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Abstract - Rate constants for the cycloadditions of 3,4,5,6-tetrahydropyrid-
ine l-oxide (1), and 3-ox0-3,4,53,6-tetrahydropyridine l-oxide (2) 1':o several
mono~ and disubastituted alkenes have been determined at 36°C by "H MR
Spectroscopy. Small solvent effect on the rate constant indicate the con~
certed nature of the reaction. 1t is found that nitrome 2 reacts slower
than ] becauge of the presence of bond opposition strain in the transition
state for the former nitrone. Addition rates are influenced by the dipole
moments of the nitrones. Reactivity of these addition reactions usually
follows the prediction of frontier orbital approximation. Both the nitrones
exhibit very similar regiochemical and stereochemical properties. Signifi~
cant secondary orbital interaction is observed with several electron defi-
cient alkenes., However, maleic anhydride is found to undergo addition
predominantly via exo mode of attack.

INTRODUCTION
The use of 1,3-~dipolar cycloaddition reactions of nitrones in organic synthesis has developed quite
rapidly in recent years.1 This reaction is indeed the best chemical template for constructing iso-
xazolidines.z The highly regioselective and stereoselective nature of this reaction has made it
specially attractive in incorporating multiple stereocenters in a single step. The regiochemical
and stereochemical aspects of intermlecular:s.a and i.nt:ramoleculm'5 additions imvolving both cyc-
11.::6 and acyclic nitrones and their reactivities have been explored in some detail. The cyclic
nitrone 3,4,5,6-tetrahydropyridine l-oxide (1) has been found to be very rea.ctive7 and its addi-
la,‘3c to alkenes could be used as a key step in the synthesis of natural products containing
piperidine rings which are widespread in nature. FKowever, while the use of the functionally modi-
fied nitrone, 3-oxo-3,4,5,6-tetrahydropyridine l-oxide (2), offers a great synthetic potential, the
details of its addition have been examined only to a limited extent.7
A detailed knowledge of dipolar cycloadditions of the cyclic a~ketonitrone 2 is of both theore-
tical and practical importance. It offers an unique opportunity to study the effect of the a-keto
group on regiochemical, sterecchemical, and reactivity phenomena., Hence we undertook a systematic
kinetic study of the additions of nitrone 1 and its a-keto derivative 2 onto several wono- and
disubstituted alkenes, using high field proton NMR technique, We also compared the regio- and
stereochemistry of the addition of 2 with that of the parent nitrone 1.6

RESULTS AND DISCUSSION
Kinetic results obtained for the cycloaddition of nitrones 1 and 2 with different alkenes in CDCl

3
at 36°C are shown in Table 1. All reactions were carried out under conditions that would reflect

kinetic rather than thermodynamic factors. Cycloadditions were monitored by proton NMR technique

7 1

as described before. The "H NMR signals of 2-H of nitrones and olefinic-protons of alkenes and
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in some cases 2-H of cycloadducts were free of overlapping signals. Thus, the ratio of the con-
centration of nitrone and alkene was determined from time to time and second-order rate constants
were obtained by linear regression analysis. The cycloaddition products, nitrones and alkenes are

all stable under the mild reaction conditions. At 36°C the regio- and stereoisomers are not

interconvertible.
Table 1
Rate constants (kz) for the cycloaddition reactions at 36°C in deuterochloroform
kz x 10°/1 wo1~! 57!
o)
+
Alkene @(_
(¢] g
1 2
Maleic anhydride 27,400 12.4
Dimethyl fumarate 3,370 15.0
Methyl acrylate 340 14,9
Dimethyl maleate 209 1.54
Methyl methacrylate 105 15.8
Methyl crotonate 22.6 0.727
Hex- l—eneb - 0.589
Allyl alcohol 1.82 1.41
Styrene 7.56 1.80
Ethyl vinyl ethetb 8.10 1.84
a'kz is 23.3)(10-:-> and 50.211:10-5 1 mol-1 s—l in methanol and toluene respectively
b 7

From ref.

