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Abstract: Ln(IIDtrifluoromethansulfonates in CH2Cly efficiently catalyze the aminolysis of trimethylene
oxide, 2-octyl -, and 2-phenyloxetane, at 1.1, to give the corresponding y-amino alcohols in very good yields.

Although the structure and hybridization of orbitals in oxetanes and oxiranes are largely different, the
reactivity of the two systems in the ring opening reactions under acid conditions is similar even if the
oxetanes react slightly more slower.! Evidently, the lower degree of strain in oxetanes is at least partly
offset by the greater basicity of the ring oxygen.! On the contrary, in ring opening reactions carried out in
the presence of strong nucleophiles under basic or neutral conditions, oxetanes usually exhibit a scarce
reactivity compared with oxiranes. In this sense, it is particularly difficult to obtain the direct reaction of
oxetanes with amines even if unhindered oxetanes and amines are used.l:2 By consequence, this reaction
cannot be efficiently utilized as a general synthetic method for the preparation of y-aminoalcohols.
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In a program aimed at finding new, efficient catalysts for the ring opening of small ring heterocycles,
we have found that common metal salts such as LiClO4 are able to assist effectively the addition of a large
variety of nucleophiles, including amines, to oxiranes.3:4 We also found that LiBF4 in a non-protic solvent
(CH3CN) efficiently promoted the direct aminolysis of oxetanes with a large variety of primary and
secondary amines, while LiClO4 turned out to be markedly less efficient in promoting this reaction.3.6 More
recently, we found that lanthanide(IlI) trifluoromethansulfonates (triflates) [Ln(OTf)3] such as Yb(OTD3,
Gd(OTf)3 and Nd(OTf)3 catalyze in an extraordinarily effective way the aminolysis of oxiranes in low
polarity non-protic solvents such as CH2Cl; or toluene.” We therefore tried to transfer the Ln(OTf)3-
catalysis also to the aminolysis of oxetanes. Actually, we found that the Ln(OTf)3 promote in a more
efficient way than LiBF4 the direct aminolysis of some representative oxetanes [trimethylene oxide (1), 2-
octyl- (2), and 2-phenyloxetane (3)] with primary and secondary, aliphatic and aromatic amines, to give the
corresponding vy-amino alcohols in very good yields (see the Table). The reactions proceed smoothly using
just 0.5 molar equivalent of the catalyst. The use of lower amounts of Ln(OTf)3 somewhat lengthens the
reaction times (entry 17, Table). The reactions occur nicely also using an hindered amine such as (i-Pr);NH
(entry 19, Table). As in the Ln(OTf)3-catalyzed aminolysis of oxiranes,” the use of a low polar non-protic
solvent such as toluene or CH2Cl, appears to give the bést results; on the contrary, the use of a more
coordinating solvent such as CH3CN, makes the catalyst less effective (see entries 13 and 16, Table). The
Ln(OTf)3-promoted aminolysis of oxetanes effectively occurs also using an aryl-substituted substrate such
as 3, which didn't yield any addition product under LiBF4-promoted aminolysis conditions.5 The ring
opening of the L.n(OTf)3-catalyzed aminolysis of 2 is completely regioselective with the attack of the
nucleophile on the less substituted carbon o to the oxetane oxygen. On the contrary, in the reactions of 3,
mixtures of the two possible regioisomers are obtained in a ratio which depends on the type of the amine;
however, the regioisomer arising from the nucleophilic attack on the less substituted oxetane carbon a to
the oxetane oxygen turns out to be, also in this case, the main product. Among the Ln(OTf)3 tested, the
order of effectiveness found is: Yb(OTf)3 > Gd(OTf)3 >> NA(OTI)3 (entries 2-4 and 8-10, Table), It is
interesting to note that this order is different from the one observed in the corresponding reactions of
oxiranes [Yb(OTf)3 = Gd(OTf)3 > Nd(OTf)3).7

In accordance with previous proposals for the Ln(OTf)3-promoted aminolysis of oxiranes,? the
catalytic effect of the Ln(IIl) salts in the corresponding oxetane ring opening reactions appears to be
ascribable to the strong oxophilicity of Ln(III), which allows the metal to coordinate tightly to the
heterocyclic oxygen, thus favoring the nucleophilic ring opening process.

In conclusion, the Ln(OTf)3-promoted aminolysis of oxetanes appears to be a useful and valuable
general method for the synthesis of y-aminoalcohols. Moreover, the successful application of this new
methodology to the aminolysis of 2-phenyloxetane (3), makes this method to be applied also to an easy
synthesis of phenyl-substituted 1,3-propanolamines.

