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Abstract: The 1,3-dipolar cycloaddition of a variety of aromatic
and aliphatic nitrile oxides to 2,5-trans-2,5-diphenylpyrrolidine
derived acrylamide and cinnamamide efficiently affords the corre-
sponding 4,5-dihydroi soxazole-5-carboxamides in a highly regio-
and stereoselective manner. The cycloaddition of aiphatic nitrile
oxides to the analogue methacrylamide proceeds also smoothly to
afford the expected cycloadducts in moderate yields and very high
regio- and stereoselectivity. In sharp contrast, aromatic nitrile
oxides react with the same amide to afford 5-methyl-4,5-dihy-
droisoxazole-5-carboxamides in higher yields but as near 1:1 mix-
tures of diasterecisomers. Acid hydrolysis of these products
afforded enantiopure 4,5-dihydroi soxazol e-5-carboxylic acids.

Key words: asymmetric synthesis, cycloadditions, heterocycles,
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The 1,3-dipolar cycloaddition is a fundamental tool for
the synthesis of a number of five-membered heterocyclic
compounds.* Asacase of particular relevance, the 1,3-di-
polar cycloaddition of nitrile oxides to alkenes provides a
straightforward route to the 4,5-dihydroisoxazole ring, a
structural motif in some biologically active compounds?
and a useful synthetic intermediate for the synthesis of a
variety of bifunctional building blocks and bioactive
compounds.t®* There are a number of methodologies
available for the stereochemica control of the reaction,®
most of them based on the use of chiral auxiliaries.
Though the sdective Lewis acid activation of the
dipolarophiles in the presence of nitrile oxides and the
amine bases required for its synthesisis particularly diffi-
cult, some catalytic approaches have also been reported.®
Nevertheless, there are still limitations in most cases
regarding substrate generality (in particular for aliphatic
substrates), chemical yields, regioselectivity and/or
stereoselectivity. We now wish to report the results
collected by using 2,5-trans-diphenylpyrrolidine asasuit-
able auxiliary in the stereo- and regioselective 1,3-dipolar
cycloadditions of a,B-unsaturated amides la—c with
nitrile oxides.

The 2,5-trans-diphenylpyrrolidine, available in both
enantiomeric forms from inexpensive starting materials,’
was chosen as a C,-symmetric auxiliary in order to
circumvent any consideration related to the conformation-
al freerotation around the amide C—N bond. Additionally,

SYNLETT 2005, No. 19, pp 28992904
Advanced online publication: 27.10.2005

DOI: 10.1055/s-2005-92189%4; Art ID: G27205ST
© Georg Thieme Verlag Stuttgart - New Y ork

the good diastereofacial differentiation observed in relat-
ed contexts was also taken into account.®

a,B-Unsaturated amides 1a and 1b, readily available by
acylation of (S9)-2,5-diphenylpyrrolidine with acryloyl
and cinnamoyl chlorides under standard conditions, were
made to react with several nitrile oxides, obtained in situ
from hydroximoyl chlorides 2-8 in the usual way®
(Scheme 1). The reaction proceeded smoothly in all cases
to give the expected adducts 9-21 in variable yields. The
results collected in Table 1 indicate the generdlity of the
method, illustrated by cycloadditions of both amides 1la
and 1b to aromatic (24, entries 1-5) and aliphatic (5-8,
entries 6-13) substrates. In addition to the excellent dias-
tereoselectivities observed in the generation of the new
stereogenic centers at C-4 and C-5, it is worth mentioning
that only trans-cycloadducts 10, 13, 15, 17, 19, and 21
were observed from cinnamoyl enamide 1b, thereby
excluding any epimerization of the products. Moreover,
the reaction proved to be highly regioselectivein al cases,
afact attributed to the repulsive steric interactions expect-
ed between the R group and the bulky 2,5-diphenylpyrro-
lidine moiety in the opposite regioisomer.

O Ph
~OH Qk L EeNrt
' N
Et,O or CH2C|2 R

2-8 laaR=H 9-21
1b: R =Ph

Ph

Scheme 1 1,3-Dipolar cycloaddition of «,B-unsaturated amides
la,b.

The more challenging extension of this methodology for
the synthesis of products bearing quaternary stereogenic
centers at C-5was also investigated by reacting substrates
2-5 and 8 with methacrylamide 1c as the dipolarophile
(Scheme 2, Table 1, entries 14-18).

Inthiscase, adifferent behavior for ali phatic and aromatic
substrates was observed: the former (e.g., 5 or 8) reacted
slowly to afford products 25 and 26 in moderate yields,
but with complete regio- and diastereoselectivity (entries
17 and 18). In sharp contrast, aromatic substrates 24
react faster to afford cycloadducts 22-24 in higher yields
and with high regiose ectivity, but with negligible de (en-
tries 14-16). A retro-cyclization path leading to athermo-
dynamically controlled product distribution was
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Scheme2 1,3-Dipolar cycloadditions of methacrylamide 1c.

experimentally discarded: pure (R)- and (S)-22 cycload-
ductswere heated separately under the reaction conditions
without any perceptible epimerizations.

