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Abstract - Rate constants for the cycloadditlons of 3,4.5.6-tetrahydropyrid- 
ine l-oxide Q), and 3-oxo-3,4,5,6-tetrahydropyridlne l-oxide (2)Ito several 
mom- and disubstituted alkeoes have been determined at 36’C by H NtdR 
Spectroscopy. Small soLvent effect oa the rate constant indicate the con- 
certed nature of the reaction. It is found that nltrooa _I. reacts slower 
than _I_ because 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 uitrones. Reactivity of these addition reactions usually 
follows the prediction of frontier orbital approximation. Both the nltrones 
exhibit very similar regi.ochemicaI and atereochemlcal properties. Signifi- 
cant secondary orbital interaction is obeerred with several electron deff- 
cient alkanes. However, maleic anhydride is found to undergo addition 
predominantly via exo mode of attack. 

INTRODUCT ION 

The use of 1.3-dlpolar cycloadditlon reactions of nftrones in organic synthesis has developed quite 

rapidly in recent year8.l This reaction is indeed the best chemical template for constructing iso- 
xatolidines. 

2 
The highly regfoeelective and stereoaelectiw nature of this reaction has made it 

specially attractive in incorporating multiple stereocenters la a single step. The reglochemical 

and stereochemlcal aspects of intermolecular 34 , and lntralnolecular 5 additions involving both cyc- 

lic’ and acyclic nltrones and their reactivlties have been explored In some detail. The cyclic 

nitrone 3,4.5.6-tetrahydropyridine i-oxide (1) has been found to be very reactive’ and its addi- 

tlon1a.3c to alkanes could be used as a key step in the synthesis of natural products containing 

piperidine rings which are widespread in nature. Eowever, while the use of the functionally modl- 

fled nltrone, 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.’ 

A detailed knowledge of dipolar cycloadditions of the cyclic a-ketonitrone 2 Is of both cheore- 

tical and practical importance. It offers an unique opportunity to study the effect of the a-keto 

group on regiochemical. stereochemical. and reactivity phenomena. Hence we undertook a systematic 

kinetic study of the additions of nltrone I and Its a-k&o derivative 1 onto several mono- and 

disubstituted alkanes. using high field proton NMR technique, We alao compared the regio- and 

stereochetistry of the addition of 2 with that of the parent nltrone 1. 6 

RESULTS AND DISCUSSION 

Mnetic results obtained for the cycloadditlon of nltrones 1 and 2 with different alkanes in CDC13 

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

kinetic rather then thermodynamic factors. 

as described before. 7 
Cycloaddltions were monitored by proton BMR technique 

The ‘H MlR signals of 2-H of nitrones and oleflnlc-protons of alkenes and 
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fn soma cases 2-g of cycloadducta were free of overlapping sigoals. Thus, the ratio of the con- 

centration of nitrone and alkene was determioed from time to time and second-order rate constants 

were obtained by linear regression aoalysfa. The cycloaddition products , nitronea and alkenes are 

all stable under the mild reaction conditions. At 36-C the regio- and stereoisomers are oat 

interconvertible. 

Table 1 

gate constants (k2) for the cycloaddition reactions at 36’C in deuterochloroform 

K, x lo5/l rml 
-1 s-1 

Alkene 

kfaleic anhydride 

Dimathyl f-rate 

&thy1 acrylate 

Dimethyl maleate 

Methyl mathacrylate 

l4ethyl crotonate 

Hex-1-eneb 

Ally1 alcohol 

Styrene 

Ethyl vinyl etherb 

27,400 

3,370 

340 

209 

105 

22.6 

1 .a2 

7.56 

8.10 

12.4 

15.0 

14.ga 

1.54 

15.8 

0.727 

0.509 

1.41 

1.80 

1.84 

and 50.2~10 
-5 l mol-l s-1 

in methanol and toluene respectively 

According to Sustmann’s classification8. nitrone cycloaddition is a type II process. where both 

HXiO - LUKO interactfons contribute to the stabilization of the transition state. 4.9-12 gorh 

electron-rich and electron-deficient alkenes should undergo additions faster than normal alkenes. 
4 

