AP\
m TETRAHEDRON

S— Tetrahedron 55 (1999) 8509-8524

useppe Faita,* Mariella Meila, Pierpaoio Righetti

and Michele Zemati

e

Dipartimento di Chimica Organica, Universita di Pavia, V.le Taramelli 10, 27100 Pavia, Italy

¥ Centro Grandi Strumenti, Universita di Pavia, Via Bassi 21, 27100 Pavia, Italy
Received 1 February 1999; revised 26 April 1999; accepted 20 May 1999

Abstract - The 1,3-dipolar cycloaddition (1,3-DC) between diphenyl nitrone (1) and 4-(S)-
benzyl-((E)-2’-butenoyi)-1,3-oxazolidin-2-one (2) was studied in the presence of several

inorganic salts whose cations behave as Lewis acid. Depending on the salt and the
Avarismantal ~ +1
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type of conformation assumed by 2 when coordinated to the cation, allows the attack of 1
on either the Re- or the Si-face of the dipolarophile and rationalizes the resulting
diastereoselectivity. The coordination of the reagents around the cation was studied by
NMR spectroscopy with 2-acetyl-4-(S)-benzyl-1,3-oxazolidin-2-one (7) asmodel compound.
© 1999 Elsevier Science Ltd. All rights reserved.
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Introduction

Asymmetric synthesis by 1,3-dipolar cycloaddition (1,3-DC)! between alkenes and nitrones has received

ki | T 1

increasing attention and it can be approached eitt st,2-8
reaction with a dipolarophile having a chiral auxiliary group, in the presence of a suitably choosen Lewis acid
(in general an inorganic salt).!b The synthetic utility of this process is focused by the conversion of the
optically active isoxazolidine either into a 1,3-aminoalcohol?? or into a B-lactam,b both retaining the
stereochemistry of the stereogenic centers of the heterocyclic cycloadduct.

The cycloaddition between diphenyl nitrone and N-alkenoyl-oxazolidinones is the model reaction widely

used to test the efficiency of a catalyst in the control of the selectivity.
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50 °C and only
conversion was observed after 20 h to give a 91 : 9 mixture of exo- and endo-3-(((5'-methyl-2’,3'-
diphenyl)isoxazolidin-4'-yl)carbonyl)-1,3-oxazolidin-2-ones without any trace of the corresponding 4'-methyl
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temperature, but also strongly influenced the diastereoselectivity of the 1,3-DC. Thus, different achiral
catalysts were tested and the results are reported in Table 1

Some catalysts gave a diastereomer ratio similar to that of the uncatalyzed reactio

1,2,i1), some others a poor diasiereoselection (eniries 7,9), at least three of them invert the diastereoselection

(entries 3,4,10) and the endo isomer becomes, by far, the main product.

Table 1. Influence of different achiral catalysts on the diastereoselectivity of the reaction between diphenyl
nitrone and 3-crotonoyl-1,3-oxazolidin-2-one at ambient temperature.

Entry Catalyst Solvent Yield(%) Endo : Exo Literature
1 Ti(i-OPr),Cl, CHCL 68 13:87 2a
2 Mgl,-I, CH,Cl, >90 15:85 Zc
3 Mgl, - Phenanthroline CH,Cl, >90 >95: <5 2c
4 Mgl, - 2,9DMP3 CH,Cl, >90 >95: <5 2c
5 Cu(OTi), - Phenanthroline CH,)Cl, 63 81:19 2c
6 Cu(OTf), - 2,9DMP2 CH,Cl, <2 - 2¢
7 La(OTf)3 PhMe 23 53:47 9
8 Sm(OTe); PhMe 88 76 :24 9
9 Eu(OTf); PhMe 78 67:33 9
10 Yb(OTf)3 PhMe 87 95:5 9
11 Yb(OTH), MeCN 63 18:82 9

a) 2,9-Dimethylphenanthroline
Several factors may influence diastereoselection. Not only the cation, but aiso an organic ligand (entry 2
3), or the solvent (entry 10 vs 11) are important in determining the diastereoselectivity, and its control is
portant when the 1,3-DC involves a dipolarophile having a chiral auxiliary as substituent since the optically
pure isoxazolidi
This type of reaction, for the commercial availability of optically pure oxazolidinones and the easy

removal and recovery of these auxiliaries, has already been studied by Jergensen on the oxazolidinone having
a 4-(S)-isopropvl eroup on the chiral auxiliary an A fAICACED svn tomvar~lidl
a 4-(S)-isopropyl group on the chiral auxiliary and the (35,45, 5R)-exo isoxazolid

