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Abstract: A comparative study of the stereochemical behaviour of the 1,3-dipolar 
cycloaddition of a series of 1,Zdisubstituted alkenes with I-pyrroline l-oxide (1) and 
23,4,5-tetrahydropyridine l-oxide (2) has been carried out. Both the r&ones exhibit very 
similar stereochemical properties. Rate constants for the cycloaddition of these niuones to 
several disubstituted alkenes have been determined at 36oC by 1H n.m.r. spectroscopy. It 
is found that the nitrone 1 reacts slower than 2 due to the presence of bond eclipsing strain 
in the transition state involving 1. 

INTRODUCTION 

The 1,3dipolar cycloaddition of both cyclic and acyclic niuones with substituted alkenes shows varying degmes of 

regio- and stereo-selection depending on the electronic and steric effects of the substituents.1~2 With normal and 

electron-rich mono- and 1,1-disubstimted alkenes the cycloadditions result in the regiospecific formation of 

cycloadducts having the substituted end of the alkenes attached to the oxygen terminal of the nitrone functionality. 

However, with electron-deficient alkenes, usually a regioisomeric mixture of adducts are obtained, and in some 

cases complete reversal in the regioselection is observed. 2-4 While cyclic and acyclic nitrones show remarkably 

similar regiochemical behavior, the cycloadditions of the former2 are found to be more stereoselective than the 

latters. While the frontier orbital treatment is remarkably successful in explaining the regioselectivity and reactivity 

phenomena,lad the secondary orbital interactions and steric factors usually dictate tbe stereochemical outcome of 

the cycloadditions. 

The synthetic applications of the addition of cyclic nitrones have culminated in the synthesis of several natural 

products.7 The regio- and stereo-chemical integrity of these additions hold the key to the efftciency of certain total 

synthesis. Although the regiochemical aspects of nitrone cycloadditions are relatively easy to explore, the 

progress in the study of stereochemical details has been hampered in most cases because of the difficulties 

associated with unambiguous assignment of adduct configurations. Here, we report in detail, the stereochemical 

features associated with the addition reactions of cyclic nitrones I-pyroline l-oxide (1) onto several 1,2- 

disubstituted alkenes and compared the results with that of the additions of 2,3,4.5-tetrahydropyridine l-oxide2 

(2). We also undertook a systematic kinetic study of the addition of the nitrone. 1. onto several disubstituted 

alkenes using the proton n.m.r. technique which offers a convenient method for following these reactions. 

RESULTS AND DISCUSSION 

The results obtained for the cycloadditions of the cyclic nitrones with several 1,2disubstituted alkenes are given in 

Table 1. The reactions were run under conditions that would reflect kinetic rather than thermodynamic factors. 
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The addition of the nitmne 1 onto tram-methyl cinnamate (3a) afforded a nonseparable mixture of adducts 4a and 

Sa in a 928 ratio as determined by integration of C-2 protons at 8 5.31 (d, J 9.0 Hz) and 5.12 (d, J 8.8 Hz). 

Based on precedent literature, the stereochemistry of the major adduct is depicted in 4a having endo oriented 

carbomethoxy group which is known to manifest favourable secondary orbital interaction.8 Addition of the niuone 

1 with methyl crotonate (3b) gave a mixture of adducts 4b and 5b in a 93:7 ratio respectively. Favourable 

secondary orbital interaction again dictated the formation of the major adduct 4b via transition state with endo 

orientation of the carbomethoxy groupP 

=, R1=Ph, R*= U12CH+ b, RI=CH,, R*=CO&H, 

=, R1= oI#ii, R* = 012cHs; d, R1 = R* = a&$ 

e, R1 = R* = Clj;pH; f, R1 = R* = CH#SO$H3 

9, RI = R* = (-J . 

i, RI= (J, Rk (-J$j; 

h, R1 = R* = CHjlCGCH3 

.j, RI= Cl&, R* = Cnpp, 

Cycloadducts were obtained in excellent yields in the additions of the nitrone 1 and 2 with methyl ‘y- 

hydroxycrotonate (3c). While the addition reaction of methyl cmtonate with nitrone 2 afforded 6b and 7b in a 

