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ABSTRACT
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A highly efficient strategy for Cu(OTf)
unprecedented rearrangement to substituted achiral and chiral (

,-mediated ring-opening of 2-aryl-

N-tosylazetidines in polar and coordinating solvents followed by an
E)-allylamines (ee >99%) is reported. The methodology has been applied for

the synthesis of y-unsaturated- -amino acids. A plausible mechanism for the rearrangement is also described.

Ring-opening transformations of small ring aza-heterocyles reaction8 to generate a wide variety of nitrogen-containing
provide excellent routes for the construction of important compounds of synthetic and pharmacological importance.
synthetic target$.In recent years, azetidines have been Although nonactivated azetidines and azetidinium ions have

utilized in ring-openingor in association with ring expan-
sion? fragmentatior¥¢ rearrangemerft,and cycloaddition
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been exploited extensivel3P4the chemistry of activated
azetidines has not been much explored.

Recently, Lewis acid (LA)-mediated ring-opening of
enantiopure 2-aryiN-tosylazetidines by several nucleophiles
such as halide®, nitriles 2 carbonyls® and alcohol¥ to
provide nonracemic products in high enantiomeric excess
has been reported by us (Scheme 1). We have demonstrated
that the nucleophilic ring-opening of 2-arjiHosylazetidines
proceeds through any3 pathway instead of a stable 1,4-
dipolar intermediate as invoked earlféf.Similar chemistry
was observed for 2-anf-tosylaziridine$’ as well. In
continuation of our research activities in this area to elucidate
the mechanism of nucleophilic ring-opening of 2-alfl-
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Scheme 1. S\2-Type Nucleophilic Ring-Opening of
2-Aryl-N-tosylazetidines and Aziridines
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tosylazetidines, we studied their fate in the presence of Lewis
acid in polar solvents and discovered an unprecedented

rearrangement of azetidinkto allylamine2 as shown in

Scheme 2. The synthesis of allylamines has been an area of

Scheme 2. Ring-Opening Rearrangement in
2-PhenyIN-tosylazetidinel

Ph ,Ts Cu(OTf), (1.0 equiv)
N Ph/\/\N/TS
DMSO, 65°C, 2 h H

1 97% 2

considerable research actiifyprimarily due to their key
function as precursors or intermediates in organic synthesis,
as well as their presence in several biologically active
compound$! Moreover, these allylamines could be trans-
formed into various important natural and unnatural amino
acids upon oxidative cleavage of the olefinic bémHerein,

we report for the first time a highly efficient strategy for
LA-mediated nucleophilic ring-opening followed by a novel
rearrangement of 2-ary-tosylazetidines to achiral and
chiral allylamines. However, the ring-opening of other types
of azetidinium intermediates toward allylamine derivatives
has been reported earlir.Allylamines obtained from
suitably functionalized azetidines were easily converted into
olefinic g-amino acids (Scheme 6), which are known to
exhibit reversible or irreversible enzyme inhibition activity
for a number of enzymés:'4

(7) For Sy2- type ring-opening oN-tosylaziridines: (a) Ghorai, M. K.;
Das, K.; Kumar, A.; Ghosh, KTetrahedron Lett2005 46, 4103. (b) Ghorai,

M. K.; Ghosh, K.; Das, KTetrahedron Lett2006 47, 5399. (c) Ghorai,
M. K.; Ghosh, K.Tetrahedron Lett2007, 48, 3191.

(8) For reviews on Allylic amination, see: (a) Cheikh, R. B.; Chaabouni,
R.; Laurent, A.; Mison, P.; Nafti, ASynthesisl983 685. (b) Johannsen,
M.; Jgrgensen, K. AChem. Re. 1998 98, 1689.

(9) (&) Chen, Y. K.; Lurain, A. E.; Walsh, P.J. Am. Chem. So2002
124, 12225. (b) Concello, J. M.; Sueez, J. R.; Del Solar, VOrg. Lett.
2006 8, 349 and references cited therein. (c) Hodgson, D. M.; Fleming,
M. J.; Stanway, S. JOrg. Lett.2005 7, 3295.