According to Sustmann's classifications, nitrone cycloaddition 1s a type 1I process, where both

HOMO - LUMO interactions contribute to the stabilization of the transition scate.l"g_lz

Both
electron-rich and electron-deficient alkenes should undergo additious faster than normal alkenes.l‘
This is evident from table 1. Electron-rich ethyl vinyl ether reacts faster than allyl alcohol or
hex-l-ene. However , vastly increased rates of cycloaddition of 1 are observed with electron-
deficient alkenes. This rate acceleration is less drastic with nitrone 2. This 1s presum-
ably due to the presence of the electron withdrawing keto group in nitrone 2, which is more likely
to have less negative charges on terminal atoms. Thus,the presence of the keto function in 2 dec-
rease its nucleophilicity. A diminished rate of addition of dimethyl maleate in comparison to
dimethyl fumarate and maleic anhydride is observed in our study. A similar trend is reported for
the rate of the addition of acyclic n:l.trone:;.13 The oa-keto nitrones 2 and 3 react with maleic an-
hydride and dimethyl fumarate nearly equally fast, whereas the rate ratio is 8 for 1 and 14 for 4
(see Table 2).

For methyl crotonate it is reporcedu‘ that acyclic ketonitrone 3 undergoes addition much faster
than other acyclic nitrones 4,5,6 having no a-keto group. However, in our study it is indeed sur-
prising to observe the opposite trend. As is evident from Table 1, cyclic nitrone ! shows a much
faster rate than the cyclic ketonitrone 2 ln the addition onto several electron-deficient and ele-
ctron rich alkenes examined here. Several factors may contribute to this anomaly. In acyclic
nitrones E > 2 1somer1ution15 prior to cycloaddition sometimes complicates the reactivity and
stereochemical phenomena. The Z isomer is more stable than the E isomer, however, it is the latter
isomer that undergoes addition faster than the former due to steric reason. Cyclic nitrones which
exist only in E form, because of structural constraints, undergo additfon faster than their acyclic
counterparts. However, ketounitrone 2 reacts much slower than nitrone 1. This decreased rate of

addition can be attributed to the introduction of destabilizing strain in the transition state
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Table 2. Rate Constants (kz) for some nitrone-alkene cycloadditions.

Rate constant,k, x 105/1 mo1~ls"!

o temp Dimethyl Dimethyl Maleic
- maleate fumarate anhydride Ref.
Ph—-(=ﬂ,,° 25°C(CHCL ) e
M 37.2 184 200
3 en
Ph o- Diethyl Diethyl Maleic
+ 85°C(toluene) maleate fumsrate anhydride 1%
4 Me 24,7 72.5 1010
Et O™ Ph 0O~
/
Me \z-a%' \=|{+
= HPh Ph
:Me 4 3 & 2
100°C(toluene) 10,7 43 55.4 6200 14

where the dipole is about to change its hybridization from sp2 to ap3. This change in hybridiza-
tion introduces severe bond opposition strsin7 in the transition state similar to that present in
a cyclohexanone system. The ratio of maximum and minfmum rate constants for the addition of nit-
rone 2 with wethyl acrylate in nonpolar and polar solvents at 36°C 1is 3.4 (See Table 1). The

ketonitrone 2 reacts faster in methanol than in chloroform, however, the reverse is the case with

1
nitrone 1‘7 Similar trend is observed with acyclic nitrones. 3,14

This opposite dependence of
rates on solvent polarity may be attributed to the differences in the dipole moments of 1 and 2.
Nitrone 1 should have substantial dipole moment whereas the partial moments in 2 may cancel each
other. The small solvent effect observed in our studies is indeed a reflection of the concerted
nature of the cycloaddition ‘."eact:i,on.13’“"16
Next we focusged our attention to identify and characterize the various addition products. Addi-
tion of nitrones to monosubstituted and unsymmetrical disubstituted alkenes can lead to the forma-
tion of four diastereomeric adducts via four different isomeric transition states, The addition
of nitrone 2 to maleic anhydride afforded a mixture of cycloadducts 7a, 8a in a ratio of 70:30,
respectively. The 13 MR spectrum of the major isomer 7a displayed the C(3)H as doublet (32.3
7.4 Hz) at 64.53 and C(2)H also as a doublet (J2.3 7.4 Hz) at 84,94, The C(3)H signal collapsed
into a singlet upon frradiation of the C(2)H signal. The zero coupling constant observed for

33 Ja thus indicates an approximate dihedral angle of 90° between the protons at C(3) and C(3a).
*

X X
WYL "f Hf £oMe ff: LcoMe
f Y R “R
X = 8a 9a,b 10a,b
X = Hp 70 8b 11a,p 12a,b
av R = Cozm;
b. R = Me"
7a/8a, 70:30 9a/10a,63:37 . 9b/10b, 100:-0

7b/8b,81:19 11a/12a,60:40; 11b/12b, 90:10
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Inspection of molecular model also substantiates the above reasoning for assigning the major isomer
with exo orientation of the anhydride functionality. Steric encumbrance thus overrides the favour-
able secondary orbital interaction inherent in the endo mode of attack.

