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Cycloaddition of Nitrile Oxides to Cyclic and Acyclic o,B-Unsaturated
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Amides. Frontier Orbital Interactions and an Unexpected Steric Drift
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Abstract: The regiochemistry of the cycloadditions of nitrile oxides to «,B-unsaturated amidcs is
determined by frontier orbital interactions and by a regiochemical drift due to steric cffects.
Cycloadditions to o,p-unsaturated lactames afford mainly 4-carboxamido-isoxazolines with high

anaidas tha wa

lbslw}b\»u'll’ Ill byblUdddlllUlla o ﬂb)’bllb u P U.ll)dl.uldlw amiages uic lUglUbClWllVlly IUldJ\CB dllu
finally reverses in the case of N,N-disubstituted derivatives, because of the increasing steric congestion at
the amine nitrogen. © 1999 Elsevier Science Ltd. All rights reserved.
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A quarter of century ago Huisgen reported a thorough study on the cycloadditions of nitrile oxides to o,B-
unsaturated csters,l which has remained the obligatory reference and canon for any other regiochemical result in
nitrile oxide cycloadditions to o,f-unsaturated c:ompounds‘2 As a typical case benzonitrile oxide (BNO) adds to

crotonate and cinnamate esters yielding mixtures of 4- and 5-acyl-isoxazolines 1 and 2 (Scheme 1), where the 4-

which has the highest HOMQO coefficient,’ to the [-carbon of the a,B-unsaturated esters.

| lable 1]

- X R | 1/2 Ref

CaHL.CNO Ph COX  Ph R /
. X N// \ . N// \ OCH; CHz | 66:34 1
~o” ™R ~o” ™cox CeHs | 70:30 1
R-CH=CH-COX H CH; | 9:1 4
1 2 CeHs | >9 : 1 5
CH; CHs; | 50:50 6
Celds | 59:41 7
-OCH,- >9: 1 8
Scheme 1 CHCHp- | 91: 9 7
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regioselection.

The origin of this perplexing behaviour could not be satisfactorily clarified and a recent review calls for

As a matter of fact, a high regioselectivity is observed with aldehydes and cyclic esters or ketones, whose

unsaturated systems are held in a transoid arrangement, while selectivity is lower with acyclic esters and even

X
/!\
X=H J‘L@ — JL " X =0R<CHj << NRR'
H

A tempting hypothesis is then that the changes in regioselectivity reflect the changes in the conformational

equilibrium. While the transoid arrangement gives rise to high regioselective cycloadditions, in keeping with

antier arhital (FO) exnectations. the cisoid arrangement annarentlv ic acenciated with a low regincelection In
frontier oroital (KQ) expectations, tn€ Ci1s0IC arrangement apparently 1§ associalec with a low regioseiection. in
the latter case some unidentified factors must tip the balance away from cycloadduct 1 and/or toward

adopt the cisoid conformation, and, for comparison, to a few unsaturated lactams, which are constrained in a

transoid conformation.

with chiral o,B-unsaturated amides derived from chiral amines (pyrrolidines, Evans 2-oxazolidinones or

Oppolzer sultams). Achiral N-acryloyl-2-oxazolidinones have also been extensively used in studies devoted to

ligands. The major concern in these studies was however the diastereo- and enantio-selectivities related to the

asymmetric reaction engineering and the regiochemical issues were not specifically addressed.



Quite recently, after the completion of our work, a related study14 reported the unusual reversal of

regiochemistry in the Cycloadditions of nitrile oxides to tertiary crotonamides and cinnamamides, which overlaps
in with our own results

Results

We have studied the cycloadditions of BNO and mesitonitrile oxide (MNQ) to the variously substituted

crotonamides 5a-g, cinnamamides 6a-e¢ and the six- and five-membered unsaturated lactams 7x,y and 8x,y
(Scheme 2). Cycloadditions have been performed in benzene at r.t. by generating BNO in situ from
benzhydroximoyl chloride and a stoichiometric amount of triethylamine or by addition of the stable MNO t0 a

benzene solution containing a slight excess (1.2-1.5 equiv) of the dipoiarophiles.
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atography. The re gmisomer ratios have been determined by integration of
the signals of the regioisomeric adducts in the nmr spectra of the crude mixtures and correspond closely to those

obtained in the separations.

Table 2. Ratios of the 4-acyl / 5-acyl regioisomers (reaction yields) in cycloadditions of BNO and
MNO to a,B-unsaturated amides.