catalytic conditions described in entry 1 of Table 1, the (3R,4S,5R)-endo isoxazolidineZ¢ under the conditions

of entry 3, both with excellent degrees of diastereoselection.
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diphenyi nitrone 1 and 4-(5)-benzyi-3-((£)-2’-butenoyi)-1,3-oxazolidin-2-one 2 (Scheme 1) was studied in the
presence of a large number of inorganic perchlorates (P) and triflates (OTf) and eventually with simple
additives as H,0, which was found to change the coordination number around Mg(
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1,10 and powdered 4 A

molecular sieves (MS), which were found to have a deep influence on the stereoselectivity of the catalyzed
1,3-DC.2h

{
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Results

The reaction was first run in the absence of any catalyst on 1 mmol scale in CH;Cl, as solvent and, after a
long reaction time (Table 2 - entry 1), the conversion was nearly quantitative and three products (3-5) were
obtained. In all tests the product distribution was determined by hplc analysis on small crops of the reaction
mixture (see the Experimental Section for details), the rest was column chromatographed to separate the pure

,,,,, 11

adducts. This protocol was followed when the main adduct had to be isol

1. M. PR A

ted; the experiments run to test the

reproducibility of yields and product distributions were performed on 0.2 mmol scale.

I

The product distribution in the uncatalyzed reaction was [3] : [4] : [S]

= 3 L

76 : 7 : 17. From a comparison of

the 1H-NMR specirum of 3 with those of other isomers and with the NMR spectral data reported in the

literature for similar products,?? it was easily deduced that H-3 and H-4 are cis to each other and, if 1 retains
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n exo attack. Every attempt to correlate



o0

un

8524

[
=

G. Desimoni et al. / Tetrahedron 55 (1999) 85

unth nfNa avnarimants tha e is -
YVILLE 1INV LA EREIEVLILD WG IDUVAGLAULIULIIC

=2

configuration, was unsuccesful. The absolute stereochemistry of exo-3 was therefore assigned by X-ray

analysis, and the resulting structure is presented in Figure 1.

Figure 1. X-Ray structure of exo-3, labelled with crystallographic atom numbering, showing the absolute

stereochemistry of the isoxazolidine ring.

The crystal structure of exo-3 shows that H-3 and H-4 are cis to each other as expected and, obviously, H-

4 and H.S ar
1v -

= aii j§ Gx

reaction between 1 and 2 is (3'R,45,4'R,5'S)-4-benzyl-3-((5'-methyl-2',3’-diphenylisoxazolidin-4'-

o«

structure of exo-3. The coupling constant between H-3 and H-4 was 11 Hz, very close to 10.5 Hz, the J value
between H-3 and H-4 of 3. Hence exo-4 is (3'S,45,4'S,5'R)-4-benzyl-3-((5'-methyl-2',3’-diphenylisoxazolidin-
4'-yi)carbonyl)-1,3-oxazolidin-2-one (Sch

The third product must have an endo stereochemistry and this was supported by the J value between H-3

and H-4 (7.2 Hz). The absolute configuration of the oxazolidinic fragment was inferred by converting endo-5

1 1

into the isopropyl ester 6 (Scheme 2), and comparing its [a]p value with those reported by JergensenZ® for

both enantiomers. Thus endo-5 is (3'R,4S,4'S,5' R)-4-benzyl-3-((5'-methyl-2',3'-diphenylisoxazolidin-4'-

MNenrhano 1 2 avaralidin.doane (Schama 13
yl}bdluull l}'l, “UAAZUNULIITLTUHLIV (OUVUIGILLIC 1 ).
With these results in hand, the effect of several inorganic salts behaving as Lewis acids was tested,

eventually in the presence of additives, and the results are reported in Table 2.

isomer (92% yield, entry 3). This result was not affected by an attempt to test the double asymmetric synthesis
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Table 2. Influence of different catalysts on the diastereoselectivity of the reaction between diphenyl nitrone 1
and 4-(S)-benzyl-((E)-2'-butenoyl)-1,3-oxazolidin-2-one 2 at ambient temperature.

