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ABSTRACT
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A new synthesis of stereodefined aziridines and azetidines, starting from 4-(1- or 2-haloalkyl)azetidin-2-ones, is described. Treatment of the
latter compounds with LIAIH 4 gave 1,2-fission of the S-lactam, followed by an intramolecular nucleophilic substitution of the halogen, giving
rise to the formation of 2-(1-alkoxy-2-hydroxyethyl)aziridines in the case of 4-(1-haloalkyl)azetidin-2-ones and of 2-(1-alkoxy-2-hydroxyethyl)-
azetidines in the case of 4-(2-haloalkyl)azetidin-2-ones. The resulting 2-(1-alkoxy-2-hydroxyethyl)aziridines were transformed into the corresponding

trans-3,4-substituted oxolanes via an intramolecular nucleophilic ring opening, triggered by AICI 3

The use of LiAlH, as a reductive agent of azetidin-2-ones dominantly occurs with N-unsubstitutgdlactams, whereas
has been shown not to be predictive, as both direct reductionthe 1,2-fission is mostly described for azetidin-2-ones bearing

of the carbonyl functioh* (leading toward azetidines) and

1,2-fission of the3-lactam coré& 8 (leading toward/-amino

alcohols) may occur. In addition, the former reaction pre-
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an electron-withdrawing group (Boc, sulfonyl) or an aryl at
the nitrogen.

4-(1- or 2-Haloalkyl)azetidin-2-ones consist of an interest-
ing class of azaheterocyclic compounds because the presence
of ring strain and a halogen in these compounds makes them
attractive for further reactions. In addition, thgséactams
are now readily available by performing a Staudinger reaction
betweern-chlorinated imines and different ketenes (prepared
in situ from the corresponding acid chlorides and triethyl-
amine). Investigating the reactivity of these compounds
toward LiAIH, seems interesting, as treatment of 4-(1-
haloalkyl)azetidin-2-one4 with LiAIH , may give rise to
the formation of 2-(1-haloalkyl)azetidin@sor 2-(1-alkoxy-
2-hydroxyethyl)aziridine® depending on whether reduction
of the3-lactam carbonyl or 1,2-fission of thelactam amide



Scheme 1. Stereoselective Synthesis of 2-Hydroxyaziridies
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bond occurs. The former compounds are very attractive develop new pathways for synthetically interesting aziridines

starting materials to perform rearrangements toward 3-halo-

pyrrolidines?~1> whereas the latter serve as excellent building
blocks in a variety of synthesé%.'® Treatment of 4-(2-
haloalkyl)azetidin-2-one$1 with LiAIH 4 may afford in the
same way 2-(2-haloalkyl)azetidinel? or 2-(1-alkoxy-2-
hydroxyethyl)azetidine$3. In general, azetidines constitute

and azetidines.

To investigate the reaction of LiAlfHwith 4-(1-haloalkyl)-
azetidin-2-oneqd, synthesized by [22] cyclocondensation
of the corresponding halogenated imines and ketenes (formed
in situ from the corresponding acid chlorides by treatment
with triethylamine) in benzen®;?°the latter compounds were

an interesting class of four-membered heterocycles, both fromadded to a mixture of 5 molar equiv of LiAlHN diethyl

synthetic and from medicinal viewpoint%.?”

The present research will focus on the reactivity of LiAIH
toward 4-(1- or 2-haloalkyl)azetidin-2-onels and 11 to

(9) Krow, G. R.; Lin, G.; Moore, K. P.; Thomas, A. M.; DeBrosse, C.;
Ross, C. W.; Ramijit, H. GOrg. Lett.2004,6 (10), 1669—1672.

(10) Krow, G. R.; Lin, G.; Yu, F.; Sonnet, P. Brg. Lett.2003,5 (15),
2739-2741.

(11) Couty, F.; Durrat, F.; Prim, Dletrahedron Lett2003,44, 5209—
5212.

(12) Outurquin, F.; Pannecoucke, X.; Berthe, B.; PaulmierE@. J.
Org. Chem.2002, 1007—1014.

(13) Gansauer, A.; Lauterbach, T.; NarayanABgew. Chem., Int. Ed.
2003,42, 5556—5573.

(14) Cardillo, G.; Gentilucci, L.; Tolomelli, AAldrichimica Acta2003,

36 (2), 39—-50.