Crotonamides, 10/ 11

Cinnamamides, 12 / 13

NRR’ BNO MNO BNO MNO

a NH, 56:44 (49) 69:31 (42) 72:28 (52) 35:65 (50)

b | NHMe 55:45 (57) 65:35 (51) 66:34 (49) 33:67 (53)

¢ NMe, 15:85 (76) 37:63 (90) 24:76 (81) 20:80 (80)

d NEt, 12:88 (61) 24176 (88) 20:80 (66) 12:88 (68)
18:82 (70) 41:59 (87) 27:73 (67) 23:77 (71)

)

17:83 (82)

AR-SA (R1Y
SULJT O )

/
g NG 20:80 (70) 47:53 (80)
5,6-Dihydropyridin-2-ones, 14 / 15 3-Pyrrolin-2-ones, 16 / 17
NR BNO MNO BNO MNO
X NH >95:5 (51) >05:5 (62) 91:9 (43) 95:5 (48)
y NMe 90:10 (61) 90:10 (70) 95:5 (54) 91:9 (64)

of the high- and low-field signals of the 4- and 5-isoxazoline hydrogens. In the case of the cinnamamide

regioisomers 12 and 13, assignment is based on the larger separation of the signals of the isoxazoline 4- and 5- of

the 4-acyl regioisomers 12, ow

wing to the larger deshielding by the phenyl substituent. i

St Vel UY

In the case of pyrrolinones 8x,y, the cycloadducts 18 derived from the tautomers 91|(,y15 have also been

isolated in moderate yields. The structures of adducts 18x,y follows from

| L
DECause o1

nitrogen, as well as more shielded signal for CHj in the range typical for CH; « to a carbonyl.

their nmr spectra, which are similar to

the adjacent



Discussion
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The regiochemistry of the cycloadditions to the a,B-unsaturated amides changes widely. The regioselection

is high with the unsaturated lactams but decreases somewhat in the case of crotonamide and its N-methyl

derivative and finally reverses in the case of N,N-disubstituted derivatives. The dimethylamino, pipcridim,

of the amine moieties, while the reversal is invariably more consistent in the case of the more congested

diethylamino derivative.
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Figure 1. Frontier orbital" of the transoid and cisoid conformers of crotonamide ong with those of the more

stable conformers of crotonaldehyde (left) and N,N-dimethyl crotonamide (nght). Dashcd levels indicate high-

lvmg orbitals mmnlv localized on the carboxamide rmmry

..... RQLLNT 1182018

(a). Shapes and energies from AMI calculations for AM1 optimized geometries. Numbers near the lobes represent the p, AO
coefficients and numbers near the levels are the energies of the orbitals in eV. (b). Relative encrgies of the conformers in kJ mol ™.



7032 P. Caramella et al. / Tetrahedron 55 (1999) 7027-7044

X Co Cp glev) pP Cy Cp £(ev) pP

Crotonic derivatives, R = CHj3

1M A0 e

0.6 0.57 | -10.38 | -0.12 0.43 -0.63 -0.04 0.21
CH; | 067 | 057 [ -1031 | -012 | 042 | -062 | 005 | 021

n o~ ~ o~

OCH; 0.67 0.57 | -10.51 -0.12 0.48 -0.65 0.00 0.19

NH; 0.67 0.57 | -10.30 | -0.12 0.51 -0.66 0.30 0.18

NMe,; 0.66 0.56 | -10.24 | -0.12 0.50 -0.66 0.32 0.19

Cyclic dipolarophiles
CH, 0.64 0.57 | -10.40 | -0.08 0.45 -0.62 -0.04 0.18

o 0.57 0.48 | -10.88 | -0.09 0.54 -0.66 -0.41 0.14
NCH3; 0.66 0.63 | -10.66 | -0.04 0.55 -0.65 0.06 0.12

AITYNTY N £1 neg IiNn A7 n n" N2 N £A ni1n nNn12
HO 2 V.Ul VI RSV, ¥ ~U.u/J w.J0 ~U. U4 U.lL .10
Cinnamic derivatives, R = CgHs
H 0.48 0.28 -0.34 -0.15 0.42 -0.45 -0.71 0.03
—~YY N AQ N 70 020 N1ig nA» NAA N &A nn”
bns V.40 U, &7 T d T .10 Ul MV o o “U.ur . UL
OCH;, 0.47 0.27 -9.40 -0.15 0.44 -0.45 -0.71 0.01
NH, 0.48 0.25 -9.28 -0.15 0.44 -0.42 -0.53 -0.02

a) AMI optimized geometries.
b) Polarization of the orbitals defined as Cy? - Ci’.

The FOs of the unsaturated amides remain almost unaffected by N-substitution or conformational change.

igure 1 displays the AM1'® FOs of the cisoid and the more stable transoid conformer of crotonamide along with

PR T s L At P, PR Ny P PR o S e 13 1 b U b} P | b Y T -y P Q.
tneé rus OrI tne more Siabic Coniormers OI Croiondiacnyae (ransoi) and v,/ v-aimeinyiamng Crotonamiac

(cisoid). As shown in Figure 1 the shape of the FOs of crotonaldehyde, with moderate HOMO polarization
toward the o-carbon and a high LUMO polarization toward the B-carbon, is essentially retained in the ©t and nt*
o1 s . T

sl 1. _ O 5 simcasiiearard A i . S TR Sy W R s pagy B PR RS-, R ¥4
TOLldIS OI IN€ unsaturaica amiaes. e rus docs not Cnange S1ZE4oly upon Cndanges i ine A

substituent in the crotonic derivatives (Table 3), in keeping with the modest influence of the acyl substituents on
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with nitrile oxides, since the two FO interactions favor the same 4-acyi
regioisomers (Figure 2). This is indeed what is observed in the case of crotonaldehyde and the unsaturated
lactams. Why does then regioselection diminish in cycloadditions to crotonamide and N-methyl crotonamide and

n?

i1

&

reverse after N N.dien
everse atter

titnt
I 1V VRIS U VS UL

R‘%(// @ LUMO O
). d

~N_ X
é

HOMO D/@\ /\% HOMO

'l NN \}N
Figure 2

Repulsive interactions in cycloadditions to cisoid crotonamides.

