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Abstract

A new method for the synthesis of 1,3-oxazolidine derivatives has been developed. Thus, a variety of 1,3-
oxazolidines was prepared by the reaction of imines with epoxides in the presence of a catalytic amount of a
samarium compound such as S8mk, or Cp%Sm(thf,. © 2000 Elsevier Science Ltd. All rights reserved.
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1,3-Oxazolidines are useful not only as intermediates in organic synthasisalso as effective
ligands for metal-catalyzed asymmetric synthéstsgeneral synthetic method for the synthesis of 1,3-
oxazolidines is the condensation of 1,2-amino alcohols with carbonyl compounds in the presence of an
acid catalys® In recent years, several catalytic methods using transition metals as catalysts have been
developed. For example, Yamamoto and Shim showed the Pd-catalyzed [3+2] cycloaddition of vinylic
oxiranes with imineé2 and the reaction of 1,2-amino alcohols with nitrile derivatives catalyzed by Pd/C
or Rh/C under hydrogen atmosphere was reported by Muzarfefal.

Recently, we have shown that Sirdcts as an efficient precatalyst for the aldol-type condensation
of imines to , -unsaturated iminesAs an extension of this chemistry, a novel synthesis of pyrrole
derivatives has been developed by a three-component coupling reaction of amines, aldehydes, and
nitroalkanes in the presence of a catalytic amount of StA@h addition, the reaction of imines and
nitroalkenes was catalyzed by a samarium compound such as'Bra(@roducing the corresponding
pyrrole derivatives. In continuation of our studies, we have now found that imines react with epoxides
under mild conditions in the presence of a catalytic amount ohb$mndjive 1,3-oxazolidine derivatives
in good yields (Eg. (1)). In the patent work, it has been reported that the reaction of imine with an excess
amount of alkylene oxide at 140-250 °C affords 1,3-oxazolidine deriv&fieeour best knowledge, no
catalytic methods have been reported for the synthesis of 1,3-oxazolidines from imines and epoxides. In
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this paper, we wish to report a new route to 1,3-oxazolidine derivatives using a samarium compound as
catalyst.

FI‘S
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A typical reaction is carried out as follows. To a solution of $r0.05 mmol) in THF (1 mL)
was addedN-(1-methyl)ethylidene benzylaminéd) (1 mmol) and 2-methyl-1,2-epoxypropars) (2
mmol), and the mixture was stirred under ambient conditions for 5 h. After quenching with wet ether,
the solvent was removed under reduced pressure. Short-column chromatography on silica gel with ether,
followed by distillation, gave N-benzyl-2,2,5,5-tetramethyl-1,3-oxazolidir8ag)° in 93% yield.

Table 1 shows the results for the reactionlafwith 2a using various samarium compounds. The
reaction oflawith 2 equiv. of2ain the presence of a catalytic amount of $rffl.05 equiv. with respect
to 14) in THF at room temperature for 5 h ga8aain 98% GC yield. CpsSm(thf), was less active than
Smk to form3aain 40% yield. Sm4 was also effective for the present reaction to @aain 85% yield,
but SmC} was found to be inert under these conditions (Run 4). Sm¢Ff) Sm(OPr), which serve
as Lewis acid and Lewis base, respectively, showed low activity (Runs 5 and 6).

Table 1
Reaction oflaand?2b by various catalysts

Run Catalyst Yield of 3aa / %°
1 Sml, 98
2° Cp*,Sm(thf), 40
3 Sml; 85
4 SmCl, 3
5 Sm(OTf); 24
6 Sm('OPr); 8

“ 1a (1.0 mmol) was allowed to react with 2a (2.0 mmol) in the
presence of Sm catalyst (0.05 mmol) in THF (1 mL) at room
temperature for 5 h under Ar atmosphere. b Based on GC yield.
c

Toluene (1 mL) was used as a solvent.

On the basis of these results, ketimiha was allowed to react with various epoxides under the
influence of Sml. Compoundla readily reacted with terminal epoxide2h( and 2¢) to form the
corresponding 1,3-oxazolidine derivative&dab and 3ag) in 83 and 81% yields, respectively (Table 2,
Runs 2 and 3). However, the reaction Id with an internal epoxide such as 1,2-epoxycyclohexane
(2d) was difficult under these reaction conditions to form a poor yield of 1,3-oxazolRidgRun 4).
Various ketimineslb-1e were allowed to react with terminal epoxidato produce the corresponding
1,3-oxazolidine derivative8ba-3eg in good yields (Runs 5-8).

