll) can oxidize the tertiary radi€al
ester6 produces Mn-free, electrophilic radical sped®&®  to the tertiary carbocatiod,'*® which would loose proton
which undergoes 6-endo radical cyclization to give tertiaryto give the octalon&. This octaloneE would produce the
radical intermediat€ (Scheme 4)? The ratio of the three aromatic tetrahydronaphthlafter elimination of the acetate
cyclization products is determined according to the radicagroup by DBU and then tautomerization. This oxidation
termination routes of the tertiary radical intermedi@te scenario, however, seemed to be a minor process even at 80
Hydrogen abstraction from solvéhtwould produce 4- °C for the production of tetrahydronaph@@l In fact, no
acetoxy-1-carbethoxy-2-decalonelQf, which gave 4- aromatic produc8 was obtained at 25 °C (entries 5, 7, and
carbethoxyA'-3-octalone 4) upon DBU treatment. A littte  9) with or without Cu(ll). The amount & was, however,
better yield of4 was observed when EtOH was used assomewhat increased at the expenséaid9 at 80 °C in the
solvent, which is known as a better hydrogen donor thapresence of Cu(ll) (compare entry 3 with 6), which indicated
AcOH (entries 4 and 13}.The possibility of 1,3-hydrogen that this oxidation process might work at higher temperature
shift as a hydrogen abstraction mechanism of the tertiaryith Cu(ll). It was not surprised that no acetoxy-substituted
radical C was checked because similar 1,5-hydrogen shifdecalonel3 was obtained in any cases, that should be
was reported in other systeiis® The radical cyclization formed through the carbocation intermedte’

reaction of 6 was thus studied with 2 equiv of  Abstraction of HO' by the tertiary radicaC would pro-
Mn(OAc)s-2H,0 in the presence of 4 equiv of Li€to give  duce the hydroxy-substituted decaldigwhich gave rise to
rise to the chloro-substituted decaldr®only at the tertiary  hydroxy-A'-3-octalone after treatmentith DBU. The source

Table 1 Mn(lll)-mediated radical cyclization reaction of unsaturgidetto este6

: i 0

Entry? Nllzr?(lél)vAg)fS Solvent Reaction temp. Additive (equiv) p vields of p;oducts ) 5
1 0.2 AcOH 80°C - 7 7 5
2 1 AcOH 80°C - 6 25 -
3 2 AcOH 80°C - 20 39
4 3 AcOH 80°C - 18 65 10
5 2 AcOH 25°C - - 44 17
6 2 AcOH 80°C Cu(OAg)2) 33 22 -
7 2 AcOH 25°C Cu(OAg)2) - 33 18
8 3 AcOH 80°C HO (3) 17 30 -
9 3 AcOH 25°C HO (3) - 34 22
10 3 EtOH 80°C - 12 71 6
1 3 THF 80°C 4A molecular sieve - 33 -
12 3 THF/HO(4 : 1) 80°C - 40 4 -

amn(lil)-mediated radical cyclization reactions were performed in 0.1 M solution of the specified solvent at 25 °C fort28iGrfar 10 h, and the
elimination of acetate was conducted by the reaction with DBU (2 equiv) in THF at 25 °C for’®@ldted yields after silica gel column
chromatographic separatidnhydrous THF was used.
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(12.1,11.4,11.2, 3.2 Hz) (12.0, 11.9, 4.9 Hz) THF, which was dried over pre-dried molecular sievd )4
?’CSO (dddd) (5241 (ddd) by microwave oven. All reactions were performed under a
HoAe o Mo dry argon atmosphere.
W& w&, Ethyl 5-acetoxy-5-cyclohexenyl-3-oxopentanoate (6)
H ) H - 85.01 (dd) To a stirred solution of ethyl acetoacetate (4.73 g, 36.3
3526 @) 05T 9 OH H @828k mmol) in THF (70 mL) was added 60% NaH (2.90 g, 72.6
(32,32,2.1Hz) 19 1 ?12%2,4(3)) mmol) at room temperature under Ar atmosphere. The
mixture was stirred for 20 min and then cooled to -78 °C. A
Scheme 5 1.6 M solution ofn-BuLi in hexanes (27.2 mL, 43.6 mmol)

