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Development of an approach to the synthesis of the plakortones
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Abstract

A general synthesis of the plakortones has been developed by the synthesis of two key sections, with a focus
on Pd(Il)-promoted preparation of@s-fused tetrahydrofuranolactone. The key intermediates were obtained in
homochiral form starting from asymmetric epoxidation of an allylic alcohol. © 2000 Elsevier Science Ltd. All
rights reserved.

Palladium-promoted intramolecular alkoxycarbonylation of hydroxyalkehebds been developed
as a route to bicyclic tetrahydrofuran lacton@s(® The general process was first demonstrated in the
construction of a cyclohexane ring withs fused lacton® and later developed to control the relative
configuration of the 2,5-substituents around a tetrahydrofurar! i8eyeral families of natural products
incorporate this ring system and it is an interesting question whether the palladium methodology offers
efficient strategies for their construction. The plakortor@e$) were identified in 1996 and show activity
as activators of the cardiac sarcoplasmic reticulurfé@aimping ATPase and are of potential interest
as agents to increase calcium pumping in order to correct cardiac muscle relaxation abnofhiiiies.
structure is based on detailéd NMR studies and the configuration at €4 3-6 is not defined, and
likewise for the configuration at C22n 5 and6. A few other diverse structures show similar activity (e.g.,
gingerof for activation of cardiac SR C&ATPase and plakortf for skeletal muscle C&-ATPase), but
no detailed SAR work has been published.
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5: R=Et plakortone C
6: R=Me plakortone D

Retrosynthetic analysisVe are prompted by a recent paplewith similar ideas to report here our
progress in developing an approach to the plakortone structures. Key to the palladium methodology,
a retrosynthetic analysis is shown in Scheme 1. The key transforms are the alkene caaplorg (
plakortones A and B; alternative C—C single bond couplings would be appropriate for plakortones C and
D), the palladium alkoxycarbonylatiof), the addition of a carbonyl anion equivalent to a homochiral
epoxide €), and the enolate Claisen rearrangemeit This analysis results in a short sequence, but
exposes obvious selectivity issues in the trisubstituted double bond prepam@tiand in creating
the second stereogenic center in intermedfaté/e report here the synthesis of homochiral lactBne
(Y=CH>OH) and the sulfon€9 (X=SQ:Ph).
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Scheme 1.

The general conversion df to 2 (Ry, Rs=H) has ample precede#t,but the precurso? has two
quarternary centers, and the influence of such steric crowding was not previously tested. The simple
model 10, prepared from diacetone alcohol (2.5 mol equiv. of vinyl-MgBr; 71% yield) underwent the
desired conversion to givel in 87% vyield. The Pd(Il) was used here in small excess (1.5 mol equiv.)
which was convenient on this research scale, although procedures with catalytic Pd(ll) and excess Cu(ll)
as reoxidant are availabfeé! The formation of thesis-fused lactone is general with this methodology.
Molecular mechanics analy$fssuggests that theis arrangementi(1) is more stable than thgans by
10-15 kcal/mol.
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Preparation of the bicyclic lactonerhe synthesis of precursar (P=t-butyldimethylsilyl, TBS) is
shown in Scheme 2. Following a known procedtffesymmetric epoxidation of the allylic alcohb?
gavel3in 97% vyield and 85—-90%e protection as the TBS ethet4, 86%) followed by displacement
with 2-ethyl-2-lithio-1,3-dithiane produced the hydroxy thioket&l(98%). The standard hydrolydts
affords the -hydroxyketonel6 in 96% vyield. The simplest procedure for preparation7afis by
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addition of a vinyl organometallic nucleophile. However, the use of vinylmagnesium bromide led to
>80% enolization rather than addition. Several variations were tested; the most effective waslé treat
with anhydrous CeGlprior to addition of vinylmagnesium bromidé.
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a: P=TBS