90: 10 ratio, methyl y-hydroxycmtonate gave a separable mixture of adducts 6c and 7c in a 77:23 ratio. Similar 

trend is observed in the addition reaction of the nitrone 1. It was anticipated that methyl y-hydroxycrotonate 

having larger hydmxymethyl substituent should exhibit higher degree of stereoselection than methyl crotonate. It 
is interesting to note that the CH2OH group in the alkane 3e, shows a higher preference to be in the endo 

orientation than the CH3 group in methyl crotonate (3b). This higher preference for the endo approach could 

presumably be attributed to the stabilizing interaction between the nitrogen atom of the nitrone-LUMO with the 

oxygen lone pair. Our earlier works 2.10 on &one cycloadditions with methyl ally1 alcohol and several of its 

derivatives led us to believe that hydrogen bonding alone may not be able to account for this extra stabilization of 

the transition state.Tbe configurations of 6c and 7c were assured by their conversion into known diols2 6e and 

7e, respectively. The stereochemical relationship between 4b and 4c was confirmed by their conversion to 4g as 

described below. 
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TABLE 1: Stereochemistry of Cycloadditions of Nitrones 1 and 2 with 
Disubstituted Al kenes. 

Alkene Nitrone Reaction 
{'!p time(h) 

Solvent % Composition Isolated 
of Adducts Yield(%) 

80 
55 

4 
2 

Benzene 
T__..___ 
IUlUene 

40 
40 

2 
1 

CH2cl 2 
CH2C1 2 

25 36 
25 24 

CH2c1 2 
CH2C1 2 

40 
25 

1 
2 

4 
2 

0.03 
0.1 

CH2c1 2 
CH2C12 

50 
25 

25 
25 

CH2c12 
CH2C12 
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(4a)92 @iB, 73 ,c_,n_) \oajor \Irl,IJ 79 - 

(a)93 (5b)7 72 
(6b)90 (7b)lO 94 - 

(@)85 (x)15 
(&)77 (7c)23 :; 

(4d)45 (5d)55 79 
(6d)60 (n)40 89 - - 

(9a)B3 (lOa) 88 
(=)84 (E)16 93 

(%)67 (lob)33 ‘9’ 
(=)81 (l2b)19 

The nonseparable mixture of 4e, SC was reduced with lithium aluminium hydride to diols 4e, Se which were then 

methanesulfonylated to give a nonseparable mixture of 4f and 5f. The dimethanesulfonates 4f and 5f was then 

converted into a nonseparable mixture of 4g and Sg by Super-Hydride induced S1q2 displacement of the 

methylsulfonate function by hydride ion. 11 The approximate ratio of 4g and Sg, hence that of the original 

adducts 4c and 5c, was determined by integration of methyl protons at C-3 of 4g and 5g which appeared at 6 

1.00 (d, J 7.0 Hz) and 1.08 (d. J 6.6 Hz) respectively. The 1H n.m.r. spectrum of the nonseparable acetylated 

mixture of 4h and Sh also supported the ratio as obtained above (see experimental). In a similar fashion methyl 

crotonate adduct mixture 4b and Sb was converted into 4g and 5g via the methanesulfonates 4j and Sj. The 

methyl protons at C-2 and C-3 of 4g appeared at 6 1.20 (d, J 6.0 Hz) and 1.00 (d. J 7.0 Hz), respectively. 

However, the proton n.m.r. spectrum did not reveal the small percentage of the compound 5g. 

The addition of nitrone 1 onto dimethyl fumarate afforded a separable mixture of 4d and 5d in a ratio of 45:55. 

respectively. The stereochemistry of the major adduct as depicted in 5d was assured by its conversion to 5g via 

Se and Sf as described previously. The methyl protons at C-2 and C-3 of 5g appeared at 6 1.20 (d, J 6.2 Hz) 

and 1.08 (d, J 6.6 Hz) respectively. 