)
(')

Catalyst Time | Yields? Diastereoisomer ratio? %
Entry Saltb MS | H,O| Ligands® % exo-3 exo-4 endo-S

1 - -1 -1 - 15d | 95 76 7 17
2 Mg(ClOy), - - - 60 h >95 3 82 15
3 Mg(ClOy4), d - - 60 h >95 - 8 92
4 Mg(CIOy), - |2eq - 3d | >95 3 71 26
5 Mg(ClOy), - |4eq . 4d | >95 3 68 26
6 Mg(ClOy), d | - | ®morBO | 34 | >95 2 8 90
7 Mg(ClOy), d | - | ¢)DPBO | 3d | >95 . 8 92
8 Mg(OTf), - - - 2d 85 11 66 23
9 Mg(OT), - |2¢q - 2d 90 12 71 17
10 Mg(OT), d | - . 2d | 88 12 76 12
1 Mg(OTf), d | - | ®DPBO | 24 88 17 66 17
12 Mg(OTf), d | - | ¢)pPBO | 24 86 12 74 14
13 Sc(OTH)3 - - - 5h >95 2 22 76
14 Sc(0T1), d - - 5h >95 - 5 95
15 Se(OTH); - |6eq ; 12h | 80 5 10 85
16 Se(OTD; I - 6d | 80 74 6 20
17 Eu(OTf)3 d - - 12h >95 4 6 90
18 Yb(OTf);3 d - - 12h >95 - 6 94
19 Eu(OTf); - |6eq ; 10h | 25 66 9 25
20 Yb(OTH); - |6eq. ; 10h | 75 56 14 30
21 Fe(ClO,),xH,0 | ¢ - - 24h 90 18 34 48
22 Ni(C10,),6H,0 d - - 40h >95 1 20 79
23 | CoClOgy6H0 | 4 | - ; 48h | >95 1 14 85
24 | Mn(ClO4),-6H,0 d - - 60 h >95 1 18 81
25 Zn(C10,),6H,0 d - - 5d >95 4 58 38

a)These are the average of at least three independent determinations. P)Ratio [1] : [2] : [Salt] = 10:10:1. S(R)DPBO- and (S)-DPBO

are 1 eq. 2,2-bis{2-[4(R)-phenyl-1,3-oxazolinyl]}propane and its 4(S) enantiomer, respectively. d)s0 mg in the reaction run on 0.2

mmol scale. €)about 100 equiv.
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Scheme 2
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of the isoxazolidines, running the reaction (entries 6,7) in the presence of either 2,2-bis{2-[4(R)-phenyl-1,3-
oxazolinyl] }propane or its 4(S) enantiomer, that are known to be excellent chiral ligands for enantioselective

1,3-DC catalyzed by Mg(I).2¢-2h.8 If the reaction was run without MS, or in the presence of 2-4 eq H,0, the

diastereoselectivity changed and the main product became 4, (yield 68-82% - entries 2,4,5). With Mg(OTf),
as salt, 4 was always the main product of the reaction, independently from the presence of MS, H,O or any

other ligand (yield 66-76% - entries 8-12).
When the triflates of the rare earths [Sc(IIl), Eu(IIl) and Yb(II)] were tested, three types of results were

ned. With each of them, the reactions run with MS gave 5 as the main pnroduct ( “ld 84-95%, - entrieg

bl ASAn WYARLAL VAL peVE a& WIS 28l r-vv“vw (92815 § Lwh ]

17,18). If 6 equivalents of HyO were added to Eu(IIT) and Yb(IIT), 3 was the main adduct (entries 19,20).

Apparently, the same result was obtained with Sc(IIl), but only in the presence of a large excess (about 100

£1I
1L

L2
N
[=]

reminiscent those described in entry 1 for the uncatalyzed reaction. As a whole, Sc(IIl) is the best Lewis acid

in terms of reaction time (entries 13,14), capable of supporting 6 eq. H,O without a significant loss of both

catalytic effect and stereoselectivity (entry 15).

The last set of experiments was a test of five metal(ll) perchlorates, commercially available in their
the presence of MS, otherwise the decompositio
reagents was the main process. Furthermore, only Ni(lI), Co(Il) and Mn(lI) gave 5 selectively (yield 79-85% -
entries 22-24); Fe(ll) and Zn(IT) (entries 21,25) gave mixtures of two or three diastereoisomers in comparable

vields
J

Discugsion
As can be seen, the products of all these reactions are always 3 - S, but the diastereomer distribution
changes strongly. Three main classes of reaction can be observed, depending on which is the main product,

nd it s to discuss the rationale of the products formation that depends on the type of reagents involved

ih>

in the reaction.



