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Abstract:  Intramolecular conjugate addition reactions of 4,4-disubstituted-2,5-cyclohexadien-1-ones are described
within the context of possible approaches to manzamine A.  Amine 4 provided tricycle 6, with improper relative
stereochemistry for use in an approach to manzamine A. Carbamates 25 and 38 gave perhyvdroindoles 26 and 28b
under conditions of thermodynamic control, respectively, with the proper relative stereochemistry required for
manzamine A. Carbamate 25 gave diastereomeric perhydroindole 27 under conditions of thermodynamic control.

© 1999 Elsevier Science Ltd. All rights reserved.

A number of stereoselective 1,4-cyclohexadiene desymmetrization reactions have been reported in which a
stereogenic center in the cyclization substrate determines the stereochemical course of the reaction. For example,
the Curran group has provided a nice example of such diastereoselectivity in a free radical cyclization and the Wipf
group has reported a diastereoselective intramolecular conjugate addition of a carbamate to a 2,5-cyclohexadien-1-

"* We recently reported that amino cyclohexadienone 1 undergoes a diasteroselective intramolecular conjugate

one
This article

addition reaction to provide perhydropyrrolo[i,2-aJindole 2, another example of this process.’
describes an attempt to extend this process to an approach to the marine alkaloid manzamine A (3), and delineates

some of the scope and limitations of this process.
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Our approach called for the synthesis of amino cyclohexadienone 4 and examination of the stereochemical
course of its intramolcular conjugate addition reaction. Of course it was hoped that this process would afford the

desired tricyclic manzamine A substructure 5 rather than its diastereomer 6. The synthesis of a precursor of 4 was
accomplished as shown in Scheme 1.° Reductive allrvlahnn of benzoic acid (7\ with 7_hrnmnpfhv| fﬂrbhnrvl ether

1L5KA

gave crude dihydrobenzoic acid 8 in 98% yield.’ Freatment of crude 8 with ethyl chloroformate in the presence of
triethylamine, followed by reduction of the intermediate mixed anhydride with sodium borohydride, afforded
alcohol 9 in 94% yield after purification. Esterification of 9 using pivaolyl chloride provided 10 (87%).
Deprotection of the rert-butyl ether using a catalytic amount of ferric chloride in acetic anhydride,® followed by
hydrolysis of the intermediate acetate with sodium hydroxide, gave alcohol 11 (90%). Swern oxidation of 11

provided aldehyde 12 in 96% yield.” Reaction of 12 with the organolithium reagent derived from rerr-butyl 5-
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hexynyl ether gave a 90% yield of alcohol 13, which reacted with tert-butyl 2-[(trimethylsilyDethyl]-

Sulfeﬂylcarbawlate und‘-’r LRVII ‘annkn oconditiane tn affard 14 /"7'107 N 10-12 Tha g ety athar memtantios g
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once again replaced by an acetate using ferric chloride-acetic anhydride, followed by removal of the Boc-group
using trifluoroacetic acid, and acetate hydrolysis to give hydroxy sulfonamide 15 (93%). Reduction of the triple
bond using nickel boride" provided cis-olefin 16 (90%), which was converted to tosylate 17 (93%) using p-
toiuenesuifonyi chioride and triethyiamine in the presence of 4—(dimethyiamino)pyridine Treatment of 17 (0.01 M
in toluene) with potassium h ,uﬂde in the presence of tetra-#- Uur._yxammﬁﬁluxu iodide (1.1 equiv) and dibenzo-18-

crown-6 (0.2 equiv) gave azocine 18 in 80% yield. Oxidation of 18 using pyridinium dichromate and tert-butyl
hydroperoxide in benzene gave dienone 19 as a crystalline material in 73% yield."

Scheme 1
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- g -
HO,C 2. tBUO(CH,),Br 2. NaOH, MeOH-H»0
[ \Vd \ g
CICO,Me, EtN; NaBH, — 8 R=COpH swern (11 R=CHOH
(CHg)CCOCH, EtN, 4DMAP = 3 F=CHeH 12 R=CHO
10 =000V

KH, n-Bu,Ni, THF I\[’ ,] Ni(OAc), 'T\‘” 1

T T T i

Q.o NAD
>/|\{ dibenzo-18-C-6 NHSES apriy >/X
sks) _

A\

= (CH,),OR

HN(SES)(Boc)

o s cxn
oc) R = tBu

Fec'3'A°20 G 15 X = NéISES)(R )H

TFA; NaOH

PDC 18 X =H, TsCl, EtgN (— 1
+BuO,H ng X=0 4-DMAP 1

Generation of amino rvr]nhmmdlennne 4 was m‘(‘nmnlmhed hv dPnrnteptmn of 19 with cesium fluoride in
N,N-dimethylformamide at 90 "C.” This gave an 88% crude yleld of trlcychc enones 6 and S in approximately an
85:15 ratio, respectively (equation 1). The major isomer was isolated from this mixture in 70-80% yield in

reaqonably pure form by column chromatography over alumina. The presence of the minor isomer in the crude

- erred from sien . g S XY NIMAD orenmdr s —ata P,
mixture was inferred from signals that dppbcubu in the "H NMR spectrum, as delineated in the u&puulluucu section.
The stereochemical ass;gnmgnf for the major isomer was based on difference nQOe prenmem‘c Thus, bv a

combination of 'H-"H and 'H-""C COSY expenments, it was possible to locate the diastereotopic protons of the C,;
(8 3.97 and 4.26) and C,, (8 1.60 and 2.16) methylene groups, the vinylic signal due to the proton on C, (5 6.44),
and the methine signdls atC, (82.78)and C,,, (8 3. 30) in CDCI,. The critical difference nOe experiments involved
irradiation of “11 which bnOWE:u enhancement of the 'ﬂguals due to n4 \4 /0) and ﬂmJl \J % at & 2.16 and 0% at &
1.60), and independent irradiation of the H,, signals which also showed enhancement of signals due to H,, (2-3%)
and H,,, (2-3% at 8 2.16 and 0% at & 1.60). These experiments indicate a cis-relationship between H,, and H, , on
the pyrrolidine ring, consistent with structure 6 and inconsistent with structure §. Other nOe experiments were also
consistent with this assignment.

The stereochemical outcome of the cyclization shown in equation ! was discouraging from the standpoint of
a projected synthesis of manzamine A because 6 has the wrong stereochemistry at C,, and C,,, relative to C . It
was unclear whether or not the partitioning of 4 between 5 and 6 was dictated by thermodynamics or kinetics and
thus, some epimerization experiments were conducted. It was possible to convert 6 to the corresponding
hydrochloride salt, but warming this material in chioroform or acetonitrile lead only to slow formation of a myriad
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three stereogenic centers was not proven. The most successful cpimerization experiment involved treatment of 6
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of thermodynamic versus kinetic control of

th
in terms of qtereochexmstry, as an approach to manzamine A.
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The Wipf group had reported that the cyclization of carbamate 21 gave perhydroindole 22 with excellent
diastereoselectivity (equation 2).> Based on this result, our attention turned to 25, a substrate that could be
converted to a tricyclic manzamine substructure if the cyclization proceeded with the required stereochemistry. The
cyclization substrate was prepared from alkyne 14. Catalytic hydrogenation of 14 over palladium on barium sulfate
in the presence of pyridine gave cis-olefin 23 (equation 3) in 60% Wf;ld_l6 Oxidation of 23 provided dienone 24
(60%).“‘ We 1mt1ally examined in situ generation and cycllzatlon of 25 under conditions similar to those used to
generate 1 and 4. These conditions (CsF, DMF, 85 °C, 18 h) gave a good yield of an 85:15 mixture of 27 and 26,
respectively, from which pure 27 could be isolated in 45% yield by chromatography. The course of the reaction,
however, could be altered by lowering the reaction temperature. For example, treatment of 24 with CsF-DMF at
room temperature for 3.5 h gave dienone 25 (81%) as the major product. Resubjecting 25 to CsF-DMF at room
temperature for 3 h now provided a 77% yield of 26 contaminated with a trace of 27, from which pure 26 could be
isolated by column chromatography. Finally, treatment of either 26 or 27 with CsF-DMF at 94 °C for 21-41 h
gave an 85:15 mixture of 27 and 26, respectively (50-85% recovery). These experiments indicate that 27 is
thermodynamically more stable than 26, but 26 is the cyclization product of kinetic control. It is notable that
trcatment of dienone 25 with NaHCO, MeOH (Wipf cyclization conditions) also gave 26 as the major product
(36%) accompanied by only a trace of 277
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The stereochemical assignment for 26 was based on difference nOe experiments. Thus, irradiation of H, (8
4.54 in CDCl,) resulted in a 7.5% enhancement of the signal due to H,, (6 2.2). Irradiation of H,, gave 25%, 9%

and 6% enhancements of signals due to H,, (5 1.80), H, and H, (5 6.55), respectively. Irradiation of H,, resulted
ina?26% nQe at I-I and 2-3% enhancement of uonqk r*lnp to thp dm(tprntnnm H mgthvlpnpc (84.25 and 4.05) and

11 QG &4V /0 1NN G Qs & O Crandaae alill

H,, (8 4.20). Il‘l‘ddldllon of the Hy methylene at 8 4.25 also gave a 4% enhancement of the H,, methine. These
experiments (and others) clearly established the stereochemical relationship of substituents around the pyrrolidine
ring. The stereochemistry for 27 was assigned by inference from the aforementioned experiments.

In addition to the stereochemical features described above, there is one other interesting aspect to the
chemistry described in equation 3. As noted above, it was observed that treatment of 24 with CsF-DMF at room
temperature gave 25, but treatment of 25 with the identical reactions conditions used to deprotect 24 gave 26. This
suggests that an intermediate which cannot undergo an intramolecular conjugate addition reaction is initially formed
in the deprotection of 24, and that 25 is only produced upon workup. Although we have no direct evidence, it
seems reasonable that this intermediate be an amine-sulfur dioxide adduct (RNSO,” Cs*) that only loses SO, upon



8956 D. Biand et ai. / Tetrahedron 55 (1999) 89538966

either warming or protonation. This suggests that deprotection reactions of N-SES amines and amides most likely
involve two sequential .ragmematmns rather than a single fragmentation.

