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The title compound 1 was obtained via methyl ester 2, which was synthesized in four steps from an isomeric 11,14,15-triol ester 5. In the key
step, Boc orthoformate 9 was treated with TMS triflate to initiate intramolecular nucleophilic substitution with allylic transposition, forming
cyclic carbonates 10 and 11.

In the course of research on endogenous mammalian vasoto an epoxy alcohol, and hydrolysis. The 11,12,15-triol pat-
modulators in the laboratories of Falck and Campbell, a tern of 1 was deduced by mass spectral analysis, but be-
potent vasodilator was discovered in rabbit aortic endothe- cause of the scarcity of the natural product, assignment of
lium and identified as 1R),12(5),15(9-trihydroxyeicosa- stereochemistry awaited comparison with synthetic material.
5(2),8(2),13E)-trienoic acid {, Figure 1)} CompoundL is To that end, Falck and co-workers synthesized the four
C11-C12 diastereomers of structurgsnd?2 from stereo-

_ defined vicinal diol subunits.Herein is reported a con-

cise synthesis ofl from the known 11,14,15-triol ester

S COR S CO-Me 5,2 in which transposition of the Ct2C14 allylic alcohol
1) X = \_~ array was accomplished by a new cationic Scdactiord

HO' o ™%on HO L6 oH initiated by a cyclic ortho estéand terminated by &butyl
1:R=H 5 carbonaté:®
ZR=Me Triol ester5 was obtained in two steps from B{HETE
Figure 1. Synthetic plan. methyl ester §) as described earlier by Falck (Schemé 1).

(1) Falck, J. R.; Barma, D. K.; M_ohapatra, S.; Bandyopadhyay, A.;
a member of a class of triol acids, designated THETASs, that Reddy, K. M; Qi, J.; Campbell, W. BBioorg. Med. Chem. Let2004 14,

: . - : 987
E_ire b_'OSY”thes'ZEd from arac_hldomc acid by a se_qugnce Of4 (2) Falck, J. R.; Manna, S.; Siddhanta, A. K.; Capdevila, J.; Buynak, J.
lipoxidation to the hydroperoxide #HPETE, isomerization  D. Tetrahedron Lett1983 24, 5715.
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Scheme 1. Preparation of Boc Orthoformag
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Epoxidation of3 on a 3.5-g scaleafforded the anti (erythro)
epoxy alcohol4 (49%) plus its syn (threo) diastereomer
(21%). Hydrolysis of4 provided triol5 and its more polar
epimer 6 (~1:1). Treatment of the separated triols with
excess HC(OMeg)and catalytic PPTS in dichloromethane
gave orthoformate§ and 8, plus bisorthoformates from
which the 11-OH group could be released by titration of the
reaction mixtures with methandln this way,7 and8 were
obtained reproducibly in 778% yield from5 and6. The
C11 configurations were assigned at this stag®©hyeth-
ylmandelic ester analystsThe 1R epimer7 was converted
to t-butyl carbonat® in 94% yield by treatment with BeO,
i-Pr,NEt, and DMAP in 2:1 hexanediethyl ether°

Reaction of9 (275 mg) with TMSOTTf in EtCN at-20
°C gave trans cyclic carbonati) and its cis epimerl
(4.5:1) in 62% vyield (Scheme 2). The useful desformyl
congeners were also obtained in 6% yield. The Boc derivative
of 8 likewise delivered a 5.7:1 trans/cis product mixture in

Scheme 2. lonization of9 Leading to Cyclic Carbonates and
Methanolysis Affording Transposed Triols
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comparable yield. Propionitrile (mp-93 °C) was chosen
instead of acetonitrile to enable experimentation at lower
temperature without resorting to the use of mixed solvénts.
In trials at—78 °C, little formation of10/11was observed.
The ring stereochemistry was evident from the chemical
shifts of H11 and H1210: 6 4.32, 4.7011: 4.71, 5.13)!
The H13 and H14 signals at5.7—5.9 were well isolated

at 600 MHz and showed = 15.6 Hz, characteristic of the

E configuration.