~

G. Desimoni et al. / Teirahedron 55 (1999) 850

Evane!2? discussed in detail the tonogranhical relationshi

ussed in detail the topographical rel p betwe

and the prochiral dipolarophile in chiral N-alkenoyloxazolidinones. This depends on the various rotational
degrees of freedom around N3-C1' and C1'-C2’ single bonds. The conformation around the C1'-C2’ bond is

around the N3-C1’ may be either (E) in 2a and in compliexes with monocoordinating Lewis acids (Zb) or (2) if

bidentate chelation involves both carbonyl groups (2¢) (Scheme 3).

Scheme 3
M. M.

o Bn “® pn s Mgt
RN A = //'\\//U\N/L = N L
A 17 N ” N" o

$—0 /0 -/ -
Re-face 0O Re-face 0o Si-face Bri
2a 2b 2¢

Given the s-cis conformation of the a,B-unsaturated carbonyl fragment, it seems reasonable to assume an
approach of 1 to the dipolarophile always from its less sterically hindered face: the Re face of 2a,b and the Si

~ Y a4l Do O
1€ 1 10 UIC A€ 1400 O

face of 2¢. Since exo-3 derives from the attack o
both exo-4 and endo-5 from the Si face, this requires different reacting substrates for the different reaction
conditions. Under uncatalyzed conditions involving 2a as substrate, the main attack of 1 occurs from the Re
face of the dipolarophile. This is what happens i
product.

The attack to 2b should again occur on the Re face, therefore, to account for the Si attack giving rise

..... Ao e

either to exo-4 or endo-5 products, th

aQ
cr
=
Cu
=
-

catalyzed reactions described in Table 2. Furthermore 2¢ could give either a tetrahedral or an octahedral

complex, depending on the different cations and the ligands eventually added.

NMR spectroscopic studies with model compound

ate by NMR spectroscopy the structure of the complex involved in eaction

vy ANiVasN SV Y e

=
o

he catalyzed

unreactive model compound for the latter derivative was required. The suitable product

o
4]
:
o
=
[
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e 2-acetyl-4-(S)-benzyl-1,3-oxazolidin-2-one (7) and some !H- and

13C-NMRspectroscopic experiments were performed!3 with this and MgP or ScOTf, fﬁ ;J.n.

two of the most effient catalysts (Table 2), whose complexes with 1 and 7 were soluble /\N/§

in CDCl3. /yLO
When 7 and MgP, in the ratio 2 : 1, were mixed in the NMR tube, the sait slowly O 7

dissolved and the TH-NMR spectra showed the clear formation of a complex.!4 Some
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Figure 2. 13C-NMR spectra of: (a) 7; (b) 1; (c) MgP and 7 (ratio 1:2); (d) MgP, 1, and 7 (ratio 1:2:2); (e)
MgP, 1, and 7 (ratio 1:2:3); (f) ScOTf and 7 (ratio 1:3); (g) ScOTH, 1, and 7 (ratio 1:2:2); (h) ScOTE, 1, and 7

(ratio 1:2:3).
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important information on its structure can be derived from the 13C-NMR spectrum (Figure 2c) com
that of the free ligand (Figure 2a).15 In the presence of 0.5 equiv MgP, the absorptions at & 135.5, 66.0, 55.0
and 38.5 became weak and broad, the methyl at 8 24.5 moved downfield by 1 ppm and the carbonyl carbon

4.0 in free 7, disappeared. This can be interpreted in i

of two interconverting equivalent tetrahedral stereoisomers 8a,b (Scheme 4).

~

Scheme 4

-

8a 8b

PR

When 1 was added to the above sampie, with 1, 7 and MgP being in the ratio 2 : 2 : 1, the structure of the
complex, clearly detected by 'H-NMR spectroscopy, was inferred by its 13C-NMR spectrum (Figure 2d). The
signals of 7 did not significantly change (again no absorption of carbonyl carbon atoms was observed); those
of 1 (Figure 2b) had the C-1' absorption (adjacent to N) moving from & 149.0 to 147.9 and the methyne
carbon absorption broadened and moved from & 134.4 to 138.9. This data can be rationalized only by
assuming that diphenyl nitrone enters in the coordination sphere of Mg(Il) with formation of an octahedral
complex where two acetyloxazolidinones (7) behave as bidentate ligands and two nitrones (1) as monodentate
ligands. Nitrone is coordinated in the Z-configuration since the saturation of the methyne H induces a positive
nOe on both H-2.6 and H-2',6'. The addition of a further equiv. of 7, (ratio between 1, 7and MgP =2 :3 : 1)
gave a 13C-NMR spectrum (Figure 2e) nearly unchanged. This indicates that both free and complexed 1 and 7
are rapidly exchanging, and complexes of different compositions can simultaneously exist.