Reductive release of the chiral auxiliary by reagents such
as LiEt;BH (amide to alcohol)!° or the Schwartz reagent
(amide to aldehyde)™* failed in our case. Hydrolysis by
HCI-AcOH, however, afforded the desired 4,5-dihy-
droisoxazole-5-carboxylic acids 27-30 (Scheme 3).

The absolute R,R configuration of the newly created
stereogenic centers in cycloadduct 10 was determined by
single-crystal X-ray diffraction analysis? (Figure1),
while that of (R)-27, (R)-30 and the parent cycloadducts
(R)-9 and (R)-22 were deduced after comparison of the
optical rotation of the former with literature data. Thus,

LETTER
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(R)-9: R=Ph; R' = H
(R)-16: R =i-Bu; R' = H
(R,R)-10: R= R'=Ph

(R)-27: R = Ph; R' = H, 80%
(R)-28: R = i-Bu; R' = H, 73%
(R,R)-29: R = R' = Ph, 60%

Pl Q O _COH
N
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‘Me
th A Ph
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Scheme 3 Release of the chiral auxiliary.

compound (R)-27 had [0] ;?? —194 (c 0.5, MeOH) and this
value was compared with reported datafor (R)-27 (sample
of ee=68%: [u]p® -116)2 and (9-27 (sample of
ee = 60%: [a]p +67 (c 0.4, CHCI,;).** Additionally, com-
pound (R)-30 had [a]p?° —131 (c 0.14, MeOH) and the
optical rotation was compared with reported data for (S)-
30 (sample of ee=75%: [0]p,® +109).** Assuming
uniform reaction pathways for the cycloadditions of 2-8
to cinnamamide 1b and acrylamide 1a, the R configura-
tionof 11, 12, 14, 16, 18, and 20 and the R,R configuration
of 13, 15, 17, 19, and 21 were assigned by analogy with 9
and 10, respectively.

Tablel 1,3-Dipolar Cycloaddition of Nitrile Oxides 2-8 to Amides 1a—c: Synthesis of |soxazolines 9-26

Entry Sub- R Amide Solvent Product Time* Yield de(%)°
strate (%)°
1 2 Ph la Et,0 Ph.., 1h 98 >99
N—O Q
N
P“M 9
o]
9
2 2 Ph 1b Et,0 Ph.,, 48h  50(18) >99
N
PhM
: Ph
Ph O
10
3 3 (o] la Et,O Ph 1lh 90 >99

cl N—0
N
Ph
Cl e}

4 4 cl la  Et0 o

Cl

CO,Me Cl
12
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Tablel 1,3-Dipolar Cycloaddition of Nitrile Oxides 2-8 to Amides 1a—c: Synthesis of Isoxazolines 9-26 (continued)

Entry Sub- R Amide Solvent Product Time* Yield de(%)°
strate (%)°
5 4 cl 1b Et,0 48h 9% 85 (>99)¢
MeO
cl
CO,Me
13
6 5 n-Penty| la CH.CI, 0.7h 92 >99
14
7 5 n-Pentyl 1b CH,Cl, 6d 58(30) >99
/\/\/Zl_/ok(
15
8 6 i-Bu la CH,Cl, 1h  72(15) >99
16
9 6 i-Bu 1b CH,Cl, 7d 40(30) >99
17
10 7 i-Pr la CH,Cl, ih 72 >99
%)\g
18
1 7 i-Pr 1b CH,Cl, Ph.., 7d 50 >99
s
N
M Ph
ph O
19
12 8 Cy la CH,Cl, Ph.,, 1.2h 90 99
N—0 Q
WN
Ph
o]
20
13 8 Cy 1b CH,Cl, Ph., 6d 60(10) 99
N—0
%Q
Ph
P ©
21
14 2 Ph 1c Et,0 Ph., Ph 10d 47 0 (>99)de
N\O ) N/o Me
P N o L
Ph Ph /]/
Me O 0 Ph
(R)-22 (9-22

Synlett 2005, No. 19, 2899-2904 © Thieme Stuttgart - New Y ork

Downloaded by: Universidad de Sevilla. Copyrighted material.