The reaction of the nitrone 1 with dimethyl maleate @a) afforded a nonseparable mixture of adducts 9a and 1Oa. 
Th,lU,,, c...a,,.+..mm nvh:h;+nrl n rnn:~e A,...kLr n+ I: A PL ,T 7 C U-s\ -..A n ..A--- A-..l.La I+ I: A 7fi IT -I A U-1 I mu -II Il.L.1.l. UpGYULl. ~ALLI”Im.u a Imz,“’ U”U”I~L LLL ” 7.“” (3 I ..I “L., al&U a L‘ll,,“l U”l,l”I~L a ” 9. I” \, , .” ru, 

in a ratio of 83:17. respectively. The major adduct 9a would originate from sterically favoured exo-transition 

state. The assignment of the stereochemistry was based on the information obtained from the addition reaction of 

maleic anhydride, which afforded a mixture of adducts 9b and lob. The 1H n.m.r. spectrum displayed the 
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presence of a pair of doublets at 6 5.15 (J 7.2 Hz) and 3.99 (J 7.2 Hz) assigned respectively, to the C-2 and C-3 

protons of the major adduct 9b. 

l + 
2 

8 n= 1 9 18 

n= 2 ll 12 

a, R=C02CH3; b R , R = K0,20 

Inspection of molecular models revealed the protons at C-3 and C-3a form a dihedral angle of ca. 900 in adduct 

9b. This is indeed demonstrated in the n.m.r. spectrum which shows the C-3 proton as doublet instead of a triplet 

or a doublet of doublets as expected. The near xero coupling constant for J3,3a thus confirms the stereochemistry 

of the major adduct 9b. Irradiation of the doublet at 6 5.15 caused the doublet at 6 3.99 to collapse into a singlet 

thus assuring the correct assignment of the C-3 proton. A minor doublet (J 8.0 Hz) at 6 5.04 indicated the 

presence of the minor isomer lob (70~30 ratio). The ratio of the maleic anhydride adduct 9b, lob was also 

determined by their conversion to 9a, 1Oa by treatment with methanolic-HCl(5:3 w/w) and was found to be 67:33 

respectively. Thus in contrast to many Diels-Alder reactions, the sterlc factor prevails over the favourable 

secondary orbital interaction in the addition reaction of maleic anhydride with cyclic nittones. 

Measurement of rate constants for the addition of the n&one 1 onto several disubstituted alkenes was achieved 

using 1H n.m.r. technique.12a Kinetic results obtained for the cycloaddition in CDC13 are shown in Table 2. 

For the purpose of comparison the corresponding results mported for some other cyclic %b and acyclic &ones 

are also included in tbe Table 2. 12c The 1~ n.m.r. signals of C(2) H of the nitrone 1 and olefinic protons of 

alkenes and in some cases C(2) H of cycloadducts were free of overlapping signals. Thus the ratio of 

concentration of the n&one and alkene was determined and second order rate constants were obtained bv linear .__ ________~____ _.~~_ L___--_ m* ~~~ ~~~ 
regression analysis. 

Nitrone cycloaddition is a type II process 13, where both HOMO-LUMO interactions contribute to the stabilization 

of the transition state. As can be seen from Table 2, the nitmne 1 reacts faster with dimethyl fumarate than with the 

other alkenes. This is because of the extra stablixation of the transition state by the decreased HOMO (nitrone)- 

LUMO(alkene) energy gapla. However, frontier orbital interaction relates to an early point on the reaction 

coordinate and accounts for a fraction of activation energy. Some strain (or its reiief) present in the reactants and 

products must be considered to envisage a better model of the transition state. The five membered n&one 1 reacts 

slower than the six membered nitrone 2. This could be attributed to greater eclipsing strain (peculiar to 

cyclopentane system) introduced in the transition state (for the addition of the nitrone 1) where the hybridization is 

about to change from sp2 to sp3. It is also evident from the Table 2 that cyclic nitmnes, which can exist only in E- 
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form (became of stmcmral constraints), react much faster than their acyclic coun&tparts which exist in more stable 