was added to the mixture. The resulting mixture was stirred

of moisture could be from the wet solvent and/or hydratedor 20 min, and a solution of cyclohexene-1-carboxaldehyde
Mn(lll) reagent. Practically no differences in the product(4.00 g, 36.3 mmol) in THF was added. Stirring for 1 h at
distributions were observed by the addition of 3 equiv of-78 °C, the mixture was then treated with acetic anhydride
H.0 to the reaction medium (compare entries 3 with 8, and .45 g, 43.6 mmol). The reaction mixture was stirred at that
with 9). On the other hand, hydrated prod@ctvas not temperature for 3 h and quenched with 1 M HCI (40 mL).
obtained when dry THF was used as solvent with moleculafhe mixture was warmed up to room temperature, extracted
sieves (entry 11). An interesting result was observed when &ith ether, dried over anhydrous 188, filtered, and con-
4 : 1 mixture of THF and kD was used as solvent at 80 °C, centrated under reduced pressure. The crude product (14.6
where the aromatized produBtinstead of the hydrated g) was purified by silica gel flash chromatography eluting
product 9 was exclusively obtained (entry 12). This can with a 10% solution of EtOAc in hexanes to gé&/€9.21 g,
explain the major route for the formation of tetrahydro-32.6 mmol) in 90% vyield. Data f& *H NMR 6 1.28 (3H, t,
naphthol8 via hydroxydecalon&l. This idea was supported J=7.2 Hz), 1.42-1.75 (4H, m), 1.96-2.08 (4H, m), 2.02 (3H,
by the fact that hydrox'-3-octaloned in AcOH was quan-  s), 2.81 (1H, d of A part of ABgly = 4.5,Jas= 16.3 Hz),
titatively transformed to tetrahydronaphth®lat 80 °C.  2.95 (1H, d of B part of ABdq = 8.7,Jas= 16.3 Hz), 3.47
Furthermore, the amount of the aromatized pro8ustas  (2H, s), 4.20 (2H, qJ = 7.1 Hz), 5.55 (1H, dd]= 4.5, 8.7
increased at 80 °C by the amount of the hydrated pr&duct Hz), 5.72 (1H, br s) ppn¥3C NMR §14.0, 20.9, 21.9, 22.1,
at 25 °C (compare entries 3 with 5, and 8 with 9). 24.0, 24.6, 45.9, 49.3, 61.2, 72.9, 125.3, 134.6, 166.7, 169.7,

The stereochemistry af'-3-octalonegt and9 was assign-  199.4 ppm; IR (neat) 1743, 1649 ¢nHRMS (EI) calcd for
ed (Scheme 3) from the coupling constants of the methin€;sH,,05 282.1467, found 282.1467.
hydrogens of the initial radical cyclization produt&and Ethyl 5-cyclohexenyl-3-oxo-4-pentenoate (7Yhe mix-
11 at 25 °C, respectively (Scheme 5). It was noted that botkure of Pd(dba) (152 mg, 0.17 mmol) and PP{L74 mg,
products have trans ring junctions and that acetoxy group8.67 mmol) in DMF (20 mL) was stirred vigorously at room
take axial positions, while carbethoxy groups in equatoriatemperature for 15 min, and a solution6of940 mg, 3.33
positions. mmol) in DMF was added to the mixture. The resulting

In summary, a practical synthetic method\bB-octalone,  mixture was stirred for 30 min at that temperature, and 60%
an important building block for the synthesis of angularlyNaH (133 mg, 3.33 mmol) was added. The reaction mixture
fused polycyclic compounds, has been developed by tandemas stirred vigorously at room temperature for 5 h, diluted
aldol reaction and Mn(lll)-mediated radical cyclization of with ether, washed with 1 M HCI, dried over anhydrous
ethyl acetoacetate2 and cyclohexene-1-carboxaldehyde NaSQ,, filtered, and concentrated under reduced pressure.
(3). Detailed mechanism of the radical cyclization reactionThe crude product was purified by silica gel flash chromato-
of unsaturatedB-keto ester6 has been described. This graphy eluting with a 10% solution of EtOAc in hexanes to
method constitutes a valuable repertoire for the productiogive 7 (399 mg, 1.80 mmol) in 54% yield. Data férH
of A'-3-octalone, which otherwise required multi-step reac-NMR & 1.27 (3H, tJ=7.2 Hz), 1.60-1.75 (4H, m), 2.16-
tion sequences. This annulation process can be genera®y35 (4H, m), 2.34 (2H, s), 4.18 (2H, 3j= 7.2 Hz), 6.03
applied to any conjugated unsaturated carbonyl compounddH, br s), 6.56 (1H, d] = 16.0 Hz), 7.35 (1H, d] = 16.0
through the formation of unsaturat@eketo esters by the Hz) ppm;**C NMR §14.1, 21.9, 22.1, 24.1, 26.7, 47.3, 61.2,

aldol reaction with ethyl acetoaceta®. 122.3, 135.1, 141.5, 148.2, 167.6, 192.5 ppm; IR (neat) 1740,
1660, 1588, 1417 cth HRMS (El) calcd for GHis03
Experimental Section 222.1256, found 222.1258.

