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Abstract: The reactions of l,l-diphenyl-3-carbomethoxy-2-aza-1,3-butadiene 
derivatives la-e (on C4 : H,H or H&H3 or H,CgHS, both E and Z isomers), and of the C4 
unsubstituted 1 -phenyl-1 -ethoxy analogue 2, were studied with a number of electron-rich 
and electron-poor dienophiles, with results showing that la-e give heterocycloadducts in 
Diels-Alder reactions with electron-poor dienophiles. Michael adducts were obtained from 
the EtAlC12 catalyzed reactions of these compounds with dimethyl acetylendicarboxylate. 
Compound 2 gave heterocyclic adducts as well but behaved like a nucleophile. at least in 
the case of the reactions with dimethyl acetylendicarboxylate and ethyl propynoate: these 
reactions afforded 2-axatrienes as Michael adducts that gave pyridine derivatives upon 
heating. The synthesis of the new l-ethoxy-2-axa-1,3-butadiene 2 is also reported. 

INTRODUCTION 

The activation energies of the Diels-Alder reactions of 2-axa-l $butadiene (2-AD) with several dienophiles 

have been recently calculated by computational methods and for the reaction with ethylene the values were 

similartf to those found in the case of 1,3-butadiene; these values were lowered by electron-withdrawing groups 

(e.g. cyano) bonded’to the dienophilic reagents. 1 Experimentally, Cohen and co-workers3 were the first to 

describe the use of I-dimethylamino-2-axa-1,3-butadiene in the synthesis of pyridine derivatives by means of 

Diels-Alder reactions; thereafter, both acyclic and cyclic Zaxadienes have been studied to some extent as 

enophiles.b-dThese experimental and theoretical studies encourage the use of 2-AD in normal electronic demand 

hetero Diels-Alder reactions with both electrophilic and neutral dienophiles. 

To date, the reactions of electron-poor 2-AD in inverse electronic demand Diels-Alder have been studied to a 

lesser extent: the few qorts on this topic have dealt with compounds bearing one or more electron-withdrawing 

carbalkoxy substituents. These. compounds are often unstable.5 and either were prepared and trapped in situ with 

the enophiles6 or were reacted intramolecularly? I-Phenyl-3&dicarbomethoxy-2-axadiene is an exception as it 
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was isolated from a multigram preparation and treated with the electron-rich dienophile l-pyrrolidino-l- 

cyclohexene to give a Diels-Alder cycloadduct.8 Furthermore, stable poly-carbalkoxy (or cyano) substituted 2- 

AD, formally derived from 2,3-dehydroaminoacid esters, have recently been reported to give cycloadducts in 

good yields with trans-cyc1ooctene.e 

The dehydroamino acid derivative I-phenyl-3-carbomethoxy-2-aza-l$butadiene quickly cyciodimerizes at room 

temperature,5 whereas the l,l-diphenyl- 1 and the I-phenyl-1-ethoxy-analogues have good thermal 

stability.lwb-It Thus we studied the reactions of compounds la-e and 2 with dienophiles within a research 

program on the synthesis,r@b structural determination,l2 reactivityIt. and synthetic applicationst~~b.e of 

amino acids related to 2-AD, giving special attention to the synthesis of new six-membered azahetemcycles.thb 

a: R=H 

b: R=CH3 (E) 
c: R=CH3 (Z) 

d: R=t&HS (E) 
e: R=C&Hg (Z) 

R 

GH, m2Hs 

C&= 
A 

N_( CHW 

C6H5 C6HS 

la-e 2 

Scheme 1 

RESULTS 

Reactions of 1,l diphenyl-2-AD derivatives 1 a-e. 

Compounds la-e undergo the reactions described in Scheme 2 and Table 1 with some of the most potent 

electron-poor dienophiles, such as dimethyl acetylenedicarboxylate (DMAD), tetracyanoethylene (TCE), 4 

phenyl- I ,2,4-triazolin-3,5dione (4PTAD). No reactions were observed with other electron-poor dienophiles, 

such as methyl ptopynoate, methyl acrylate and acrylic aldehyde, or with electron-rich dienophiles such as ethyl 

vinyl ether. 