ScOTf and 7, dissolved in CDCl; in the ratio 1 : 3, had a 'H-NMR spectrum very similar to that of

uncomplexed 7, whereas the 13C-NMR spectrum was significantly different since the absorptions of the

ns disappeared and the methyl was at 8 23.5 (Figure 2f). This data can

4
\

terms of 7 behaving as a bidentate ligand in an octahedral complex, the symmetric structure 9al6 being

probably favoured over the unsymmetric one 9b for steric reasons (Scheme 5).
When 2 equiv. of 1 were added into the NMR tube, the 1H-NMR spectrum showed that the nitrone

became involved in the coordination (methyne H; H-2,6 and H-2',6' were all deshielded by at least 4 0.1) and

orted by the 13C-NMR spectrum
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C resonances (at & 149 and 134.4 in uncomplexed 1) disappeared. No evidence of rapid exchange of ligands
was cbserved since two sharp carbonyl carbons resonating at § 170.3 and 153.5 (identical to those of free 1)

mixing ScOTY, 7 and 1, in the ratio 1 : 2 : 2, in CDCl; and the 13C-NMR spectrum (Figure 2g) was as
expected

ra ¥ _ T __

Lonciusions

The above described NMR spectroscopic experiments suggest that:
1) the catalyzed 1,3-DC between diphenyl nitrone (1) and 4-(S)-benzyl-((E)-2'-butenoyl)-1,3-oxazolidin-2-

Lo TR T : Py

7~ = on aloo Lt _ 1 Pt [ o iy b Y
one (£) occurs with e latter in the bicoordinated contformation 2

Si face of the dipolarophile;

2) atetrahedral structure [e.g. around a Mg(Il) cation] is unlikely in the presence of both 1 and 2 and, by far,
octahedral coordination seems to be invoived in the configuration of the reacting species;

3) the octahedral complex involved in the 1,3-DC has two dipolarophile molecules, as bidentate ligands, and
nds, organized around the inorganic core of the catalyst.17

1333 A6 VIS, UCiiaVIilL = HIOHOUCIitd (s 183

This data allows us to rationalize the diastereoselectivity observed in the 1,3-DC between 1 and 2 under thy

=

experimental conditions that, to simplify the further discussion, are collected in Scheme

This data

can be rationalized as follows:
P al. yvy 1 £
1

a) The uncatalyzed reaction occurs through the attack o

favoured transition state is exo.

b) If the attack of 1 occurs on the Si face of the bicoordinated dipolarophile (2¢), the formation of exo-4 or
endo-5 as the main products in nearly all catalyzed experiments described in Table 2 is the expected

result.



¢

d

G. Desimoni et al. / Tetrahedron 55 (1999) 8509-8524 8519
Scheme 6
Uncatalyzed conditions (entry 1) Ph\N/O : . 0
Sc(OTf); - excess HyO (entry 16) \ o 3/ 0\
Eu(OTf)3 - 6 eq.H,0 (entry 19) ] F’h’ﬁ, (,N\S /
Yb(OTf); - 6 eq. H;0 (entry 20) H H |l 1
m :
exo-3 Bn
Mg(ClOy), - (entry 2) ph O .. O
_ _ Mg(ClO4), - 2 eq.H,O (entry 4) N ®" \—0
1+ 2 Mg(OTf), - (entry 8) - :

Mg(OTf); - 2 eq.H,0 (entry 9)
Mg(OTH); - MS (entry 10)

H
Mg(ClOy4), - MS (entry oy .
Sc( gSJTﬁ)f)fevent l\f'IS ::')es 13,14) Ph\N/ R O%/"O
| Eu(OTf)3 - MS (entry 17) o Ph}LqL N\S/X
Yb(OTH); - MS (entry 18) s
Ni, Co or Mn(ClO4),.6H,0 (22-24) O  &n
endo-5

The diastereoselectivity of the 1,3-DC between 1 and 2 is substrate-controlled since there is an absence of
(entries 6,7
catalyst-dominated process, as observed in the Diels-Alder reaction.18
The coordinated nitrone that behaves as a ligand should not be the reacting dipole. In addition to some

lowered and the reagents FMO separation increased), some previous studies4 on the reactivity of the Pd-

coordinated nitrone support its inertness versus.2.

