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ABSTRACT

o]

Xy intramolecular oxa-[3 + 3]
. o formal cycloaddition ,
AI/\K\/
The ABD-ring of phomactin A was synthesized using an intramolecular formal oxa-[3 + 3] cycloaddion of an a,f-unsaturated iminium salt

tethered to a 1,3-diketone. This represents the first time that the 12-membered ring has been formed simultaneously with the 1-oxadecalin and
should afford a facile route to the challenging structure of phomactin A.

Phomactin A {a) was isolated in 1991 by Sugano and co- 1a), and then Halcomb {f)-1a) in 2003, reported their
workers from the culture filtrate oPhomasp. (SANK successes.
11486), a parasitic fungus harvested off the coast of Japan.
The phomactins display novel biological activity as platelet
activating factor (PAF) aggregation inhibitorsa ICso =
10 uM). PAF is a phospholipid mediator that is alleged to
have a role in asthma and other inflammatory disea3és
phomactins are of current interest due to their novel mode
of action on PAF, as well as their interesting and challenging
molecular architecture.

A number of phomactins have since been isoldtedt 1a: phomactin A 1b: phomactin D
the first total synthesis of a phomactin (phomactinib) Figure 1. Phomactins A and D.
was not achieved until 199espite the efforts of a number
of groups toward the phomactin carphomactin A did not
succumb to total synthesis until 2002 when Pattend&i-(( We have devek)ped a formaka.[3 + 3] Cyc|oaddition
method for constructing 1-oxadecalifi$. Reactions of
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diketones2 with a,3-unsaturated iminium salt3 proceed
through a Knoevenagel condensation followed by=a 6
electron electrocyclic ring closure of 1-oxatrieneto give 0

1-oxadecalin® (Scheme 1). Despite our efforts and those N m
d (O] O :
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R® cyclization involves formation of the 12-membered D-ring,
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while the undesired modes create 10-membered rings. The
success of this reaction would provide a novel approach
of othersl? this formaloxa[3 + 3] cycloaddition reaction ~ toward phomactin in which the 12-membered D-ring is
has never been employed in an intramolecular manner. weassembled at the onset, instead of being constructed near
wish to communicate here our preliminary success in the end % We decided to test the possibility experimentally.
developing an intramolecular formalxa[3 + 3] cyclo- Our first approach to enaf is shown in Scheme 3.
addition approach toward the synthesis of the ABD portion Attempting to take advantage of oxygenation built into the
of phomactin A.

Our basic approach to the synthesis of phomactin A is
shown in Scheme 2. We were initially uncertain as to the
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Scheme 3

feasibility of applying theoxa[3 + 3] to la given the

possibility that cyclization could potentially occur onto e|ther. system, vinylogous esterj-10° was an attractive retron,

oxygen of the diketone. Upon evaluation of the system, it . . . .
be}égme evident that therep can be three producté/ of intra_prowded that it could be alkylated with an electrophile such
as iodidell (prepared in eight steps). Unfortunately, in our

(6) (a) Goldring, W. P. D.; Pattenden, Ghem. Commur2002, 1736~ hands this alkylation proved to be problematic in two
1737. (b) Mohr, P. J.; Halcomb, R. . Am. Chem. So2003 125, 1712~ important aspects: (1) the yield was unreproduceable and
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1729-1735. The mixture was elaborated over three steps to the enals
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upon treatment with F5Oy) was found to occur under very  alcohol (Scheme 5). In this case, the use oLRLy was

mild conditions, affording a complex mixture of products. preferable, as 9-BBN seemed to promote an undesired side
Several of the reaction products could be attributed to reduction.

dimerization/oligomerization of the starting material (as
evidenced by the crude LC/MS), and there appeared to b
peaks in théH NMR assignable to desired product. How-

ever, the mixture contained signals resulting from C5-methyl Scheme 5
diastereomers as well. E;L:ZZ@JFHP
In short, this experiment encouraged us in that the key )\)OTBDPS (2) MnO, \)\)OTBDPS
cyclization appeared to be feasible, but absolute certainty = (3) PhaPCH,
as to the identity of the products could only be obtained if 18 56% overall 19
a single diastereomer was subjected to the reaction condi- (a) Cy,BH, THF
tions. Additionally, the paramount cyclization should be (b) 17, 8% PdCI,(PPh;),
performed under conditions of high dilution to ensure that aq K;PO,, DMF
only the intramolecular reaction occurs. 94%