General Procedure and Identification of y-Amino Alcohols.
A solution of the oxetane (1.0 mmol) in anhydrous CH3Cl;, or toluene, (1.0 ml) was treated at r.t.

with the amine (1.2 mmol). Yb(OTf)3 (0.5 mmol) was then rapidly added and the reaction mixture was
stirred at r.t. for the time shown in the Table. Dilution with Et2O and evaporation of the washed (saturated
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Table. Aminolysis of Some Representative Oxetanes (1-3) in the Presence of Ln(OTf)3 [Yb(OTf)3,
Gd(0OT3 and Nd(OTf)3], or Other Metal Salts.
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Yb(OTf)3 50%
Yb(OTE)3 50%
Gd(OTi)3 50%
Nd(OTf)3 50%
LiBF4 2M
LiClO4 sM
LiClO4 5M
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Nd(OTf)3 50%
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Yb(OT()3 50%
Yb(OTf)3 50%
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4 For reaction conditions, see the General Procedure. ® Unless differently stated, the reactions were carried
out at r.t. € Attack of the nucleophile on the less substituted carbon o to the oxetane oxygen. 4 Attack of the
nucleophile on the more substituted carbon « to the oxetane oxygen. € Yields based on weight and 1H
NMR examination of the isolated crude reaction product. f Amino alcohol 4. £ Amino alcohol 5. # See
ref. 5.¢ Amino alcohol 6. J Amino alcohol 7. ¥ Amino alcohol 8. Amino alcohol 9. ™ Amino alcohol 10.
» Amino alcohol 11. ¢ Amino alcohol 12. P Amino alcohol 13. ¢ Amino alcohol 14. 7 Amino alcohol 18.
Amino alcohol 16. ¢ Amino alcohol 17.

agueous NaCl) afforded a crude reaction product consisting of the corresponding y-amino alcohols (!H NMR)
which was purified by distillation (amino alcohols from 1) or by TLC (amino alcohols from 2). In the
Ln(OTf)3-catalyzed aminolysis of 1 with primary amines, an excess of the amine (epoxide:amine=1:5) was

used in order to suppress the over alkylation process. The regioisomeric couples of amino alcohols 12-13, 14-
15, and 16-17 from oxetane 3 were separated by TLC ( a 6:3:1 mixwre of hexane, EtoO and NEt3 was used as
the eluant). The structure of all the y-amino alcohols obtained was unequivocally determined by their 1H and
13C NMR spectra and confirmed by satisfactory microanalytical results (C,H,N, +0.3 of the calculated value).
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The relative amounts of regioisomers from oxetane 3 were determined by !H NMR. Amino alcohols 4-11 have
previously been described.5 Oxetanes 25 and 38 were prepared as previously described.

Amino alcohol 12, a liquid; 1H NMR & 7.15-7.42 (m, 5H), 4.92 (unresolved triplet, 1H, J=5.8 Hz), 2.43-2.87
(m, 6H), 1.79-1.88 (m, 2H), 1.10 (t, 6H, J=7.2 Hz). 13C NMR 5 128.83, 127.49, 126.24, 76.11, 53.07, 47.32,
35.05, 11.99.

Amino alcohol 13 was not separated in the pure state due to the insufficient amount present in the crude
reaction product and to difficulties in the TLC separation stage. However, its presence was substantiated by
1H NMR analysis of the crude reaction product: 1H NMR & 4.02 (dd, 1H, J=11.6 and 2.9 Hz), 3.75-3.87 (m,
2H), 1.52 (dq, 1H, J=14.8 and 2.7 Hz), 1.96 (sextet, 1H, J=6.7 Hz).

Amino alcohol 14 a liquid; 'H NMR & 7.11-7.41 (m, 5H), 4.93 (unresolved t, 1H, /=5.7 Hz), 2.18-2.80 (m,
6H), 1.78-1.89 (m, 2H), 1.32-1.72 (m, 6H). 13C NMR 5 128.78, 127.42, 126.18, 76.23, 58.35, 55.26, 34.30,
26.64, 24.85.

Amino alcohol 15, a liquid; 'H NMR 6 7.22-7.40 (m, 3H), 7.10-7.22 (m,2H), 3.82-3.94 (m, 3H), 2.44-2.80
(m, 2H), 2.10-2.44 (m, 2H), 1.48-1.72 (m, 5H), 1.18-1.41 (m, 3H). 13C NMR & 136.75, 129.50, 128.61,
128.30, 80.70, 71.97, 64.44, 31.87, 26.79, 24.80.

Amino alcohol 16, a liquid; 'H NMR & 7.03-7.32 (m, 5H), 4.86 (unresolved triplet, 1H, J=5.7 Hz), 3.67 (t,
4H, J=4.6 Hz), 2.38-2.68 (m, 6H), 1.79 (q, 2H, J=5.8 Hz). 13C NMR & 128.87, 127.63, 126.12, 76.05, 67.53,
58.12, 54.27, 34.04.

Amino alcohol 17, a liquid; !H NMR & 7.14-7.40 (m, 5H), 3.59-3.91 (m, 7H), 2.22-2.70 (m, 5H), 1.71 (dq,
1H, J=14.6 and 3.7 Hz). 13C NMR 5 137.16, 129,33, 128.78, 128.38, 71.23, 67.80, 63.84, 50.50,
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