2902 A.Roset al.

LETTER

Tablel 1,3-Dipolar Cycloaddition of Nitrile Oxides 2—8 to Amides 1a—c: Synthesis of Isoxazolines 9-26 (continued)

Entry Sub- R Amide Solvent Product Time* Yield de(%)°
strate (%)°
15 3 cl 1c Et,O 4d 98 0 (>99)f
Cl
16 4 Cl 1c Et,O 4d 90 09
cl
CO,Me
17 5 n-Penty! 1c CHCl, 10d" 52 >99
18 8 Cy 1c CHCl, 10d" 50 >99

aFor reactions performed at r.t. unless indicated otherwise.

bYield of isolated product. In parenthesis: yield of recovered, unreacted amide 1.
¢ Determined by *H NMR and **C NMR analysis of the crude reaction mixtures.

d After column chromatography.

€ The absol ute configurations of (R)- and (S)-22 were assigned tentatively by analogy of their characterization data with (R)- and (S)-23.

f Pure (9-23 was obtained by fractional crystallization.
9 Inseparable mixture of diastereomers.
" Performed at 55 °C.

The absolute configuration of (S)-23 was also determined
by single-crystal X-ray diffraction'® (Figure?2), while
those of (R)- and (9-22 were assigned tentatively by
analogy of their characterization data with (R)- and (S)-
23.

The high inductions observed for the cycloadditions of
nitrile oxidesto 1a and 1b and the absolute configurations
at C-4 and C-5 can be explained as the result of the shield-
ing of the si face of the C=C double bond of the dipolaro-
phile by the neighbour phenyl group in the pyrrolidine
moiety in the preferred s-cis conformation (Figure 3).
Such adifferenceisanticipated in view of the higher steric
CH(B)—auxiliary interactionsin the s-trans conformer.

Apparently, the high inductions and the absolute configu-
rations of the products 25 and 26 of the cycloadditions of
aliphatic nitrile oxides to 1c are also consistent with a
similar analysis, but in this case the preference for the s-
cis conformer is not clear in view of the similar steric
interactionsthat arise from C(B)H,—auxiliary or CHz—aux-
iliary contacts in both rotamers.

Synlett 2005, No. 19, 2899-2904 © Thieme Stuttgart - New York
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Figure2 Crystal structure of (S)-23. H atoms omitted for clarity.

Si face: hindered attack

C/N—'O
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Figure3

In conclusion, the excellent facial discrimination by the
2,5-diphenylpyrrolidine makes it a convenient auxiliary
which very efficiently controls the stereochemical course
of the cycloaddition reactions of amides 1a,b with nitrile
oxides, affording single diastereomers in practicaly all
cases. A limited success was encountered in the extension
of the methodology for the synthesis of cycloadducts
containing stereogenic centers: the cycloadditions to
methacrylamide 1c are substrate-dependent and proceed
with high selectivity for aliphatic substrates only.

Hydroximoy! chlorides 2-8¢ and amides 1a'” and 1c® were synthe-
sized according to literature procedures. Compound 1b was synthe-
sized by acylation of (SS)-2,5-diphenyl-pyrrolidine with cinnamoyl
chloride under standard conditions: [o]p2° —209.3 (¢ 0.73, CHCIy).
HNMR (300 MHz, CDCl,): §=1.71(dd, 1H,J=12.0Hz,J=5.7
Hz),1.79 (dd, 1H,J=12.0 Hz, J = 5.7 Hz), 2.36 (m, 1 H), 2.50 (m,
1H),540(d,1H,J=81Hz),556(d, 1H,J=8.1Hz),6.42(d, 1
H,J=15.3Hz), 7.16-7.31(m, 15H), 7.49(d, 1 H, J = 15.3 Hz). **C
NMR (75 MHz, CDCly): § = 30.0, 32.6, 61.7, 61.9, 118.7, 124.8,
124.9, 126.2, 127.0, 127.3, 128.0, 128.1, 128.4, 129, 134.6, 141.7,
142.4,143.4, 164.8. MS (El): m/z(rel. intensity) = 354 (100) [M* +
1], 353 (65) [M*], 249 (35). HRMS: m/z calcd for CysH,,NO:
354.1858; found: 354.1846.

Synthesis of 3-Alkyl-5-for myl-4,5-dihydr oi soxazol es (9-25)
Method A

Et;N (1.1 mmol, 159 pL) was added dropwiseto asolution of amide
la— (1 mmoal) and hydroximoyl chloride 2—4 (1.1 mmol) in Et,O

(10 mL). The mixture was stirred at r.t. and monitored by TLC.
Brine (10 mL) was added and the agueous layer was extracted with
Et,O (3 x 15 mL). The organic layer was dried (Na,SO,), concen-
trated, and the residue was purified by flash chromatography.

Method B

Et;N (0.66 mmol, 95 pL) was added dropwiseto asolution of amide
la— (0.22 mmol) and hydroximoyl chloride 5-8 (0.66 mmol) in
CH,CI, (10 mL). The mixture was treated asin method A.