(10) (a) Nagashima, H.; Isono, Y.; lwamatsu,J5.0rg. Chem2001
66, 315. (b) Robin, S.; Rousseau, Bur. J. Org. Chem200Q 17, 3007.

(c) Oppolzer, W.; Stammen, Betrahedronl997, 53, 3577. (d) Davis, F.
A.; Ramachandar, T.; Chai, J.; SkucasTEtrahedron Lett2006 47, 2743.

(11) (a) Magnus, P.; Lacour, J.; Coldham, I.; Mugrage, B.; Bauta, W.
B. Tetrahedron1995 51, 11087. (b) Trost, B. MAngew. Chemlnt. Ed.
1989 28, 1173.

(12) D’hooghe, M.; Van Brabandt, W.; De Kimpe, N. Org. Chem.
2004 69, 2703.

5442

Table 1. Synthesis of Chiral Allylamines from
2,4-Disubstituted Azetidines

entry azetidine? product® yield (%)°
Ph s Et
1 \E'T Ph/\/LN/TS 98
5 “Et 14 H
PhQ_ ™ Et
2 o NS 93
6 Et 15 H
Ph s n-Pr
3 N Ph A N/TS 98
7 n-Pr 16 H
PR n-Pr
4 Ph/\/\N/Ts 91
8 Mpr 17 H
Ph s n-Bu
‘[N
5 ] Ph A N/TS 95
9h-Bu 18 H
PhQ_ ™ n-Bu
6 Ph/\/'\N/TS 89
10 *n-Bu 19 H
Ph N s i-Bu
7 Ph Y N/TS 92
11”i.Bu 20 H
ANIVE Bu
8 Ph/\/\N/TS 90
128y 21 H
Ph N/TS [’Pr
9 B 92
\EK Ph/\/\N/Ts
13 % pr 22 H

aAll azetidine ee values were 99% (determined by chiral HPLC).
b Stereochemistry and ee predicted based on precursor azetidine and
supported by chiral HPLC:Yield after column chromatographic purifica-
tion.

When 2-phenyN-tosylazetidinel was treated with Cu-
(OTf), as the Lewis acid with DMSO as the solvent at
65 °C, (E)-allylamine2 was obtained in almost quantitative
yield (Scheme 2). A series of Lewis acids such as ZnCl
ZnBr,, Zn(OTf), InCls, and BR-OEL, were studied for the
ring-opening of 1. Cu(OTf), was found to be the most
efficient catalyst, although BFOE%L and Zn(OTf) func-
tioned in a similar fashion. In the absence of Lewis acid, no
reaction was observed even at elevated temperatures. Solvent
dependence of the reaction was studied in other coordinating
solvents such as DMF, THF, and,Btwith use of Cu(OTf)
as the Lewis acid. Similar reactions were observed in all
these cases exceptBt where poor yield o2 was obtained.
Interestingly, when THF was served as the solvent, reaction
was completed within 15 min at rt with use of 0.3 equiv of
Cu(OTf). With noncoordinating solvents such as £CH
or benzene, the reaction was found to be complicated?and
was obtained in poor yield.
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After getting this fascinating reactivity pattern of the

scope of the reaction was extended to the synthesis of

enantiomerically pure allylamine$4—22 from the chiral
azetidines5—13 (Table 1). Chiral disubstituted azetidines
5—-13 were synthesized from amino acid precursérs.
Azetidines5—13 were treated with 1.0 equiv of Cu(O%f)

in refluxing THF far 2 h leading to enantiopure allylamines
14—22 in excellent yields (Scheme 3) and the results are

Scheme 3. Synthesis of Chiral Allylamines from
2,4-Disubstituted Azetidines
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Ph

shown in Table 1. In all these cases 1.0 equiv of Cu(@Tf)

and refluxing condition were necessary for complete conver-
sion, the reaction was found to be slower with a lesser

amount of Cu(OTf) and at lower temperatures.