(15) McCoull, W. ;Davis, F. ASynthesi2000,10, 1347—1365.

(16) Deyrup, J. A. InThe Chemistry of Heterocyclic Compounds
Hassner, A., Ed.; Wiley: New York, 1983; Vol. 42, pp-214.

(17) Padwa, A.; Woolhouse, A. D. IRomprehensie Heterocyclic
Chemistry; Lwowski, W., Ed; Pergamon: Oxford, 1984; Vol. 7, pp 47—
93.

(18) Pearson, W. H.; Lian, B. W.; Bergmeier, S. C.Gomprehensive
Heterocyclic Chemistry Il; Padwa, A., Ed.; Pergamon: Oxford, 1996; Vol.
1A, pp 1-60.

(19) Rai, K. M. L.; Hassner, A. I€omprehense Heterocyclic Chemistry
II; Padwa, A., Ed.; Pergamon: Oxford, 1996; Vol. 1A, pp-&16.

(20) De Kimpe, N. Azetidines, Azetines, and Azetes: Monocyclic. In
Comprehensie’ Heterocyclic Chemistry Il, A egew of the Literature 1982
1995; Katritzky, A. R., Rees, C. W., Scriven, E. F. V., Padwa, A., Eds.;
Pergamon: New York, 1996; pp 56889.

(21) Li, W.; Qliver, E., Jr.; Rojas, C.; Kalish, V.; Belyakov, S. PCT Int.
Appl. WO 2004071454 A2 26/08/200€hem. Abstr2004,141, 225299.

(22) Chambers, M. S.; Curtis, N. R.; MacLeod, A. M.; Maxey, R. J.;
Szekeres, H. J. PCT Int. Appl. US 2005101586 Al 12/05/2Q0&m. Abstr.
2005,142, 463587.

(23) Gerona-Navarro, G.; Perez de Vega, M. J.; Garcia-Lopez, M. T.;
Andrei, G.; Snoeck, R.; De Clercq, E.; Balzarini, J.; Gonzalez-Muniz, R.
J. Med. Chem2005,48, 2612—2621.

(24) Baker, R. K.; Bao, J.; Miao, S.; Rupprecht, K. M. PCT Int. Appl.
WO 2005000809 Al 06/01/2008hem. Abstr2005,142, 113872.

(25) Enders, D.; Gries, J.; Kim, Zur. J. Org. Chem2004, 4471—
4482.

(26) Johansson, A.; Persson, J. PCT Int. Appl. WO 2004110344 A2 23/
12/2004;Chem. Abstr2004,142, 1124562.

(27) Marinetti, A.; Hubert, P.; Genet, Bur. J. Org. Chem2000, 1815—
1820.

1102

ether at 0°C. After 2 h, a reaction mixture of mainly 2-(1-
alkoxy-2-hydroxyethyl)aziridineg and little 2-(1-haloalkyl)-
azetidines3 (2—5%) was obtained. Separation of these two
compounds by flash chromatography proved to be very easy,
as both compounds seriously differ in polarity. After
purification, the 2-(1-alkoxy-2-hydroxyethyl)aziridine®
were isolated in good to high yields (Scheme 1). It has to
be noted that the order of addition turned out to be very
important during this reduction. Addition of LiAlHto a
mixture of 4-(1-haloalkyl)azetidin-2-ondsin diethyl ether
gave a very substantial decrease of yields, and many side
products were formed, indicated by the complex reaction
mixtures obtained after workup.

As can be seen in Scheme 1, ring transformation of 4-(1-
chloroalkyl)azetidin-2-one4 toward aziridine2 proceeds
with retention of stereochemistry. The 1,2-fission of the
azetidin-2-oned explains the obtained syn stereochemistry
observed in aziridine®. The proposed mechanism proceeds
via an initial reduction of the amide functionality into an
hemiaminal4. Coordination of lithium to nitrogen triggers
ring opening of azetidinium saf, leading to the formation
of the intermediate aminoaldehyde compteReduction of
the formyl group and nucleophilic substitution of the chlorine
by nitrogen leads to the formation of 2-(1-alkoxy-2-hydroxy-
ethyl)aziridine2 (Scheme 2¥.The obtained stereochemistry
of aziridines2 was proven by the observation that the vicinal
coupling constants)(= 8.6 Hz;'H NMR; CDCl;) between
the NCH of the aziridine ring and the?QCH in all cases
were similar to coupling constants found in the literature for
aziridines with analogous stereochemistty.