General procedure for Mn(lll)-mediated radical cycli-
General *H (300 MHz) and®C NMR (75.5 MHz) spectra  zation. To a stirred solution of unsaturatBdketo estes in
were recorded in deuterated chloroform (C§Csolvents  AcOH under Ar atmosphere was added Mn(QA#EO.
for extraction and chromatography were reagent grade antihe mixture was heated to 80 °C for 10 h and cooled to
used as received. The column chromatographies were pewom temperature (or stirred at 25 °C for 20 h). The mixture
formed by the method of Still with silica gel 60, 230-400 was treated with 1 M HCI solution and then extracted with
mesh ASTM supplied by Merck. Solvents used as reactiolEtOAc. The organic phase was washed with saturated NaHCO
media were reagent grade and used as received except fmiution, dried over anhydrous 2}, filtered, and concent-
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rated. The resulting crude cyclization product was dissolved Entry 10, Table 1 The reaction ofi-keto este6 (788 mg,
in THF, and treated with DBU. Stirring for 20 h at 25 °C, the2.79 mmol) with Mn(OA®-2H:0 (2.24 g, 8.37 mmol) in
mixture was quenched with 1 M HCI solution and thenEtOH (28 mL) at 80 °C for 10 h, and then with DBU (0.85
extracted with EtOAc. The organic phase was dried ovemL, 5.58 mmol) in THF (28 mL) gav&(74 mg, 0.33 mmol,
anhydrous NgBQ, filtered, and concentrated. The crude 12%), 4 (440 mg, 1.98 mmol, 71%), ar#i (40 mg, 0.17
product was purified by Silflash column chromatography mmol, 6%).
to give the reported products. Entry 11, Table 1 The reaction ofi-keto esteb (780 mg,
Ethyl 2-hydroxy-5,6,7,8-tetrahydronaphthalene-1-carbox-  2.76 mmol) with Mn(OAG-2H:0 (2.22 g, 8.28 mmol) in
ylate (8), ethyl 2-oxo-1,2,4a,5,6,7,8,8a-octahydronaphth- THF (28 mL) in the presence of molecular sieves, @0
alene-1-carboxylate (4) and ethyl 4a-hydroxy-2-oxo-1,2, mg) at 80 °C for 10 h, and then with DBU (0.84 mL, 5.52
4a,5,6,7,8,8a-octahydronaphthalene-1-carboxylate (9). mmol) in THF (28 mL) gaveé (203 mg, 0.91 mmol, 33%)
Entry 1, Table 1: The reaction off-keto estel (752 mg,  exclusively.
2.66 mmol) with Mn(OAc2H,0 (0.14 g, 0.53 mmol) in Entry 12, Table 1: The reaction ofi-keto este6 (995 mg,
AcOH (27 mL) at 80 °C for 10 h, and then with DBU (0.81 3.52 mmol) with Mn(OAG-2H,0 (2.83 g, 10.57 mmol) in
mL, 5.33 mmol) in THF (27 mL) gav&(41 mg, 0.19 mmol, THF (28 mL) and HO (7 mL) at 80 °C for 10 h, and then
7%),4 (41 mg, 0.19 mmol, 7%), ar@l(32 mg, 0.13 mmol, with DBU (1.07 mL, 7.04 mmol) in THF (35 mL) ga®
5%). (310 mg, 1.41 mmol, 40%) add31 mg, 0.14 mmol, 4%).
Entry 2, Table 1 The reaction of3-keto este6 (782 mg, Data for8: *H NMR 5 1.42 (3H, tJ= 7.2 Hz), 1.68-1.79
2.77 mmol) with Mn(OAc}2H,0 (740 mg, 2.77 mmol) in  (4H, m), 2.71 (2H, br s), 3.01 (2H, br s), 4.43 (2H] g,7.2
AcOH (28 mL) at 80 °C for 10 h, and then with DBU (0.84 Hz), 6.78 (1H, dJ=8.6 Hz), 7.13 (1H, d]= 8.6 Hz), 10.94
mL, 5.54 mmol) in THF (28 mL) gav&(36 mg, 0.16 mmol, (1H, s) ppm;*C NMR ¢ 14.2, 22.3, 23.3, 29.6, 29.8, 61.4,
6%) and4 (154 mg, 0.69 mmol, 25%). 112.4, 115.1, 128.7, 135.8, 139.2, 160.3, 171.7 ppm; IR
Entry 3, Table 1: The reaction of3-keto este6 (758 mg,  (neat) 3414, 1738, 1660 ¢l HRMS (El) calcd for
2.68 mmol) with Mn(OAc)2H0 (1.44 g, 5.37 mmol) in  CisH1603 220.1099, found 220.1098. Data #or'H NMR &