This is evident from table 1. Electron-rich ethyl vinyl ether reacts faster than ally1 alcohol or 

hex-1-enc. However , vastly increased rates of cycloaddition of 1 are observed with electron- 

deficient alkenes. This rate acceleration is lesa drastic with nitrone 2. This is pream 

ably due to the presence of the electron withdrawing kato group in nitrone 2, w hich is more likely 

to have leas negative charges on terminal atoma. Thus,the presence of the kato function in 2 dec- 

rease its nucleophilfcity. 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 nitrones. 
13 

The a-keto nitrones 2 and 2 react with maleic a- 

hydride and dimethyl fulaarate nearly equally fast, whereao the rate ratio is 8 for 1 and 14 for 4 - - 

(see Table 2). 

For mcthpl crotonate it is reported 
14 

that acyclic ketonitrone 3 undergoes addition much faster - 

than other acyclic nitrones 4.5.6 having no a-keto group. --- Howaver. in our study it is indeed sur- 

prising to observe the opposite trend. As is evident from Table 1 , cyclic nitrone 1 shows a much 

faster rate than the cyclic ketonitroas 1 In the addition onto several electron-deficient and ele- 

ctron rich alkenes l xatinrd here. Several factors may contribute to this anomaly. In acyclic 

nitrortas E x Z isomerlzation 
15 

prior to cycloaddition sometiees complicates the reactivity and 

stereochemical phenomena. The Z isomer is aere 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 af structural constraints, undergo addition faster than their acyclic 

counterparts. Howaver. btonftrons 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 Conataats (k2) for some nitro=-alkene cycloaddltions. 

Rate conntant.Lc x 10*/l mol 
-1 -1 s 

Mlnsthyl 
wlloate 

Dimsthyl 
fmlZAt8 

haleic 
anhydride Ref. 

13 

3 \h 
37.2 184 200 

85’C(toluene) 

Diethyl 
maleate 

24.7 

Diethyl 
fUYA%rAtA 

72.5 

MlCiC 
sohydride 

1010 

14 

Me 

\ 
- 

4 5 6 z 

1OO*C(toluene) 10.7 43 55.4 6200 14 -- 

where the dipole is about to change its hybridization from sp2 to sp3. This change in hybridiza- 

tion introduces severe bond opposition strain7 In the transition state similar to that present in 

A cyclohexanooe system. The ratio of maxtmrrm and minimum rate constants for the addition of nit- 

rone 2 with methyl scrylate in nonpolar sod polar solvents at 36OC is 3.4 (See Table 1). The 

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

uitrone 1 ’ _* Similar trend is observed with acyclic nitrones. 13.14 This opposite dependence of 

rates on solvent polarity may be attributed to the differences in the dipole moments of 1. and 2. 

Nitrous 1 should have substantial dipole moment whereas the partial momsots in 2 nasy cancel each 

other. The small solvent effect observed in our studies is indeed a reflection of the concerted 

nature of the cycloaddition reaction. 
13.14.16 

Next M focussed our attention to Identify and characterize the various addition products. Addi- 

tion of nitrones to mDnosubstituted and unaymetrical dlsubstituted alkenes can lead to the forms- 

tion of four diastereolaeric sdducta via four different isoraeric transition ststes. The addition 

of nitrone 2 to mleic anhydrfde efforded a mixture! of cycloadducts z, 8s in a ratio of 70:30. - 

respectively. The ‘R tR4t spectrum of the major isomer fi displayed the C(3)R as doublet (J2 3 

7.4 Rz) at 64.53 And C(2)R also as a doublet (J2 3 7.4 Hz) at 64.94. The C(3)H signal collaised 

into a singlet upon irradiation of the C(2)H sigkl. The zero coupling constant observed for 

J3,3A thus indicates an approximate dihedral angle of 90’ between the protons at C(3) and C(3a). 

x =o 7a 

x= H2 7b 

Ba 

8b 

9a.b f0a.b 

1la.b 12a,b 
at R =co2Me!; 

b, R =Me; 

7a/6a, 70: 30 

lb/8b.81:19 

9a/lOa,6337; 9tflOb. 100:-O 

11q/12a,60:40; llb@2b, 90:10 
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Inspection of molecular mdel alao subetantiatea the above reasoning for assigning the major iaouer 

with exo orientation of the anhydride functionality. Steric encumbrance thus overrides the favour- 

ablesecondaryorbital interaction inherent in the endo mode of attack. 

