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Abstract: Prednisolone derivatives with a 16a-methyl carboxylate group were synthesized by a novel procedure of 1,3-
dipole addition of fulminic acid to 21-acetyloxy-11B-hydroxy-3,20-dioxo-1,4,16-pregnatriene, followed by base-catalyzed
ring opening of the resulting isoxazoline to yield a 16a-cyanoprednisolone derivative and treatment of the nitrile with
methanolic HCI. Conversion of the cyanosteroids in the acid to the corresponding methyl carboxylates was achieved
with or without the Mattox rearrangement by controlling reaction temperature and protective group for the 21-OH.

In an effort to develop local anti-inflammatory steroids without systemic side effects, metabolically
labile functional groups, alkyl carboxylates, at various strategic positions of potent corticosteroids were
introduced.1-4 The reduced systemic side effects of this new class of locally active steroids is ascribed to rapid
hydrolysis of the ester function to an inactive acid upon entry into the circulation system. The "antedrug”
concept was introduced in 1982 to characterize these non-systemic drugs.
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Our current investigation involves synthesis and evaluation of methyl 11p,170,21-trihydroxy-3,20-
dioxo-1,4-pregnadiene- 160-carboxylate and its 21-substituted derivatives (1). We initiated a study to establish
a new, efficient and reliable synthetic methodology for the title compounds since the reported procedures for
170-hydroxylation of 17-deoxy-16a-methoxycarbonylprednisolone36 did not yield the desired result. In
search of a regio and facial selective introduction of 170-OH and 16a-carboxylate equivalent to enone 2,5 it
was envisaged that 1,3-dipole addition of fulminic acid to enone 2 could yield isoxazoline 3.7.8 This
heterocyclic ring could then be cleaved with base? to afford nitrile 4, a potential immediate precursor to 1.
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Fulminic acid addition to enone 2 according to literature procedure’ gave isoxazoline 3 (50-60%) as
expected. The reaction was highly regio and stereoselective and no isomer of 3 was detected. The major side
product in the conversion was oxime 5 (20-40%), presumably through addition of fulminic acid dimer to 2.10
Conversion of 3 to nitrile 4 proceeded well (95%) by treatment with triethylamine in THF.9

Transformation of nitrile 4 to the corresponding acid or methyl ester encountered a few pitfalls. Acid
(HC1) and base (NaOH)-catalyzed hydrolysis of nitrile 4 at elevated temperatures did not give the desired acid.
Treatment of 4 with methanolic HCI at 0 °C followed by hydrolysis afforded an unknown compound as the
predominant product and very low yield of 1a (1, X=0OH). While the failure under the basic conditions
appeared to be related to the homoannular rearrangements,11-14 possible side reactions under the acidic
conditions included the Mattox rearrangement.15-17

Careful examinations of the methanolysis and hydrolysis process revealed that the major compound
was indeed a product from the Mattox-rearrangement followed by acetal formation (6). In order to suppress the
Mattox process, two routes for the methyl ester formation were designed. One approach was lower temperature
treatment of 4 with methanolic HCI since the Mattox rearrangement was expected to slow down and the
methanolysis is known to proceed at temperatures much below 0 °C.13.19 The other was protection of the 21-
hydroxy group with N-phenylcarbamate for the conversion.
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All methanolic reactions were carried out in methanol saturated with HCL. The resulting mixture was
poured into water followed by neutralization with sodium carbonate powder to pH 3-4, and the methyl ester
product was then extracted into ethyl acetate. At low reaction temperatures (ca. -20 °C) 4 was converted to
ester 1a in good yield. At higher temperatures (0-5 °C), the Mattox rearrangement became much more
competitive and 6 was the major product. The carbamate 7 was synthesized from 4 in an overall yield of 80%
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through hydrolysis of the acetate group (aqueous sodium carbonate/methanol) and treatment of the resulting
alcohol with phenyl isocyanate and triethyl amine in THF. With the carbamate protection of the 21-hydroxy
group, the Mattox process was totally eliminated even at room temperature, resuliting in only 1b. When nitrile
7 was heated in 10% aqueous HCl and THF to reflux for 14 hours, no reaction was observed, further
demonstrating the stability of the steroid system in acid with protection of the 21-OH group.

It should be pointed out that the acetate group of 4 was cleaved during the methanolysis reaction before
the hydrolysis, and thus provided little, if any protection of the hydroxy group at C-21. Reesterification of 1a
was accomplished by treatment of the alcohol with acetic anhydride in pyridine to afford 1c¢ in excelient yield.

Especially noteworthy is while the Mattox rearrangement was a serious contender at moderate
temperatures and without protection at C-21, no dehydration between C-16 and C-17 was observed in our
reactions involving 4 and 7, which was probably due to the inaccessibility of the hydroxy group at C-17
through intermolecular contact and the resulting difficulties in protonation of this group. The Mattox process,
however, could deliver a proton to the hindered hydroxy group via an intramolecular 6-membered ring
mechanism shown below.
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The structure of products (1a-c, 3-7 ) was confirmed by 1H-NMR, !3C-NMR and MS spectra, as well
as elemental analysis. The stereochemistry created in the conversions was ascertained by difference NOE
experiments. Irradiation on the 18-methyl of isoxazoline 3 resulted in signal enhancement of the 16-proton,
vice versa. Similar NOE interactions in alcohol 1a and carbamate 1b were also obtained between their 18-
methyl and 16-proton. The 17-proton in Mattox product 6 was determined to be on the a-side since irradiation
on it caused a strong enhancement of the 14a-proton. Irradiation on the 16-H, however, gave strong
enhancement of the 158-H and no enhancement of the 14a-H, indicating its B-orientation.

In conclusion, we have established a new procedure to prepare the title compounds through an
isoxazoline intermediate and its ring-cleavage products 16a-cyanoprednisolones. Qur studies showed that
under acidic conditions (HCl), the 16a-cyanoprednisolones are quite stable with protection of the hydroxy
group at C-21. Without such protection, the Mattox rearrangement proceeds predominantly in methanolic HCI
at moderate temperatures (0-5 °C). The rearrangement, however, can be largely eliminated with low
temperatures (< -20 °C). In all of our experiments, dehydration between C-16 and C-17 was not a competing
process, a phenomenon that could be explained by the difficulty of an intermolecular protonation of the
hydroxy group at C-17. On the other hand, the Mattox rearrangement could be attributed to a six-membered
ring transition state, causing an intramolecular delivery of the proton on the 21-OH to the 17-hydroxy group.
We took advantage of these selectivities and successfully converted nitriles 4 and 7 to esters 1a and 1b,
respectively, through HCl-methanolysis and hydrolysis.
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