Selected Data

Compound 9: mp 80-82 °C; [a]p?° =379 (c 1.09, CHCI,). *H NMR
(500 MHz, CDCl,): §=1.77 (dd, 1H, J = 12.5Hz, J = 6.5 Hz), 1.82
(dd, 1H,J=12.0Hz, J = 6.0 Hz), 2.43 (m, 1 H), 2.58 (m, 1 H), 3.03
(dd, 1 H, J=17.0 Hz, J=11.0 Hz), 4.01 (dd, 1 H, J=17.0 Hz,
J=75Hz),4.83(dd, 1 H,J=11.0Hz, J=7.5Hz), 555 (d, 1 H,
J=85 Hz), 584 (d, 1 H, J=8.0 Hz), 7.17-7.38 (m, 15 H). *C
NMR (125 MHz, CDCly): 6 = 30.5, 32.9, 36.2, 61.9, 62.6, 79.0,
125.1, 125.6, 125.8, 126.9, 127.6, 128.6, 128.9, 129.0, 130.2, 142.2,
143.4, 157.3, 167.1. MS (El): m/z (rel. intensity) = 396 (13) [M*],
365 (47), 91 (100). HRMS: m/z caled for CygH,N,0,: 396.1838;
found: 396.1828.

Compound 19: [a]p?° —424 (c 0.87, CHCI,). 'H NMR (400 MHz,
CDCly): $=0.93(d, 3H, J= 7.0Hz), .07 (d, 3H, J = 7.0 Hz), 1.73
(dd, 1 H, J=125 Hz, J=6.4 Hz), 1.78 (dd, 1 H, J=12.5 Hz,
J=6.4Hz), 2.30 (M, 1 H), 2.34 (M, 1 H), 2.52-2.54 (m, 1 H), 4.48
(d, 1H,J=6.8Hz),4.94(d, 1H, J=6.8Hz),5.49 (d, 1 H, = 8.4
Hz), 5.78 (d, 1 H, J = 8.0 Hz), 6.91-7.30 (m, 15 H). *C NMR (100
MHz, CDCl,): 8 = 19.5, 20.4, 26.9, 30.4, 32.9, 57.0, 61.9, 62.6,
86.2, 125.2, 125.4, 126.9, 127.3, 127.5, 128.0, 128.6, 128.8, 128.9,
137.3, 142.3, 143.2, 166.4, 167.6. MS (El): mVz (rel. intensity) = 438
(14) [M*], 188 (71), 91 (100). Anal. Calcd for ChHgN,O,: C,
79.42; H, 6.89; N, 6.39. Found: C, 79.52; H, 6.75; N, 6.05.

Synthesis of Compound 27

To asolution of 9 (395 mg, 1 mmol) in AcOH (4 mL) was added 6
N HCI (2 mL) and the mixture was stirred at 100 °C for 40 h. The
mixture was then co-evaporated several times with toluene and the
residue was purified by flash chromatography (24:1 EtOAc-AcOH)
yielding 153 mg (80%) of 27 as a white semi-solid: [a]p?° —194 (c
0.45, MeOH) {lit** (80:20 SR mixture): [0]p®° +67 (c 0.41,
CHCI,)}. *H NMR (300 MHz, MeOD): 6 =3.58 (dd, 1 H,J=17.1
Hz,J=6.9Hz),3.71(dd, 1 H, J=17.1 Hz, J= 11.7 Hz), 5.13 (dd,
1H,J=114Hz, J=6.9 Hz), 7.36-7.65 (M, 5 H). *3C NMR (75
MHz, MeOD): § = 39.9, 79.4, 128.0, 129.9, 130.1, 131.6, 157.9,
174.0. MS (El): m/z (rel. intensity) = 191 (46) [M*], 146 (100), 118
(72), 77 (93). Anal. Calcd for C,(HgNO4: C, 62.82; H, 4.74; N, 7.33.
Found: C, 62.62; H, 4.92; N, 7.28.

Compound 30: (R)-22 was hydrolysed as described for 27 and puri-
fied by flash chromatography (30:1 EtOAc-AcOH) to afford 30
(62%) asasyrup: [a]p?*-131 (c 0.14, MeOH). *H NMR (500 MHz,
CDCl;): 8 =1.76 (s, 3H), 3.28 (d, 1 H, J=17.0 Hz), 3.87 (d, 1 H,
J=17.0Hz), 7.24-7.63 (m, 5 H). 3C NMR (125 MHz, CDCl,):
§ =233, 451, 85.9, 126.9, 1285, 128.9, 130.8, 157.2, 175.9. MS
(El: mvz (rel. intensity) = 206 (17) [M* + 1], 160 (91), 123 (100).
HRMS: m/z calcd for C;;H;,NO;: 206.0817; found: 206.0807.
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