AcOH (27 mL) at 80 °C for 10 h, and then with DBU (0.82 1.30 (3H, tJ = 7.1 Hz), 1.17-1.45 (4H, m), 1.63-2.00 (4H,
mL, 5.36 mmol) in THF (27 mL) gav8 (118 mg, 0.54 m), 2.04-2.20 (2H, m), 3.16 (1H, d= 13.2 Hz), 4.25 (2H,
mmol, 20%),4 (234 mg, 1.05 mmol, 39%), ared(39 mg, q,J=7.2 Hz), 6.00 (1H, ddl= 2.5, 10.0 Hz), 6.75 (1H, 4,
0.16 mmol, 6%). = 10.0 Hz) ppm®*C NMR ¢ 14.2, 25.2, 26.3, 30.6, 31.5,
Entry 5, Table 1: The reaction off-keto este6 (800 mg, 41.4, 44.0, 61.0, 61.3, 128.2, 155.5, 170.0, 194.9 ppm; IR
2.83 mmol) with Mn(OAc)-2H,0 (1.52 g, 5.67 mmol) in (neat) 1740, 1681, 1447 cinHRMS (EI) calcd for GsH103
AcOH (28 mL) at 25 °C for 20 h, and then with DBU (0.86 222.1256, found 222.1256. Data for'H NMR 6 1.30 (3H,
mL, 5.67 mmol) in THF (36 mL) gavé (277 mg, 1.25 t,J= 7.1 Hz), 1.46-1.82 (8H, m), 2.33 (1H, ddd; 3.4,
mmol, 44%) an® (115 mg, 0.48 mmol, 17%). 11.9,12.5Hz),3.59 (1H,d~12.5Hz2),4.24 (2H, d=7.1
Entry 6, Table 1. The reaction of3-keto este6 (1.08 g, Hz), 5.97 (1H, dJ= 9.9 Hz), 6.73 (1H, d] = 9.9 Hz) ppm;
3.83 mmol) with Mn(OAc)-2H,0 (2.05 g, 7.65 mmol) and *C NMR & 14.1, 20.8, 24.8, 25.2, 37.4, 44.9, 56.4, 61.1,
Cu(OAc)-2H0 (1.53 g, 7.65 mmol) in AcOH (38 mL) at 66.8, 128.1, 153.1, 170.0, 195.3 ppm; IR (neat) 3480, 1739,
80 °C for 10 h, and then with DBU (1.16 mL, 7.65 mmol) in 1732, 1682, 1464 ¢ty HRMS (EI) calcd for GHigO4
THF (38 mL) gave3 (280 mg, 1.27 mmol, 33%) add(186  238.1205, found 238.1198.
mg, 0.84 mmol, 22%). Ethyl 4-acetoxy-2-oxodecahydronaphthalene-1-carbox-
Entry 7, Table 1 The reaction off-keto este6 (886 mg, ylate (10) and ethyl 4-acetoxy-4a-hydroxy-2-oxodecahydro-
3.14 mmol) with Mn(OAg-2H:0 (1.68 g, 6.28 mmol) and naphthalene-1-carboxylate (11) The reaction off3-keto
Cu(OAc)-2H0 (1.25 g, 6.28 mmol) in AcOH (30 mL) at ester6 (850 mg, 3.01 mmol) with Mn(OAgPHO (1.61 g,
25 °C for 20 h, and then with DBU (0.96 mL, 6.28 mmol) in 6.02 mmol) in AcOH (30 mL) at 25 °C for 20 h gaM@374
THF (32 mL) gavet (230 mg, 1.04 mmol, 33%) ar®d(135 mg, 1.32 mmol, 44%) antil (152 mg, 0.51 mmol, 17%).
mg, 0.56 mmol, 18%). Data for10: *H NMR 1.01-1.39 (4H, m), 1.30 (3H,1= 7.2
Entry 8, Table 1 The reaction off-keto este6 (948 mg, Hz), 1.69-1.83 (5H, m), 2.06 (3H, s), 2.30 (1H, ddb&l 3.2,
3.36 mmol) with Mn(OAcy)-2H:0 (2.70 g, 10.1 mmol) in 11.2, 11.4, 12.1 Hz), 2.59 (1H, d of A part of ABg=3.4,
AcOH (34 mL) and HO (0.18 mL, 10.1 mmol) at 80 °C for Jag= 14.7 Hz), 2.69 (1H, d of B part of ABd; = 3.1,Jas=
10 h, and then with DBU (1.02 mL, 6.72 mmol) in THF (34 15.0 Hz), 3.13 (1H, dl = 12.1 Hz), 4.25 (2H, gl = 7.2 Hz),
mL) gave8 (126 mg, 0.57 mmol, 17%) add(224 mg, 1.01  5.26 (1H, ddd]J= 2.1, 3.2, 3.2 Hz) ppntC NMR ¢ 14.2,
mmol, 30%). 21.0,24.9,25.7, 28.6, 32.6, 39.2, 43.4, 46.2, 61.0, 63.6, 74.2,
Entry 9, Table 1 The reaction of3-keto este6 (740 mg,  169.1, 170.5, 202.9 ppm; IR (neat) 1741 ¢rRIRMS (Cl,
2.62 mmol) with Mn(OA®-2H0 (2.11 g, 7.86 mmol) in  HY) calcd for GsH2305 283.1546, found 283.1535. Data for
AcOH (26 mL) and HO (0.14 mL, 7.86 mmol) at 25 °C for 11 *H NMR & 1.28 (3H, tJ = 7.1 Hz), 1.43-1.83 (8H, m),
20 h, and then with DBU (0.80 mL, 5.24 mmol) in THF (26 1.83 (1H, s), 2.08 (3H, s), 2.41 (1H, dd&; 4.9, 11.9, 12.0
mL) gave4 (198 mg, 0.89 mmol, 34%) afd137 mg, 0.58 Hz), 2.50 (1H, d of A part of ABqly = 2.8,Jas= 15.1 Hz),
mmol, 22%). 3.12 (1H, d of B part of ABgJs = 3.6,Jas= 15.0 Hz), 3.52