The results shown in equation 3 indicated that application of this desymmetrization strategy to manzamine A
might be complicated by thermodynamic problems. In otherwords, any stereocontrol gained in a cyclization step
might be lost later due to a retro-Michael-Michael process. In an attempt to guide future studies, some model
molecular mechanics calculations were pertormed .1 In agreement with thc experimental observations, the

aa3latinee ~ntad thae ' ta WY 1 1 1
calculations indicated that carbamate 27 was lower in energy than carbamate 26. The calculations also agreed with

the suggestion that the stereochemistry observed in the cyclizations of 1 and 4 might be a function of relative
product stability. For example, calculations suggested that both 2 and 6 are more stable than 2-epi-2 and §,
respectively. Since these examples suggcstcd that fusion of a S-membered ring to the 1,2-position of a
perhydromdole would provide the thermodynamic bias needed to establiish the stereochemistry required by

an A Jy +, £
manzamine A, a carbamate of type 28 was set as our next target. Indeed, calculations indicated that 28a would be

more stable than the diastereomeric carbamate 29.'® Carbamate 28b was selected as the actual target for synthesis.
It was imagined that the C,, substituent would provide a functional handle for construction of the azocine ring and
the malonyl group would provide a handle for construction of the A-ring of the manzamine alkaloids.
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The synthesis of 28b is shown in Scheme 2. Reductive alkylation of benzoic acid with allyl bromide gave
30 in 92% yield. Conversion of 30 to the corresponding acid chioride followed by ammonolqu provmed amide

01 antion of tha Woone loatamization nracacs gay 20 o
31 (91%). Application of the Knapp lactamization process gave 32 (57%).” N-Acylation of 32 using di-tert-butyl

dicarbonate and 4—(d1methylammo)pyrldme provided 33 in 65% yield. Methanolysis of 33 gave ester 34 (54%)."!
Treatment of 34 with pyridine in toluene at reflux resulted in cyclization to carbamate 35 (63%). Reduction of 35
with lithium borohydride gave 36 in 57% yield and esterification of this alcohol with monobenzyl malonate, using
dicyclohexyicarbodiimide and 4- dimet'hylaminopyridine provided 37 in 96% yield. Oxidation of 37 with

PN Locoon b o d g FAPMETAY eted cave dienone 38 (44%) 14

pyrt idnium dichromate and fert- ULlLyl n_yuxupcnw\idc COmplcu;u gave Qinone 5o (44 70).
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The next objective was to convert dienone 38 to tetracycle 39 via 28b using two sequential intramolecular
conjugate addition reactions. To achieve stereoselectivity in this overall transformation, it was necessary to trigger
the carbamate cyclization first. This was accomplished under acidic conditions as treaiment of 38 with
trifluoroacetic acid in dichloromethane at room temperature for 7 h gave an 88% yield of 28b as the major
diastereomer.” * The stereochemistry of 28b was assigned on the basis of difference nOe experiments that

established the relationship of substituents on the pyrrolidine ring. Cyclization of 28b to 39 was accomplished in



70% ?’lelﬂ using tetramethylguanidine as the base. The structure of 39, including stereochemistry, was consistent
with '"H-NMR spectroscopic data and was established by X-ray crystallography 2 Transfer hydrogenolysis of 39
provided keto lactone 40 in 78% yield.”
Scheme 2
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Whereas it was gratifying to see the cyclization of 38 give 28b as a single diastereomer, conversion of the
A-ring lactone oxygen to an A-ring lactam (for example 41) has been problematic to date. We are hopetul,
however, that the stereoselectivity patterns that have been uncovered in the course of this research, will extend the
use of cyclohexadienone cyclizations in complex molecule synthesis.
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Experimental Section®

1-(2-tert-Butoxyethyl)-2,5- cyclohexadiene 1-carboxylic acid (8). To a solution of 20.0 g
(0.164 mol) of benzoic acid in 200 ml. of THF in a 2-L round bhottom flask (‘mlmn(‘d with a (lry 1ce-acetone
condenser and cooled in a dry ice-acetone bath was condensed 600 mL of ammonia. To the resulting mixture was
added 2.84 g (0.409 mol) of Li metal in approximately 0.2 g portions over 15 min. The reaction held a dark blue
color for 2.5 h, and then 47.5 mL (0.328 mol) of 2-bromoethy] rert-butyl ether was added over a period of 10 min.
The ammonia was allowed to evaporate overnight, and the residue was partitioned between 400 mL of water and
100 mL of pentane. The aqueous layer was extracted with two 100-mL portions of ether, cooled in an ice-water bath

and the pH was adjusted to | by addition of 50 mL of concentrated aqueous HCIl. The resulting mixture was
saturated with sodium chloride and extracted with three 100-mL portions of CH,Cl,. The combined extracts were
dried (MgSO ), and concentrated under reduced pressure to yield 36.1 g (98%) of carboxyhc acid 8 as a pale yellow
oil suitable for use in the next reaction: IR (neat) 1701 cm™'; '"H NMR (CDCl,) § 1. 1”‘ (s,9H), 1.93 (1, /=7.0, 2H),
2.61 (m, 2H), 3.34 (t, J = 7.0, 2H), 5.7-5.9 (m, 4H), the acidic proton was not recorded; 3C NMR (CDCl,) &

v, &11), (L) dy 1Y

25.9, 27.2, 39.8, 46.0, 57.5. 73.1, 125.6, 126.8, 180.4, exact mass calcd. for Cquu 5 m/z 224.1412, found m/z

l-(2-tert Buto xyethyl) -2 5-cyclohexadlene -1-methanol (9). To a
f

vigorously stirred solution of
nnnnnnnnnn A AN m] af THE wacq adrl

acid 8 in 25.1 mL of triethylamine and 450 mL of THF was added 15.5 mL (162 mmol) of

{90.1
hloroformate over 30 min mmnmmlnu the temperature at -5-10°C. A flcshl y pr pared solution of 13.7 g (361

mmol) f sodium borohydride in 20 mL of water was then added over a period of 10 min. The resulting mixture
was stirred at rt for 1 h, THF was removed in vacuo, and the residue was partitioned between 200 mL of ether and
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100 mL of brine. The aqueous layer was extracied with iwo 100-mL portions of ether, and the combined extracts

A A (RASCTMN ) A teatad A
were dried (MgSQ,) and concentrated under reduced pressure. The residue was chromatographed over 200 g of

silica gel (eluted in gradient mode from hexanes to EtOAc-hexanes, 3:7) to provide 17.8 g (94%) of alcohol 9, 1.23
g of which was distilled at 124 °C/1 torr to give 0.92 g of the alcohol as a colorless liquid: IR (neat) 3424 cm™; 'H
NMR (CDCl,) & 1. 19(5,9H) 161, J=67, 2H) 2.65 (m, 2H), 3.38 (t, J = 6.7, 2H), 5.55 (dt, J = 10.5, 2.0,

BC NMR (CDCL,) 6 26.5 (1), 27.3 (q),

H Y (MTLH) iy
Iiy3\J, vl T F/E

~

2H), 5.89 (dt, J = 10.5, 3.3, 2H), the hydroxyl proton was not detected;
&7

38.3 (1), 41.1 (s), 57.7 (1), 70.0 (1), 73.0 (), 125.8 (d), 129.9 (d); exac

211.1698, found m/z 211.1692.

[1-(2-tert-Butoxyethyl)-2,5-cyclohexadiene-1-yljmethyl pivalate (10). To a solution of 14.1 g
(67.1 mmol) of alcohol 9 and 0.82 g (6.7 mmol) of 4-DMAP in 28.0 mL of triethylamine and 140 mL of CH,ClI,
was added 12.4 mL (101 mmol) of pivaloyl chloride in one portion with cooling in an ice bath. The resulting

N Aat vt farS4A h th Aihited with 1SN mI Af af
mixture was stirred at 1t for 54 h, then diluted with 150 mL of ether, followed by addition of 50 mL of brine and 21

mL of concentrated aqueous HCI with cooling in an ice bath. The organic layer was washed with 100 mL of IN
aqueous HCl and 100 mL of brine. The combined aqueous layer was extracted with 150 mL of ether. The obtained
extracts were dried (MgSO,) and concentrated under reduced pressure. The remaining pivaloyl chloride was
removed from the residue by evaporation at 40-50 °C/1 torr for 4 h and the crude product was chromatographed

~x INN £ cals P fahitad A1 + A 3 ~ F
over 200 g of silica gel (eluted in gradient mode from hexanes to EtOAc-hexanes, 1:9) to provide 17.2 g (87%) of

pivaloate 10 as a colorless oil, and 0.9 g (6%) of starting alcohol: IR (neat) 1732 cm™; 'H NMR (CDCl,) § 1.09 (s,
9H), 1L.11 (s, 9H), 1.57 (t, J = 7.8, 2H), 2.55 (m, 2H), 3.24 (t, /= 7.8, 2H), 381 (s, 2H), 5.40 (dt, J = 10.5,
2.0, 2H), 5.76 (dt, J = 10.5, 3.4, 2H); '"C NMR (CDCl,) 8 26.4 (t), 27.1 (q), 27.4 (q), 37.9 (1), 38.7 (s), 39.4
(s), 58.3 (), 70.7 (v), 72.6 (s), 125.7 (d), 129.1 (d), 178.1 (s); exact mass caicd. for C H, 0, (M"+H) m/z
295.2272, found m/z 295.2276.

