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Abstract: A practical methodology for the synthesis of
J-type prostaglandins has been developed starting from the
well-consolidated approaches established for the synthesis
of A-type prostaglandins. An efficient 1,3-allylic transposi-
tion of the C-9 hydroxyl group of intermediate 4 furnished
the advanced precursor 5 for J, synthesis. Our optimized
A-J swap protocol employed selenium chemistry, involving
the [2,3] sigmatropic rearrangement of secondary allylic
selenoxide 11a.

In the past decade there was a renewed interest in
prostaglandins of the structurally related A and J classes,
in particular in the latter group of cyclopentenone
derivatives (Chart 1).1

Thanks to the progress of molecular biology, a remark-
able activity of prostaglandins of the A, and J;, series
against a wide variety of DNA and RNA viruses, includ-
ing HIV-1 and influenza virus, has been proved. These
compounds also possess a potent antiinflammatory activ-
ity and induce the arrest of cell mitosis at the G; phase
or the apoptosis of tumor cells, depending on the cell
type.? Among the prostaglandins of the A, and J; series,
the latter exert the more powerful activities.® Indeed, a
considerable interest was generated in 1995 by the
discovery that 15-deoxy-A'214-PGJ, 3 was the natural
activating ligand for y isoform of the peroxisome prolif-
erator-activated receptor (PPARy). PPARy is the key
regulator of adipocite differentiation and the molecular
target of antidiabetic drugs such as troglitizone and
rosiglitazone.* Therefore, prostaglandin 3 is a potent
inducer of adipogenesis, promoting differentiation of pre-
adipocytes into mature triglyceride-containing fat cells.

Surprisingly, despite the impressive number of reports
regarding the biological activities of J, prostaglandins,
less attention was paid to their synthesis.®

On the other hand, a great number of known ap-
proaches exist for the synthesis of the structurally related
PGA,'s;® therefore, a general method to swap from the
A, to the J, family is highly desirable as a practical
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CHART 1. Some Representative Examples of
Cyclopentenone Prostaglandins
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alternate means to achieve this important class of
biologically active compounds.

In this note we report for the first time a versatile
approach to transform an advanced A, synthetic inter-
mediate into a suitable synthon for the J, synthesis. This
A—J prostaglandin swap should allow one to capitalize
on almost all the already developed approaches to
prepare PGA;’s for the synthesis of J, analogues. A
common intermediate described in the PGA, synthesis
was the allylic alcohol 4;%° therefore, an efficient allylic
1,3-transposition across the allylic alcohol was envisioned
to furnish the advanced precursor 5 for J, prostaglandin
synthesis (Scheme 1).

To achieve the best procedure to perform the A—J
swap, we explored a few allylic rearrangement tactics on
the model compound 6 (Scheme 2).” The task proved to
be not trivial.

In fact, a number of appealing 1,3-allylic transposition
reactions, in principle amenable to accomplish the ex-
pected A—J swap, proved to be unfeasible for the allylic
alcohol 6. In the event, rearrangement of epoxy alcohol
9 according to the Li's procedure (path a—b) afforded the
desired allyl alcohol 8 in an unsatisfactory 12% overall
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a Reagents and conditions: (a) t-BuOOH, VO(acac),, DCM, 0 °C, 70%; (b) (i) I, PhsP, Py, Et,0—MeCN (5:3), rt; (ii) H20, 40 °C, 17%);
(c) CH3SO,Cl, EtsN, —15 °C, 97%; (d) Te, NaBH,, DMF, 40 °C, 68%; (e) Nal, Zn, DMF, 100 °C, 71%.
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a Reagents and conditions: (a) o-nitrophenyl selenocyanate,
BusP, THF, rt, 92%; (b) H20, 30%, Py, 7 °C, THF, 66%.

yield;® the Dittmer’'s telluride-mediated transposition
reaction (path a—c—d) of methansulfonate 10 afforded
alcohol 8 in 46% overall yield,® while the reductive
epoxide ring opening of compound 10 (path a—c—e)
performed only slightly better, furnishing cyclopentenol
8 in 48% overall yield from 6.1°

Considering the unsatisfactory results of the above
approaches, we were forced to develop a more abbreviated
A—J swap protocol that involves the [2,3] sigmatropic
rearrangement of secondary allylic selenoxide 11a (Scheme
3).1
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2 Reagents and conditions: (a) (i) CH2N», Et,0, 0 °C, quant.;
(ii) o-nitrophenyl selenocyanate, BusP, THF, rt, 78%,; (b) H202 30%,
Py, 7 °C, THF, 55%; (c) Ba(OH),-8H,0, MeOH, rt, 73%; (d) DMP,
DCM, rt, 80%.

On exposure to o-nitrophenyl selenocyanate in the
presence of tri-n-butylphosphine, alcohol 6 readily af-
forded the S\2 selenide product 11 in 92% yield.'?
Subsequent oxidation of compound 11 with 30% H,0, in
the presence of pyridine in THF at 7 °C proceeded
smoothly, giving the desired alcohol 8a along with a small
quantity (8% isolated yield) of diene 12.

The transposed epimeric allyl alcohol 8a was thus
obtained in a gratifying 60% overall yield starting from
cyclopentenol 6.

It should be pointed out that the stereochemical
outcome of this crucial transposition has no consequence
in our synthetic plan since one of the last steps requires
the oxidation of the transposed allylic alcohol to the
corresponding a,f-unsaturated ketone.



With an A—J swap protocol in hand we then turned
our attention to the preparation of an advanced inter-
mediate for the PGJ, synthesis (Scheme 4). To this aim
the fully functionalized hydroxyacid 13 used in the
Roberts synthesis of PGA, was prepared and subjected
to the A—J swap.!®

Thus, compound 13 was first converted to the corre-
sponding methyl ester and then exposed to o-nitrophenyl
selenocyanate and BugP in THF.

The S\2 selenide product 14 was obtained in a gratify-
ing 78% isolated yield over two steps. Subsequent oxida-
tion of 14 with 30% H,0, in the presence of pyridine at
7 °C in THF promoted the [2,3] sigmatropic rearrange-
ment of the intermediate allylic selenoxide to yield the
epimeric alcohol 15 along with a small amount of
elimination products arising from syn elimination of
seleninic acid.

Hydrolysis of methyl ester 15 with Ba(OH), afforded
the pure hydroxy acid 16 in 40% yield over two steps.
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Finally, Dess—Martin oxidation of alcohol 16 furnished
ketone 17, the penultimate intermediate of Roberts total
synthesis of prostaglandin J,.

In conclusion, a practical methodology for the J pros-
taglandins synthesis has been developed starting from
the well-consolidated approaches established for the A
prostaglandins chemistry. Application of the A—J swap
has been used either for the formal synthesis of rac-PGJ,
starting from the advanced intermediate 13 or for the
first enantioselective synthesis of natural (8S,12R,15S)
PGJ, 2. Further application of the same A—J swap in
the isoprostane field is currently actively iunder nvesti-
gation in our laboratory and will be reported elsewhere.
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