Exposure of the separated carbonafids and 11 to
methanolic NaOMe afforded 1€pi-2 and 2 (86—90%),
whose'H and 3C NMR spectra agreed with those of the
11R product pair synthesized by FaléRhe H11 resonances
occurred atd 3.53 and 3.71, respectively, consonant with
the assigned syn and anti G3€C12 relationship4? Saponi-
fication* of 2 yielded acid 1, which by negative-ion
ESI/MS/MS showed a diagnostio/z 197 ion arising from
C11/C12 cleavage; in the spectrum of the acid corresponding
to 5, there appeared instead aviz 223 ion attributable to
C13/C14 cleavag¥

The genesis of 1,3-dioxolan-2-yl cations by ionization of
ortho esters, as depicted in Scheme 2 for the reaétieA,
is well documented.Subsequent nucleophilic capture with
ring opening typically leads to vicinally functionalized
products such as bromohydrin esters. An orthoformate linked
to a phenolic group gave the bromo formate when treated
with AcBr but cyclized to the chromane under catalysis by
PPTS, demonstrating the influence of the counterion on inter-
vs intramolecular reactivit§t Here, the latter mode prevails
by isomerization ofA to B, which is formulated as an

(3) For a discussion of ScNeactions, see: Stork, G.; Poirier, J. M.
Am. Chem. Sod 983 105, 1073.

(4) (a) Liang, J.; Moher, E. D.; Moore, R. E.; Hoard, D. \J. Org.
Chem.200Q 65, 3143. (b) Li, L.-H.; Tius, M. A.Org. Lett.2002 4, 1637.

(c) Li, L.; Chan, T. H.Org. Lett.2001, 3, 739. (d) Bozell, J. J.; Miller, D;
Hames, B. R.; Loveless, @. Org. Chem2001, 66, 3084.

(5) (a) Bartlett, P. A.; Meadows, J. D.; Brown, E. G.; Morimoto, A.;
Jernstedt, K. KJ. Org. Chem1982 47, 4013. (b) Johnson, W. S.; Chan,
M. F. J. Org. Chem1985 50, 2598. (c) Duan, J. J.-W.; Smith, A. B., Ill.

J. Org. Chem1993 58, 3703.

(6) Marshall, J. A.; Yanik, M. MJ. Org. Chem1999 64, 3798.

(7) For procedures applicable to the synthesi8 ofi a multigram scale,
see: (@) lacazio, G.; Langrand, G.; Baratti, J.; Buono, G.; Triantaplsylide
C.J. Org. Chem199Q 55, 1690. (b) Martini, D.; lacazio, G.; Ferrand, D.;
Buono, G.; Triantaphylite C.Biocatalysis1994 11, 47.

(8) (a) The ratio of exo/endo methoxy epimers, initially 1:4, changes to
3:1 during this methanol treatment, paralleling the behavior of nucleosidic
orthoformates: Bhat, G. A.; Townsend, L. B.Chem. Soc., Perkin Trans.
11981, 2387. (b) Maillard, M. C.; Nikodijevic, O.; LaNoue, K. F.; Berkich,
D.; Ji, X.-d.; Bartus, R.; Jacobson, K. A. Pharm. Sci1994 83, 46. (c)

For a comparison of hydrolysis rates of acyclic vs six-membered cyclic
ortho esters, see: Deslongchamps, P.; Dory, Y. L.; LT.&rahedror200Q
56, 3533.

(9) (a) Trost, B. M.; Belletire, J. L.; Godleski, S.; McDougal, P. G.;
Balkovec, J. M.; Baldwin, J. J.; Christy, M. E.; Ponticello, G. S.; Varga, S.
L.; Springer, J. PJ. Org. Chem1986 51, 2370. (b) Latypov, Sh. K.; Seco,

J. M.; Quitpg, E.; Riguera, RJ. Org. Chem1996 61, 8569.

(10) (a) Basel, Y.; Hassner, A. Org. Chem200Q 65, 6368. The use
of N-methylimidazole proved unsatisfactory in the present case. (b) Hansen,
M. M.; Riggs, J. R.Tetrahedron Lett1998 39, 2705.