[1-(2-hydroxyethyl)-2,5-cyclohexadiene-1-yljmethyl pivalate (11). To a solution of 17.2 g
(58.4 mmol) of ether 10 in 130 mL of acetic anhydride was added 0.66 g (4.1 mmol) of ferric chloride in one
portion with cooling in an ice bath. After 15 min, 100 g of sodium bicarbonate was added. The resulting mixture
was diluted with 150 mL. of ether, stirred for 20 min at rt and then fiitered through a 50 g pad of silica gel. Solvents

ad A A A (AN 91 ¢+ \ Th ot 1 1 S
were removed under reduced pressure (40 °C/1 torr). The residue was dissolved in 150 mL of methanol and

warmed with 6.7 g of 40% aqueous sodium hydroxide at 15 °C for 30 min. To the mixture was added 100 mL of
EtOAc and 10 mL of brine. Solvents were removed in vacuo and the residue was partitioned between 150 mL of
ether and 100 mL of brine. The aquecous layer was extracted with 100 mL of ether. Combined organic phases were
dried (MgS0O,), concentrated under reduced preqqure and chromatographed over 200 g of silica gel (eluted in

Aimat sma A £ I t~ ¢ A h 2TY ¢
gradient mode from uexaﬁea to EtOAc-hexanes, 3:7) to provide 12.5 g (90%) of hydroxyester 11 as a colorless oil:

IR (neat) 3386, 1730 cm’'; 'H NMR (CDCl,) & 1.13 (s, 9H), 1.62 (t, J = 6.8, 2H), 1.95 (s, 1H), 2.59 (m, 2H),
3.59 (t, J = 6.8, 2H), 3.82 (s, 2H), 5.45 (dt, J = 10.5, 2.0, 2H), 5.83 (dt, J = 10.5, 3.4, 2H); "C NMR (CDCl,)
§26.3 (1), 27.1 (q), 38.8 (s), 39.7 (1), 59.9 (1), 70.6 (1), 126.4 (d), 129.1 (d), 178.2 (s), one upficld singlet was
not observed; exact mass caled. for C,,0,;0, (M*+H) m/z 239.1647, found m/z 239.1641.

AAAAA TathollV 2 B ocvolahavadiana b _ vllmathyl nivalata (12 Ta a galuti

13

ll.-\l vi lll’ lcllly l}"‘i,J \.J Lviviicaauiciic* l"y ljlllclll!l PlValalC \L&). iU a DG} Of 5 03
(57.7 mmol) of oxalyl chloride in 280 mL of CH,CI, cooled in a dry ice-acetone bath was added 8.18 mL (115.
mL) of dimethylsulfoxide. The solution was stirred for 10 min followed by addition of 12.4 g (51.9 mmol) of
alcohol 11 in 70 mL of CH,CL,. The resulting white suspension was stirred for additional 10 min and 36.2 mL (260
mmol) of triethylamine was added. The cooling bath was replaced with an ice bath. The mixture was stirred for I h,
guenched with 100 mL of brine and 15 mL concentrated aqueous HCI, and extracted with 200 mL of heptane and
100 mL of ether. The agqueous layer was extracted with 50 mL of ether, the organic layers were combined and dried
(MgSO0,), concentrated under reduced pressure, and chromatographed over 200 g of silica gel (eluted in gradient
mode from hexanes to EtOAc-hexanes, 1:9) to provide 11.8 g (96%) of aldehyde 12 as a colorless oil: IR (neat)
1728 cm''; '"H NMR (U)u )8 1.12 (s, 9H), 2.34 (d, J = 3.0, 2H), 2.60 (m, 2H), 3.87 (s, 2ZH), 5.54 (br d, J =

13~ ~ ~ S g -
9.5, 2H), 5.87 (br d, J = 9.5, 2H), 9.57 (1, J = 3.0, 1H); "C NMR (CDCl,) § 26.3 (1), 27.0 (q), 38.7 (s), 38.8

(s), 50.0 (1), 70.0 (), 127.1 (d), 127.4 (d), 177.8 (s), 202.0; exact mass calcd. for C,H,,0 [M*~(CH,),CCO,H]
m/z 134.0732, found m/z 134.0746.

gi_

w

(+)-[1-(8- tert- Butoxy-2-hydroxy-3-octynyl)-2,5- cyclohexadiene-l-yl]methyl plvalate
(13) To a solution of 3.46 g (22.4 mmol) of tert-butyi 5-hexynyl ether” in 50 mL of THF was added 8.8 mL of a
2.5 M solution of #-BuLi in hexanes in one meGn with cooling in a dry ice-acetone bath. The resulting mixture

was then stirrred for 30 min with cooling in an ice-water bath and then cannulated over a period of 1 h into a
solution of 5.04 g (21.3 mmol) of aldehyde 12 in 50 mL of THF cooled in dry ice-acetone bath. The mixture was
stirred for 10 more min with cooling in an ice-water bath, followed by addition of 10 mL of aqueous saturated
sodium bicarbonate and 100 mL of pentane. The organic layer was washed with 10 mL of brine. The combined
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aqueous phases were extracted with 20 mL of ether. The combined organic phases were dried (MgSO,),
concentrated under reduced pressure, and chromatographed over 150 g of silica gel (eluted in gradient mede from
hexanes to EtOAc-hexanes, 2:8) to provide 7.49 g (90%) of alcohol 13 as a colorlebs oil: IR (neat) 3430, 1731
cm’; 'TH NMR (CDCL) 8 1.13 (s, 18H), 1.53 (m, 4H), 1.76 (dd, J = 14.1, , 1H), 1.87 (dd, J = 14. l 7.9,
1H), 2.16 (m, 2H), 2.62 (m, 2H), 3.29 (1, J = 6.1, 2H), 3.83 (s, 2H), 4.44 (m 1H), 5.44 (dd, J = 10.6, 2.1,
1H), 5.60 (dd, J = 10.6, 2.1, LH), 5.86 (dt, J =i 10.6, 3.3, 2H); "C NMR (CDCl,) & 18.5 (t), 25.3 (1), 26 3 v,
27.1 (q), 27.5 (g), 29.7 (1), 38.8 (s), 40.0 (s), 46.0 (1) 2 (d). 60.8 (). 70.4 (). 72.4 (s). 81.5 (). 85.1 ()
Llod \MJy el ond \YJs dZei (V)5 JUU (55 TULY (S5), TUNY (V) UVLA (U UVLU 1)y FULT L)y 14T (0 Uled (9 Uil (3,
126. 66 (d), 126.72 (d), 128.5 (d), 129.6 (d), 178.1 (s); exact mass calcd. for C,,H,,0, (M*™-H) m/z 389.2692,

found m/z 389.2325.

tert-Butyl-(i)-[7-tert-butoxy-1-[[1-(hydroxymethyl)-z,s-cyclohexadiene l-yl]methvl] -2-
heptynyiji{2-(trimethyisiiyl)ethyljsuifonyijcarbamate, - pivalate (ester) (14). To a soiution of 5.96 g
(15 2 mmol) of aleahnl 13 6 n‘ a (21 4 mmol of SESNHRAr- and 4 OR g (1R § mmol of Ph P in 65§ ml of THF

Vidd HIVI) Vi GIVULIVE A, VeVl £ (& 2T HLaUL) Ul DLAJINI3A0UeY, QU 7.0 £ (10,7 MUV Vi Dgd i Vo 1l Ul 151K

was added 3.07 mL (18.3 mmol) of 94% solution of dicthyl azodicarboxylate in CH,ClI, in one portion with cooling
in an ice-water bath. The mixture was allowed to warm to 15°C for 4 h, 10 g of qlllca gel and 150 mL of hexanes
was added, and the mixture was filtered through 50 g of silica gel. The filtrate was concentrated and

cmomatoglapned over 200 gol f silica gel (emtea in graaien[ mode from hexanes to EtOAc- nexanes 2 ?5) fo plovide
7.34 o (73%) of sulfonamide 14 as a nale vellow oil: IR (neat) 1730 r-m] ' NMR (CDCTY 8§ 003 (¢ OH) 1.02

T H /Y70 VI SURIVIIGUAUL AT G5 G paiv yunUvy Uil N uvay [ESAV RS § ¢ 43 ANIVAIN \edooayy UVLVD (S, Jidy,

(m, 2H), 1.15 (s, 9H), 1.16 (s, 9H), l 4- l 6 (m w1th underlying singlet, 13H) 1.99 (dd, J = 14.0, 4.2, IH), 2.14
(m, 2H), 2.29 (dd, J = 14.0, 8.2, 1H), 2.58 (A of ABq, J = 23.0, 1H), 2.68 (B of ABq, J = 23.0, 11, 3.26 (m,
1H), 331 (t, J = 6.0, 2H), 3.45 (m, 1H), 3.81 (A of ABq, J = 10.6, 1H), 3.86 (B of ABq, J = 10.6, IH), 5.00
(m, 1H), 5.47 (brt, J = 10.8, 2H), 5.88 (m, 2H); "C NMR (CDCl,) § -2.1 (g), 10.0 (t), 18.5 (1), 25.5 (1), 26.5
(1), 27.1 (q), 27.5 (q), 28.0 (q), 29.8 (1), 38.8 (s), 40.4 (s), 44.4 (1), 47.3 (d), 50.5 (1), 60.7 (1), 70.6 (1), 72.3 (s),
79.0 (s), 83.8 (s), 84.2 (s), 126.7 (d), 127.6 (d), 127.8 (d), 128.2 (d), 151.1 (s), 178.1 (s); exact mass calcd. for
C,,H,,NO,SSi (M™+2H) m/z 655.3938, found m/z 655.0248.
(£)-[1-|8-hydroxy-2-[2-(trimethylsilyl)ethanesulfonamido]-3-octynyl]-2,5-cyclohexadi-
ene-1-yijmethyl pivalate (i5). As described for the preparation of 11, 6.90 g (10.6 mmol) of ether 14 was
reacted with 0.12 followed by filtration through 20 g of silica gel gave 7.11 g of crude product. This material was
dissolved in 100 mL of CH,Cl, and treated with 4.65 mL (63.3 mmol) of dimethylsulfide and 24.4 mL (317 mmol)
of trifluoroacetic acid. The mixture was stirred for 9 h at rt and quenched with 40 mL of saturated aqueous sodium
bicarbonate and 23 g of solid sodium bicarbonate with cooling in an ice-water bath. The heterogenous mixture was
stirred for additional 2 h at rt, and diluted with 100 mL of ether. The aqueous layer was extracted with 50 mL of
ether. The combined organic phase was dried (MgSO,) and concentrated in vacuo. The residue was dissolved in 50
mL of methanol and 1.08 mL of 40% agueous sodium hydroxide was added. The solution was stirred for 30 min at
rt following by addition of 10 mL of brine. Solvents were removed in vacuo and residue was partitioned between
100 mL of ether and 20 mL of brine. The organic layer was dried (MgSO,), concentrated in vacuo, and the residue
was chromatographed over 200 g of silica gel {eluted in gradient mode from hexanes to EtOAc-hexanes, 1:1) to
afford 4.91 g (93%) of hydroxysulfonamide 15 as a pale yellow oil: IR (neat) 3500, 3275, 1731 em'; '"H NMR
(CDCl,) 5 0.02 (s, 9H), 1.02 (m, 2H), 1.16 (s, 9H), 1.5-1.7 (m, 5SH), 1.83 (d, J = 6.6, 2H), 2.17 (td, J = 6.7,
2.0, 2H), 2.60 (A of ABq, J =24.0, 1H), 2.73 (B of ABq, J = 24.0, lH), 3.01 (m, 2H), 3.63 (t, /= 6.2, 2H),
3.84 (A of ABq, = l() 7, 1H), 3.86 (B of ABq, J = 10.7, 1H), 4.19 (m, 1H), 4.61 (m, 1H), 5.49 (brt, /= 12.4,
2H), 5.91 (m, 2H); "C NMR (CDCl,) 5 -2.0 (q), 10.3 (1), 18.5 (1), 24.8 (1), 25.9 (1), 26.4 (1), 27.3 (q), 31.8 (1),
38.9 (s), 40.0 (s), 43.1 (d), 44.1 (), 49.8 (1), 62.1 (t), 70.4 (1), 80.2 (s), 84.6 (s), 127.4 (d), 128.4 (d), 176.3
(s), one sp2-hybridized carbon was not observed due to overlap; exact mass caled. for C,.H,,NO.SSi (M"+H) m/z
498.2709, found m/z 498.2737.
(£)-[1-[(Z)-8-hydroxy-2-[2-(trimethylsilyl)ethanesulfonamido]-3-octenyl}-2,5-cyclohexa-
diene-1-ylJmethyl pivalate (16). To a mixture of 98 mg (2.60 mmol) of sodium borohydride and 648 mg

