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RING ENLARGEMENT OF DIAZIRIDINONE: PYRAZOLINE-FORMING REACTION
WITH o-METALATED NITRILE
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Summary: Reaction of N,N'-di-tert-butyldiaziridinone (1) with a-lithiopropionitrile
or a-sodiobenzylcyanide caused ring enlargement of 1 to give functionalized five-
membered heterocycles such as aminopyrazolinone and/or iminopyrazolidinone.

Diaziridinone is of great interest because of high and specific reactivity.l) Especially
ring enlargement reaction such as cycloaddition provides us with facile preparative methods
for functionalized poly-nitrogen heterocycles. Most of the reported cycloadditions of
diaziridinone are based on its 1,3-dipolar property according to large ring strain and polar
bonds.2) While electrophilic nature of the carbonyl carbon of diaziridinone is well known,1,3)
few ring enlargement reactions initiated by nucleophilic attack to the ring carbon are
reported.2¢) Here we report pyrazoline-forming ring enlargement of diaziridinone by
reaction with a-metalated nitriles (i.e. , a-cyanocarbanions).

Reactions of N,N'-di-tert-butyldiaziridinone (1) with a-metalated aliphatic nitriles were
studied first. o-Lithiopropionitrile (2a) reacted with diaziridinone 1 to afford a 1:1 adduct,
pyrazolinone 3a, in an almost quantitative yield as a result of N-C bond fission of 1 and ring
enlargement.
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Effect of the substituent of nitrile was remarkable. While «-lithioacetonitrile (1b)
caused ring opening of 1, no ring enlargement product but an acyclic 1:1 adduct, cyancaceto-
hydrazide derivative 4b, was isolated (51%). In the case with o-lithioisobutyronitrile (2¢),
a considerable amount (41%) of N,N'-di-tert-butylurea was obtained4) instead of the addition
product correponding to 3a or 4b.

..Li+ -{15°—refi 1}
1+ HC-CsN ———""= 'BuNHNCCH, C=N
2b ‘Bu

4b (51%)

5327



5328

A typical reaction procedure is as follows. A solution of propionitrile (1.10 g, 20 mmol)
in THF (5 ml) was added dropwise at -70 °C to a solution of in-situ generated lithium
diisopropylamide (LDA: 20 mmol) in THF (30 ml). After stirring for 2 h, a THF solution (5 ml)
of 1 (3.40 g, 20 mmol) was added dropwise and the mixture was stirred for another hour at -70
°C. The temperature was then gradually raised to room temperature. Water (10 ml) was
added to quench the reaction and the mixture was concentrated and extracted (Et20). The
organic layer was dried (Na2S04) and concentrated to give orange oily residue which afforded
4.2 g (93%) of crystalline 5-amino-1,2-di-tert-butyl-4-methylpyrazolin-3-one (3a) upon standing
overnight after addition of a small amount of ether.

The structures of aminopyrazolinone 8a and hydrazide 4b were determined by spectral
data and elemental analyses.5) In the IR spectrum of 3a, an absorption band of the carbonyl
group was observed at 1620 cm-1. The D20 exchangeable singlet at § 6.20 in NMR spectrum
(in dg-DMSO) was ascribed to the amino group. Molecular ion peak observed at m/z 225 in
MS and elemetal analysis were also in good agreement with the structure.

Similar pyrazolinone-forming reaction was also found for benzylcyanide. Treatment of
diaziridinone 1 with in-situ generated a-sodiobenzylcyanide (2d, from sodium hydride and
benzylcyanide) in THF at 0 °C gave iminopyrazolidinone 5d (crude yield 80 %) along with
aminopyrazolinone 3d (16 %) corresponding to 83a. Under the same conditions, a-sodio-
diphenylacetonitrile (2e) gave no adduct with 1 and N,N'-di-tert-butylurea (71%) was obtained
similarly to the reaction of a-lithiocisobutyronitrile (2c).9)
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One of the features of the spectra of 5d is the existence of a methine proton (5 4.76) in 1H
nmr and an sp3 carbon (d, 62.8 ppm) and an imino carbon (s, 157.8 ppm) in 13C nmr.5)
Pyrazolidinone 5d was obtained as pale orange oil whose crystallization was not so easy and
chromatographic treatment of the oil on an AlgOg3 column caused hydrolysis forming
pyrazolidinedione 6d (51 %) along with unidentified materials. Iminopyrazolidinone 5d is
considered to be the precursor of aminopyrazolinone 3d since 37% of §d was converted to 3d
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when 5d was heated in refluxing mixture of 1LV NaOHaq and EtOH (1:10) for 30 min.

The reaction path of the present ring enlargement reaction is considered as follows.
Nucleophilic attack of cyanocarbanion 2 to the ring carbon of diaziridinone 1 causes N-C bond
cleavage to release large ring strain of 1. The resulted intermediate 7 recyclizes to the
stabilized anion 8 via path (a) followed by protonation to give aminopyrazolinone 3 or
iminopyrazolidinone 5. When R1 is hydrogen, amide ion of 7 abstracts proton via path (b)
leading to the stabilized anion 9 which gives the acyclic adduct 4 upon protonation.
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Since proton abstraction via path (b) was not observed for the more acidic hydrogen of
the adduct of a-sodiobenzylcyanide (2d) and 1 (7: R1 = Ph), there must be some steric reasons.
One of the possibilities is the following assumption. Taking
into account of a model of a transition state leading to 7 and
the bulky #-butyl substituents (see the figure on the right), the
cyano group of 2a (R1=Me) or 2d (R1=Ph) should take the place
of "M" which is located near the anion-forming nitrogen "N1"
and the hydrogen should be "S" which is far from "N1". On
the contrary, the hydrogens of 2b (R1=H) must take the places
of "S" and of "M" which is near to the hydrogen-abstracting
nitrogen "N1". Tertiary carbanions such as a-lithioisobutyro- S, M, L : size of substituents
nitrile (2¢) and a-sodiodiphenylacetonitrile (2e) did not give
adducts probably because of steric hindrance against approach of 2 to 1 as well as of that the
cyano group should be oriented opposite to the nitrogen "N1". In this case, reduction of 1 to
N,N'-di-tert-butylurea seems to become predominant similarly to the reduction by tert-
butyllithium via electron transfer process.4)

All the hitherto known isolable diaziridinones are, unfortunately, those having two
tertiary alkyl substituents. However, tert-butyl group on nitrogen atom is often eliminated
under acidic conditions,6) which renders protective nature to the butyl moiety. To have better
insight into the specific nature of diaziridinones and to generalize the present reaction,
further study on preparation of various types of diaziridinones as well as on de-tert-butylation
of these products are under investigation.
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