Z-configuration.14 It is of interest to note that 1,2disubstituted alkenes react with the nitrone 2 about 12 to 19 

times faster than with the nitrone 1 wliekas the rate ratio is a ppmximately 5 for mono- and l.ldisubstituted 

alkenes. This probably demonstrates that substituent in the alkene approaching the C-temxinus of the drone 

functionality experiences more steric hindrance in 1 than in the case of the nimne 2. However, this effect is less 

pronounced when the substitutent approaches the O-terminus of the niuones. 

Table 2: Rate constants (k2) for the cycloaddition reactions at 

36OC in deuterochloroform. 

k2 x lo5 1 mol-ls-l 

Alkene 1 2 
k2(2) 
k2W 

Dimethyl fumarate 178 3370 72.5"" 18.9 

Dimethyl maleate 13.8 209 24.7b'C 15.1 

Methyl crotonate 1.85 22.6 55.4b'C 12.2 

Methyl methacrylate 23.4 105 4.49 

Methyl acrylated 62.0 340 5.48 

aR=CH3, 85'C, Toluene; bR=Ph, 100°C, Toluene; 'Ref.l2(c); dRef.12(a) 

Since the n&one 1 is less reactive than the nitrone 2 we decided to examine their relative rate of formation from 

the corresponding N-hydroxy compounds. Eclipsing strain present in the starting N-hydroxypyrmliine is greater 
*La.. l k.. nrm.ln.. I+.&” :.4.“.,&.n,Wl;.. ..;+..,.*n 1 Annr..am+,x,lth.mn;+mmr 1 ;nti.-rl atnFartrr~t~~hlr.nth-n;+mnr "Las. u.~alr(;u,al JY(UI,U,U~U~U,IIIU"LI~ L. ~urnyrr-ul" nLIU"nIw a ,Y L"nn~-LILmallWUl aa,1 blnanx "11.I.U"IW 

2, due to lower energy of activation for the former process. When a CDC13 solution (1.5 mL) containing N- 

hydroxypyrrolidine (1 .O mmol) and N-hydtoxypiperidine (1 .O mmol) was treated with yellow mercuric oxide (1 .O 

mmol), 0.27 mmol of the nitrone 1 and 0.13 mm01 of the nitrone 2 were formed. 1H n.m.r. also revealed the 

presence of unreacted N-hydroxypyrrolidine (0.69 mmol) and N-hydroxypiperidine (0.90 mmol). The ratio of 

nitrones 1 and 2 was thus found to be 2: 1, respectively. 

Alkaloids containing pyrrolidine and piperidine rings are widespread in nature. Stereochemical analysis and the 

kinetic results presented here would indeed be useful for the proper utilization of these high yielding reactions in 

incorporating and elaborating pyrrolidine and piperidine rings. 

EXPERIMENTAL 
Elemental analysis were preformed on a Carlo-Brba elemental analyser 1106. 1.r. spectra were recorded on a 
Nicolet 5 DBX PI IR and are reported in wave numbers (cm -1 ). 1~ n.m.r. spectra were recorded on a Bruker 
AC-SO and Varian XL200 n.m.r. spectrometers using deutemchloroform as solvent andTMS as internal 
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standard. Silica gel chromatographic separations were performed with flash silica gel(Baker Chemical Co.). All 
solvents were reagent grade. All the liquids alkenes, N-hydroxypyrrolidme, N-hydroxypiperidiie were distilled 
and maleic anhydride and dimethyl fbmarate were recrystallized prior to use. Cycloadditions were condu 
under a positive pressure of nitrogen. The nitrone 1 and 2 were prepared according to reported cf$: rocedures, 
Kinetic runs were studied at 36 f O.S”C in CDCI, by ‘H n.mr. technique as described before. l%,b The ratio 
of the concentrations of the &one and allcene was determined from time to time by integration of signals due 
to 2-H of the nitrone and the oleflnic protons. The second order rate constant was determined by linear 
regression analysis of the data and was reproducible, within S-10%. In one set of experiments, the initial 
concentrations of the nitrone I-diiethyl fumarate, nitrone I-demethyl maleate, nitrone l-methyl crotonate, 
nitrone-l-methyl methacrylate were kept between 0.268-0.416 M, 0.482-1.45 M, 0.495-1.49 M, and 0.350-1.11 
M, respectively. The additions were followd up to 40-80% chemical conversion. 