(2 60 mmol} of nickel diacetate t tprrqhvdrqtp was added 30 mL of 96% aqueous ethanol gr‘r‘nmpsmlpd hv hvdrngpn

evolution. The solution was stirred for 5 min at rt, 2.17 mL (15.6 mmol) of trlethylamme was added followed by 5
min of stirring and then addition of 5.18 g (10.4 mmol) of sulfonamide 15 in 20 mL of ethanol. The resulting black
suspension was evacuated and filled with hydrogen three times, and stirred under an atmosphere of hydrogen for a
period of 7h during which 279 mL (11.4 mmo]) of hydrogen was absorbed. The rcaction mixture was diluted with
ehromdtographed over 150 g of sﬂlca gel (eluted m grad1ent mode trom hexanes to EtOAc hexanes 1 l) to prov1de
4.68 g (90%) of olefin 16 as a colorless oil: IR (neat) 3552, 3298, 1711 cm’; 'TH NMR (CDCl,) 5 -0.01 (s, 9H),
0.94 (m, 2H), 1.15 (s, 9H), 1.4-1.8 (m, 7H), 2.09 (m, 2H), 2.67 (A of br ABq, J = 24.0, 1H), 2.75 (B of br
ABq, 1H), 2.82 (m, 2H), 3.62 (t, J = 6.5, 2H), 3.81 (A of ABq, /= 10.6, 1H), 3.83 (B of ABq, J = 10.6, 1H),



4.34 (m, 1H), 4.54 (m, iH), 5.21 (1, / = 10.2, iH), 5.41 (m, 2H), 5.55 (dd, J = 10.2, 2.2, 1H), 5.95 (m, 2H);
B NMR (O 1Y8§-20¢(a), 104 (1) 254 () 265 (). 27.1 (). 27.1 (a), 32.1 (1). 389 (5). 40.1 (), 424 (1)
LOANIVER ARSI U AU Y AVT L, AT Y, SV (V) &0 (Vs &7 WY )y JAed (LY, JULT (5) TULE (D), TeT \‘L/,
48.7 (d), 50.1 (1), 62.3 (1), 70.7 (1), 127.4 (d), 127.6 (d), 128.1 (d), 128.9 (d), 130.9 (d), 131.8 (d), 178.2 (s);

exact mass caled. for C,oH,,NO, (M*-SO,CH,CH,SiMe,) m/z 334.2382, found m/z 334. 2383.
(+) [1 {(Z) 8- hydroxy-Z -[2- (tnmethylsﬂyl)ethanesult‘onamld0] -3- octenyl] -2 S-cyclohexa-

e

ﬂlene'l'yljme[nyl plvalaw, pP- toluenesuifonate (esterj (l /} 10 a solution of 4.68 g (9 36 mm‘)l) of
aleahal 1€ 0 10 o (0 82 mmo of A-hMAD and S R0 mMTI (41 6 mmal nf triethvlamine in 100 mI of CH (] was

alcohol 16, 0.10 g (0.82 mmol) of 4-DMAP, and 5.80 mL (41.6 mmol) of triethylamine in 100 mL of CH,C],
added 3.01 g (15.8 mmol) of D-toluenebulfonvl chioride in one portion with cooling in an ice-water bath. The
resulting mixture was stirred at rt for 4.5 h, diluted with 150 mL of ether, and washed sequentially with 50 mL of
brine (adjusting acidity of aqueous phase to pH 1 with aqueous HCl), and 40 mL of saturated aqueous sodium
bicarbonate. The organic layer was dried (MgSO,), concentrated in vacuo, and chromatographed over 200 g of
gilica el (eluted in gradient mode from hexanes to FtOAc-hexanes. 3:7) to give 5 '7n (039,) of togvlate 177 ag a

OIHIIVA gU1 (VINWWG 11 £1GUIVIIE VUL 11V UVAGHYS W LA OALTHVAGLIILS, J.7 ) W pive O, \FY U] VUL WS i 7 s

pale yellow oil: TR (neat) 3296, 1729 cm™; '"H NMR (CDCl,) 4 -0.0! (s, 9H), 0.93 (m, 2H) 1.15 (s, 9H) 1.3-1.7
(m, 6H), 2.04 (m, 2H), 2.42 (s, 3H), 2.64 (A of br ABq, J = 23.0, tH), 2.73 (B of br ABq, 1H), 2.80 (m, 2H),
3.81 (brs, 2H), 4.00 (t, J = 6.4, 2H), 4.29 (m, 1H), 4.53 (m, 1H), 5.20 (t, /= 9.6, 1H), 5.31 (t, J = 7.1, 1H),

540 (dd, J = 10.2, 2.1, 1H), 5.53 (dd, /= 10.2, 2.0, 1H), 593 (m, 2H), 733 (d, /=8, 2H), 7.75(d, ] = 8
2H); PC NMR (CDCL) 5 -2.1 (@), 10.4 (1), 21.6 (q), 25.2 (1), 26.5 (1), 26.8 (1), 27.1 (g), 28.5 (1), 38.9 (s), 40.1
2H); “C NMR (CDClL) 5 -2.1 (g), 10.4 (1), qQ), 25.2 (1), 265 (1), 26.8 (1), 1 (q), 28.5 (1), 38.9 (s), 40.
(s), 42.3 (1), 48.6 (d), 50.1 (1), 70.2 (t), 70.6 (1), 127 3 (d), 127.5 (d), 127.8 (d), 128.2 (d), 128 9 (d), 129.8 (d),
131.0 (d), 131.3 (d), 133.1(s), 144.7 (s), 178.1 (s); exact mass calcd. for C,,H,,0,S (M*-SO,CH,CH,SiMe;) m/z
488.2451, found m/z 488.253
()-{1-{{i,2,5,6,7,8-Hexahydro-1-{{2-(irimethyisiiyi)ethyijsulfonyij-2-azocinyijmethyij-
2,5-cyclohexadiene-1-yljmethyl pivalate (18). To a solution of 354 ¢ 5 41 mmol) of tosylate 17, 2.20 g

< 5 LXK 1
(5.96 mmol) of tetrabutylammonium iodide, and 0.40 g (1.11 mmol) of dlbenzo 18-crown-6 in 550 mL of toluene
was added 1.41 g (7.03 mmol) of a 20% suspcnslon of potassium hydride in mineral oil. The mixture was heated
under reflux for 1 h, cooled to the temperature of an ice-water bath, and quenched with 100 mL of brine contammg

0 mmOl o HLI .lne Orgamc ldycr was (JI'ICU (lVJ.gDU‘}, LOHLCHU‘d[CU H] Vdcuo dn(] Cnromdlograpnea over lUU g OI
silica gel {eluted in eradient mode from hexanes to EtQAc-hexanes 2-8Y tg give 2.00 o (Rn%\ of azocine 18 ag a

SUILVA FTI (Tiuiu Hran avuY 1Y IV ARLIUS WV S ALTICAQIICS, 4.0 W ive a7 QlO0ANT A0 as a

white solid: mp 93-94 °C (from hexanes-ether); IR (KBr) 1732 em'; 'H NMR (CDCl,) 5 0. 03 (s, 9H), 1.01 (m,
2H), 1.17 (s, 9H), 1.4-2.1 (m, 8H), 2.65 (m, 2H), 2.7-3.0 (m, 2H), 3.24 (br d, J"168 I1H), 3.69 (td, ./~
11.0, 2.8, 1H), 3.83 (A OfABq,J«lO6 1H) 3.89 (B of ABq, /= 10.6, 1H), 4.44 (brd J=8.6, IH), 5

N &N 1 4 T 1~ 1T\ £ 0O /L . 4 1 LYERE & AY

(m 3H), Jluorig, s = i2.0, lﬂ), 5.88 \DI'G J=10.2, 1rl), 3.¥6 (DU (l,,J = lU.L, 1ri}); ib NMR \LULI ) 8-2.0
(a). 102 (). 236 (). 24 5 (t). 25.6 (1) 7ﬁ§{t\ 272 () ?89(3)’ 40.6 (5). 41 R(r\ A‘GQIH 492 (1), 5472 (d)

W)y LV& (Y & U (L), &0 (L), &30 \y), &V Y, P V.U S, v/, T.L (),

70.8 (1), 126.4 (d), 126.7 (d), 128.1 (d) 1283 (d), 128.9 (d), 1329 (d) 178.1 s), Anal. caled. for
C,H,;NO,SSi: C, 62.33; H, 8.99. Found: C 62.39; H 9.04.
(+) [1- [[1 2,5,6,7,8- Hexahydro -1- [[2 (trnmethylsnlyl)ethyl]sulfonyl] -2-azocinyljmethyl]-