In the case of crotonamides the mc—c orbital is close in energy to the lone pair (1.p.) orbital of the amide

'8 This Lp. orbital is depicted in the dashed formulae in Figure 1

nitrogen which is mainly localized at nitrogen.
and is the SHOMO in crotonamide itself and the HOMO in N,N-dimethylcrotonamide, owing to its raising upon
N,N-disubstitution. In the transoid conformation of crotonamide this L.p. orbital is located rather away from the
direction of attack and should not interfere with the cycloaddition to the C=C bond. In the cisoid conformation,
however, the Lp. is cioser to the plane of attack, in a position, sketched in 19, which reminds the familiar ortho-
effect in aromatic derivatives and causes steric hindrance by increasing the destabilizing filled orbital interactions

between the addends.' In the cycloaddition of nitrile oxides steric hindrance should be greater in the approach

20 rather than in the regioisomeric one 21 because of the greater non-bonded repulsion between the atoms

encircled. Hv&wH
y
I / /\10 TS0
J——~ b N|
C - CHx C H
/
R
19 20 21

L Y -

hindrance in the h w§ down the formation o

hindrance in the approach 20, which sl adduct 10. On going o N-
methyl crotonamide the regioselection remains essentially unchanged because of the strong preference of the N-
methyl substituent for the conformation cisoid to the carb()nyl,21 in the position Ry, of 20, away from the plane

Ripn, shown in 20 as a shaded circle, causing additional hindrance and reversal of regioselection.
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LATLIRCLG SO GL S T8THNEGRTON DO (1 PP Y ) Iva =/ UsT
A regiochemical drift due to steric hindrance.
Ac Aicrnccad alhne ve tha racinshantsiotru Af +ha niteila Awide Aualan A A6l i $mn amratimmannt A na to Aot aconlnn
A5 UIAUSKA avU Ve, uk TTEIOCHCITNSUTTY O ui¢ iru€ OXial CyCi0aadiions io Croionamiaes is aei ermined Dy

frontier orbital interactions, which act in a rather constant fashion, as well as by an additional steric hindrance,

é

which causes a variable regiochemical drift toward the 5-acyl cycloadducts 11. The model works successfully in
ratinnalizing the nernlaving chanoee nf regincelartivity nhearvad in curlandditinng tn tha Aeneanasgl dacivatives ~F
FGULIGLALIS LUV Pl PICALLs VIIGLHGUWS UL IVEIUSUILVLLIVILY UUDSLI VUG 1 LYLIUAUUIILIULLS WU U CIVIWVIIU YL UCLivauved Ul

N
R :"'\‘ R ~.-CH3 P @ D /C‘_l_i\ n/ CHA})CI’[}
4 \ \ L\ '\C \[ N\_V

13 \ s O == gt ] U 3
Ratios (AAGH)» 9:1 (5.44) 66:34 (1.63) 56:44 (0.59) 50:50 (0.0) 15:85(-4.31)
Drifte 0.0 3.81 4.85 5.44 9.75
A valuesd 3.35 5.44 7.53 8.79

Figure 3. Variable steric hindrance in cycloadditions to crotonic derivatives. The size of the circles represents the
steric hindrance of the crotonoyl substituents.

{a). The raiios refer to the regioisomers of Table 1. (b). Free energy differences between the two regioisomeric transiiion staies, kJ
manl feam tha ralatinn AALY = RTInfratin) () DNaprrsace nf AAGY ralative tn tha firet entrv (dY The A ualnec of ¥ enhatituante ara
mo: , irom g reiation AAU AN aiTauius, (W), sALILAdL Ul Ll Thiduve W uias Mo Vsl W 110 A VaruLo Ui A DUUDUILULIILY ad v

taken from ref. 22, kJ mot™.

In Figure 3 the regioisomeric ratios and the free energy differences between the two regioisomeric

, defined as the decrease of AAG™ tive to the first entry

As a measure of the steric hindrance of the acyl substituent X, we have reported in Figure 3 the A values of the

h
substituent X in cyclohexane derivatives.”> The A values are derived from the conformational equilibrium of X-

Y N | 3 s

substituted cyclohexanes and are a measure of the destabilizatior

1

e axial conformer due to the ste

2

.
It

=
<

interaction of the substituent X with the two syn 1,3-diaxial hydrogens on the ring. The similar magnitude and
fair correspondence between the drift and A values is impressive in spite of the different origin of the two steric

ot £io ula of Figure ehimio ¢
a1 1OILIULa Fg SoOws

(98 ]