The formation of small amounts of azetidingsould be
due to two reasons. Alane, formed after initial reaction of
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Scheme 2. Reduction Reaction Mixtures of
2-(1-Haloalkyl)azetidines$
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LiAIH 4 with azetidin-2-onesl, could be responsible for
reduction of the latter compounds into azetidiBgsOn the
other hand, formation of an azetidinium i8rcan also give
rise to the formation of azetidine8 (Scheme 2). The
observation that the use of more equivalents of LiAtid

not result in a diminishing amount of azetidin@groved
that alane was not responsible for the formation of 2-(1-
haloalkyl)azetidine8. Reduction of intermediately formed
azetinium salts88 is more suitable to explain the observed
results (Scheme 2).

between the two protons at C3 and CH NMR; CDCly).
The reaction mechanism is explained by an initial complex-
ation of AICIl; with nitrogen. In this way, the activation of
the aziridine ring renders a more facile ring opening after
intramolecular nucleophilic attack of the hydroxyl function,
leading toward oxolane®. Recently, unusual dideoxy-
nucleosides received increasing interest because of their
antiviral activity3%3* More specificallytrans-3-hydroxy-4-
uracyloxolane proved to show HCMV inhibitory activity.

It has to be noted that, when 3-benzyloxyett-butyl-4-
(1-chloro-1-methylethyl)azetidin-2-oriey was treated with
5 molar equiv of LiAlH, at 0°C for 2 h, no 2-(hydroxyethyl)-
aziridine 2 could be obtained, as only the corresponding
oxolane9ewas isolated, next to small amounts of azetidine
3g(Scheme 4). Apparently, in this case, teet-butyl group

Scheme 4. Reduction of Azetidin-2-on&g
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exerts too much strain onto the intermediate 2-(hydroxy-
ethyl)aziridine to be stable under these reaction conditions,
and intramolecular attack of the hydroxyl function leads

Aziridines have been shown to serve as excellent building toward the formation of oxolange.

blocks in organic synthesi§. 1° Also, aziridines2 proved

Treatment of 4-(2-bromoalkyl)azetidin-2-onEk, prepared

to be very useful intermediates toward the synthesis of highly by [2+2] cyclocondensation of the correspondihg(3-

substituted oxolanes. Therefore, 2-(1-alkoxy-2-hydroxyeth-

yhaziridines2 were treated with AlGlin ether under reflux
for 48 h, affordingtranstetrahydrofuran® in good isolated

bromo-2,2-dimethylpropylidene)alkylamines and ketenes
(formed in situ from the corresponding acid chlorides by
treatment with triethylamine) in benzéfwith 5 molar equiv

yields (Scheme 3). The stereochemistry was clearly shownof LiAIH 4, gave analogous results as with 4-(1-chloroalkyl)-

Scheme 3. Stereoselective Synthesis of
3,4-trans-Tetrahydrofurang
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azetidin-2-one4. However, because of the extended carbon
chain, 1,2-fission of the starting material followed by a
nucleophilic substitution of bromide led toward the formation
of 2-(1-alkoxy-2-hydroxyethyl)azetidinek2 next to small
amounts oftis-4-(2-bromoalkyl)azetidine$3 (1—-5%), ob-
tained by reduction of the carbeioxygen double bond of
4-(2-bromoalkyl)azetidin-2-onekl (Scheme 5). Again, the
obtained syn stereochemistry of azetididgswas proven
by the observation that coupling constants=£J9.4 Hz;
CDCly) between the NCH of the azetidine ring and the R
OCH units were similar to coupling constants found in the
literature for azetidines with analogous stereochemfstry.

Attempts to perform ring enlargements of 2-(hydroxy-
ethyl)azetidinesl2 toward pyranes were not successful.

In conclusion, 4-(haloalkyl)azetidin-2-ones were proven
to be useful synthons in the synthesis of new functionalized
aziridines and azetidines. Treatment of 4-(haloalkyl)azetidin-
2-ones with LiAlH, gave 1,2-fission of thg-lactam core,
followed by a nucleophilic substitution of the halogen, giving
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Scheme 5. Stereoselective Synthesis of 2-(1-Alkoxy-2-hydroxyethyl)azetidites
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