Scheme 2. (a) See Ref. 13a, b; (b) see Ref. 13c; (c) anion preparedam (1.15 mol equiv.) and 2-ethyl-1,3-dithiane (1
mol equiv.) in ether at 0°C, 1 h; thért (1 mol equiv. in THF), 0°C/5 h and 23°C/12 h; (d) yellow HgO (2.2 mol equiv.), HgCl
(3 mol equiv.), MeOH, reflux, 18 h; (e) (i) mix Ce£{freshly dried, 1.1 mol equiv.), THF, vinyl-MgBr (2.5 mol equiv., 1 M in
THF), 78°C; (ii) add16 (1 mol equiv.) in THF, 78°C; (iii) 0°C, 45 min; (iv) HOAc at 40°C; (f) see text and Ref. 16

The product mixture had three components: unreabedtributed to enolization (20%), and a mixture
of diastereomeric diol§jaand17 (67% together after flash chromatograpiyj.NMR spectral analysis
of the mixture indicated a ratio of 4:1 (using the signals due to the methine proton appearié@ and
6.9 ppm). Slow elution of the mixture through a silica gel column afforded the pur@didl0%) along
with a mixture of7aand17 (2.5:1 ratio, 25%). Cyclizatior of 7awith Pd(OAc) (2 mol equiv.) in the
presence of CO (1.1 atm) in THF at 23°C gave a single bicyclic lactb®erf 86% yield after column
chromatography. Whil&7 could not be obtained in pure form, a mixture (2.5:1yafand17 produced a
mixture of lactones, again inseparable, but whdséMR spectral data were consistent with a mixture
of 18and19. The relative configurations df8 were established to be the same as the natural product by
thorough NOE-difference studies (examples in Fig. 1 and Table 1).

Fig. 1. NOE enhancements with irradiation at(H 4.52) (500 MHz)

Synthesis of the side chain precurs@rThe side chain unit is available in racemic form according to
Scheme 3, a process which should be readily adaptable to asymmetric synthesis through kinetic resolution
of the early intermediat€0. Since the configuration of the stereogenic center in the side chain is not
established in the plakortones, it will be important to have access to both enantion2€rsAaldition
of EtMgBr to E-2-pentendf gave20in 71% vyield after fractional distillation. Based on the Johnson
protocol® for the enolate Claisen rearrangement, an optimized procedure for convtiog21 was



3570

Table 1
Comparison of the chemical shifts and NOE enhancements for bicyclic lat®ard the bicyclic
lactone portion of plakortone®®

Proton? 18 Plakortone B
Hy 2.65 (10.0%) 2.66 (+)
Ha 1.79 (3.1%) 1.76 (+)
Ha 2.23 (0.60%) 2.30 (+)
Hg 3.56 (0.90%) (b)
Hs 1.00 (4.6%) 0.98 (+)
Hs 1.71 (0%) 1.70 (0)

(a) in CDCl3_. (b) vinyl proton in the natural product

developed. A mixture o020, trimethyl orthoacetate (5 mol equiv.), and propionic acid (0.12 mol equiv.)
was heated at 85°C while MeOH distilled through a short fractionating column. When the MeOH ceased
to distill (ca. 2 h), the solution was transferred to a sealed tube and heated at 145°C for 24 h. folation
gave2l as a mixture with the correspondiZgisomer (78% yield together; 85:15 based on integration

of the vinyl signals in théH NMR spectrum). Reduction of the mixture with LiAjHjave the alcohol