Whan in the nrocance af a galt the main nroduct af the 1 3_.DC i ovn-1 v nocsihle reactinn nathwave
vy llhll’ A1 RRAN Pl\tﬂ\(ll\l\l wi & ﬂ‘ll‘y’ LAiWw 1iRC4111 P‘VU“U‘- Wi Wiw A,J A N AT NV J, vYYVW yvuaxvlv Awidwiivil yu\.xx YR YO
can rationalize this result. In the presence of excess H>O (about 100 eq. - entry 16

(6 days) and the product composition suggest this is not a catalyzed reaction
‘11 . PR o § T g WSS, 5. iy b S,

[1 €. O1 11 U are aqaaed 1o cu- or 1 o-v
in terms of increased reactivity and the formation of exo-3 could be due to the solvation of the cation that
can monocoordinate the dipolarophile with formation of 2b as the reacting substrate. This is not the case
of ScOTf which, under the same experimental conditions (entry 15), stiil retains a strong preference for
the bicoordination of 2.

The reasons of exo vs endo attack of 1 to 2¢ are not easy to be rationalized. If the uncatalyzed reaction

gives the exo attack preferentially (entry 1), this, for intrinsic reasons, should be the favoured pathway in



these 1,3-DC. It could be argued that endo attack occurs when steric (or di

) P I W Y g

mc €X0 approacn .II me MCUODS cauuym oy MSKJAII are IOI' me moment not mxen lIlIO accoum enao—:s
is obtained when the reactions, independently of the type of catalyst, are run in the presence of MS
(entries 3,8,9,14,17,18,22-24). It could be easy to assume that the molecular sieves are involved in the

Lo Pt R, W
I 1 UIC Cal

- LN Py GO [PV PO e AL
TS 1

ftic complex=2 and that their steric hindrance dis

<

tion vours an exo approach whereas,
in their absence (entries 2,4,5), the exo attack again favours the formation of 4. This does not rationalize
the reaction catalyzed by MgOTT{ that, with or without MS, always gives exo-4 with the same good
5 vs exo-4 can be due to
octahedral complexes that differ for the possible presence of water or triflate anions as ligands.
In conclusion, the 1,3-DC between diphenyl nitrone and a dipolarophile with a B-dicarbonyl substituent
can be usefully

increased and, if the dipolarophile has a good chiral auxiliary, a suitable choice of the catalytic system allows

three of the four possible diastereomeric cycloadducts to be obtained selectively.

Experimental Section

oints were determined by the capillary method and are uncorrected. Elemental anal
10d . al

Al GGpaiial pR g Lo Aiwaaiden Caaad

rba CHN analyzer mod. 1106. 'H- and 13C-NMR spectra (TMS as standard) were recorded on a
Bruker AC 300 spectrometer, IR spectra on a Perkin Elmer 881 spectrophotometer; optical rotation at room

Elmer 241 nolarimeter with a 1 dm

AARAS Ti p larimeter with a eaid

Dichloromethane was hydrocarbon-stabilized Aldrich ACS grade, distilled on calcium hydride and

cell,

immediately used. All the inorganic salts were Aldrich ACS reagents. 2,2-Bis{2-[4(R)-phenyl-1,3-

ALY 5
4

Diphenyl nitrone (1), 4-(S)-benzyl-((E)-2 “butenoyl)-1,3-oxazolidin-2-one (2) and 2-acetyl-4-(S)-benzyl-

1 A 1 Fs Y sy 3 L3 W RIS S LR 1721510
1,3-oxazolidin-2-one (7) were prepared as described in the literature.!413,1%

1,3-DC of diphenyl nitrone (1) and 4-(S)-benzyl-((E)-2“-butenoyl)-1,3-oxazolidin-2-one (2). General
procedure. Nitrone 1 (0.20 g, 1.0 mmol) and dipolarophiie 2 (0.15 g, 1.0 mmol) were dissolved in a rubber
septum sealed vial in anhydrous dichloromethane (1.0 mL). The required inorganic salt (0.1 mmol), powdered