The reaction of nitrone 2 with dimthyl fumarate gave a mixture of adducta 2, 10a in a ratio of - 

63:37 respectively. Similar ratio was observed in the addition of nitrone 1 with dimthyl fuma- 
6 

- 
rate. The major isomer probably has the stereochemistry as depicted in 98 vith catbomethoxy group 

having endo orientation at C(3). Thia is based on the cis J3 3a value of 7.0 Hz observed for the 

major isomer *. For the cycloadducts obtaimzd from addition’of nitrone 1 and eevaral tram 

-1.2-disubatituted alkenes. tie J3 3a and tram J3 3a values are found to be in the range of . 
8 - 8.5 Hz and 10 - 10.5 Hz, respeitively.6 

x =o 

X=H2 

13a 

13b 

14a 

14b. 

na/14a. 96:4 

13b/l4b. 96:4 

Addition of methyl crotonate to nitrone 2 afforded 2 as the sole product with carbouethoxy 

group in the endo orientation. Precedent literature has amply demonstrated the significant ten- 

dency of carbomathoxy group to manifest secondary orbital interaction in nitrous - crotonate cyc- 

loadditions. 17 
The coupling constant (J3 3a 8.8 Hz ) is also supportive of the stereochemistry 

depicted in 9b. - In the nitrone 2 - dimetAy1 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 &. & in a ratio of 96:4. respectively. It is safe to amume the carbomethoxy group 

to be in endo orientation in the major isomer 13a. - Nitrone i and methyl methacrylate also gave a 

similar adduct ratio. 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:g ratio - - 

respectively, ae determined by the integration of the 2-N. Methyl acrylate. acrylonitrile, styr- 

ene, and ally1 alcohol appear to react with 2 smoothly at room temperature. While the additions of - 

styrene and ally1 alcohol are regieselective, methyl acrylate and acrylonitrile afforded a mixture 

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

x 
H & (R 

+cr - 

(%-&R + (q-&R+ (g-J + $--J 

x =0,2 15 16 17 18 

x =%,I 19 20 21 22 

a, R =OEt; b,R =Ph; c, R = CH20H ; d, R,=C02Me ; e, R = CN 

single adduct 15b or 16b. - - The ‘H NMk displayed a double doublet at6 5.25 and a triplet at 6 3.95 

due to C(2)H and C(3a)H. respectively. Treatment with Eu(DPHj3 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 stereochemistry. An attempt to con- 

vert dimaaylates 2.3 (obtainad from I5d - 18d by lithium aluminum hydride reduction followed by -- 

mesylatfon) into compounds 3d with known stereochemistry using Super - Hydride 18 induced SN2 
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Table 3. Regioaelectivity and Stereochemistry of the additions of nitrone(1) 
and (2) with several monosubstituted alkenes at 20°C 

Nitrona alkane isomer ratio 

2 ethyl vinyl athar 15a : lba 92: 6 

I ethyl vinyl ether 19a : nsa 93: 7 - - 

2 

styrene 15b or lbb 100: 0 
etysene iis : 20b 78 : 22 - - 

2 ethyl acrylate (15d + lbd) 
1 methyl acrylate 19d: 20d:Zld: 22d 

: (17d 4 l+) 87 : 13 
: 15 : 10 : 6 - 

1 acrylonitrile (15e + lbe) : (LL,e + &r) 79 : 21 
1 acrylonitrile &-: =:a: _a36 61 :20: 13:b 

The isomer ratios for lSd/lbd (or 16d/15d) and 17dll8d (or lBd/l?d) wete 
58 

~ -- 
: 29 and 7:6, respectively. 