The reaction of nitrone 2 with dimethyl fumarate gave a mixture of adducts 9a, 10a in a ratio of
63:37 respectively, Similar ratio was observed in the addition of nitrone 1 with dimethyl fuma-
rate.6 The major isomer probably has the stereochemistry as depicted in 9a with carbomethoxy group

having endo orientation at C(3). This is based on the cis J value of 7.0 Hz observed for the

3,3a

major isomer 9a. For the cycloadducts obtained from addition of nitrone 1 and several trans

-1,2-disubstituted alkenes, cis J3 1a and trans J3 3a values are found to be in the range of
s £ ]

8 - 8.5 Hz and 10 - 10.5 Hz, respectively.

X
~>CO,Me
Me %
X =0 14a 13a/14a, 96:4
X =Hy 13b 14b. 13b/14b, 96:4

Addition of methyl crotonate to nitrone 2 afforded 9b as the sole product with carbomethoxy
group in the endo orientation. Precedent literature has amply demonstrated the significant ten-
dency of carbomethoxy group to manifest secondary orbital interaction in nitrone - crotonate cyc-~
loaddit:ions.17 The coupling constant (J3 3a 8.8 Hz ) 1is also supportive of the stereochemistry
depicted in 9b. In the nitrone 2 - dimet}'nyl maleate reaction equivalent amounts of reactants were
consumed. However, we were unable to isolate any normal cycloadducts, which presumably decomposed
or rearranged to other products. The reaction of methyl methyacrylate with 2 afforded a mixture
of adducts 13a, l4a in a ratio of 96:4, respectively. It is safe to assume the carbomethoxy group
to be in endo orientation in the major isomer 13a. Nitrone 1 and methyl methacrylate also gave a
similar adduct racio.6

The results for the nitrone-monosubstituted alkene reaction are presented in Table 3. Ethyl
vinyl ether underwent regioselective addition to nitrone 2 to give 15a and 16a in 92:8 ratio
respectively, as determined by the integration of the 2-H. Methyl acrylate, acrylonitrile, styr-
ene, and allyl alcohol appear to react with 2 smoothly at room temperature., While the additions of
styrene and allyl alcohol are regleselective, methyl acrylate and acrylonitrile afforded a mixture

of four possible isomers in each case. The addition of styrene to nitrone 2 presumably gave a

X, “\ X Xn Xy g
e b e 8L AL
o R R
X =0,2 15 16 17 18
X =H,1 19 20 21 22
a, R =OEt, bR =Ph; C,R =CH0H. d,R=COpMe. eR =CN

single adduct 15b or 16b. The lH NMR displayed a double doublet at § 5.25 and a triplet at § 3.95

due to C(2)H and C(3a)H, respectively. Treatment with lZu(DPM)3 shift reagent did not reveal the
presence of minor isomer if any. The methyl acrylate adducts were an approximate 58:29:6:7 mixture
of 15d - 18d (see experimental). We were unable to assign the ster;:ochemistry. An attempt to con-
vert dimesylates 23,24 (obtained from 154 - 18d by lithium aluminum hydride reduction followed by

mesylation) into compounda3d with known stereochemistry using Super - Hydr:ide18 induced SN2
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Table 3. Regiloselectivity and Stereochemistry of the additions of nitrone(l)
and (2) with several monosubstituted alkenes at 20°C

Nitrone alkene isomer ratio
2 ethyl vinyl ether 158 : l6a 92 : 8
1 ethyl vinyl ether 198 : 20a 93 : 7
2 styrene 15b  or 16b 100 : ©
1 styrene 19b : 20b 78 ¢ 22
2 wethyl acrylate (15d + 16d) : (174 + 18d) 87 : 13
1 methyl acrylate 19d : 20d :21d: 22d 69 : 15 : 10 : 6
Z scrylonitrile (13e + lbe) : {(l7e + 18e) 79 : 21
1 acrylonitrile i9¢ : 20e :2le: 224 61 : 20 : 13 : 6