22, which, after column chromatography, was isolated as a single geometrical isomer (92% yield based
on the amount oP1 in the startingE/Z mixture). PCC oxidatioft gave the aldehyd23 (76% yield).
Addition of MeMgBr led to the diastereomers represente@4g8:2 ratio, estimated b{H NMR; 95%

yield).
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Scheme 3. Synthesis of the side chain unit. (a) EtMgBr (1 M in THF, 1.2 mol equiv.), 23°C; (b) see text; (c) (2AtRDI
equiv.), ether, @ 23°C, 14 h; (d) pyridinium chlorochromate (1.4 mol equiv.), L, 23°C, 1.5 h; (e) MeMgBr (1 M sol. in
THF, 1.2 mol equiv., 0°C, 1.5 h); (f) PhSSPh (1.8 mol equiv.), pyridine (ca. 2 mol equi)){P (1.5 mol equiv.), 23°C, 5.5
h; (g) PhSeSePh (0.9 mol equiv.), gH8,:Et,O (1:7), 30% HO, (30 mol equiv.), 0°C, 1 h

Anticipating a Julia couplingf to join the side chain to the furanolactone, the corresponding phenyl
thioether @5, 83% yield) and phenyl sulfon@6, 95% yield) were prepared by standard procedétes.
This work provides effective methodology for the formation of the non-racemic furanolactone portion
and a method for the side chain synthesis which should be readily adaptable to the preparation of each
enantiomer separately. The completion of an asymmetic synthesis of plakotone B is underway.

Acknowledgements

Financial support in the form of a grant from the Research Corporation is acknowledged. One of the
authors (P.S.) thanks DST (Goverment of India, New Delhi) for awarding a BOYSCAST fellowship.



3571

References

1.

abwnN

(e2}

(a) Semmelhack, M. F.; Zhang,.N. Org. Chem1989 54, 4483. (b) Semmelhack, M. F.; Epa, W. R.; Cheung, A. W.-H.;
Gu, Y,; Kim, C.; Zhang, N.; Lew, WJ. Am. Chem. S04.994 116, 7455.

. Tamura, VY.; Kobayashi, T.; Kawamura, S.-I.; Ochiai, H.; Hojo, M.; Yoshida, Zetrahedron Lett1985 26, 3207.

. Hosokawa, T.; Murahashi, S.H#eterocycled992 33, 1097.

. Gracza, T.; Jager, \Bynthesid994 1359.

. Paddon-Jones, G. C.; Moore, C. J.; Brecknell, D. J.; Kénig, W. A.; Kitchingilavahedron Lett1997, 38, 3479. See also:

Bittner, C.; Burgo, A.; Murphy, P. J.; Sung, Chi. H.; Thornhill, AT&trahedron Lett1999 40, 3455.

. Semmelhack, M. F.; Bodurow, C.; Baum, Metrahedron Lett1984 25, 3171.

7. See Refs. 1a, b and: (a) Semmelhack, M. F.; Kim, C.; Zhang, N.; Bodurow, C.; Sanner, M.; Doubler, W.; M&areM.

10.
11.
12

13.
14.

15.

16.
17.

18.
19.

20.

21.

22.

23.

App. Chem199Q 62, 2035. (b) McCormick, M.; Monahan, R.; Soria, J.; Goldsmith, D.; Liotta] BDrg. Chem1989 54,
4485.

. (a) Patil, A. D.; Freyer, A. J.; Bean, M. F.; Carte, B. K.; Westley, J. W.; Johnson, R. K.; LahouratétraPedronl996

52, 377. (b) Coll, K. E.; Johnson Jr., R. G.; Mc KennaHiochemistryl999 38, 2444 and references cited therein.

. Kobayashi, M.; Shoji, N.; Ohizumi, YBiochim. Biophys. Act4987 903, 96.

Murayama, T.; Ohizumi, Y.; Nakamura, H.; Sasaki, T.; KobayasHtxperimential 989 898.
Paddon-Jones, G. C.; Hungerford, N. L.; Hayes, P.; KitchingOWy. Lett.1999 1, 1905.

. (&) For an overview, see: Hegedus Tkansition Metals in the Synthesis of Complex Organic Mole¢lagersity Science

Books: Mill Valley, CA; p. 190ff. (b) Gracza, T.; Hasenohrl, T.; Stahl, U.; JageBythesid991, 1108.