-- 
The isomer ratios for lSe/lbe (or lbc/lSe) -- 

and 17e/18e ( or l>/lA) were 59:20 and 14:7 respectively. 
-- 

-- 

displacement of the mesylate function by hydride Ion at 75’C (sealed tube) was unsucceeeful. Rven 

though the primary meaylate function was cleaved cleanly at C-0 bond, the secondary meeylate was 

cleaved at O-S bond. The acrylonitrile edducte ware also a mixture of four isomers 15e - 18e in -- 

an approximate ratio of 59:20:14:7 as determined by the 111 NMR analyeie of the signals due to 

C(2)H of 2-substituted isomers e, 16e and C(3a)H of 3-substituted isomers D, 18e (see experi- - - 

mental). The unstable nature of the ally1 alcohol adducte 15c.lbc and failure to convert the -- 

corresponding dimesylatee 23 into known compounds 
36 did not allow ue to carry out stereochemical 

analysis. 19 

MS 

b MS 

23 24 

RKPERIMEHTAL 

Liquid alkenee ware distilled and maleic anhydride and dimethyl fumarate were recrystallized before 
use. Nitrone 1 and ketonitrone 2 wete prepared as described in the literature.20 All melting 
points are uncorrected. Elemental analyses were performed on a Carlo-Erba Elemental analyser 
1106. 
(cm-l). 

I. R. Spectra were run on a Perkin EImer 2378 spectrometer and are reported in wave numbers 
70 ev E. I maas spectra were recorded on a Ribermag CC-M system. R-10-10, with quadru- 

pole mass filter and Riber 400 acqulaition system. TLC cards. silica gel, aluminium backed plates 
(Fluka AC. layer thickness 0.2 nun) ware used to monitot the reaction progreee. Reagent grade di- 
chloromethane vaa paseed through active alumina before use. The RMR spectra for the kinetic run8 
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 Hr., and four 
transients were employed in all measuremente. The absolute intensity mde 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 etan- 
dard Varian equipment and was accurate to fo.S°C. 
mical shift of methanol. 

The temperature was calibrated by standard che- 

dard was used. 
Deuterated chloroform (99.95% isotope purity) with RlS a8 internal etan- 

In some kinetic runa 100% isotopically pure deuterochloroform was used to avoid 
interference from residual CHCl proton signal. For analysis of the cycloadducte, the proton NMR 
spectra were recorded on a 3ru d r AC 80 spectrometer, operating at a proton frequency of 80 KRz. 
Cycloaddition reactions were carried out under nitrogen. 

Xinetica of CycZoadditian Reaction: 
before.7 

Kinetic runs were studied by N?fR technique as described 
The cyclic nitrone 1. was prepared fromt.OlgN-hydroxypiperidfne (10 ruaol) and the solu- 

tion of the nitrone _l_ in 50 ml dlchloromethane was kept in the freezer(-20°C). The nitrone eolu- 
tion was stable for weeksinthe freezer without any detectable formation of nitrone dimer. A sult- 
able volume of nitrone solution was transferred to a vial and CR2C12 was completely removed by 
blowing N2 at 0°C and the residue was dissolved in 1 ml CDC13. In an NKR tube, purged with Np, 
was taken a known amount of alkene and was cooled in a aalt ice bath (-15*C). The nittone in CDC13 
was transferred to the RMR tube which was then sealed irmaadiately. The mixture was then mixed 
thoroughly and inserted into the RI% probe which wae kept at constant temperature throughout the 
kinetic meaeure~nte. 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 
concentrationa of nitrone and alkane vae determined from time to time by integration of signals 
due to 2-R of the nitrone and the olefinic protons of the alkene. Kinetic rune for ketonitrone 2 
and alkane (both of which could be weighed accurately ) addition reactions were executed in a - 
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similar way. 
Concentration of nitrone 4 uaa judiciously kept low in certain alow reactions in order to avoid 

nitrone dimer formation. In ca8es where signal6 due to 2-H nitrone and alkene protona overlap, 
the help of other proton signals of the nitrone and cycloadducta 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 auf was reproducible within 3-10X. 

The initial concentrations, written in parenthesis, o f nitrone _1 and alkenes were aa follows: 
nitrone (0.268 M) - methyl crotonate (0.711 M); nitrone (0.727 M) - methyl uethacrylate (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) - ally1 alcohol (1.65 M). Concentrations of the ketonitrone wa kept around 0.500 M 
and that of alkerr? were in the range of 1.00 - 1.50 M. The additions were followed upto 40-90X 
chemical conversion. 