1. oy

R ey Ny = ~ 1.
ne Concivaos

~ oL [TS B
1 uc tw LUic

parameters.
carbonyl oxygen in the transoid arrangement typical of cyclic dipolarophiles and the aldehyde. Hindrance is
presumably low in this case, since the oxygen p; orbital is involved and localized in the carbonyl T bond.
Cinnamamides.
In cycloadditions to cinnamamides regiochemistry follows the main trends described for crotonamides.
However, some noteworthy and meaningful differences become evident after perusal of the ratios of Table 2 and
comparison with the FOs of Table 3. The most striking difference is the variable response of o,B-unsaturated

amides in BNO and MNO cycloadditions. When comparing the cycloadditions of the two nitrile oxides to the
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The FOs nicely account for these intriguing changes. The FOs of the cinnamic derivatives (Table 3) are

“compressed” and show higher HOMOs and lower LUMOs with respect to crotonic derivatives because of the

v ) Ty

styrenic” polarization toward the carbon o to the carbonyl while

the LUMOs are essentially unpolarized owing to the interactions with vacant orbitals of phenyl and t* g 22

from BNO to the more nuclcophilic:2 MNO the regioselective weakening associated with the decrease of the
HOMO(dipolarophile) - LUMO(dipole) interaction is more than compensated by the increase of the other
interaction, owing to the high LUMO polarization of the crotonic dipolarophiles. In cycloadditions to
cinnamarmides no such a compensation is possible because of the unpolarized shape of the cinnamamide LUMOs.

7,24,

L

case of benzofuran™ and benzothiophene”’ where the regiochemical effects of the two FOs interactions are

opposite and regioselection reverses. In the case of cinnamamide, methyl styryl sulfone and benzyliden acetone

i marsaran] Ano b astaale e o sl o132 1 sscvbcinee x
the reversal can be attributed to the additional action o

Table 4. Ratio of regioisomers in cycloadditions of BNO and MNO to cinnamic derivatives.

Ar A\ Ar R

Ar_CNO e ¥ ON ‘ 1 P ¥ A JAN
+ — PN
iN ~ /\R N \O/\ Y
R-CH=CH-Y 0
I 181
R Y BNO MNO Ref.
/11 /1l
CgHs SO,Ph 84:16 62:38 24
CeHs CN 76:24 56:44 25
CgHs COOCH;» 70:30 52:48% 1
CeHs CONH,; 72:28 35:65 a
CgHs SO,CH;, 71:29 43:57 24
CHe COCH- 59:41 20:80 7
\.rol- l) N N A -IQ
-0.C¢H4-O 70:30 26:74 26
-0.C¢Hs-S 70:30 26:74 27

(a). Present work,

With regard to MNO another subtle question deserves mention. According to the transition state (TS)

model 20, on going from BNO to MNO, steric hindrance should increase, because of the bulkier 2,4,6-trimethyl-
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T r with RBNO t an with MNQ. The ohee ﬂlc“ mhn\ﬁnnr 1g

_ wwdlit LN Y 10 IVINU), 1ne odsery

22 23 7 >

which minimizes the steric interactions between the addends as well as the steric drift discussed above.

Conclusions

which has a remarkable influence in determining the regiochemistry. The steric effect modifies the result of FO
interactions causing a regiochemical drift toward the 5-acyl cycloadducts. The drift is proportional to the steric

hindrance of the crotonovl and rinna_mny

AL alite U Liv A2y Al LANNNAIIR YL L L 8] 1 o 7 a2 g v vitl

independently shown by Weidner-Wells."* We have worked out a model of the cycloaddition transition state
which accounts for the puzzling changes in regiochemistry of crotonic, cinnamic and related cyclic derivatives
an

Steric effects are important in determining the reactivity of nitrile oxide cycloadditions and manifest for

instance in the well-known decrease in reactivity with alkyl substitution on ethylene, in spite of the favourable

PR P H ~ PO NP atmin affanta Arcaiansa sl
UyUlUdUUlUUHS WO HIVHUSUDSLILULCU lylb[lcb SICHIC CLHICCLS dumma[c i

regiochemistry and the 5-substituted isoxazolines are formed almost exclusively. In this case the two ends of the

double bond are sterically very different and cause a large regiochemical drift toward the 5-substituted
s 23

cycloadducts.

In the 1,2-disubstituted ethylenes the steric effects of the two substituents compensate each other
somewhat. In cycloadditions to crotonic and cinnamic derivatives the changes of steric hindrance at the carbonyl
moiety manifest however rather clearly because of the almost invariant FO control of regiochemistry with these
dipolarophiles.

Experimental

e Tl TANL Voo i1 vy

P PUNIORP | mrmantal anmnlosas waes

All mps arc uncorrecicd. Elemenial analyscs were done on a C. Erba 1106 clemental analyzer. "H-NMR specira were
recorded on a Bruker AC 300 spectrometer in CDCls solutions, unless otherwise stated. Chemical shifts arc expressed in ppm from
internal tetramethylsilane (8) and coupling constants are in Hertz (Hz): b, broad; s, singlet; bs, broad singlet; d, doublet; t, triplet; g,
quartet; m, multiplet. Ir spectra (nujol mulls) were recordered on an FT-IR Perkin-Elmer Paragon 1000 spectrophotometer and
absorbtions (v) are in c¢m”. Column chromatography and tlc: silica gel H60 and GF,s, (Merck) respectively, eluant
cyclohexane/ethyl acetate 9:1 1o ethyl acetate. The identilication of samples from different experiments was secured by mixed mps
and superimposable ir spectra.
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Starting and reference materials. Benzhydroximoyl! chloride was obtained by treatment of benzaldoxime

wELIL L aa (LY fnmethyibenzaldoxime with AR,

with sodium hypoghlomc ® and mesitonitrile oxide by oxidation of 2,4,6-trime thylbenzaldoxime with bromine