We next tried the reaction of aldimines with epoxides. The reactidx-bfitylidenebenzylaminélf)
with 2ain the presence of the Spnt¢atalyst in THF at room temperature gavéldenzyl-5,5-dimethyl-
2-propyl-1,3-oxazoridine3fa) in 32% yield along with the self-aldol condensation product (9%)fof
(Table 3, Run 1). Interestingly, when Cf8m(thf), was used as a catalyst, the yield3f& increased
to 62% (Run 2)° In a previous paper, we showed that the aldol-type condensation of aldimines is
efficiently catalyzed by Sml but not Cp%Sm(thf). Therefore, it seems that Syprpromotes the aldol
type condensation of imines rather than the reaction of aldimines with epoxide. Several aldimines,
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Table 2
Synthesis of 1,3-oxazolidine derivatives from ketimines and epoxides catalyzed by Smi

Run Imine Epoxide Oxazolidine Yield/%® Run  Imine Epoxide Oxazolidine Yield / %”

o]
1 /LN’Bn > 3aa 93 5 )%N’B“ 2a 3ba 88
la 2a 1b

0]
2 12 N 3ab 83 6 &N,Bu 2a 3ca 85

2b
1c
o
3 1 N e 81 7 QN,BU 2a 3da 82
2
¢ 1d
4 1a ()O 3ad 6 8 /\/LN’B“ 2a 3ea 52
2d 1e

¢ Imine (1.0 mmol) was allowed to react with epoxide (2.0 mmol) in the presence of Sml, (0.05 mmol) in THF (1 mL)
at room temperature for 5 h under Ar atmosphere. ¢ Isolated yield.

1g-1i, also reacted witl2a by using Cp%Sm(thfy as the catalyst (Runs 3-5). Thus, a variety of 1,3-
oxazolidine derivatives could be prepared from imines and epoxides by choosing the catalyst, either
Smk or Cp*2Sm(thf).

Table 3
Synthesis of 1,3-oxazolidine derivatives from the reaction of aldimines and epoxides catalyzed by
Cp*,Sm(thf),?2
Run Tmine Epoxide Oxazolidine Yield/ % °
13 ., -Bn
1 Pr N 2a 3fa 32(9)
If
2 1f 2a 3fa 62 (<1)
3 Pen” XN-BN 2a 3ga 65
1g
.B
4 BN 2a 3ha 60
1h
5 prXNBY 2a 3ia 61

1i
< Imine (1.0 mmol) was allowed to react with epoxide (2.0 mmol) in the
presence of Cp*,Sm(thf), (0.05 mmol) in toluene (1 mL) at room temperature
for 5 h under Ar atmosphere. » Parentheses show the yield of N-(2-ethyl-2-
hexenylidene)benzylamine. ¢ Sml, (0.05 mmol) was used as a catalyst.

In order to obtain information on the reaction path, the following experiments were carried out. The
addition of epoxide2a to a THF solution containing Smlled to an immediate color change from
blue—green to light yellow, while no color change was observed vhavas added to this solution. This
observation suggests that the present 1,3-oxazolidine formation is initiated by the reaction of epoxides
with Smkb to form samarium alkoxidé which then reacts with imines to give 1,3-oxazolidines. In fact,
samarium iodohydrin obtained from Sf(D.1 mmol) and 1,2-epoxyoctan2d] (0.2 mmol) was added
to a solution ofla (1 mmol) and2a (2 mmol) to give3aa(0.53 mmol) and IN-benzyl-2,2-dimethyl-5-
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hexyl-1,3-oxazolidine3ag (0.14 mmol) (Eg. (2)). These results led to the conclusion that the real active
species of the present reaction is an iodo samarium alkoRifj&! (which probably lies in an aggregated
form through iodide, generated in situ from Snaind epoxide. Thé& may readily react with imine to
form oxazolidine (Scheme 1).

1a (1 mmol)
2a (2 mmol)

Bn Bn
smi; + <5 . $8< + Hexﬁ% (2)
3a

Hex \ THF(1 mL), rt,0.5h  5h
e

3ae
(0.1 mmol) (0.2 mmol) (0.53 mmol) (0.14 mmol)
Sm|2
>

2a

osm"Ln
| ~ N’Bn

2a
LnSm'"| (i
c Lnsm'"—0 )

Scheme 1.
In conclusion, a variety of 1,3-oxazolidine derivatives was synthesized by the reaction of imines and
epoxides with the use of samarium compounds. This provides a new synthetic tool for 1,3-oxazolidines,
which are difficult to prepare catalytically by conventional methods.
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