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Naphthalene-Catalysed Reductive Opening of Aziridines with
Lithium: A Direct Preparation of N-Lithio-2-lithioalkylamines
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Abstract: The reductive opening of N-phenylaziridine (1) with an excess of lithium powder in the presence of a
catalytic amount (5 molar %) of naphthalene at -78°C leads to the corresponding N-lithio-2-lithioethylamine (2), which
by reaction with different electrophiles (water, deuterium oxide, dimethyl disulphide, pivalaldehyde or cyclohexanoac)
affords the expected products 3. The same process aplied to N-cyclohexylaziridine fails. The reaction also works with
the chiral aziridine 4 yielding the chiral deutesiated amine S, through the comresponding chiral dianionic intermediate.

B-Functionalized organolithium compounds! of the type I (X=Hal, OR, NR3, ...) are very unstable

species, which undesgo spontaneousfy g-elimination to yield olefinsZ, even af very low temperatures. In the fast
checabe we'nave smbbeh ine prepasrabon anb syninebc gpohcabons & species o ine TypeTh. 1n wWibeh ine eisience
« a nepEbve charge on inepERTLBIOM MINDNS Ine b-ENHminshon process 210w 1EIMDEFANTE. 30 hamons o ins
type have found synthetic use for the preparation of polifunctionalized compounds1. Two different methods have

been employed for the preparation of the corresponding d2-reagents3 of the type III: (a) mercury-lithium

transmetallation from the adequate aminomercurials IV4; (b) chlorine-lithium exchange from the corresponding -
chloroamides V with lithium naphthalenideS, in both cases at -78°C and previous N-deprotonation with an
aixyhtniem reagent {Screme ). However, e method & faits asing P-chtorcamines Pl as stariing marenials,
because after the first deprotonation the formation of the corresponding aziridine VII takes place even at -78°C

and this system does no? suffer reductive opening by means of the lMthio-arene®. By contrast, the low temperatrare
Tithio-arene reductive opening of epoxides have been used for the preparation of intermediates of the type II with
X=07, On the other hand, we have recently reported that the use of fithium powder and a catalytic amount of an

arene -naphthalene being the most generally used8- is more powerful and effective than the corresponding lithio-

arene in different lithiation reactions, above all at low temperature?, In the present paper we describe for the first

time the naphthalene-catalysed reductive opening of aziridines using lithium powder as lithiating agent.
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Scheme 1.

The reaction of N-phenylaziridine 110 with an excess of lithium powder and a catalytic amount of
naphthalene (5 mol %) in THF at -78°C led to a solution of the dianion 2, which by treatment with different
electrophiles such as water, deuterium oxide, dimethyl disulphide, pivalaldehyde or cyclohexanone afforded, after
hydrolysis, the expected products 3 (Scheme 2 and Table 1). The lithiation step has to be carried out at low
temperature in order to avoid decomposition of the dianion 2 by proton abstraction from the reaction media4:
when the temperature during the lithiation was allowed to rise to room tcmperatufe the only reaction product

isolated was 3a.
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Scheme 2. Reagents and conditions: i, Li powder (5 eq), C;oHg cat. (0.05
eq), THF, -78°C, 6 h; ii, E*=H;0, D0, MeS,, ButCHO, (CH3)sCO (1.1
€q), -78 to 20°C, 3 h; iii, H20.

Alternatively the aziridine 1 can be generated in situ starting from the corresponding
N-(2-chioroethyl)anilinell; thus, treatment of this material with n-butyllithium at -78°C in THF for 30 min led to
the formation of the compound 16 (>90% from GLC analysis), which after catalytic lithiation as above and final
deuteriolysis yielded the expected product 3b in 85% isolated yield (>95% deuterium from mass spectrometry).
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Table 1. Naphthalene-catalysed opening of N-phenylaziridine 1 and reaction with electrophiles E+.

Isolation of Compounds 3
Product 3a
Electrophile
Entry E+ no. X yield (%)®  Ryor m.p. (°C) lit.

1 H,0 3a H 93 0.30d 14
2 DO 3be D 89 0.30d 4a
3 MesS2 3¢ MeS 75 0.42f 4c
4 ButCHO 3d ButCHOH 7 70-71 -
5 (CHp)sCO 3e (CH;)sCOH 66 128-129 -

a All products 3 were fully characterized [IR, 1H and 13C NMR, mass spectra and microanalysis (for
3d and 3e)]. bIsolated yield after column chromatography (silica gel) based on the starting aziridine
1. ¢ From pentane-dichloromethane. d Silica gel, hexane/ethyl acetate: 20/1. ¢ >95% Deuterium from
mass spectrometry.  Silica gel, hexane/ethyl acetate: 10/1.

We tried also the reductive opening of a N-alkylaziridine, but in this case the reaction failed. Thus, the
naphthalene-catalysed lithiation of N-cyclohexylaziridine as it was above described (-78°C, 5 h) afforded, after
hydrolysis, the starting material; even at room temperature the same result was obtained after 10 h. However,
when a phenyl group is present in the aziridine ring the reductive opening takes place with N-alkylaziridines. We
studied this reaction with the aziridine 412 in order to prepare, at the same time, chiral dianions of the type III
(Scheme 1). The catalytic lithiation of this starting material under the above described reaction conditions
afforded, after deuteriolysis, the expected product §, arising from the corresponding most stable benzylic
intermediate, in 77% isolated yield. Only one diastereoisomer of compound § is visible in 13C NMR spectrum,
but at this moment we do not know the actual stereochemistry at the C-2. Experiments are in due course in order
to study not only the stereochemistry of the reaction but also its possible application to the synthesis of
enantiomerically pure compounds (EPC-synthesis13) through the corresponding chiral dianions of the type III.
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In a general procedure, to a cooled (-78°C) green suspension of lithium powder (0.125 g, 18.0 mmol) and
naphthalene (0.023 g, 0.18 mmol) in THF (10 ml) was added the corresponding aziridine (1.8 mmol) under
argon and the mixture was stirred for 6 h at the same temperature. Then, the corresponding electrophile (2.0
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mmol; 0.5 ml in the case of water or deuterium oxide) was added and the temperature was allowed to rise-to 20°C
during ca. 3 h. The resulting mixture was hydrolyzed with water, acidified with 3 M hydrochloric acid and
extracted with dichloromethane. The aqueous layer was then basified with 2.5 M sodium hydroxide and extracted
with dichloromethane. The organic layer was dried over anhydrous sodium sulfate and evaporated (15 Torr). The
resulting residue was purified by column chromatography (silica gel; hexane/ethyl acetate) and/or recrystallized
(Table 1) to yield pure products 3 or 5.
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