The isomer ratios for 15d/16d (or 16d/15d) and 17d/18d (or 1847/17d) were
58 : 29 and 7:6, respectively. The isomer ratios for 15e/l6e (or l6e/l5e)
and 17e/18e ( or 18e/l7e) were 59:20 and 14:7 respectively,

displacement of the mesylate function by hydride ion at 75°C {(sealed tube) was unsuccessful. Zven
though the primary mesylate function was cleaved cleanly at C-0 bond, the secondary mesylate was
cleaved at 0-5 bond. The acrylonitrile adducts were also & mixture of four isomers l5e - 18e in
an approximate ratic of 59:20:14:7 as determined by the IH NMR analysis of the signals due to
C(2)H of 2-substituted isomers 15e, l6e and C(3a)H of 3-gubstituted isomers 17e, 18e (see experi-
mental). The unstable nature of the allyl alcchol adducts 15¢,16¢c and failure to convert the

corresponding dimesylates 23 into known <:campov..u:mls3d did not allow us to carry out sterecchemical
analysis.lg
SO,Me Ms
Ms
SO2Me
23 24
EXPERIMENTAL

Liquid alkenes were distilled and maleic anhydride and dimethyl fumarate were recrystallized before
use. Nitrone 1 and ketonitrone 2 were prepared as described in the literature.20 A1l melting
points are uncorrected. Elemental analyses were performed on a Carlo-Erba Elemental analyser
1106, 1I. R. Spectrs were run on a Perkin Elmer 237B spectrometer and are reported in wave numbers
(cm-1). 70 ev E. I mass spectra were recorded on a Ribermag GC-MS gystem, R-10-10, with quadru-
pole mass filter and Riber 400 acquisition system. TLC cards, silica gel, aluminium backed plates
(Fluka AG, layer thickness 0.2 wm) were used to monitor the reaction progress. Reagent grade di-
chloromethane was passed through active alumina before use. The NMR spectra for the kinetic rums
were recorded on a Varian XL 200 nmr spectrometer operating at a proton frequency of 200 MHz and
in the pulse Fourier transform mode. Flip angle of 20°, digital resolution of 0.15 Hz, and four
transients were employed in all measurements. The absolute intensity mode was used to measure
integrals of interested peaks. Spectra at different times for the kinetic runs were obtained by
arraying the preaquisition delay times., The temperature in the probe was controlled by the stan-
dard Varian equipment and was accurate to +0.5°C. The temperature was calibrated by standard che-
mical shift of methanol. Deuterated chloroform (99.95% isotope purity) with TMS as internal stan-
dard was used. In some kinetic runs 100% isotopically pure deuterochloroform was used to avoid
interference from residual CHCl, proton signal. For analysis of the cycloadducts, the proton NMR
spectra were recorded on a Brukgr AC 80 spectrometer, operating at a proton frequency of 80 MHz.
Cycloaddition reactions were carried out under nitrogen.

Kinetice of Cycloaddition Reaction: Kinetic runs were studied by NMR technique as described
before.’ The cyclic nitrone | was prepared from [.0lg N-hydroxypiperidine (10 mmol) and the solu-
tion of the nitrome ! in 50 ml dichloromethane was kept in the freezer(-20°C), The nitrone solu-
tion was stable for weeks in the freezer without any detectable formation of nitrone dimer. A suit-
able volume of nitrome solution was transferred to a vial and CHyCly was completely removed by
blowing Ny at 0°C and the residue was dissolved in 1 ml CDC13. In an NMR tube, purged with Np,
was taken & known amount of alkene and was cooled in a salt ice bath (-15°C). The nitrome in CDC13
was transferred to the NMR tube which was then sealed immediately. The mixture was then mixed
thoroughly and inserted intoc the NMR probe which was kept at constant temperature throughout the
kinetic measurements. The initial concentration of the nitrone was determined by NMR integration
and using the known concentration of the alkene. The volume of the reaction mixture was taken as
the average of the volumes at the beginning and end of the kinetic runs. The ratio of the
concentrations of nitrone and alkene was determined from time to time by integration of signals
due to 2-H of the nitrome and the olefinic protons of the alkene. Kinetic runs for ketonitrone 2
and alkene (both of which could be weighed accurately ) addition reactions were executed in a
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similar way.

Concentration of nitrone 1 was judiciously kept low in certain slow reactions in order to avoid
nitrone dimer formation. In cases where signals due to 2-H nitrone and alkene protons overlap,
the help of other proton signals of the nitrone and cycloadducts were sought to determine the con-
centration ratio of the reactants. The second order rate constants were determined by linear reg-
ression analysis of the data and was reproducible within 3-10X.