740 Bull. Korean Chem. So2002 Vol. 23, No. 5

(1H, d,J = 12.0 Hz), 4.25 (2H, gl = 7.2 Hz), 5.01 (1H, dd,

Ji= 2.9, 3.5 Hz) ppm*C NMR ¢ 14.2, 20.7, 21.2, 245, 3

26.5, 34.3, 41.1, 42.5, 59.3, 61.0, 65.9, 70.5, 169.5, 170.0,
203.7 ppm; IR (neat) 3501, 1744, 1716, 1447'cMRMS
(E|) calcd for G_5H2205-[CH3C02H + HzO] = Ci3H1603
220.1099, found. 220.1097.

Ethyl 4-acetoxy-4a-chloro-2-oxodecahydronaphthalene-

1-carboxylate (12) The reaction of3-keto estef (970 mg,
3.43 mmol) with Mn(OA-2H:0 (1.84 g, 6.87 mmol) and
LiCl (0.58 g, 13.7 mmol) in AcOH (34 mL) at 25 °C for20h 7
gavel2 (555 mg, 1.75 mmol) in 51% yield. Data ft2 *H

NMR 4 1.29 (3H, tJ = 7.2 Hz), 1.42-1.93 (8H, m), 2.10 8. A ) ' .
9. Tsuji, J. Palladium Reagents and Catalystsinovations in

(3H, s), 2.14-2.27 (1H, m), 2.59 (1H, d of A part of ABg,
=2.8,Jns= 15.8 Hz), 3.32 (1H, d of B part of AB4=3.9,
Jag=15.8 Hz), 3.48 (1H, dl=12.3 Hz), 4.25 (2H, g}= 7.2

Hz), 5.35 (1H, ddJs= 2.9, 3.3 Hz) ppm**C NMR §14.0,  11.

20.8,21.0,24.2,26.7,35.5,42.3,42.8,59.8,61.1, 74.2, 76.7
168.6, 169.3, 201.8 ppm; IR (neat) 1747, 1720'chiRMS
(El) calcd for GsH21ClOs 316.1078, found 316.1075. 13
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