Cinnamamide 6a is commercially available (Aldrich). Crotonamide 5d and cinnamamides 6c-e were

obtained by acylation of the amines with crotonoyl and cinnamoyl chlorides in anhydrous benzene.’!

o 32 = o 33

Crotonamides Sa mp 158 °C,™ Sb mp 67-69 °C,” 5¢ oil bp 91 °C/i4 mmHg," " Se oil bp 160 °C/30 mmHg, 5 5f

oil bp 112-114 °C/5 rmng,'?'6 5g oil bp 75-78 °C/0.4 mmHg,*’ and cinnamamide 6b mp 111 °C?® were similarly
prepared in fair yields.
The lactam 7x, 5 6—dihydro—2»(lH)ﬂpyn'dinone, was prepared by condensation of vinylacrylic acid with

concentrated ammonium hvdrnxlde Thg N-methyl derivative 7y was obtained from 3-phenylthio-1-met thyl-2-

p1per1done by periodate oxidation*!and thermolysis of the crude sulfoxide (C¢Hg, A 5 h). Column

chromatography afforded 1-methyl-5,6-dihydro-2-pyridinone 7y in a 73% yield, oil bp 130 °C (bath)/0.1

mmHg. 2p Pyrrolinones 8x,y were prepared by oxidation of pyrrole and N-methylpyrrole with Hz()z

General procedure for the cycloadditions of BNO to the a,B-unsaturated amides. To a stirred solution of
benzhydroximoy! chloride (5 g, 32 mmol) and amides (40 mmol) in anhydrous benzene (100 ml), 1.1 equiv. of
triethylamine in the same solvent (20 ml) were added over a 0.5 h period. After keeping the reaction mixture two
days at room temperature, triethylamine hydrochloride was filtered off and the filtrate was evaporated under
reduced pressure leaving a residue which was separated by column chromatography. In the case of primary and
secondary amides a part of the cycloadducts separates along with triethylamine hydrochloride and, after washing
with water, was chromatographed.

General procedure for the cvcloadditions of MNO to the o B-unsaturated amides. A solution of
G i C e for the cyclogdditions of MNO to the unsarurateada amides. A solution of

Chlilee proliGend [COy S s fg2264

mesitonitrile oxide (1.6 g, 10 mmol) and amides (15 mmol) in anhydrous benzene (100 mi) was stirred 3 weeks
at r.t.. After removal of the solvent the mixtures were separated by column chromatography.

Cycloadducts 10-17. The yields and the ratios of the regiois

Table 2, the physical data in Table 5, the spectroscopic data in Table 6 (adducts to crotonamides 10 and 11),
Table 7 (adducts to cinnamamides 12 and 13), Table 8 (adducts to unsaturated lactams 14-17) and the analytical
data in Table 9.

Cycloadducts 18. In cycloadditions to pyrrolin-2-ones column chromatography afforded the
and 17 along with adducts 18. The physical data of adducts 18 are included in Table 5 and the spectroscopic

ound: C, 65.37; H, 5.02; N, 13.76%; C requires: C, 65.33; H, 4.98; N,

,;v

13.86%). 18By: 18%, (found: C, 66.63; H, 5.65; N, 12.91%; C1,H2N,O; requires: C, 66.65; H, 5.59; N,
12.96%). 18Mx: 5%, (found: C, 68.78; H, 6.65; N, 13.01%; Ci14H;N2O; requires: C, 68.83; H, 6.60; N,
13.10%). 18My: 13%. The adduct is eluted with the major adduct 16My. Crystallization from benzene/ligroin
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Table 5. Physical data, mp (°C) and crystallization solvent® of cycloadducts 10 — 18
to o,B-unsaturated amides
Q
Ar\ /COX Ar, LX Ar N0 Ar. F Ar /" tn
T S A 7O~ 1N — X
\n/\R I\{/ N\,\)‘)é ) N\,\H
~o” G o Scox O \é)
: 10,12 : 14,16 : 18 11,13 ' 15,17
| X |  Ar=CeHs | Ar = Mes Ar=CeHs |  Ar=Mes
Crotonamides, R = CHj3 10 11
a NH, 207-208 A 196-197 T 151-152 T 187-188 B/L
b NHMe 192-193 T 159-161 1 160-161 C 85-86 L
¢ NMe, 116-117 C 85-86 L 55-56 L 94-95 P
d NEt, 110-111 C 56-58 P 53-55 P 84-85 E/W
e Piperidino 119-120 1 116-117 L Oil 139 E/W
f Morpholino 154-155 E 92-93 B/L 107-108 B/L Oil
| g Pyrrolidino 141-142 E/W 83-84 P/B 115-116 C 139-140 L
Cinnamamides, R = C¢H; 12 13
a NH, 196-197 B 214-215 L 230-231 A 199-200 L
b NHMe 204 B 189-190 P 121-122 B 132-133 B/L
¢ NMe, 148-149 E/W L 93-94 L 124-125 M
d NEt, 99-100° C b 18¢ ¢ 111-112 L
e Piperidino 115-116 C 122-4 L 129-130 L 157-158 E/W
Dihydropyridin-2-ones, (n=1) 14 15
x NH 155-156 B/L 163-164 B/L
y NMe 132-133 B/L 166-167 B/L 105 B/L 163-164 B/L
Pyrrolin-2-ones, (n=0) 16 17
x NH 161 B/L 151-152 B 164-165 E 207-208 L
y NMe 124-125 E 153-154 B/L 169-170 C 144 C
18 _
x NH 159 E 222-223 B/L
y NMe 103-104 L -