To investigate the mechanism of the reaction, azetidines

26—29 with different aryl groups were subjected to the

reaction conditions mentioned in Scheme 2 and the results

are summarized in Scheme 4. All azetidine6+29) led to

Scheme 4. Effect of Aryl Group on the Reactivity of

Azetidine
Ar\EIII/Ts Cu(OTf), ARy TS )Ol\(“)/n\
m Ar H + Ar 2 Ts
23 Time (h) 24 25
azetidine time (h) (aslllgflladrr?f;le) (an"}liir%ieofone)
Ar = Ph, 1 2 97 (2) 0
Ar = 4-MeOCgHy4, 26 1 98 (30) 0
Ar = 4-CICgH,, 27 4 92 (31) 0
*Ar = 3-BrCgH,, 28 15 55 (32) 31 (34)
"Ar = 2-CICgHg4, 29 19 60 (33) 32(35)

*BF;.0Et, was used as the Lewis acid

the formation of allylamine80—33 along with3-aminoke-
tones34—35in some case@-Aminoketones34—35resulted

as the minor products from the oxidative cleavage®f
29by DMSO. The probable mechanism of the ring-opening
reaction is described in Schemé®3_A is coordinated to
azetidine nitrogen generating a highly reactive spe8is
which undergoes nucleophilic attack by DMSO to g8
Subsequently, intramolecular E2 elimination frod is
triggered byN-sulfoxonium ion via a six-membered transition
statd’” 38 to produce24. Formation of34—35 supports the
involvement of DMSO in the reaction. The reaction is faster
with an electron-donating substituent in aryl gro6)(

(15) Ghorai, M. K.; Das, K.; Kumar, ATetrahedron Lett2007, 48,
2471.

(16) A similar mechanism operates in other coordinating solvents (THF,
DMF).
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Scheme 5. Proposed Mechanism for the Formation of
Allylamine and$-Aminoketone from 2-AryIN-tosylazetidine
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whereas it is retarded with an electron-withdrawing group
(28—29) and competitive oxidative cleavage reaction takes
place to generatg-aminoketone84—35. We suggest that
p-aminoketones are formed by the elimination of dimethyl
sulfide, probably via a higher energetic seven-membered
transition state40 as shown in Scheme 5. Stereoselective
formation of E)-allylamines can be rationalized by consider-
ing the E2 elimination from the favorable conformatiéh
over42 as shown in Scheme 5.

After demonstrating an efficient route to enantiopure
allylamines, we further extended this strategy for the
synthesis of olefinig3-amino acids3!4 Azetidines43 and
46 (ee >99%) were conveniently prepared fronR){
phenylglycinol*® 43 and46 when subjected to ring-opening
rearrangement with Cu(OEf)n refluxing THF, correspond-
ing allylamines44 and47 were obtained in almost quantita-
tive yields with ee>99%. Further, the silyl ether groups
of 44 and47 were unmasked to the corresponding alcohols
by using TBAF in quantitative yields. Finally, oxida-
tion'#2 of these alcohols by the Jones method produced

(17) (a) We proposed a similar type of six-membered transition state
for oxidative cleavage of 2-pheniN-tosylaziridine by DMSO tax-amino
ketone as the only product (Ghorai, M. K. Unpublished result).

¥ |O
{ Ph’%f)kg,o
Ph Tol
(b) A similar oxidative ring-opening of aziridine-1-carboxylatesxt@amino
ketones by DMSO was reported earlier, see: Fuijita, S.; Hiyama, T.; Nozaki,
H. Tetrahedron Lett1969 21, 1677.

(18) The synthesis of azetidind8 and46 is described in the Supporting
Information (pp S-12).

Ts
\N DMSO
—_—

Q H
g Ph)j\/N‘Ts

70°C,2h 85 %
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Scheme 6. Synthesis of ofy-Unsaturategs-amino Acids45 and48

1. TBAF
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to enantiopure K)-allylamines via the ring-opening rear-
rangement of correspondingrtosylazetidines. A plausible
mechanism for the reaction is provided. The method has bee
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