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Summary: Intramolecular cycloaddition reactions of C5- 
chain acyclic alkenyl nitrones such as N-[(2S,3S)-2,3-bis- 
(tert-butyldimethylsiloxy)-4-pentenylidenelbenzylamine 
N-oxide and its C(5)-substituted derivatives lead to fused 
isoxazolidines (bicyclo[3.2.01 framework) with very high 
diastereomeric excess. These isoxazolidines can readily 
be converted to optically active tetrasubstituted cyclo- 
butylamines. 

One of the most simple and convenient methods to 
prepare 1-amino-3-hydroxy backbones from carbon- 
carbon double bonds while appending a carbon chain of 
one or more units to them is the well-known nitrone- 
olefin cycloaddition reacti0n.l Although there have been 
countless variations of this reaction, only limited reports 
of its use for the construction of absolute configurations 
have appeared so far.2,3 One example is the reaction of 
the Cs-chain alkenyl nitrone (Z)-D-xylOnitrOne, derived 
from D-glucose, which leads to a bicyclo[3.3.0l-type isox- 
azolidine (fused mode) with 299% de.2 In contrast, the 
C5-chain alkenyl nitrone 1 affords bicyclo[2.2.11 cyclo- 
adduct 2 (bridged mode; route A in Scheme 1) with almost 
no selectivity (1:l) with regard to the asterisked stereo- 
 center^.^ Our recent work on processes involving the 
protected vicinal diol controller ~ t ra tegy ,~  including 
intermolecular nitrone-olefin [3 + 21 cycloaddition pro- 
c e ~ s e s , ~  encouraged an effort to realize route B (Scheme 
1) employing alkenyl nitrones 1 bearing a vicinal diol 
controller (ZZ = 2 3  = TBDMSO). 

To our delight, the effect of the controller directs a 
previously unknown regiochemicd preference for route 
B. Manipulation of the cycloadducts (3) generates tet- 
rasubstituted chiral cyclobutylamines which are other- 
wise difficult to access. In addition, the present work 
supports the concerted nature of the nitrone-olefin [3 + 
21 cycloaddition reaction. 

Swern oxidation of alcohols 46 gives enals 6, which are 
condensed with N-benzylhydroxylamine to afford desired 
alkenyl nitrones l7 (280% yield overall, Scheme 2). The 
geometry of the nitrone moiety in 1 was shown to be Z 
on the basis of an NOE (9.2%) observed for the benzylic 
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protons on irradiation of the olefinic proton of the 
iminium unit. Furthermore, the coupling constant (4.3- 
4.4 Hz) observed between the protons of the protected 
vicinal diol unit clearly suggests that the TBDMSO 
groups are anti as illustrated (lAh4 

Heating a solution of vinyl nitrone la in benzene at 
80 "C for 12 h gives cycloadduct 6a (62% yield) and 
recovered la (37%) as an equilibrium mixture. The 
reaction does not progress upon additional heating. 
When recovered la was subjected to the same reaction 
conditions, the same product ratio was obtained. These 
results suggest a thermal equilibrium8 between la and 
6a. 

(6) Prepared from l-O-(p-methoxybenzyl)-2,3-O-isopropylidene-~- 
threitol via five steps: (1) oxidation, (2) Wittig or Homer-Emmons 
olefination, (3) deprotection of the acetonide group, (4) protection of 
the resulting diol with a tert-butyldimethylsilyl group, and ( 5 )  depro- 
tection of the p-methoxybenzyl group. The experimental details are 
given in the supplementary material. 
(7) Spectroscopic [NMR (lH, W ,  lH-COSY, 'H-W-HETCOR, and 

NOE in some cases), Et, and HRMS] and analytical data for all new 
compounds were satisfactory; these data are available as supplemen- 
tary material. 
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A one-pot, two-stage reaction involving reductive cleav- 
age of the isoxazolidine ring of 6a and N-tert-butoxycar- 
bonylationg of the resulting amino group affords chiral 
cyclobutylamine derivative 7a7 (87% yield overall) after 
acetylation. Careful NMR analyses, in particular, NOE 
experiments,l0 indicate the absolute structure of 7a is 
that depicted in Scheme 3. To the best of our knowledge, 
this is the first example of the formation of a cyclobutane 
backbone from acyclic alkenyl nitrones through an in- 
tramolecular thermal cycloaddition process" and pro- 
vides a novel method for the synthesis of chiral substi- 
tuted cyc1obutylamines.l2 