(a). A, AcOEt; B, Benzene; C, Cyclohexane; E, Ethanol; L, Ligroin; I, Isopropylether; M, Methanol; P, Petrol
Ether; T, Toluene; W, Water. (b). Not isolated in pure form. On crystallization it accumulaies in the mother
liquors of the major adduct 13M. (c). ref. * mp 94-96 °C. (d) ref. ** mp 118-119 °C. (¢). Inseparabic from 16My.

On crystallization it accumulates in the mother liquors.

afforded the pure adduct 16My while 18My concentrates in the mother liquors of crystallization.

Cycloaddition of MNQ 1o methyl cinnamate. A solution of mesitonitrile oxide (1.6

Leley Fay L8193} ii AU Al

cinnamate (2.4 g, 15 mol) in anhydrous benzene (100 mi) was kept at r.t. for 3 weeks. After removal of the

solvent, the mixture was separated by column chromatography affording, besides methyl cinnamate, methyl



P. Caramella et al. / Tetrahedron 55 (1999) 7027-7044

A H \ H
Table 6. Spectroscopic data o 7 ~~CONRR' Ar CH3
AF nddizmts tn et s 1% 2
Ul auluiid t TUMOTIAIHUCY N\n/v(:ﬂs N\n/VCONRR'
10 and 11 o H :’ H
10 i1
NRR’ H;s H,y CH3*| Jas Other Voo (VNy)
Regicisomer 10B, Ar=Ph
a NH,° 4.80dq | 4.15d | 135 7.2 7.3,7.95 bs (NHy) 1665 (3420,3180)
b NHMe 495dq | 395d | 140 | 4.0 | 57b(NH),2.75d (MeN)° 1645 (3310)
e NMe; 495dq | 440d | 155 7.0 3.2, 3.0 s (MesN) 1640
d NEi, 490dq | 430d (152} 7.2 1631
e Piperidino | 4.90dq | 4.40d | 1.50 | 7.0 1630
f Morpholino| 4.95dq | 435d | 1.50 | 7.5 1640
g Pyrrolidino | 495dg | 4254 | 150 7.2 1640
Regioisomers 10M, Ar = Mes
a NH,’ 490dq | 39d |1.40] 83 7.0, 7.45 bs (NHy) 1695
(3350,3160)
b NHMe 530dq | 3.70d | 1.50 | 7.5 | 5.1b(NH),2.68d (MeN)° 1670(3390)
e NMe, 5.35dq | 4.18d | 1.45 7.0 2.45, 2.85 s (Me;)N) 1640
d NEn 535dq | 4.10d | 148 | 7.5 1640
e Piperidino | 541dq | 4.18d | 1.47 ] 7.2 1640
f Morpholino| 545dq | 4.10d | 1.52 | 7.5 1650
| g Pyrrolidino | 5.38dq | 4.01d | 1.48] 7.0 1645
Regioisomers 11B, Ar=Ph
a NH,° 465d | 405dq | 1.25 | 4.2 7.4,7.6 bs (NH,) 1665
(3420,3180)
b NHMe 4.70d | 4.i0dq | 1.45 35 6.75 b (NH),2.8 d (MeN)® 1655 (3310)
e NMe, 495d [ 460dq | 135 5.1 3.2, 3.0 s (MesN) 1650
d NEt, 490d [4.60dq | 1.35| 5.5 1640
e Piperidino | 4.95d | 460dq | 1.35] 5.5 1640
f Morpholino| 4.91d | 4.60dq | 1.35| 5.6 1645
| g Pyrrolidino | 4.85d | 4.50dq | 1.35 | 4.9 1650
Regioisomers 11M, Ar = Mes
a Nsz 4.65d [ 3.70dq | 1.15| 6.0 7.45, 7.65 bs (NH,) 1695
(3420,3190)
b NHMe 4.65d | 3.75dq | 1.25 4.5 6.7 b (NH),2.85 (MeN)® 1658 (3328)
e NMe; 490d | 440dq | 115} 75 3.25,3.05 s (MesN) 1640
d NEt, 485d | 435dq | 1.15| 7.5 1640
e Piperidino | 4.85d | 440dq | 1.12 | 8.2 1650
f Morpholino| 4.87d | 441dq | 1.17 | 8.0 1650
g Pyrrolidino | 4.80d | 432dq | 1.151 7.0 1645