-0x0-2,5-cyciohexadiene-i-yijmethyl pivalate (1%). To a suspension of 1.48 g (3.07 mmol) of
ynamide 18 1.36 mL (12.3 mmol) of rert-butyl hvrlrnnprnv:dp {Qﬂ%\ and 3.7 g of Celite in 38 mL of benzene

ulfonamide 18, 1.36 mL (12.3 mmol) buty droperoxide (90 and 3. Celite in mL of benzene
was added 4.62 g (12.3 mmol) of pyridinium dlchromate over 10 min 10 "C The resultmg mixture was stirred at rt
for 6 h, diluted with 150 mL of ether, and filtered through 25 g of basic alumina (Brockman activity III). The filtrate
was concentrated in vacuo and the residue was chromatographed over 60 g of basic alumina (Brockman activity 111,
eluted in gradient mode from hexanes to EtOAc-hexanes, 1:1) to provide 1.11 g (73%) of dienone 1% as a white
crystalline material: mp 127 °C (from ether): IR (KBr) 1740 cm'; 'H NMR (CDCL,) § 0.01 (s, 9H), 0.99 (m, 2H),

I YOLAIII MIGIVIAGL. 1 L& S (LHRVILE Tl f. A5 (a5t LA LNAVASN \(Ralioaqy U VLU FARJy VO FT \1idy Lik)

1.09 (s, 9H), 1.47 (m, 1H), 1.70 (m, 3H), 2.03 (m, lH)215(de—136 93 1H), 223(dd J=13.6, 3.2,
1H), 2.45 (m, 1H), 2.84 (t, J = 9.0, 2H), 3.23 (m, [H), 3.43 (m, 1H), 4.06 (m, 1H), 4.08 (A of ABq, J = 10.7,
IH)411(B0tABq, J=10.7, 1H), 5.30 (ddd, /= 11.6, 4.4 141H),557(m IH), 634(dd J=10.1, 1.9,

i

o

( )
ln), 6.43 (dd, J = 10.1, 1.9, 1H), 6.76 (dd, J = 10.1, 3.0, 1H), 6.94 (dd, J = 10.1, 3.0, 1H); "C NMR (CDCl,)
2.0 (q), 10.1 (1), 25.3 (1), 25.6 (1), 26.6 (1), 27.0 (q), 38.8 (s), 41.5 (1), 46.0 (s), 46.2 (1), 50.7 (t), 54.2 (d),
""U\\le‘-’ \Lls‘"’-)‘/su-’-'d\/ LTS Ny i Mgy S0 RO A sy 7 A/
67.4 (1), 130.3 (d), 130.5 (d), 131.3 (d), 131.6 (d), 150.6 (d), 150.3 (d), 177.7 (s), 185.7 (s); Anal caled. for

C,H,,NO,SSi: C, 60.57; H, 8.34. Found: C 60.65; H 8.36.
laRk* 12dR*) 4,4a,6,7,8,9,11a,12- Octahydro 3 oxoazocmo[l 2- a]mdol-

(+) -[(4aR*,1
4~ ATTN WV A N __f_ B4 LN A oD 1€ 12
i2a(3H)-yijmethyi pivalate (6). A suspension of 1.90 g (3.83 mumol) of sulfonamide 1%, and 2.33 g {(i5.3
mmol) of cesium fluoride in 9 mL of DMF was heated at 90 °C for 15 h, was cooled to rt, and diluted with 4 mL of

mecthanol. Low boiling components were evaporated at 40 °C/1 torr and the residue was chromatographed over 120
g of basic alumina (Brockman activity III, eluted in gradient mode from hexanes to EtOAc-hexanes, 2:8) to provide
1.01 g (80%) of amine 6 as a pdlc ycllow thick oil: IR (neat) 1732 1682 ecm™; '"H NMR (CDCl,) & 1.16 (s, 9H),

i.47 (m, 3H), 1.59 (dd, J = 13.1, 6.4, tH), 1.80 (m, 2ZH .15 (dd, /= 13.1, 8.9, 1H‘,224’brd,ff'118,
( ) { ) 1\ ) {



IH), 2.6-2.9 (m, 4H), 2.87 (td, J = 11.9, 2.8, 1H), 3.28 (m, 1H), 3.94 (A of ABq, J = 11.2, 1H), 4.25 (B of
ABg,J=11.2, 1H), 5.40 (m, 2H), 5.95 (d, J = 10.1, 1H), 6.43 (44, 7= 10.1, 20, 1K) *C NMR (CDCL,) 5
24.0 (1), 24.5 (1), 26.2 (1), 27.1 (q), 38.1 (1), 38.8 (s), 41.3 (1), 45.9 (s), 52.3 (1), 63.0 (d), 67.4 (1), 67.6 (1),

126.7 (d), 127.9 (d), 133. O (d), 151.2 (d), 178.0 (s), 197.7 (s); exact mass calcd. for C,,H,,NO, m/z 331.2147,
found m/z 331.2140. Signals attributed to the minor isomer § were v1snble in the 'H NMR spectrum of the cmde

R TRy e 2 Vel | at A | e | - | & SR A 2 /A F_ 11 LIy &Y /A ( gL /3
product (CDClL) at 8 4.1(d, J=11 Hz),43(d, /=11 Hz), 593 \u, 10), 6.55 (d, J = 10, 2).
S-cyclohexadiene- 1-yllmeth.

t.vrt-nntvl (£)-I(Z)-T-tert- hlltnxv-I f[l-{hvd

=/ hbabhds tii-{hyar ox he et et Y1)-&,9-cyclohexadiene A
yi}-2- heptenyl][[Z (tnmethylsﬂyl}ethyl]sulfonyl]carhamate, plvalate (ester) (23). To a solution of
1.06 g (1.62 mmol) of alkyne 14, 0.113 mL (0.81 mmol) of triethylamine in 10 mL of 96% ecthanol was added 86
mg of 5% paiiadium on barium sulfate. The resulting black suspension was placed under an atmosphere of
uyui\’)gﬁﬂ and stirred for a l_lcllUU of 40 min while 44 mL (1. 80 mmol) of hydi'()g:,cu was absorbed. The reaction

mixture was diluted with 20 mL of ether, filtered through 25 ¢ of silica gel, and filtrate was concentrated in vacuo

The';e-qudu::-»\-/;s";:hromato—gvrz;bied ove; 60g of s?nhca gelu(;lvutc:cd ;n gradlz;xi moZié -from hexanes to EtOAc—hex:n;vs,
1:9) to provide 0.64 g (60%) of olefin 23 and 0.15 g (14%) of starting alkyne 14. Olefin 23 is a colorless oil: IR

1. 137 RTRATDS T T AT T ~

(neat) 1730 cm™; '"H NMR (CDCI,) § 0.00 (s, 9H), 0.93 (m, 2H), 1.14 (s, 18H), 1.35 (m, 2H), 1.4-1.6 (m, 2H),
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1 AD (o QLI 1 o o o V4 ALIN D 4N /... NLIN 2 NQ S ALIN 2770 fo EIN & 1Y fmn £ £ 1 (1~ L£EITy, 134
LAY (S, 7K1}, 1.0-2.2 ({I1l, 411}, £.0U {ili, 411), 3.20 {IM, 411j, 3./¥ (8, 2I11), J.1VU {in, lIl), J.2-0.1 (i1, 0n1j; U
NMR (CDCL,) 8 -1.9 (g), 10.2 (1), 26.2 (1), 26.7 (1), 27.3 (q), 27.7 (q), 27.9 (1), 28.2 (q), 30.6 (1), 39.0 (s), 40.7
(s), 43.4 (1), 51.5 (1), 52.5 (d), 61.4 (1), 71.0 (1), 72.5 (s), 84.1 (s), 126.7 (d), 127.1 (d), 128.7 (d), 128.8 (d),
129.7 (d), 133.3 (d), 151.6 (s), 178.2 (s); exact mass calcd. for C,;H,,NO,SSi M*+H) m/z 656.4016, found m/z
656.4046.
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ieri-putyr-\Tj-{{£ )j-/-Leri-ouioxy-1-[ | 1-{(NYATroXymeinyi)-4-0xXo0-4,5-cycionexaaiene-i-
vllmethyl]l-2-hentenyll[[2-(trimethylsilyDlethyllsulfonyllcarbamate, nivalate (ester) (24). To a
suspension of 1.10 g (1. 68 mmol) of diene 23, 0.67 mL (6.71 mmol) of terz- butyl hydroperoxide (90%), and 2.0 g
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3 tenyllcarbamate, pivalate (ester) (25). To a solution of 172 mg (0.257 mmol) of
sulfonamide 24 in 1.5 mL of di methylfommmnde was added 156 mg of CsF (1.03 mmol) in one portion. The
reaction mixture was stirred for 3.5 h at rt, diluted with 10 mL of ether, washed with two portions of brine (4 + 2
mL) dried (Na2304) and concentrated in vacuo. The residue was chromdtographed over 10 g of silica gel (eluted in
gradient mode from hexanes to EtOAc-hexanes, 2:8) to provide, in order of clution, 6 mg (4%) of starting
sulfonamide 24, 9 mg (7%) of bicyclic ketone 26, and 105 mg (81%) of dienone 25 as a colorless thick oil: IR
(neat) 3340, 1732, 1668 cm’; 'H NMR (C,D,, 50 °C) 5 1.08 (s, 9H), 1.14 (5, 91D, 1.3-1.6 (m, 4H), |4 (’s
9H), 1.67 (m, 1H), 1.9-2.1 (m, 3H), 3.27 (t, J =

6.
quintet J=72, 1H), 494 (brt, J=9.2, 1H), 5.28 (dt, J = lU 7,
Y r - AY
)s

x>
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/z m), 6.2-6.4 (m BH) 6.50 (brd, J=
A oty B NMD (T &0 O ; 277 0 {t 27 {n 2R ) (e~ MRS /Y 20N (A 219D (¢ 20 72 (¢) /I’l 0 ()
lU 4, 1X1), “%C INIVIIN Wghdg, JU ) O £/ (L), £47.U {4}, £40.24 \4 }, LO.0 \UYy, &7.V (), DL.4 (L), 7.0 \S), ULy,