Cycloadducte fran the Addition Reaotion of a- Ketonitrom 2 and Severat AZkenee: In a typical 
addition reaction 1 -1 of 2 was treated with 1 ml of liquid alkene and the reaction was conti- 
nued at room temperature under N2 , until the tic (silica gel/ethyl acetate) experirmant indicates 
the absence of ketonitrone. Removal of the exceaa volatile l lbene in vacua afforded cycloadducta 
in quantitative yield. However, for non volatile alkenee like maleic anhydride, dimethyl fumarate 
and dimcthyl maleate. 1.5 rrnol of the alkene in each caee was treated with 1 rmrol of ketonitrone 
dissolved in minimum quantity of dichloromethane and the reaction wa8 continued until the reaction 
was l lmoet complete aa indicated by tic analysis. Host of the cycloadducta are unstable at room 
temperature. The presence of a-aminoketone moiety. presumably. imparts the instability in such 
cycloadducte. 

Reaction of Ketonitrone 2 with MaZeio Anhydride : The ‘ii epectrum of the crude cycloaddition 
products revealed the presence of two isomers 2, & in a ratio of 70:30. The major isomer was 
obtained as white crystals after crystallization from dfchloromathane - ether. m.p. 105. (dec),m/z 
211 (n+ 3.1%); vmax (RBr) 2990. 2925, 2907. 1867, 1790, 1777, 1727. 1447. 1267, 1227. 1095. 1037, 
and 932 cm-l; (Pound:C.50.89; H.4.19; ~.6.51. CgH17tXl4S requires C.51.19; H.4.30; N,6.63%); 6H 
2.20 -2.90 (3H, m), 3.25 - 4.00 (3A,m). 4.30 (la, a), 4.53 (1H. d, J 7.4Hz) and 4.94 (lH.d,J7.4Er) 
The epectrum of the crude mixture dieplayed a minor doublet at 5.07 (~-7.8 Hz) which collapsed 
into a singlet on irradiation of afgnale around 5 4.0. We vere unable to isolate minor isomer 
8a from mother liquor as it darkened gradually due 
Gamer . 

to extensive decomposition of the minor 

Isomers of trane-DimethyZ hexahydro-4ioca2H-ieoxaaoZo~2,3-alpyridine-2-3-dicarboxyZate (Qa, lOal: 
Addition reaction afforded a crude mixture of adducts. The major isomer was crystallized out from 
dichloromethane - ether , m.p. 109-11O’C; m/z 257 (M+ 10.8%); Anal. Found: C.50.95; H.5.74; N.5.55. 
Cl H15NO6 requires C.51.36; 8.5.88; N.5.45.v&2995, 2930. 1725(br), 1413, 1340. 1190, 1175, 
10 3, 950, 750, 710 cm-l; 6H 1.98-2.70 (3H.m). 3.00-3.95 (4H.m). 3.79 (3H, 8). 3.83 (3H. 8) a 
4.24 (1H. d. J 7.0 Hz). and 4.91 (lH, d.5 6.3 Hz). The 1~ NMH spectrum of the crude mfxture dia- 
played a minor doublet for the C-2H of the minor isomer at 4.80 (d. J 6.0 fir). The ratio of the 
isomers was found to be 63:37 by NMH integration of the C-28 protons. We Yere unable to isolate 
the minor isomer from mother liquor as it darkened gradually. 

MethyZ herahydro-2-methyZ-4-o3co-2H-ieoxaaoZol2,3-alpyridine-3-carbo~&te (9bl : The cyclo- 
adduct , obtained as yellov oil. gradually darkened at room temperature. m/e 213 (M+ 9.4%) vmar 
(neat) 2920, 1730, 1710. 1255. 1199 cm-‘; 6, 1.38 (3H, d. J 6.2 Hz), 1.70 - 2.80 (4H. m),3.05-3.65 
(38. m, including a 18 dd. J 7.1 and 8.8 HE at 3.23). 3.73 (3 H. 8). 4.09 (la, d J 8.8 Hz), and 
4.53 (la, dq. J 6.2 and 7.1 Hz). 