4 A molecular sieves (MS) (0.25 g), H,O (the required amount, measured with a microsyringe), 2,2-bis{2-
[4(R)-phenyl-1,3-oxazolinyl]} propane or its 4(S) enantiomer (0.033 g, 0.1 mmol), all as reported in the entries
of Table 2, were eventually added and the resulting mixture was stirred at room temperature for the time
reported in Table 2. After completion of the cycloaddition, the reaction mixture was decomposed in water,

extracted with dichloromethane and dried. The organic layer was evaporated to dryness and a portion of the



G. Desimoni et al. / Tetrahedron 55 (1999) 85098524 8521
residue was analyzed. The standard analysis of the reaction mixture was performed by hplc analyses using a

Chiralpak AD column with n-hexane/2-propanol 9:1 as eluant {1 mL/min; average retention times: exo-3 (9.5
min), exo-4 (10.7 min), 2 (13.0 min), 1 (25.4 min), endo-5 (53.8 min)]. When the yield was not quantitative a

Al

pm'hnn of the crude mixture was monitored hv 1TH-NMR snectrosc

crude mixture A% SpCLLIUSLOP

onv and the amount o
Yy and amount o

=
B
(4]
f<]
[¢]
2
.
[N
o)
=
]
rn

determined by integrating the doublet of the methyl group at 8 1.96. The reaction mixture was then column
chromatographed on silica gel 230-400 mesh and eluted with cyclohexane/ethyl acetate 9:1. The order of

elution was: exo-3, exo-4, 2 (when present), 1 (when m‘eqenﬂ and fina endo-5. The chemical an

(=%

spectroscopic characters of the products will be subsequently described in detail. This protocol was foliowed
in any other experiment when the adducts had to be isolated; the further experiments, run to test the

reproducibility of yields and product distributions (at least three independent experiment for each condition

Asenmilind toe auaduias 1 V4 A8 Takls O
UCHLIICU 11 ILICS 1-4VU ULl 14V 4),

Q

physico-chemical properties.

(3'R,4S,4°R,5°S)-4-benzyl-3-((5 ~methyl-2',3 “diphenylisoxazolidin-4 -yl)carbonyl)- 1, 3-oxazolidin-2-one (exo-
3). White crystals, mp = 161 °C from ethanol. IR (nujol mulls), v: 1775 and 1709 cm™!. [a]p = +91.4 (¢ = 0.2;
chloroform). Elem. anal.: calc. for C,7H,6N,04: C, 73.3; H, 5.9; N, 6.3. Found: C, 73.6; H, 6.0; N, 6.2%.

“

(35,4S,4S,5 R)-4-benzyl-3-((5 -methyl-2 ', 3 ~diphenylisoxazolidin-4 -yl)carbonyl)- 1, 3-oxazolidin-2-one  (exo-

n

4). Soft white crystals, mp

i
L

0-131 °C from ethanol. IR (nujol mulls), v: 1780 and 1693 . [aly = +35.

TEEEEEESS LYVaLs

(¢ = 0.15; chloroform). Elem. anal.: calc. for Cp7H;¢N;04: C, 73.3; H, 5.9; N, 6.3. Found: C, 73.5; H, 5.6; N,
(3R, 45,4S,5 R)-4-benzyl-3-((5 ~methyl-2 | 3 “diphenylisoxazolidin-4 “yljcarbonyi)- 1, 3-oxazolidin-2-one (endo-
5). White crystals , mp = 96-97 °C from ethanol. IR (nujol mulls), v: 1782, 1765 and 1691 cm"!. [a]p = +74.0
(¢ = 0.3; chloroform). Elem. anal.: calc. for Co7HpgN,Oy4: C, 73.3; H, 5.9; N, 6.3. Found: C, 73.4; H, 6.2; N,

Conversion of (3'R.48.4'S,5R)-4-benzyl-3-((5 “methyl-2 3 “diphenylisoxazolidin-4 “yl)carbonyl)- 1, 3-

oxazolidin-2-one (endo-5) into the corresponding isopropyl ester 6. Fol

W
literature,¢ to 5 (49 mg, 0.11 mmol) dissolved in toluene (2 mL) Ti(i-OPr)4 (1.

column chromatographed (eluant: cyclohexane/ethyl acetate 85:15) to give (3R 4S,5R)-5-methyl-2,3-
diphenyl-4-(isopropoxycarbonyl)isoxazolidine (6) as a colourless oil (33 mg, yield 91%). IR (neat), v: 1728

[ye]

_— 11N

¢ [a]p = +110

oo

cm-l. The !H-NMR spectrum was identical to that reported in the literature. (c = 0.6;

chloroform) {lit.,2¢ [a]p > 35}.
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Table 3. IH-NMR chemical shift and coupling constants of the products of the 1,3-DC between 1 and 2.