A\

} S a5
45.8 (s), 46.1 (d), 61.8 (1), 68.2 (1), 72.6 (s), 79.6 (s), 17 1.2 (d), 131. .6 (d), 132.2 (d\ 133.4 (d), 149.4 (d‘l
149.8 (d), 154.9 (b), 177. 5 (s), 185.0 (s); exact mass calcd. for C,,H,,NO, (M"—t—Bu+H) m/z 449.2777, found
m/z 449.2687. The ratio of 24:25 varied from one run to another but 26 was never formed in more than trace

amounts. Cyclization of 25 to 26 did occur if an acidic workup was used or if 25 was exposed to CDCI,.

tert-Butyl-(+)-[(2R*,3aS*,7a8*)-2-[(Z)-6-tert-butoxy-1-hexenyl]-3a,6,7,7a-tetrahydro-
3a-(hydroxymethyl)-6-oxo-1-indolinecarboxylate, pivalate ester (26). To a solution of 26 mg (0.05
mmol) of dienone 25 in 0.25 mL of dimcthylformamide was added 31 mg (0.2 mmol) of cesium fluoride. The

resuiting mixture was stirred at rt for 3 h and then filtered through a 0.5 x 5.0 cm plug of basic activity 1 alumina,
rinsine with conius amounts of CH Pl The eluent was concentrated in vacuo to provide 20 mg (7707:«\ of 26 as a
5 115 VY itil \«vtlluo QLLIVULIIWLS VUL \-/l.lz Yhwuwy WV VA
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colorless oil, contaminated with trace amounts of 27 by 'H NMR: IR (neat) 1732, 1694 cm™; '"H NMR (CDCl,, 75
°C) 8 1.1-1.6 (m with three s at 1.18, 1.21 and 1.44, 31H), 1.82 (dd, J = 13.2, 6.4, 1H), 2.09 (m, 2H), 2.21 (dd,
J.. 132 8.3, 1H), 2.84 (dd, J = 16.6, 5.1, 1H), 2.97 (dd, J = 16.6, 6.9, 1H), 3.35 (t, J= 6.1, 2H), 4.10 (Ao
ABq.J-—HB 1H), 423 (t,J=6.4, lH,427 (B of ABq, J = 11.3, 1H), 4.54 (m, 1H), 5.40 (m, 2H), 6.07 (d,
J =10.3, 1H), 6.55 (d, J = 10.3, 1H), the signal at 5 6.55 was broad rt; 'C NMR( DCl3, 55 °C) 8 26.7 (t), 27.5
(@), 27.9 (g), 28.7 (q), 30.8 (1), 38.9 (1), 35.2 (s), 40.9 (1), 46.6 (s), 54.6 (d), 59.8 (d), 61.6 (t), 67.3 (v), 72.6
(s), 80.5 (s), 130.1 (d), 130.3 (d), 1332 (d), 1485 (d) 153.8 (s), 178.0 (s), 196.5 (s), one upfield triplet was not

observed; exact mass caled. for C,,H,,NO, m/z 505.3403, found m/z 505 3355
tert-butyl-(£)-[(2R*, 3aR* 7aR*) 2-[(Z)-6-tert-butoxy-1-hexenyl]-3a,6,7,7a-tetrahydro-
3a- (hydroxymethyl)-6 0x0-1- lndolmecarboxylate, pivalate ester (27) To a solution of 60 mg (0.09

mmOI) of dienone 4‘. in i mL of ulmcmyuomldrmuc was added 109 mg {U 71 mHlOl) of cesium fluoride. The
resultine mixture was stirred at 85 °C for 18 h. and diluted with 3.0 mL of CH.Cl. and 3 mL of ether. The resulting

IVSUILIALE HIUALRLIL WGS Suxivis 4 O 1, Guald Ll Wiz 2 R v i DI LR L R a2 ) e R A o

mixture was filtered through S g of silica gel using EtOAc-hexanes as eluant. The filtrate was concentrated in vacuo
to give 43 mg of crude product. 'H NMR analysis of this residue indicated the presence of 26 and 27 in a 15:85
ratio. The residue was chromatographed over 14 g of silica gel (eluted in gradient mode from hexanes to EtOAc-

07N AL

hexanes, 3:7) to provide 20 mg (45%) of perhydroindole 27 as a colorless oil: IR (neat) 1732, 1694 cm™; '"H NMR
(CDC1.) 5 1.16 (s, 9H), 1.18 (s, 9H), 1.3-1.6 (m, 4H), 1.41 (s, 9H), 1.82 (dd, J = 13.3, 7.1, 1H), 2.10 (m, 2H)

L R VA FARfy A 55 SAX], 1.8 1Az, VYRR, Fiij,

2.25(dd, J = 133 8.2, IH), 269(dd J=16.6, 8.8, 1H), 289 (dd, J = 166 5.8, IH) 3.31 (t, J= 6.3, 2H),
3.93 (A of ABq, J =11, 1H), 4.25 (m overlapping with d, J/ = 11, 2H), 4.66 (q, J = 7.6, 1H), 5.35 (m, 2H), 6.05
(d, J = 10.3, 1H), 6.64 (d, J = 10.3, 1H); "C NMR (CDCl,) & 26.6 (1), 27.4 (q) 27.7 (t), 27.8 (q), 28.6 (q), 30.6
(1), 39.1 (8), 40.0 (1), 41.3 (1), 46.6 (s), 54.9 {d), 59.5 (d), 61.5 (1), 67. (s), 80.5 (s), 1299 (d), 131.0
(Y 132 5§ {A\ 1497 (A 1844 () 178 2 (<)Y 197 13 (q‘r exact m ca H. . NOQO. (M*+H) m/z 5063 ?A.R')

(d), 132.5 149.7 (d), 154.4 (s), 178.2 (s), 197.3 (5); exac d. 2H g NO, (M*™+H) m/z 50
found m/z 506 3480. Similar treatment of 24 or pure 26 or pure 27 provided a 15:85 mixture of 26 and 27,
respectively.

I-Allyl -2,5- cyclohexadiene 1-carboxylic acid (30). To a stirred solution of 25.95 g (0.21 mol)
OI DCﬂZOlC acm 1n l IU InL. OI (]['y llll“ lIl a L L I'OUH(I DOU.Um lldbk equ1ppf:u wun a (lI'y ILC -acetone COﬁdeﬁsef a‘nd
cooled in a drv ice-acetone bath was condensed 900 mlL. of ammonia. To this solution was added 3.40 g (0.49 mol)
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of lithium wire in small portions over a 40 min period. The solution maintained a dark blue color for 30 min, and
then 48.4 g (0.40 mol) of allyl bromide was added dropwise via syringe over a 10 min period. The solution was
stirred for an additional 2 h, and then 28.0 g (0.52 mol) of solid ammonium chloride was added slowly over 4 2 min
period. The ammonia was allowed to evaporaie overnight. The yellow residue was dissolved in 400 mL of water
and then extracted with four 110-mlL, nortions of ethvl ether. The aqueons laver was cooled in an ice-water bath and

and then extracted with four 110-mL portions of ethyl ether. The aqueous layer was cooled in an ice-water bath ar
acidified to pH 1 with 175 mL of concentrated aqueous HCI. The solution was extracted with three 175-mL
portions of CH,Cl; and the combined organic layers were dried (MgSO,) and concentrated in vacuo to give 32. 1 lg
(92%) of acid 30 as a hght pmk oil, suitable for use in the next reaction: IR (neat) 3460-2367, 1698, 1649 cm™; 'H

-~y Arr\ ~ A z N o ~TYN P -4

<)

NMR (CDCl;) & 2.45-2.47 (d, J = 7.3 Hz, 2H), 2.62-2.72 (m, 2H), 5.03-5.09 (dm, J = 9.4 Hz, 2H), 5.62-5.78
.13 o~
(m, 3H), 5.88-5.94 (m, 2H), 11.2-11.8 (bs, 1H); "C NMR (CDCl3) 5 26.0 (1), 44.0 (1), 47.5 (s), 118.3 (1),

(s), exact mass caled for CoH;,0, m/z 164.0838, found m/z 164.0857.

=AU T4

1-Allyl-2,5- cyclohexadlene-l -carboxamide (31). To a slurry of 31.98 g (0.195 mol) of acid 30 in
348 mL of methanol was added 10.9 g (0.195 mol) of solid KOH in one portion. The solution was stirred until the
KOH dissolved and was then concentrated in vacuo. The r esulung white solid was suspended in 500 mL of dry

benzene cooled in an ice-waier bath, and 23.0 g (n 182 moi) of neat Uxmyl chloride was added ul“OvahL via byl‘iﬁge

and then 105 ml. of a 30% aqueous NH, OH was added

1
126.1 (d), 126.3 (d), 132.8 (d), 180.7

Wy 14 82 1050 ) 10V

-

over a 5 min period. The solution was stirred for 19

over a 5 min period. The solution stirred for
dropwise over a 30 min period. The cold bath was removed, the soluuon was stirred for an additional 2 h, and was
then extracted with 500 mL of CH,Cl,. The organic layer was dried (MgSQy) and concentrated in vacuo to give
27.1 g (91%) of amide 31 as a light yellow oil, suitable for use in the next reaction: IR (neat) 3470-3201, 1662

cm’; 'TH NMR (LL)U ) § 2.45-2.48 (dt, J = 5.1, 1.1 Hz, 2H), 2.65-2.69 (m, 2H), 4.98-5.05 (dm, J = 8.1 Hz,
\ : 3
2H), 5.58-5.70 (m, 3H), 5.80 (bs, 1H), 5.88-5.94 (m, 2H), 6.22 (bs, 1H); C NMR (CDCly) 6 26.0 (1), 42.2 (1),

48.0 (s), 117.6 (1), 126.4 (d), 128.2 (d), 134.0 (d), 176.7 (s); cxact mass caled for C;oH;sNO m/z 163.0998,
found m/z 163.0978.