Reuction of the Nitrone I with Methyl Cinnumate (3~). A solution containing the nitrone 1 (4.0 mmol) and 
methyl cinnamate (7.0 mmol) in benzene (10 ml) was reflexed under N2 for 4 h. The ‘H n.m.r. spectrum of the 
crude reaction mixture revealed the presence of 4a and Sa in a 92:8 ratio, respectively, as determined by the 
integration of their C-2 protons at 8 5.31 and 5.12 (d, J 8.8 Hz). The adduct mixture was purified by 
chromatography, using ether as an eluant to give a mixture of 4a and 5a and finally pure adduct 4a, (721 mg, 
73%) as a colourless oil; (Found: C, 67.69; H, 6.73; N, 5.81. C,,Hi,NOr requires C, 67.99; H, 6.93; N, 5.67%); 

v_. (neat) 3049, 2961, 2882, 1737, 1492, 1453, 1434, 1347, 1245, 1196, 1173, 1002, 759, and 700 cm“ ; 6, 
1.50-2.25 (4 H, m), 3.13-3.46 (2 H, m), 3.70 (3H, s) and an overlapping (lH, m), 3.90-4.27 (1 H, m), 5.31 (1 H, 
d, J 9.0 Hz), and 7.18-7.58 (5 H, m). 

Reaction of the Nitrone 1 with Methyl Crotonate and Conversion of Cycloadducts 46, 56 into 4i, Si. A 
dichloromethane solution (9 ml) containing the nitrone 1 (3.0 mmol) and methyl crotonate (2.0 ml) was refluxed 
under N2 for 2 h. After removal of solvent and excess alkene a minor portion of the yellowish residue was 
chromatographed using ether as eluant to give 4b, Sb, as a colourless oil (72%); v_, (neat) 2979, 2936, 2893, 

1736, 1438 and 1202 cm” ; 6, 1.32 (3 H d J 6.0 Hz), 1.46-2.12 (4 H, m), 3.04-3.35 (3 H, m), 3.72 (3 H, s), 3.98 (1 
H, m) and 4.18-4.53 (1 H, dq, J 6.0, 9.5 Hz). The presence of a minor singlet at 8 3.78 due to CO&H, indicates 
the presence of the minor isomer Sb. Integration revealed the presence of cycloadducts in 93:7 ratio. 
The major portion of the crude cycloaddition products 4b, 5b was reduced with lithium aluminium hydride to 
give 4i, 51 as a yellow liquid which was purified by chromatography using 10% methanol in ether as eluant to 
give 41 and 51 as a colourless liquid (66% overall); v,,,=. (neat) 3460-3200, 2973, 2930, 2874, 1449, 1384, 1077, 

1053, and 1026 cm-’ S, (200 MHz) 1.28 (3 H, d, J 6.0 Hz), 1.50-2.15 (4 H, m), 2.59 (1 H, quint, J 8.0 Hz), 3.21 
(2 H, m), and 3.55-4.00 (4 H, m), and 4.88 (1 H, bs). Methanesulfonylation ( CH,SO,CI, Pyridine, 0°C 24 h) 
of the alcohol 41, 51 afforded 41, 5j (85%); (Found : C, 46.24; H, 7.17; N, 5.83. C,H,,NO,S requires C, 45.94; H, 
7.28; N, 5.95%); 8, (200 MHz) 1.30 (3 H, d, J 6.0 Hz), 1.40-2.10 (4 H, m), 2.30 (1 H, m), 2.80-3.50 (2 1-I. m), 
3.05 (3 H, s), and 3.60-4.85 (4 H, m). The methanesulfonates were converted to 4g by treatment with Super- 
Hydride as described later. ‘H n.m.r could not detect the presence of minor isomer 5g. 