= —— - , —— e
H no 380 4 5 580
CH;-5' 1.53d({6.3) 1.50 d (6.2) 1.58d (6.1)
CHo-t 1 2.65dd, 3.13dd 1.41dd,2.32dd 2.77 dd, 3.23 dd
2 (3.5,9.7, 13.5) (3.0, 11.3,13.5) (3.3,9.2,13.5)
Hy-5 3.38t,3.89dd (2.2, 8.5) 3.92 dd, 4.03 dd (2.8, 8.0, 8.8) 4.18m
H-4 3.77m 435m 478 m
H-4' 4.48 dd (9.4, 10.5) 4.31dd (9.8, 11.0) 4.911(7.3)
.2 4824710 5 S§172d4(11 M ENK A7
11=J TV B (L. SelL 21y JLJU\I.J}
H-5 5.15dq (6.3, 9.4) 5.15dq (6.2, 9.8) 4.53 dq (6.1, 8.7)
aromatic H 6.85-7.5 (15 H) 6.9-7.6 (15 H) 6.9-7.55 (15 H)
JIT in d 1377 ATAAD consnbsr Al nnsasmdovoe hotioss T 7 rmssd AAsI) nse Cad VI Than NTRATY oo Lo L1101 ‘el
11- ana * - -[vivin SPeCiva gj Compiexes verween 1, /, ana mge or ocU1j. 1n€ INIVIR TuD€ was Iiied witn
the required amount of CDCl3, and an exact amount of salt was weighed into (about 0.03 mmol). To this, the
required amount of CDCl; solution of 1 and/or 7 (1.0 mmol in 2.0 mL volumetric flask) was added with a
microsyringe and the salt dissolved with the aid of a microwave bath.
Table 4. Crystal and refinement data.

Formula Cy7Ha6N204 Reflections measured -12<h<12
0<k<2l
0</<24

Molecular weight 442.52 Standard reflections 3 every 300 reflections
Crystal colour colourless Tinaxs Timin 0.999, 0.982
Crystal size (mm) 0.50 x 0.72 x 0.79 Tot. refins measured 7252
Crystal system orthorhombic Unigque reflections 3834
Space group P2,242, Rint” 0.027
a(A) 8.794(2) Refinement type F
b(A) 15.541(6) Obs. Reflns [/ > 2a)] 2618
¢ (A) 17.210(3) R’ 0.040
V(A% 2352.1(11) GOF* 1.023
z 4 wR2a” 0.095
dearc (g % cm'g) 1.250 R 0.071
T(K) 293(2) Extinction coefficient 0.0158(i4)
Radiation, A (A) MoK, (A =0.710734) Refined parameters 394
Monochromator graphite Hrange (°) 2-30
(1 0.084 (shift/e.s.d) 0.000
Anin ) V.S WSave.s.d Jmax v.OW
Scan type ©-20 min., max. Ap (e x &) 0.233,-0.172
Weighting scheme 1/[G?F, + (0.0478 P)* + 0.241 P where P = [Max (F,’, 0) + 2 F%)/3

4R == I |Fo? - FoX(mean)| / Z [Fo2].® Ry = X ||Fo| - |Foll /  |Fol.  GOF = 8 = {Z [W(F,” - FA)*]/ (n - p)}°?,
where » is the number of reflections and p is the total number of parameters refined. Y WR2 = {Z [W(F,” -
Fc2)2] / Z [W(F02)2}0.5
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X-ray data collection and processing. Unit gg!.parn_me-_.rs and i_.t.nsity data were obtained on

X-9720 software. Crystal data and

able 4. Cell dimensions were

5—
¢
g
:
p—}

the most relevant parameters used in the crystallographic
eflec

determined by least-squares fitting of 25 cen

e tions monitored in the range 9.68° < § < 14.58°.

Corrections for Lp and empirical absorption were applied.2! The structure was solved by SIR92.22 The non-

hydrogen atoms were refined anisotropically by full-matrix least-squares using SHELXL-93.23 All the

atad in 1 1 me
d in the difference Fourier map

£
++)
7]
m
=}
=3
=2
a
>

tomic scattering factors were taken from International Tables for X-ray Crystallography.?

Diagrams of the molecular structure were produced by the ORTEP program26 showing 20% probability
dicnlanamant allincnid
UlDPldbUlllUlll UllllJDUlu.
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