The initial concentrations, written in parenthesis, of nitrome 1 and alkenes were as follows:
nitrone (0.268 M) - methyl crotonate (0.711 M); nitrone (0.727 M) - methyl methacrylate (0.579M);
nitrone (0.0693 M) ~ dimethyl fumarate (0.0570 M); nitrone (0.0625 M) - maleic anhydride (0.0527M);
nitrone (0.402 M) ~ dimethyl maleate (0.252 M); nitrone ( 0.214 M) - styrene (0.857 M); nitrone
( 0.220 M) - allyl alcohol (1.65 M). Concentrations of the ketonitrone was kept around 0.500 M
and that of alkene were in the range of 1.00 - 1,50 M. The additions were followed upto 40-902
chemical conversion.

Cycloadducts from the Addition Reaotion of a- Ketonitrone 2 and Several Alkenge: In a typical
addition reaction 1 mmol of 2 was treated with 1 ml of liquid “alkene and the reaction was conti-
nued at room temperature under N2, until the tlc (silica gel/ethyl acetate) experiment indicates
the abgsence of ketonitrone. Removal of the excess volatile alkene in vacuo afforded cycloadducts
in quantitative yleld. However, for non volatile alkenes like maleic anhydride, dimethyl fumarate
and dimethyl maleate, 1.5 mmol of the alkene in each case was treated with 1 mmol of ketonitrone
dissolved in minimum quantity of dichloromethane and the reaction was continued until the reaction
was almost complete as indicated by tlc analysis. Most of the cycloadducts are unstable at room
temperature. The presence of a-aminoketone moiety, presumably, imparts the instability in such
cycloadducts. 1

Keaction of Ketonitrone 2 with Maleic Anhydride : The "H spectrum of the crude cycloaddition
products revealed the presence of two isomers 7a, 8a in a ratio of 70:30. The major isomer was
obtained as white crystals after crystallization from dichloromethane - ether, m.p. 105° (dec),m/z
211 (% 3.12); vgax (KBr) 2990, 2925, 2907, 1867, 1790, 1777, 1727, 1447, 1267, 1227, 1095, 1037,
and 932 co~l; (Pound:C,50.89; H,4.19; N,6.51. CoH)7NO4S requires C,51.19; H,4.30; N,6.63%); Oy
2,20 -2.90 (34, m), 3.25 - 4.00 (3H,m), 4.30 (1H, 8), 4.53 (1H, d, J 7.4Hz) and 4.94 (1H,d,J 7.4HzZ)
The spectrum of the crude mixture displayed a minor doublet at 5.07 (J=7.8 Hz) which collapsed
into a singlet on irradiation of signals around § 4.0. We were unable to isolate minor isomer
8a from mother liquor as it darkened gradually due to extensive decomposition of the minor
isomer.

lsomers of trang-Dimethyl hexahydro-4-aeo2H-isoxasolo(2,3-alpyridine-8-3-dicarboxylate (9a,10a):
Addition reaction afforded a crude mixture of adducts. The major isomer was crystallized out from
dichloromethane - ether , m.p. 109-110°C; m/z 257 (M+ 10.8%); Anal. Found: C,50.95; H,5.74; N,5.55.

H gNOg requires C,51.36; H,5.88; N,5, 45 Vingx 2995, 2930, 1725(br), 1413, 1340, 1190, 1175,
10}43 950 750, 710 cur1 6 1.98- 2 70 (3H,m), 3.00-3.95 (4H,m), 3.79 (3H, s8), 3.83 (3H, 8)

4,24 (1H, d, J 7.0 Hz), and 10.91 (1H, d,J 6.3 Hz)., The ly NMR spectrum of the crude mixture dis-
played a minor doublet for the C-2H of the minor isomer at 4.80 (d, J 6.0 Hz). The ratio of the
isomers was found to be 63:37 by NMR integration of the C-2H protons. We were unsble to isolate
the minor isomer from mother liquor as it darkened gradually.

Methyl hexahydro-2-methyl-4-oxo-2H-isoxazolol2,3-alpyridine-3-carboxylate (9b) : The cyclo-
adduct , obtained as yellow oil, gradually darkened at room temperature. m/z 213 (M+ 9.4%) vpay
(neat) 2920, 1730, 1710, 1255, 1199 cw!; &y 1.38 (3H, d, J 6.2 Hz), 1.70 - 2.80 (4H, m),3.05-3.65
(34, m, including a 14 dd, J 7.1 and 8.8 Hz at 3.23), 3.73 (3 H, 8), 4.09 (1H, d J 8.8 Hz), and
4,53 (1H, dq, J 6.2 and 7.1 Hz).