Using the SYBYL program through MacSpartan Plus.

(a) Organ, M. G.; Murray, A. Rl. Org. Chem1997, 62, 1523. (b) Kuehne, M. E.; Matson, P. A.; Bornmann, WJGOrg.
Chem.1991, 56, 513. (c) Corey, E. J.; Venkateswaralu,JAAmM. Chem. S0d972 94, 6190.

(a) Seebach, D.; Corey, E.d Org. Chem1975 40, 231. (b) Seebach, D.; Steinmuller, Bagew. Chem., Int. Ed. Engl.

1968 7, 619. (c) Corey, E. J.; Seebach,Angew. Chem., Int. Ed. Endl965 4, 1075.

Imamoto, T.; Takiyama, N.; Nakamura, K.; Hatajima, T.; Kamiya).YAm. Chem. S04989 111, 4392.

Into a 50 mL 3-necked flask equipped with a rubber septum, stir bar, and 3-way stopcock bearing a balloon was weighed
palladium(ll) acetate (0.267 gm, 1.18 mmol). The flask was evacuated (0.1 torr) and the flask and balloon were filled with
argon. This process was repeated three times with argon. It was then repeated with carbon monoxide (CO) three times.
With the balloon filled with CO (ca. 1.1 atm), dry THF (5 mL) was added via syringe followed by a addition over 2 min

of a solution of the diolFa (0.180 g, 0.593 mmol) in 3 mL of dry THF. The mixture was stirred at 23°C for 4 h and then
filtered through a Celite pad. Concentration under reduced pressure followed by silica gel column chromatography using
hexane:ethyl acetate (5:1) furnished pure cyclized comp@8id.168 g, 86%) as a colorless viscous liqu#t.0.3 (SiG,,
hexane:EtOAc 5:1H NMR (500 MHz, CDC}): 4.5 (t, J=2.5 Hz, 1H), 3.5 (d, J=10.5 Hz, 1H), 3.4 (d, J=10.5 Hz, 1H),

2.6 (brs, 2H), 2.2 (abq, J=14 Hz, 2H), 1.8 (approx quintet, J=7 Hz, 1H), 1.7 (approx quintet, J=7 Hz, 1H), 1.55 (m, 2H; br
q), 1.0 (t, 3=7.5 Hz, 3H), 0.9 (s overlapping t, 12H), 0.06 (s, 68.NMR (125 MHz, CDC}): 176.4, 99.2, 88.4, 83.2,

70.3, 41.7, 38.8, 30.3, 30.3, 26.6 (3C), 19.1, 9.3, 84.7, 4.8. IR (neat): 1785 (lactone=D) cm . HRMS (M+H)*:

calcd: 329.2149; found: 329.2149.

Available from Sigma-Aldrich Chemical Co.

Johnson, W. S.; Werthermann, L.; Bartlett, W. R.; Brockson, T. J.; Li, T.-T.; Faulkner, D. J.; Peterson)JM\rR.Chem.
S0c.197Q 92, 741.

The cooled mixture was diluted with ether and washed sequentially with 10% aqueous AablGtidn and brine, dried

over anhydrous MgSg) concentrated, and the residue was purified by column chromatography to yield a mix@ire of

and the correspondirgalkene isomer (85:15; ratio of the vinyl multiplets in tHé NMR spectrum) in 78% yield.

(a) Corey, E. J.; Suggs, J. Wetrahedron Lett1975 2647. (b) Piancatelli, G.; Scettri, A.’Buria, A. Synthesid 982 245.

(a) Julia, M.; Paris, J.-MTetrahedron Lett1973 4833. (b) Simpkins, N. SSulfones in Organic Synthesiergamon Press:

New York, 1993.

(a) Nakagawa, |.; Hata, Tetrahedron Lett1975 1408. (b) Reich, H. J.; Chow, F.; Peake, SSynthesid978 299.