(a). Doublet, Js.me ~6-6.5 Hz in regioisomer 10, ~7-7.5 Hz in 11. (b). DMSO. (¢) Jnume = 5 Hz.
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Table 7. Spectroscopic data \ H{’ +CONRR’ AT, | _Ph

of adducts to cinnamamides 1\{/[ I\{/

12 and 13. \O):P h 0"\, CONRR'

12 13
i NRR' | H. H, | 1< | Other PR
t ] Hs Hy | Jas | VC=0 {(VNH)
Regioisomers 12B, Ar=Ph

a NH, 5.74d 4.59d 7.2 8.0, 7.4 bs (NHy) 1671 (3406,3170)
b NHMe 5.92d 429d 4,5 5.3 b(NH),2.82 d (MeN)" 1646 (3257)

¢ NMe, 572d | 4784 | 85 2.95,3.13 5 (Me;N) 1647

d NEt, 5.71d 4.63d 9.0 1627

e Piperidino | 5.70d 478 d 8.3 1630

Regioisomers 12M, Ar = Mes

a NH; 6.25d 4.15d 7.5 5.0; 5.25 bs (NH,) 1648 (3413,3187)
b NHMe 6.25d 4.01d 8.2 5.0 bs (NH), 2.7 (MeN)® 1645 (3314)

¢ NMe, 6.35d 4.55d 8.5 2.95 s (Me;N) c

d NEt 6.25d 445d 8.5 C

e Piperidino | 6.35d 4.55d 7.9 1645

Regioisomers 13B, Ar =Ph

a NH;* 5.15d 4.88d 32 5.6, 6.8 bs (NH,) 1680 (3450, 3150)
b NHMe 515d | 488d | 35 | 6.85b(NH),2.88d (MeN)° 1674(3372)

¢ NMe; 5.68d 5.15d 5.5 3.0, 3.15 s (MesN) 1664

d NEt, 5.68d 5.12d 5.2 1645

e Piperidino | 5.70d 5.15d 5.8 1645

Regioisomers 13M, Ar = Mes

a NH, 525d 485d 32 5.6, 7.0 bs (NHy) 1671 (3430,3170)
b NHMe 5.25d 4.80d 2.9 | 7.05b(NH), 2.95d (MeN)® 1655 (3398)

¢ NMe; 5.52d 548d 5.2 3.05, 3.28 s (Me,N) 1655

d NEu 5.52d 545d 5.2 1633

e Piperidino | 5.55d 5.45d 5.8 1655

(a). DMSO. (b).Jnume= 5Hz. (c).Not isolated in pure form.

3-(2,4,6-trimethylphenyl)-5-phenyl-2-isoxazoline-4-carboxylate, 1.48 g (46%), mp 129 °C from methanol (lit. 1,
124-126 °C) and methyl 3-(2,4,6-trimethylphenyl)-4-phenyl-2-isoxazoline-5-carboxylate, 1.36 g (42%), mp 125
°C from ethanolwater (found C, 74.19; H, 6.58; N, 4.23%; Cy0H21NO3 requires: C, 74.28; H, 6.55; N, 4.33%).

Acknowledgements: Financial support by CNR and MURST is gratefully acknowledged.
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Table 8. Spectroscopic data of adducts to o,B-unsaturated lactams 14-18.

O
n \ 7 AT, I—\I CHz‘(‘ on A H
Ar N \ r CH, o
a / N—<g
i n ~ N
N, AcH, o\ TN
H H R
14,16 15,17 18
| Ar I R | H-5 H-4 I Jas I CH; | Jsuychz Other ] ve=0 (Vi) 1
Dihydropyridin-2-ones, n = 1
Regioisomers 14
CHs! H 5.18 dt 4524 1021 21m 32 6.5 b (NH) 1663 (3210)
CeHs| CH; | 5.11dt 451d 100 2.1m 3.0 2.95 s (NCHs) 1640
Mes| H 5.18 dt 4.27d 105 2.1m 3.5 6.4 b (NH) 1670 (3200)
Mes | CHs | 5.14dt | 4.30d 108 ] 21m 3.2 2.94 s (NCH5) 1653
Regioisomers 15
CHs| CH; | 5.01d 4.09dt | 100 ] 2.0m 6.3 3.03 s (NCH3) 1660
Mes | CH; | 5.02d 390dt [ 100 19m 6.5 3.10 s (NCHs) 1658