leomere of methyZ hexahydro-4-oxo-2-methyZ-~oxawZo12,3-alpyridine-2-carbory~te 113a, 14al: 
The mixture of cyloadducts waB 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 cm-l; 6H 1.44. 1.52 (3H, major and 
minor s in a ratio of 96:4). 1.71 - 2.64 (5H, m), 2.75 - 3.69 (4H, m), and 3.74 (8, 3H) 

Isomers of Hexahydro - 2 - ethoxy -4-oxo-2H-isoxaeoZol2,3-alpyridine (Isa-16ai : The cycloadd- 
ucts were obtained as a colorless oil. m/z 185 (M+ 69.9%); vmax (neat) 2924, 1710. 1435. 1080. 978. 
880 cm-l; 6H 1.21 (38. t. J 7.0 HZ). 1.60 - 2.75 (5R. 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 6 5.20 (J 3.4 and 5.2 Hz) integrate for one proton in 
a ratio of 92~8. 

ffexahydro-2-phenyl-4-oxo-2X-isoxazolo /2,3alpyridine (15b or 16b): The cycloadduct was obtained 
as colorless needles, m.p. 65-66OC (ether). The product decomposes within day.9 at room tempera- 
ture. However, it is stable inside freezer. m/z 217 (M+ 31.2%); vmax 2915. 1715, 1455. 1323. 
1244, 1108. 775, 710 cm-f; 6 1.85-2.70 (5H. m), 3.00-3.60 (3H. m), 3.95 (1H.t. J 7.0 HZ), 5.25 

(la. dd, .I 5.8 and 9.0 Hz) an! 7.4 (5H. m). 
Isomers of Hexahydro-P-hydroxymethyZ-4-oxo-2H-i8oraaoZoi2,3-alpyridine. 115c, 16~): The cycle- 

adducte were obtained as a light brown oil which gradually darkens further even under N2. mCz 171 
04+37.6X); vmax (neat) 3340. 2910, 1710. 740 cm-l; 5H 1.70 - 2.95 (7H, m). 3.17-3.95 (5H.m) and 
4.20 (1H.m). 

Iecwmre of methyl hexahydro-4-oxo-2H-ieoxaaoZol2,3-alpyridine-2 and -I-ccrboxylate (15d - 18dl: 
The mixture of cycloedducts 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 (Kc 20.9%) v,,(neat) 2924, 1735. 1700. 1435. 768 cm-l; 6H 1.70-3.50 
(klH, m). 3.60-3.85 (4H. m), and 3.90-4.65 (m. 1H). The above is an approximate description of the 
NMft 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 6 3.9-4.3 due to 3-substituted 
minor regiomero. The degenerate dd for 2-substituted major isomers appeared at c 4.50 which shif- 
ted downfield on treatment vith Eu(DPM)3 shift reagent. The major dd (J 5.4 and 9.0 He) shifted 
mOre downfield than the minor dd (J 6.5 and 9.0 Hz). The ratio was found to be 2:l. 

laomsre of Hexahydro-4-ozo-2H-ieoxaaoZo[2,3-a]Pyridine-2 and-3-carbonrtriile (15e-18e): The 
mixture of cycloadducta was obtained as a faint yellow oil which gradually darkens at room tempe- 

rature due to decomposition; m/z 166 (7.5%); vmax (neat) 2920. 2233, 1712. 1450. 1325. 1165, 1115. 
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1020 cm-l; 6R 1.69 - 4.22 (ID, 9E), 4.33 (tvo overlapping doublets , J 6.0 Hz for the mejor,J 7.5Hr 
for the minor, integrating for 3114 of II proton due to the signal for the bridgehead protons of 
the minor isonmr in an approximate ratio of 2:l) , 4,7 (degenerate dd integrating for 11/14 of a 
proton for C-2H of major isoimrs. Treatment with Eu(DPIQ3 shift reapnt shifted the signal dovn- 
field. Minor dd. J 5.6, 9.0 Hz shifted downfield more than major dd, J 4.0. 9.0 Rs. The ratio 
vaa found to be 3:l. Thus the four isomers were present in an approximste ratio of 59:20:14: 7. 
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