(1)-3-(Todomethyl)-2-azaspiro[4.5]deca-6,9-dien-1-one (32). To a solution of 11.9 g (72.6
mmol) of amide 31 and 16.16 g (0.16 mol) of triethylamine in 90 mL of pentane cooled in an ice water bath, was
added 35.5 g (0.16 mol) of neat trimethyisily! trifluoromethanesulfonate dropwise via syringe over a 5 min period.
The solution was stirred for 1 h. The pentane was removed in vacuo and the solid residue was dissolved in 90 mL

of dry THF and cooled in an ice-water bath. To this solution was added 18.4 g (72.60 mmol) of iodine in one
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portion and the solution was then stirred for 15 b, 1ne solution was partitioned beiween 4UU mL of etnyl ether and
620 ml. of a saturated agueous solution of endmm bl(‘arhonate/\mhum sulfite (1:1). The agueous ]:wer was

The residue was recrystallized from 300 mL acetone/methanol (4:1) to give 12.1 g (57%) of 1odolactam 32 as a hghl
tan sohd mp 173.5-176.5 °C; IR (CDCly) 3235, 1697, 1652 cm™; 'H NMR (DMSO-d,) & 1.61-1.68 (dd, J =

13.0, 7.3 Hz, 1H), zuo-z i3 {dd, J = 13.0, 6.9 Hz, iH), 2.58-2.62 (bs, ZH), 3.27-3.37 (m, 2ZH), 3.55-3.63 (m,
1H), 5.46-5.51 (dm, J=39 Hz, I1H), 5 58=5.62 (@m, J = 5.9 Hz, 1H), 5.75-5.85 (m, 2H), 7.93 (bs, {H); 1°C
NMR (DMSO-dy) & 14.9 (1), 25.7 (1), 43.4 (1), 47.3 (s), 50.5 (d), 124.9 (d), 125.9 (d), 127.3 (d), 128.3 (d),

176.5 (s); Anal. calcd. for C;H;INO: C 41.52; H, 4.19. Found: C, 41.58; H, 4.17.

tert-Butyl (£)-3-(iodomethyl)-1-o0xo-2-azaspiro[4.5]deca-6,9-diene-2-carboxylate (33).
To a stirred solution of 822 mg (2.84 mmoi) of iodide 3Z and 621 mg (2.84 mmol) of di-tert-butyl dicarbonate in
35 mL of dry THF cooled in an ice-water bath was added 62 mg (0.57 mmol) of solid 4-dimethylaminopyridine in
one portion. The solution was stirred for 10 min, the cold bath was removed, and the solution was stirred an
additional 48 h. The solution was suction filtered through a 100 g pad of silica gel (11 x 3 cm) and the silica gel
was washed with copious amounts of ethyl ether. The filtrate was concentrated in vacuo to give 717 mg (65%) of
lactam 33 as a white solid, suitable for use in the next reaction: mp 85-90 °C; IR (CDCI,) 1786, 1751, 1716 cm™

1T AIAAD 7T Y s (s. SH. | 101 (Add T—126 £Q I, 111 212.97€ ¢dd T— 126 70
H NMR (CD{(LL) 8 1. 52 (s, 9H), 1.84-1.91 (dd, J = 13.6, 6.8 Hz, 1H), 2.18-2.25 (dd, J = 13.6, 7.9 Hz, 1n),

2.59-2.71 (dm, J = 23.2 Hz, 1H), 2.74-2.85 (dm, J = 23.2 Hz, 1H), 3.50-3.62 (m, 2H), 3.97-4.05 (m, 1H),
5.50-5.59 (m, 2H), 5.89-6.03 (m, 2H); ""C NMR (CDCl,) & 11.3 (1), 25.8 (1), 27.9 (q), 39.3 (1), 47.9 (s), 54.1
(d), 83.3 (s), 125.6 (d), 126.1 (d), 126.9 (d), 127.5 (d), 150.2 (s), 174.4 (s); Anal. Calcd. for C ;H,INO,: C,

46.29; H, 5.18. Found: C, 4055,11 5.16.

NA <L .1 Y ({40t hastbtnwwrnas hanollameiennl 2 _3n A 14 anhavads T _oaw
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boxylate (34). To a stirred solution of 5.95 g (15.29 mmol) of lactamn 33 in 100 mL of absolute methanol
cooled in an ice-water bath was added a solution of 387 mg (16.90 mmol) of sodium metal in 30 mL of methanol
dropwise via an additional funnel over a 3 min period. The solution was stirred an additional 1.5 h and poured into
200 mL of saturated brine. The solution was extracted with two 125-ml. portions of ether and four 75-ml. portions

RPN, A Arganice cara deia QN and concants i o
of \,HQLIZ The combined OrgaiiiC 1a_ycm were dried \MESOU and concentrated in vacuo to give 348 g (54%) Gf

amide 34 as a light yellow solid, suitable for use in the next reaction: mp 84-87 °C; IR (CDCl,) 3366, 1712 cm'
'H NMR (C,/D,) 8 1.37 (s, 9H), 1.64-1.70 (dd, J = 14.1, 3.6 Hz, 1H), 1.87-1.94 (dd, J = 14.1, 9.5 Hz, lH)
2.20-2.41 (m, 2H), 2.78-2.83 (dd, J = 10.0, 4.4 Hz, 1H), 2.98-3.03 (dd, J = 10.0, 5.0 Hz, |H), 3.30 (s, 3H),
3.62-3.69 (m 1H), 4.38-4.41 (d J = 8.7 Hz, 1H), 5.56-5.62 (m, 2H), 5.68-5.73 (dm, J 2 Hz, iH), 5.8i-
/I Q 7 A4 10 ()

1N" LI, 1t .13
5.86 (dm, J = 10.2 Hz, 1H); "CNMR({C.D,) 5 15.6 (t), 26 1 (1), 284 (q), 4 (d), 51.9 {g),

{c

(&
79.0 (s), 125.8 (d), 126.5 (d), 126.6 (d), 127.5 (d), 1 , 174.5 (s); Anal. caled. for C,H,,INO,: C, 45.62;
H, 5.74. Found: C, 46.14; H, 5.79.

Methyl (%)-1-{2-0x0-4-0xazolidinyl)methyl]-2,5-cyclohexadiene-1-carboxylate (35). A
solution of 5.02 8 (11 87 mmol) of amide 34 and 1.41 g (17.81 mmol) of pyridine in 63 mL of dry toluene was
stirred at reflux for 24 h. The hot solution was suction filtered and the filtrate was cooled to -15 "C for 15 h. The
resulting solid was collected to give 1.78 g (63%) of oxazolidinone 35 as light yellow crystals (mp 117.5-120 "C)
suitable for use in the next reaction. Recrystallization of a sample from EtOAc/hexanes (1:1) gave an analytically
pure sample as white platelets: mp 120-123 °C; IR (CDCl,) 3268, 1758, 1725 cm; 'H NMR (CDCl,) & 1.91-
1.97 (dd J =143, 3.8 Hz, 1H), 2.04-2.11 (dd, J = 14.2, 7.5 Hz, 1H), 2.68-2.72 (m, 2H), 3.70 (s, 3H), 3.91-
3.98 (m, 2H), 4.38-4.47 (m, 1H), 5.51 (bs, 1H), 5.62-5.67 (dm, J= 8.3 Hz, 1H), 577-5.82 (dm, J= 8.1 Hz,

1H), 5.96-6.03 (m, 2H); "*C NMR (CDCI,) 5 25.8 (t), 44.1 (1), 46.8 (s), 49.6 (d), 52.5 (q), 70.5 (v), 125.8 (d),
126.7 (d), 127.3 (d), 1274 (d), 158.9 (s), 173.8 (s); Anal. calcd. for C,,H,.,NO,: C, 60.75; H, 6.37. Found: C,
60.75; H, 6.39.

10.
47,

(+)-4-{[1- (Hydroxymethyl) 2,5-cyciohexadienyljmethyij-Z-oxazoiidinone (36). To a
stirred solution of 900 mg (3.80 mimol) of ester 35 in 6 mL of dry THF at rt was added 166 mg (7.62 mmol) of

lithium borohydride in one portion. The solution was stirred for 48 h, then cooled in an ice-water bath, and
quenched with 2.5 mL of concentrated aqueous HCl. The solution was saturated with solid sodium chloride and
diluted with 30 mL of ether. The organic layer was washed with 10 mL of saturated brine. The combined aqueous
layers were extracted with 30 mL of CH,Cl,. The combined ether and CH,CI, layers were dried (MgSO,) and

concentrated in vacuo to give 581 mg (7",%) of a light yellow solid. The crude residue was purified by

chromatography over 12 g of silica gel (eluted with hexanes-EtOAc, 1:1 to EtOAc) to give 449 mg (57%) of alcohol
36 as light yellow crysla]s mp 92.5-94.5 °C; IR (CDCL,) 3334, 1747 cm™; 'H NMR (CDCl,) & 1.54-1.60 (dd, J
= 13.8, 2.6 Hz, 1H), 1.65-1.72 (dd, J = 13.9, 7.7 Hz, 1H), 1.81 (bs, lH) 2.68-2.72 (m, 2H), 3.32-3.39 (AB



quartet, J = 11.8, 10.5 Hz, 2H), 3.90-3.98 (m, 2H), 4.38-4.46 (m, 1H), 5.36-5.41 (dm, J = 8.1 Hz, 1H), 5.52-
5.57 (m, 2H), 5.99-6.05 (m, 2H); ""C NMR (CDCl,) 5 26.3 (1), 42.1 (s), 42.6 (), 50.2 (d), 70.3 (1), 70.8 ()
Q.27 UL, 4337, 277002 U, &3%), L Voiiioiy) © A0 (), Bl (O, TLU (Y, UL G, TVLD L, TULS L,
128.2 (d), 128.4 (d), 129.4 (d), 159.3 (s), one olefin doublet was missing, but probably appears at 128.2 based on

signal intensity; Anal. calcd. for C,\H,,NO;: C, 63.13; H, 7.23. Found: C, 63.06; H, 7.22.
(i)-Benzyl [1 [(2-0x0 4-oxazoiidinyi)methyl] 2,5- cyclohexadien l-yl]methyl malonate