Fyrroiin-Z-ones, n =

Regioisomers 16

CHs{ H | 552ddd | 4.41d 9.2 | 38m | 6.0;1.5 6.3 b (NH) 1704 (3204)
Cells| CHy | 553ddd | 4.45d 9.3 38m | 6.0,1.2 | 2.85s(NCH,) 1691
Mes| H | 552ddd | 4.20d 9.5 37m | 6.2;1.8 6.5 b (NH) 1700 (3200)
Mes | CH; | 5.45ddd | 4.25d 9.5 3.8m | 6.2;1.8 | 2.89 s (NCHj) 1697
Regioisomers 17
CeHs| H 525d [ 455ddd [ 10 37m | 8.0;1.5 6.4 b (NH) 1680 (3250)
CeHs| CHs | 535d | 445ddd | 102 | 3.7m | 8.0;2.1 2.9 s (NCHs) 1682
Mes| H 5.25d 43ddd | 95 | 34m | 7.5,1.2 6.05 b (NH) 1702 (3200)
Mes| CHs; | 5.28d |422ddd | 95 | 34m | 7.5;1.2 | 2.9s(NCH,) 1702
Adducts 18
CéHs| H 6.12d [445ddd | 78 | 27m | 10.2;2.8 6.7 b (NH) 1694 (3180)
CeHs| CHy | 595d |4.25ddd | 7.8 | 2.8m | 10.0;2.5 | 3.0s(NCH,) 1691
Mes| H 6.15d 42ddd | 70 | 24m ] 10.0;2.0| 6.25b(NH) 1681 (3223)
Mes | CHa | 5585d [4.12ddd | 7.1 24m | 95,18 | 3.0s(NCH,) 1691
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Laic, % ound, % Found, %
C | H | N C | H | N C | H | N
Crotonamides 10-B 11-B
a | C,HpN,O, | 64.69 | 592 | 13.72 | 64.62 5.84 13.66 64.78 599 | 13.49
b | CoHiuNO, | 66.03 | 647 | 12.84 | 65.91 6.49 12.88 66.12 6.40 | 12.96
¢ | CsHisN2O, | 67.22 1 694 | 1206 | 67.26 6.80 12.17 67.34 7.05 | 12.01
d | CisHN,O, 1 69.20 1 7.74 | 1076 | 69.11 7.99 10.72 69.14 7.65 | 10.85
e | C;cHxN,O; | 7056 | 7.40 | 10.29 | 70.61 7.46 10.21 70.54 7.47 | 10.38
f | CsHisN>Os | 65.67 | 6.61 10.21 | 65.69 6.53 10.13 65.73 6.54 | 10.32
| g | CisHisNoO, | 69.74 | 7.02 | 10.85 | 69.66 7.12 10.91 69.75 7.15 | 10.97
10-M 11-M
a | CuHisN,O, | 68.27 1 7.37 | 11.37 | 68.29 7.46 11.31 68.12 7.45 | 11.39
b | CsHyNyO, 1169.20 1 7.74 | 10.76 | 69.21 7.86 10.70 69.18 7.58 | 1076
¢ | CieHnNO, | 70.04 | 8.08 | 10.21 | 70.05 8.18 10.30 70.09 7.97 | 10.20
d | CisH;sN,O; | 71.49 | 8.67 9.26 71.54 8.78 9.26 71.55 8.64 9.29
e | CigHagN-O, | 72.58 | 8.34 8.91 72.65 8.38 9.01 72.48 8.43 8.88
f | CisHoaN>Os | 68.33 | 7.65 | 8.85 | 68.23 | 7.66 8.79 | 68.36 | 7.65 | 8.97
| g | CisHuN,O, | 7197 | 8.05 9.33 71.89 7.99 9.37 71.84 8.01 9.23
Cinnamamides iZ2-B i3-B
a | CieHuNO, | 72.16 | 530 | 10.52 | 72.09 5.33 10.34 72.06 5.34 | 10.56
b | C7HieN,Oy | 72.84 | 5.75 9.99 72.75 5.77 9.92 72.78 5.65 | 10.02
¢ | CigHisNoOy | 73.45 | 6.16 9.52 73.34 6.11 9.65 73.47 6.03 9.43
e | CuHpuN,O, | 75.42 | 6.63 8.38 75.34 6.55 8.32 75.51 6.76 8.40
12-M 13-M
a | CoHpoNG, | 7400 | 6.54 9.09 73.87 6.58 9.18 74.10 6.55 9.16
b | CooHxN,O, | 74.51 | 6.88 8.69 74.44 6.77 8.63 74.56 6.94 8.77
c | CuHuNO 1 7497 1 719 8.33 75.01 7.24 8.30
d | CusHpN,Oy | 75.79 | 7.74 7.69 75.88 7.717 7.61
e | CouHN,O, | 76.56 | 7.50 7.44 76.55 7.57 7.32 76.51 7.48 7.49
Dihydropyridin-2-ones 14-B 15-B
x | CoHpN2O, | 66,65 | 559 | 1296 | 66.55 5.53 12.90
v | CiHiN,O, 1 67.81 | 6.13 | 12.17 | 67.86 6.23 12.21 67.77 6.19 | 12.11
14-M 15-M
X | CisHisN2O, | 69.74 | 7.02 | 10.85 | 69.68 7.05 | 10.90
y | CigHoN202 | 70.56 | 7.40 | 10.29 | 70.51 7.47 10.25 70.49 7.35 | 10.32
Pirrolin-2-ones 16-B 17-B
x | CiiHioN>O, | 65.33 4.98 13.86 65.39 4.95 13.81 65.41 4.96 13.80
y | CioHi2N,O, | 66.65 | 5.59 | 1296 | 66.75 5.63 12.89 66.59 555 | 12.90
16-M 17-M
x | CidHigN2O, | 68.83 | 6.60 | 13.10 | 68.91 6.58 13.15 68.78 6.61 | 13.13
y | CisHisN,O, | 69.74 | 7.02 | 10.85 | 69.80 7.07 10.80 69.70 7.05 | 1091
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