(11) (a) Bongini, A.; Cardillo, G.; Orena, M.; Porzi, G.; Sandri, .
Org. Chem 1982 47,4626. (b) Adams, J.; Fitzsimmons, B. J.; Girard, Y.;
Leblanc, Y.; Evans, J. F.; Rokach,J.Am. Chem. Sod.985 107, 464.

(12) Lombardo, M.; Girotti, R.; Morganti, S.; Trombini, @rg. Lett.
2001 3, 2981.

(13) (a) Wheelan, P.; Zirrolli, J. A.; Murphy, R. Q. Am. Soc. Mass
Spectrom1996 7, 129. (b) Wheelan, P.; Zirrolli, J. A.; Murphy, R. Q.

Am. Soc. Mass Spectrot®96 7, 140. (c) Bylund, J.; Ericsson, J.; Oliw,
E. H. Anal. Biochem1998 265, 55.
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equilibrium driven forward by charge dispersal. Related [ A

|odocycI|z:_;1t|ons of homoallyhct—putyl cgrpona}tes hgve Scheme 3. Inversion at C12
shown evidence of stereochemical equilibration prior to LIPENELOOIM o o
departure of thé-butyl cation, as the less sterically hindered RWC5H11 inMeOH, 0°C_ " y—¢~ e
diastereomer predominated in all ca3&$ie same products O OCHO 5 rBsci im pmp MO OH  OTBS
. . . 10 3. NaOMe 0.2M 12
also appear to be kinetically favored on the basis of results 0 in MeOH A
. C
of low-temperature experimeritsthe preponderant forma- 78%, 3 steps o 05
tion of trans carbonates in the present work accords with it e 75%
s
these precedents. 6
In Bartlett’s studies on carbonate extension, acetonitrile R ~ 1.gag:+4 5 ~
. : . s
was found to play a critical role by trapping thbutyl cation 2o YT ‘OHS ”2 <—PPTeS =3 "’o:ss“
as the Ritter intermediate; in turn, this species proved able HO  OH nweont 10 °

to transfert-Bu™ to dimethylformamidé Plausibly, similar 2 87%, 2 steps 13

transfers could impact the reaction 8~10/11 e.g., by

participation of the solvent as a cation shuttle; adjuvant of a new 1,3-dioxolan-2-yl cation-mediated Saaction

trapping agents such as anisole might therefore be enlistedo effect allylic transposition, and processing of the diaster-

to assess the nature and extent of such effects. eomeric carbonate) and11to converge on the penultimate
To augment the supply of the anticonfigured triyl a target2.

method was devised to utilize the major carbonkieby

inversion at C12 (Scheme 3). Syn did was obtained from Acknowledgment. Professor J. R. Falck, University of

10 by a sequence of deformylation, silylation, and carbonate Texas Southwestern Medical Center at Dallas, is thanked

cleavage. Exposure oi2 to the oxidant formed from  for providing spectra and samples and for helpful discussions.

4-acetamido-TEMPO ang-TsOHH,0" then delivered

enonel3in 75% yield. The compatibility of this oxidizing Supporting Information Available: Experimental pro-

system with acid-sensitive functionality can be attributed to cedures and NMR spectra. This material is available free of

the low solubility ofp-TsOH in CHCl,.1#° Luche reduction charge via the Internet at http://pubs.acs.org.

of 13 at —50 °C was followed by cleavage of thebutyl-

dimethylsilyl ether to provide triol2 and 12epi-2 in a 3.5:1

ratio!®> No attempt was made to identify optimal conditions (14) (a) Habel, L. W.. De Keersmaecker, S.. Wahlen, J.; Jacobs, P. A.

for this reduction. De Vos, D. E Tetrahedron Lett2004 45,4057. (b) Ma, Z.; Bobbitt, J. M.

In summary, the key features of this synthesis include J. Org. Chem1991 56, 6110.

- : . - o : (15) (a) Kuethe, J. T.; Comins, D. . Org. Chem2004 69,5219. (b)
utilization of the differential solvolytic lability of acyclic and g, ito, H.: Taguchi, TJ. Org. Chem200Q 65,918. (c) Shapiro, G.:

cyclic orthoformate®sto access intermediaf deployment Buechler, D.; Hennet, STetrahedron Lett199Q 31, 5733.
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