Lo A Tt AP

/ 10 a bllrrw &Ululluﬂ 01 44[ Ing (l W mfﬂ()l) Ul dlLUﬂOl JD Llé mg (l Uy mmOI) OI mOl’lODenzyl I‘naJOﬂa[e
d 13 me (0,11 mmol) of 4-dimethvlaminonvridine in 10 mL of drv CH_Cl. cooled in an ice-water bath was added
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a solution of 226 mg (1.09 mmol) of dicyclohexylcarbodimide in 5 mL of dry CH,Cl, dropwise via syringe over a 5
min period. The solution was stirred for 10 min, the cold bath was removed, and the solution was allowed to stir
for an additional 20 h. The solution was suction filtered and the filter cake was washed with copious amounts of

CH,Cl,. The filtrate was concentrated in vacuo and the residue was purified by chromatography over 12 g of silica
opl (eluted with hexanes-EtOAc. 1:1 to EtQAc) to cive d')R me (96%) of ester 37, suitable for use in the next
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reaatxon as a thick colorless oil: IR (neat) 3319, 1748 cm’; 'H NMR (CDCl,) 6 1. 52 1.58 (dd, J = 14.1, 4.7 Hz,

1H), 1.65-1.72 (dd, J = 14.1, 65HL, 1H), 2.58-2.62 (m, 2H), 3.37-3.38 (s, 2H), 3.79-3.86 (m, 2H), 3.88 (s,

2H), 4.27-4.35 (m, 1H), 5.12 (s, 2H), 528 5.33 (dm, J = 10.3 Hz, 1H), 5.41-5.46 (dm, J = 12.5 Hz, 1H),
(

e
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5.83-5.91 (m, 3H), 7.26-7.33 (m, 5}{), *C NMR (CDCl,) 8 26.2 (1), 39.6 (s), 41.3 (), 42.5 (1), 49.9 (d), 67.1
(t), 70.8 (t), 71.5 (1), 127.4 (d), 127.8 (d), 128.12 (d), 128.14 (d), 128.4 (d), 128.5 (d), 135.1 (s), 159.3 (s),
166.05 (s), 166.07 (s), one olefinic carbon was not observed due to magnetic equivalence; exact mass calcd. for

C, H,;NO, m/z 385.1525, found m/z 385.1538.

(+)-Benzyl (4 oxo-1- ((2 0x0-4- oxazolidinyl)methyl] 2 S-cyclohexadien 1- yl]methyl
malonate (38). A stirred slurry of 2.00 g (5.19 mmol) of ester 37 and 5.74 g of Celite in 100 mL of dry
benzene was cooled in an ice-water bath for 15 min. To this slurry was added in sequence 5.86 g (15.58 mmol) of
pyridinium dichromate in one portion and 1.40 g (15.53 mmol) of fert-butyl hydroperoxide in one portion via
syringe. The solution was stirred for 30 min, the cold bath was removed, and the solution was allowed to stir an
additional 3 h. The solution was suction filtered and the filter cake was washed with copious amounts of CH,Cl,.

IHC Illlrdlc was L()Hhﬂﬂlrdlﬁﬂ lll vacuo dl’lu Ult: l"CS]uUd.l Ull was ulromcuogrdpncu over DU g OI blllLd ge1 &EIU[C(] Wl[[l
EtOAc) to give 917 mg (44%) of dienone 38 as a thick colorless oil: IR (neat) 3290, 1754, 1666, 1627 cm'; 'H
NMR (CDCl,) & 1.93 (dd, J = 14.1, 5.6 Hz, 1H), 2.06 (dd, J = 14.1, 6.8 Hz, 1H), 3.41 (d, J = 3.3 Hz, 2H),
3.59-3.67 (m, 1H), 3.84 (t, J = 8.7 Hz, 1H), 4.08-4.17 (m, 2H), 4.31 (t, J = 8.6 Hz, 1H), 5.14 (s, 2H), 6.09
(bs, lH), 6.36-6.43 (m 2H), 6.70 (dd J=10.1, 2.9 Hz, lH), 6.81 (dd J=97, 29 Hz, lH) 7.25-7.41 (m,
5H); ‘C NMR (CDCL) 841.1 (1),41.3 (1), 44. 6 (), 49.2 (d), 67.4 (1), 68.3 (1), 70.4 (1), 128.3 (d), 128.5 (d),
128.6 (d), 132.2 (d), 134.9 (s), 148.4 (d) 148.8 (d), 159.1 (s), 165.7 (s) 165.8 (s), 184.7 (s), one olefinic carbon
was not observed due to magnetic equivalence; exact mass calcd. for C, H, NO, m/z 399.1318, found m/z
399.1335.

(+)-Benzyl [(4aR*,8aR*,9a5%)-5,6,9,9a-tetrahydro-3,6-dioxo-1H,3H-o0xo0z0lo[3,4-a]in-
doi-8a(d4aH )-yijmethyl malonate (28b). To a stirred solution of 1.18 g (2.96 mmol) of dienone 38 in 50
mL of dry CH,Cl, at rt was added 17.8 g (0.156 mol) of trifluoroacetic acid in one portion via syringe. The
solution was allowed to stir for 7 h. The solution was washed with two 30-mL portions of saturated aqueous
sodium bicarbonate. The organic layer was dried (MgSO,) and concentrated in vacuo to give 1.03 g (88%) of
enone 28b as a thick colorless oil, suitable for use in the next reaction: IR (neat) 1754, 1682 cm’; 'H NMR
{CDC1,) 8§ 1.83 (dd, /= 12.2, 11.1 Hz, 1H), 1.98 (dd, J = 12.2, 5.1 Hz, 1H), 2.65 (dd, J = 17.0, 4.7 Hz, 1H),
2.87 (dd, J = 17.0, 2.9 Hz, 1H), 3.44 (s, 2H), 3.91-4.00 (m, 1H), 4.09-4.17 (m, 2H), 4.23 (d, /= 11.4 Hz,
1H), 4.37-4.46 (m, 2H), 5.15 (s, 2H), 6.17 (dd, J = 10.5, 0.4 Hz, 1H), 6.44 (dd, J = 10.4, 1.6 Hz, 1H), 7.29-
7.39 (m, SH); "*C NMR (CDCl,) 5 39.7 (t), 40.6 (1), 41.2 (t), 50.0 (s), 57.1 (d), 59.9 (d), 67.2 (v), 67.4 (1),
128.4 (d), 128.53 (d), 128.56 (d), 131.9 (d), 134.9 (s), 146.7 (d), 161.1 (s), 165.70 (s), 165.78 (s), 195.7 (s);
exact mass calcd. for C, H, NO, m/z 399.1318, found m/z 399.1309.

Benzyl (H)-(4R* 4a8* TaR* 11a8* 12aR*)-octahydro-3,6,9-trioxo-1H 3H 9H 11H-
oxazolo[3v4-a]pyran0[3 4 d]- mdole 4 carboxylate (39). Toa stlrred solutlon of 996 mg (2.58 mmol) of
enone 28b in 25 mL of dry CH,CI, at rt was added 594 mg (5.16 mmol) of tetramethylguanidine via syringe in one
portion. The solution was allowed to stir at rt for 3.5 h and then concentrated in vacuo. The crude residue was
purified by chromatography over 12 g of silica gel (eluted with CH,Cl,-methanol, 9:1) to give 696 mg (70%) of
lactone 39 as a light tan solid: mp 194-197 °’C; IR (DMSO) 1751 LTT]I 1H NMR (DMSO-d,) § 2.01 (dd, J = 13.2,
7.9 Hz, 1H), 2.20 (dd, J = 13.1, 7.4 Hz, 1H), 2.29-2.71 (m, 5H), 3.84 (d, 7= 11.7 Hz 1H), 3.98-4.06 (m,
2H), 4.20 (dd, J = 8.7, 4.3 Hz, 1H), 4.34-4.40 (m, 1H), 4.51 (t, J = 8.4 Hz, 1H), 4.56 (d, J = 11.7 Hz, 1H),
5.22 (s, 2H), 7.32-7.39 (m, 5H); *C NMR (DMSO-d,) 5 37.7 (d), 40.8 (1), 42.1 (1), 42.5 (v), 47.2 (s), 51.0 (1),
56.5 (1), 57.9 (), 67.0 (d), 69.2 (d), 70.8 (d), 128.1 (d) 128.4 (d), 128.6 (d), 135.7 (s), 160.7 (s), 168.1 (s),
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169.0 (s), S (s); Anal. caicd. for C,;H,NG;: C, 63.14; H, :).30. Found: C, 63.19; H, 5.32. A sample

suitable fnr Y-mv crys 2llnnmphig analvsis was arnwn from DMS

I ogra
(+) (4’aR*,7’aS*,11’aR*,12’aS5*)-Hexahydro-1H, 3H 9H,11H -o0xazolo[3,4-a]pyrano-
-trione (40) A slurry of 768 mg (l 92 mmol) of bem:yl ester 39, 847 mg (1.06
mmol) of 1 4—cyclohexad1ene and 350 mg of 10% pa]ladmm hydroxxde on carbon in 40 mL of absolute ethanol
was stirred at reflux for 45 min. The ot solution was suciion filtered through a thin 4 cm diameter pad of Celite,
and then the filtrate was concentrated in vacuo to give 4000 me (78%) of slightly impure ketone 40 as a white solid
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Recrystalhzatxon of a sample from methanol-acetone provided pure material: mp 178-180 °C; IR (DMSO) 1732,
1650 cm™'; "H NMR (DMSO-dy) 6 1.91 (dd, J = 10.9, 9.1 Hz, IH) 2.22 (dd, J = 12.8, 7.3 Hz, |H), 2.35-2.42

(m, 2H), 2.43-2.52 (m 3H), 2.55 (m, 1H), 2.61-2.74 (m, 1H), 3.88-3.98 (m, 2H), 4.18 (dd, J = 9.1, 3.6 Hz,
1H), 4.28-4.40 (m, 1H), 4.40-4.55 (m, 2H); ""C NMR (CD,- DMSO-('G) 8 34.3 (d), 34.8 (1), 41.7 (1), 43.0 (D),
43.5 (1), 47.2 (s), 57.1 (d), 59.2 (d), 689 (), 71.7 (1), 161.2 (s), 171.2 (s), 207.1 (s); exact mass caled. for

C;H,:NO, m/z 265.0950, found—m/z 265.0952.
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