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Abstract—Acylimines 3 were identified as intermediates in the fluorenyl assisted N�N bond cleavage of pyrazolidinediones 1.
Subsequent conversion of 3 to dihydropyrimidinediones 4 and malonamides 7–10 is described. © 2000 Published by Elsevier
Science Ltd.

Reductive cleavage of the N�N bond under strongly
reducing conditions, e.g. metal (Li, Na) in ammonia,
Raney Nickel, or SmI2, can provide an efficient syn-
thetic route to amino/acylamino and diamino deriva-
tives.1 This type of functionality can also be accessed
by base promoted N�N bond cleavage of diazetidi-
nones and acyl hydrazines.2 Acylimines, on the other
hand, are valuable, reactive reagents in the organic
synthesis3 which have served as building blocks for
various amino acid derivatives,4 including the Taxol
A-ring side-chain,5 and b-amido aldehydes.6 Acylimines
have also been invoked as intermediates in the ring
transformation of diazetidinones,7 indazolones,8 and
urazoles.9 However, there is no direct empirical evi-
dence for their formation during these reactions.

Previously, we reported an efficient insertion of
fluorenylene into urazoles to provide the corresponding
triazinanediones.10 In this letter, we describe the reac-
tion of 9-bromofluorene with pyrazolidinediones lead-
ing to the initial formation of stable acylimine
intermediates which can be converted into cyclic inser-
tion products or to acyclic acylamino/amino deriva-
tives, depending on the reaction conditions.

In an initial experiment, reaction of 9-bromofluorene
(9-BrFl) with the potassium salt of 1a (1a–K), gener-
ated in situ from 4,4-diethyl-1-methylpyrazolidine-3,5-
dione and potassium t-butoxide (KOCMe3), provided
three products (Scheme 1). These products were sepa-
rated and characterized as the substitution product,
fluorenyl pyrazolidinedione 2a (5%), the ring opening
product, acylimine 3a (65%) and the insertion product
pyrimidinedione 4a (12%), respectively.11,12

The isolation of acylimine 3a is significant, in that, to
our knowledge, this is the first example of a stable
acylimine being generated from N�N bond cleavage of
an acyl hydrazine. Our mechanistic proposal for the
formation of acylimine 3a is also illustrated in Scheme
1. Compound 2a, the initial product from the reaction,
undergoes proton exchange with unreacted anion 1a–K
to generate fluorenyl anion 2a–K and pyrazolidine-
dione 1a. Anion 2a–K then promotes the N�N bond
cleavage to give acylimine anion 3a–K. Proton ex-
change from 1a to 3a–K forms acylimine 3a, and
regenerates anion 1a–K. The isolation of the insertion
product 4a as a minor component of the reaction
mixture reflects a relatively unfavorable competition
reaction, in which the acylimine anion 3a–K cyclizes to
anion 4a–K, and then is protonated by 1a.

Schemes 2–6 illustrate some simple manipulations of
this basic reaction system which provide a variety of
products. When pyrazolidinedione 1b (Scheme 2) was
first treated with KOCMe3, and then allowed to react
with 9-BrFl and the crude products further treated with
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Scheme 1.

Scheme 2.

Scheme 3.

ethanol, malonamide 5, the addition product of EtOH
to the corresponding acylimine, was the major product
(56%), along with substitution product 2b (24%) and
insertion product 4b (5%).

However, when 2b was subsequently treated with
KOCMe3 and the reaction quenched with aqueous
NH4Cl, 4b was obtained in high yield (91%), pre-
sumably, via the process of deprotonation, cleavage,
cyclization, and protonation, as discussed above.

Scheme 4.
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One-pot insertion of fluorenylene into the N�N bond is
outlined in Scheme 3. Pyrazolidinedione 1c was first
treated with KOCMe3 and then allowed to react with
9-BrFl. The resulting reaction mixture was further
treated with KOCMe3 before being quenched with
NH4Cl/H2O to give, on isolation, the insertion product
4c (79%).

Cycloaddition of acylimine 3a with 1,1-dimethoxy-
ethylene3 (Scheme 4) produced dihydrooxazine 6, which
was hydrolyzed under mild conditions to ester 7. Fur-
ther hydrolysis of 7 gave acid 8. Coupling of 8 with
glycylglycine methyl ester (GGOMe) yielded the novel
peptide product 9.

Acylimine 3a is sensitive to moisture and is hydrolyzed
to malonamide 10a and 9-fluorenone upon standing
(Scheme 5). This observation led us to explore the
practicality of an one-pot approach to 2,2,N-trisubsti-
tuted malonamides (Scheme 6). 1,5,5-Trisubstituted
pyrazolidinediones (1a–d) were treated with KOCMe3,
and allowed to react with 9-BrFl. The resulting reaction
mixtures were then simply exposed to moisture. Grati-
fyingly, 2,2,N-trisubstituted malonamides (10a–d) were
obtained in good yields (59–65%).13 This overall pro-
cess can be considered as reductive cleavage of N�N
bond in pyrazolidinedione 1 with the reducing agent
9-BrFl being oxidized to 9-fluorenone.14

In conclusion, acylimines have been isolated for the first
time as products from N�N bond cleavage of pyrazo-
lidinediones. Further useful transformations of these
intermediates to dihydropyrimidinediones and 2,2,N-
trisubstituted malonamides have been developed.
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