Isomere of methyl hexahydro-4-oxo-2-methyl-igozazolol2,3~alpyridine-2-carboxylate (13a, 14a):
The mixture of cyloadducts was obtained as a light yellow oil. m/z 213 (M+ 21.1%); vmax (neat)
3022, 2898, 1732(br), 1447, 1292, 1202, 1112, 985, 902, 822 ca~l; Sy 1.44, 1.52 (3H, wajor and
minor 8 in a ratio of 96:4), 1.71 - 2.64 (5H, m), 2.75 - 3.69 (4H, m), and 3.74 (s, 3H)

Isomers of Hexahydro - 2 ~ ethoxy -4-oxo-2H-isoxazolol2,3-alpyridine (16a-16a): The cycloadd-
ucts were obtained as a colorless oil. m/z 185 (M+ 69.9%); vpax (neat) 2924, 1710, 1435, 1080, 978,
880 cm-1; Sy 1.21 (34, t, J 7.0 Hz), 1.60 - 2.75 (5K, m), 2.90-4.00 (6H, m) and a major dd at
6 5.05 (J 2.6 and 6.4 Hz) and a minor dd at § 5.20 (J 3.4 and 5.2 Hz) integrate for one proton in
a ratio of 92:8.

Hexahydro-2-phenyl-4-oxo-2H-1tgoxazolo [2,3alpyridine (15D or 16b): The cycloadduct was obtained
a8 colorless needles, m.p. 65-66°C (ether). The product decomposes within days at room tempera-
ture. However, it is stable inside freezer. m/z 217 (M+ 31.2%); vm,( 2915, 1715, 1455, 1323,
1244, 1108, 775, 710 ca~l; 1.85-2.70 (5H, m), 3.00-3.60 (34, m), 3.95 (IH{,t, J 7.0 Hz), 5.25
(14, dd, J 5.8 and 9.0 Hz) ang 7.4 (5H, m).

Isomere of Hexahydro-2-hydroxymethyl-4-oxo-2H-1g8oxasolol2, 3~alpyridine. (15c, 16c): The cyclo-
adducts were obtained as a light brown oil which gradually darkens further even under Ny. m/z 171
(M+37.6%) ; vmax (neat) 3340, 2910, 1710, 740 cm~l; 8y 1.70 - 2.95 (7H, m), 3.17-3.95 (5H,m) and
4.20 (1H,m).

Igomers of methyl hexahydro-4-oxo-2H-igoxazolo(2,3-alpyridine-2 and -3-carboxylate (15d - 18d):
The mixture of cycloadducts was obtained as a light yellow oil which could not be purified because
of extensive decomposition during silica gel chromatography. The mixture of adducts darkens gra-
dually in open air. m/z 199 (M+ 20.92) vgay(neat) 2924, 1735, 1700, 1435, 768 cwl; &y 1.70-3.50
(sH, m), 3.60-3.85 (4H, m), and 3,90-4.65 (m, 1H). The above 18 an approximate description of the
NMR data. There are four different methyl singlets at 3.76, 3.74, 3.71 and 3.67 in a ratio of
58 : 29 : 6 : 7 respectively. There are minor signals in the § 3.9-4.3 due to 3-substituted
minor regiomers. The degenerate dd for 2-substituted major isomers appeared at & 4,50 which shif-
ted downfield on treatment with Eu(DPM)3 shift reagent. The major dd (J 5.4 and 9.0 Hz) shifted
more downfield than the minor dd (J 6.5 and 9.0 Hz). The ratio was found to be 2:1.

Igomers of Hexahydro-4-oxzo-2H-igoxasolol2,3-alPyridine-2 and-3-carbonitrile (15¢-18e): The
mixture of cycloadducts was obtained as a faint yellow oil which gradually darkens at room tempe-
rature due to decomposition; m/z 166 (7.5); vpax (neat) 2920, 2233, 1712, 1450, 1325, 1165, 1115,



A cyclic nitrone and its x-keto derivative 193

1020 cm'l; g 1.69 ~ 4.22 (m, 98), 4.33 (two overlapping doublets , J 6.0 Hz for the major,J 7.5Hz
for the minor, integrating for 3/14 of a proton due to the signal for the bridgehead protoos of
the minor isomer in an approximate ratio of 2:1) , 4.7 (degenerate dd integrating for 11/14 of a
proton for C-2H of major isomers. Treatment with Eu(DPM)q shift reagent shifted the signal down-
field. Minor dd, J 5.6, 9.0 Hz shifted downfield more than major dd, J 4.0, 9.0 Hz. The ratio
was found to be 3:1. Thus the four lsomers were present in an approximate ratio of 59:20:14: 7.
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