Reaction of the Nitrone I with Methyl y- Hydroxycrotonate and Conversion of Adducts 4c, SC into 48, Sg.- A 
solution of the nitrone 1 (6 mmol) and methyl y- hydroxycrotonate” (348 mg, 3 mmol) in dichloromethane (2 
ml) was stirred at room temperature for 36 h. After removal of the solvent the yellow residue was 
chromatographed using 5% methanol in ether to give the nonseparable mixture of adducts 4c, Sc (570 mg, 
95%). The analvtical data of this mixture of adducts is already reported in the literaturelSb. ‘H spectrum 
failed to determine the adduct ratio. 
The mixture of adducts 4c, SC on acetylation (acetic anhydride, rt, 1 h) afforded a mixture of adducts 4h, 5h. 
We again failed to separate the isomers. However, the ‘H n.m.r. spectrum revealed the presence of major and 
minor isomers in a ratio of 85:1.5 (6, (200 MHz) 3.96-4.65 (4 H, m), 3.76 (3 H, s), 2.94-3.64 (3 H, m), 1.45-2.24 
(7 H, m including a 3 H,S at 2.11) and minor methyl singlets appeared at 83.82 and 2.06. The acetylated 
compounds are not analyzed further. 
The mixture of adducts 4c, Sc (390 mg, 1.94 mmol) was reduced with lithium aluminium hydride to give the 
diols 4e, Se as colourless liquid (300 mg, 89%); v,,,~, 3300 (br), 2908, 2847, 1449, 1388, 1096, 1046 and 918 cm-’ ; 
S,, (200 MHz) 2.80-4.10 (10 H, m), 1.46-2.30 (5 H, m). 
The crude mixture of diols, 4e, Se was then dimethanesulfonylated (CH,SO,CI, pyridine, 0°C ) to give a mixture 
of 4f, 5f (6, 1.30-2.25 (5 H, m), 2.90-3.85 (3 H, m), 3.08 (3 H, s), 3.13 (3 H, s), and 4.00-4.75 (5 H, m)), which 
on treatment with Super-Hydride afforded 4g, Sg as an oil; 6,, (200 MHz) 1.00 (3 H, d, J 7.0 Hz), 1.20 (3 H, d, J 
6.0 Hz), 1.48-2.08 (4 t-l, m), 2.30 (I H, m), 2.92-3.42 (2 I-I, m), 3.48-3.84 (2 H, m), and a minor doublet at 6 1.08 
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In another trial maleic anhydride (196 mg, 2.0 mmol) was added to a solution of the nitrone 1 (1.5 mmol) 
in dichloromethane (1 ml). The reaction mixture was stirred at room teperature under N2 for 2 min. Alter 
removal of the solvent, 5 ml of a mixture of MeOH-HCl(5:3 w/w) at 0°C was added to the residue and stirred 
at room temperature for 2 h. The mixture was taken up in saturated K,CO, solution (10 ml) and extracted with 
CH,CI, (3x15 ml). The organic layer was dried (MgSO4) and rotovaped to give a light yellow liquid, the ‘H 
n.m.r. spectrum of which revealed the presence of isomers 9a and 1Oa in a 67:33 ratio, respectively. The crude 
adducts were purified by chromatography using CH,Cl, ether mixture as an eluant to give 9a and 10a as a 
colourless liquid (254 mg, 74%). The maleic anhydride adducts 9b, lob were thus also formed in 6233 ratio. 
The acidic medium (CH,OH - HCI) does not change the stereochemistry of the epimerizable centers C(2) and 
C(3). Thus adducts 4d, Sd and dimethyl maleate adduct 9a, 108 on treatment with CH,OH:HCl (3O:lli w/w) for 
2 h remained unchanged. 
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