In addition, when heated at 80 "C in benzene, the 
nitrones bearing an (E)- or (2)-alkenyl group ( lb  or IC) 
yield an equilibrium mixture of l b  (54%) and cycloadduct 
6b (36%) or IC (52%) and cycloadduct 6c (34%), respec- 
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tively. These cycloadducts possess the same absolute 
configuration as 6a for the stereogenic centers in the ring, 
as determined by NOE experiments on the corresponding 
cyclobutylamines 7b and 7c73 (87% yield for both). 

The remarkable stereocontrol over all the stereogenic 
centers observed for la-c suggests transition state 
structure TS1, which leads to 6a-6c, provided the 
conformational rigidity (lA) of the controller unit remains 
intact throughout the course of the reaction. TS1 is 
reached as rotation around the C(l)-C(2) bond of 1A 
occurs (Scheme 4). Another possible ground-state con- 
formation, lB, arising from rotation around the C(3)- 
C(4) bond of lA, suffers from severe steric congestion of 
the alkenyl group and the TBDMSO group at C(2). The 
formation of cycloadduct 8, therefore, was not realized. 
If rotation around the C(2)-C(3) bond were unrestricted, 
a transition state like TS3 would result, and TS3 is 
presumably more stable than TS1 or TSa because of its 
bicyclo[2.2.11 array. TS3 would afford cycloadduct 9, 
which was also not observed. Thus, the evidence indi- 
cates that the conformation of 1 is primarily governed 
by the controller unit to be 1A in which an allylic 
conformation should be ~onsidered.~~ The reaction has, 
therefore, provided high fidelity between the ground-state 
conformation of an acyclic substrate and the regiochem- 
istry of an intramolecular [3 + 21 cycloaddition. 

Cycloadducts 6b and 6c were heated in benzene under 
reflux for 6 h. The equilibrium mixture from each 
reaction was chromatographed to yield nitrones that were 
identical to starting nitrones lb or IC, respectively, in 
all respects: the olefinic geometry, nitrone geometry, and 
optical purity of these nitrones were perfectly retained. 
These findings suggest that no crossover processes (dot- 
ted arrows in Scheme 5 )  occurred. In particular, the lack 
of interconversion between the 2 and E olefinic geom- 
etries indicates that a biradical mechanism is highly 
unlikely, although an intermediate that collapses faster 
than bond rotation cannot be ruled out. These facts, in 
any event, support the concerted nature of this reaction. 

(13) These derivatives were highly convenient for NOE experiments 
because all the NMR signals were distinct. Oxidative cleavage of the 
diol moieties of both 7b and 70 and ensuing reduction and acetylation 
afforded products identical with 7a in all respects. 
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The crucial role of the protected vicinal diol controller 
is to direct the n-faces (C=C and C=N) of 1 in such a 
way that they overlap each other in a fused mode via 
transition state TS1, in which the TBDMSO groups are 
anti to each other. Accordingly, the barriers for rota- 
tional interconversion around the C(2)-C(3) bond are 
large enough to prevent the reaction from going through 
other transition states, such as TSa.l4 

In summary, the chemistry presented here for the 
synthesis of tetrasubstituted cyclobutylamines has been 

(14) The question may be raised as to whether we can rationalize 
the unusual course of the reactions on the basis of ground-state 
conformations in violation ofthe Curtin-Hammett principle. We have 
already discussed this issue in ref 4b. 
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enabled by the protected vicinal diol controller. The 
recovered alkenyl nitrones are easily separated from the 
cycloadducts and can be recycled. Isoxazolidines Ba-c 
are stable enough to be purified by simple column 
chromatography and can be further elaborated to title 
compounds 7a-c in high yield. 
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