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The position-selective replacement of hydrogen by oxygen results Table 1. Synthesis of 1,4-Enediones

in an increase of molecular complexity, specifically, a gain in Pd(OH),/C

reactive functionality that is very useful in multistep synthesis. We —COC=CCH,— ﬂ, —coC=CCo—
describe herein a new, practical, and very mild method for the Il %_esquB;%gH’ H
conversion of an enone subunit(CO)—CH=CH—-CH,—, to the CHZCZIZ ¢

corresponding 1,4-enedione(CO)—CH=CH(CO)—. To the best entry substrate product Wime (h),°C__yield, %
of our knowledge, there is no other general method for effecting S 5

this conversion. The 1,4-enedione system is found in a variety of
bioactive natural products including marine natural prodicts,
sesquiterpenéssteroids? antitumor agent$antifungal agentdand
insect toxins, for exampleEj-non-3-ene-2,5-dione}, an important
toxic component of the fire be€rigona tataira® In addition, by
virtue of their electrophilicity and electron affinity, 1,4-enediones
serve as excellent substrates for further synthetic elaboration. They
have been used, for example, as highly reactive dienophiles for
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The oxidation reagent which we have developed for the synthesis
of 1,4-enediones consists of a mixture of 5 equivterft-butyl- o
hydroperoxide (stoichiometric oxidant), 5 mol % of 20% Pd(®@H) o cH o
on carbon (Pearlman’s catalyst; Aldrich Cband 0.25 equiv of ©® et PR 36,4 %0
K>CQ; in methylene chloride at 4C or room temperature (Z4£), o o °
depending on the substrate. Although Pd(@bt)-carbon is @ cHZ NN CH o O 72,2 81
normally used as a hydrogenation catalyst rather than as a catalyst ;0

for oxidation, in this case, it serves to initiate reaction by a
remarkable activation of-BuOOH. Under these conditions, a aPd(OH)—C pretreated witit-BUOOH; otherwise 10 equiv ¢fBUOOH
variety of o,8-enones are smoothly oxidized in good yield to the is required to achieve 82% yield.

_corresponding 1,4-enediones, as documentec_i in Te_lble 1. Also Showrbhromatography on silica gel (using hexanether for elution) or

in Table 1 are tv_vdq ca(ljses (entrlesk3 ar|1d ;1) in wh'Chj\_ ketal C;]f an py distillation in vacud2 An alternative procedure, which may in
a,f-enone is oxidized to a monoketal of a 1,4-enedione. These g cages he advantageous, involves the pretreatment of Rd(OH)
examples are es.pecu.illy |nteres.t|ng not pnly because the methOdon-carbon Witht-BUOOH in CHCl, at 24°C with stirring for 1 h.

of synthesis outlined in Table 1 is both simple and advantageous, ey these conditions, the initial rate of the oxidation reaction is
but also because the corresponding enediones are sensitive and n%lster, and, for example, for entry 5 in Table 1, a shorter reaction
easily madé® As shown in entry 7 of Table 1, the new 1,4-enedione and a smaller excess 6BUOOH can be usel. We believe that
synthesis provides a simple route to the fire bee tafiand its this method constitutes an advantageous route to 1,4-enediones from

homologues. o,-enones in comparison to the use of other reagents which have

The experimental procedures for the oxidations shown in Table o0 renorted for such oxidations in a handful of cases (specifically
1 are extremely simple. After the reactants were stirred inGH pyridinium dichromate in DMF2 or CrO; in HOAcH and

until thin layer chromatographic analysis shows complete consump- ..~ -6 jium saltd). It is also simpler than a variety of multistep

tlonbof the sltartl_nga,ﬁ-enoneb ofr_lmo_noke:]éh th? palladium on 0 o5 which have been reported previously for accessing 1,4-
carbon catalyst is removed by filtration, the solvent is evaporated oo dione systenis.

under reduced pressure, and the product is isolated either by flash a,f-Unsaturated esters are also transformed jntxo deriva-

t Cambridge University tives using the conditions of Table 1 as shown for the conversion
#Harvard University. of 2 — 3. Accompanying3 in this case is a small amount of the
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product of oxidative attack at @J (4). Significantly, y-tert-
butylperoxy ethers are formed as major products in the oxidation

COOCH; 48 h, 24 °C COOCH;, COOCH,
—_— + 00t-Bu
o

2 3 (85%) 4(5%)

of a,5-enones possessing only a singkaydrogen, as shown for
the exampled — 6 and8 — 9. In the oxidation o6, they-hydroxy-
o,B-enone7ais also formed (ca. 20%) along with a small amount
of the corresponding hydroperoxidé (ca. 4%) (isolated and
characterized). Under the conditions for the oxidation5pf7b
undergoes conversion #aand clearly is a transient intermediate.

CHj CH3
CH
: o 72h24°C CH o CHs o
—_— +
CH, +-BuOO X
5 6 (60%) 7a, X = OH (20%)
7b, X = OOH
o o CH, 0
3Y\)J\CH3 48h,4°C CHSWJ\CH;,
CH, +-Bu0O

8 9 (81%)

We have made a number of observations that are relevant to the

mechanism of the Pd-promoted synthesis of 1,4-enediones which
is disclosed herein. As reported earlier, various Pd(ll) compounds
and K,CO; are capable of generating thert-butylperoxy radical
(t-BuOO) from tert-butylhydroperoxidé? One indication of this

is the generation of ©from mixtures of Pd(ll) compounds, K
CQO;, andt-BuOOH, which can be accounted for by dimerization
of t-BuOCO to di-tert-butyltetroxide®1° Evolution of G is also
observed with Pd(OHjon-C, K;COs, andt-BuOOH under condi-
tions of the oxidations described herein. The most likely mode of
formation oft-BuOO would seem to be electron transfer from
t-BuOO to Pd(ll). A plausible mechanism for thert-butylperoxy
radical initiated conversion af,3-enones to 1,4-enediones is shown
in Scheme 1. Although the exact nature of the lower valent PdX

Scheme 1
Pd(ll) + +-BuOOH

Y 0
+BuOOs —» @/Kcm + +BuOOH

(o]

*t—BuOOPdX
0 0
t-BuOH + Q/‘(CH:; R Q/‘(CHS
K2CO,
o o,
O—1t-Bu
tBUOH 4+ pd(l) -«—u9M  pyx

species is unclear, the postulate shown in Scheme 1 requires its

reoxidation to Pd(Il) byt-BuOOH. The final step of the process
outlined in Scheme 1 is the carbonyl-forming elimination of a
peroxy ether catalyzed either by base or by tie-butylperoxy
radical?® The conversions5 — 6 and 8 — 9 support the
intermediacy of g-tert-butylperoxyer,3-enone as shown in Scheme

1. In the case of the oxidation & some radical trapping by O
must occur leading to the sequential formatioflofind7a. Finally,

the formation oft-BuOH as a coproduct of these oxidations was
demonstrated by gas chromatographic analysis of the reaction
mixtures.

In our judgment, the selectivity, simplicity, and practicality of
the new oxidation methodology described herein will encourage
and facilitate the wider use of highly reactive 1,4-enediones as
intermediates for the construction of more complex molecules.
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