We decided to sacrifice brevity and chose a route that
would allow for isolation of a single isomer of using
chemistry that could potentially produce large quantities of
material. As shown in Scheme 4, conjugate addition/

With 20in hand, the necessary oxygenation was installed
through a six-step procedure (Scheme 6). Removal of the
PMB ether under standard DDQ conditions occurred readily;

Me.Cu Scheme 4 TPAP oxidation then afforded the ketone in good yield.
0 e,CuL, (1) LAH, E,0, -78 °C idati .
ether, 0 °C (2) NaH. le/IF, v O)(_ldathr_l to enonl, however., proved to be proplgmatm,
thenallylBr A~ - (3) a. BHy/Me,S unidentified byproducts were isolated after the initial sel-
_DME, 0°C b. NaOH/ H,0, enation step, the olefins of which appeared to have suffered
d'sggi‘/f,”” (£)-14 4)DMSO, TEA (COC), electrophilic attack. Nucleophilic epoxidation @l pro-
PV 4“"(’)":;:‘; ceeded smoothly and with high selectivity to afford the
(1) CBry, PPhg o-epoxide22 (assigned byH NOE experiments) as the only
H\”/\ji'j %‘i /\ observed diastereomer. To open the epoxide ,$aaluction
o o < Siep at low temperature was the only protocol surveyed that

15 16 reliably opened the epoxy-ketone in a completely regio-

X-Ray :
selective manne'®

OPMB
Cp,ZrCl,, AlMes,, rt

then |,, THF, -45 °C

68% jfj
)/\ Scheme 6
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(1) DDQ, H,0 R

(2) TPAP, NMO !
trapping® of enonel3'? afforded, after distillation, ketone ®) 2 h%ﬁ:?e& ﬁ
(£)-14 as an 11:1 mixture of diastereomers. Due to the W ”
incompatibility of an ethylene ketal with AlMethe ketone
was reduced and protected as its PMB ether. The alkene was o o
subjected to hydroboration/oxidation followed by Swern (1) K,CO4 R (1) Smi, R
oxidation to afford aldehydé5. Corey-Fuchs homologa- H20,, MeOH :é:o (2) PCC :@
tion'® proceeded smoothly to afford alkyié, the structure 94% 64% 0
of which was unambiguously assigned via single-crystal 22 23

X-ray analysis. Last, Negishi carboalumination followed by
an iodine quenct provided vinyl iodidel7.

The terpene side chain was completed using-alkyl We had hoped to use the Noyori method to simply
Suzuki coupling”!5 of iodide 17 with the borane derived  isomerize thex,-epoxy ketone directly to the 1,3-diketotle.
from diene19, which was rapidly assembled from prenyl Unfortunately, under numerous conditions, the reaction was

complicated by both poor conversion and competing reduc-

(11) Coelho, F.; Diaz, GTetrahedron2002, 58, 1647-1656. tion, which afforded mixtures &3 and the samg-hydroxy
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Wiley: New York, 1963; Collect. Vol. IV, p 162166.
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6639-6647. (17) Suzuki, M.; Watanabe, A.; Noyori, R. Am. Chem. Soc98Q
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The sensitive 1,3-diketone i3 was protected as its
vinylogous methyl ester (Scheme 7). The two possible

Scheme 8
o] 0
1 equiv piperidinium acetate N AN
Scheme 7 )7 THF, rt, 18 h ; +
KOH, THF, MeOH, H,0 76% 7 0 Y
=z
| 78% /\r(;s/ N
- 8+9
9 OTBDPS OMe
Ii K,COs5, Me,SO, ﬁ\ j:i 6:8+9=1:25
! A
) acetone, rt
9% 47% In summary, we have described here an approach to the

ABD-ring of phomactin A, featuring an intramolecular
formal oxa[3 + 3] cycloaddition as the key step to

gggﬁg‘;};{n simultaneously form the 12-membered D-ring with the
2 (33NHCI

1-oxadecalin. Further optimization of the synthetic route to
enal 7, including an enantioselective approach, as well as
studies directed toward the completion of the total synthesis
of phomactin A, are underway.
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