All of these. reactions were attempted under a range of experimental conditions, changing temperatures and 

solvents. The yields listed in Table 1 were the best obtained and refer to isolated products. lH-NMR, MS and IR 

data for these new compounds are reported in Table 5. Botb DMAD (0.02Mol; la-e , O.OlMol; Toluene; reflux; 

S72hr) and tetracyanoethylene (O.MMol; Ia+ O.OIMol; CHCl3; reflux; 3-4Ohr), gave cycloadditions only with 

la,b,c in moderate to low yields; the Diels-Alder cycloadditions were followed by a prototropic rearrangement 

or, in the case of compound 4, by the elimination of hydrogen cyanide, probably during the isolation step. 

Good yields were found for the reactions of la,b.e (O.OlMol; 4PTAD 0.02Mol; CHC13 an.; r.t.; 1Shr) with 4 

F’TAD, a potent dienophile used as a protective group for dienes, and under these conditions even the sterically 

congested cycloadduct 6e was satisfactorily obtained. Compounds 1c.d were not submitted to this reaction. 

The reactions of 1 with I-pyrrolidino-1-cyclohexene, a dienophile used successfully by others in Diels-Alder 

with similar ZAD,e.* were attempted (CeH5CH3; reflux.) under anhydrous conditions. No reaction was 

observed. Thus, the inability of compounds 1 to cycloadd to electron-rich dienophiles was contirmed. 
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La,b,e 

a: R=H 
b: R=CH3 
e: R=C& 

Scheme 2 

5 

2-aza-1,3- R dienophile product reaction Yield ’ m.p.“C 

butadienes time (hr) (%) 

1 

a H 3a 8 41 214215a 

b CH3W DMAD 3b 48 10 145a 

C CH3W DMAD 3b 48 23 145a 

a H TCE 4 3 69 14S(dec)b 

b CH3W TCE 5 3 48 qdec)b 

C CH3(Z) TCE 5 3 36 133(dec)b 

a H 4PTAD 6a 1.5 90 1866 

b CH3(E) 4Pf’AD 6b 1s 88 212-213 

e (&HZ@) 4P’fAD 6e 1.5 67 l&3-184c 

Crystallization from 8: toluene; b: Et20-light petroleum; c: Cif$@exane. 

Table 1. Reactions of la-e with Dienophiles. 

In the presence of water, a diasteroisomeric mixture of Michael adduct 7 was recove& in good yield from the 

reaction of la and 1-pyrrolidin~l-cyclohexene (Scheme 3). Under the same conditions, lb-e did not react. 
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Scheme 3 

Many unsuccessful attempts were made to improve the yields of the cycloadditions of 2-AD lbe with DMAD 

and to react la-e with dienophiles correlated to DMAD, e.g. methyl propynoate and maleic anhydride. In the 

course of these experiments, the Lewis acid EtAlCl2 was employed as catalyst: with a mechanism which remains 

to be clarified, &-additions of the dehydroamino acid moieties to the triple bond of DMAD took place ptoducing 

enamines 8b-e (Scheme 4 and Table 2). The stereochemistry of the double bond of the starting azadiene 1 was 

retained. Stoichiometric amounts of benzophenone were isolated by chromatography during the working-up of all 

these reactions. Under the same reaction conditions, compound la dimerized as described previously.t* 

lb-e + 

COOCH~ 

I 

bC’JOC.2 I 

EtAlCI, / dry CHzCI, 3 ,C=CH*R 

w H NH 
r.t., 16hr. (45-5396) ‘c=c’ 

COOCq H&WC’5 4 ‘COOCH, 

8b 

(FE) 

8c 

lZ,4E) 

8d 

(E.E) 

8e 

1 Z,4E: 

R Yield 

l,Sb-e (%) 

CHdE) 45 

CH3(Z) 50 

C&WE) 48 

C&5(Z) 53 

n.p.V IR 

cm-l 

oil 3270, 1740, 

lnob 

oil 3270, 1740, 

1720,166@ 

8b-e 

Scheme 4 

MS lH-NMR (CDCI~) 

IdZ 

257, 2.01 (d, 3H, CH3), 3.67 (s, 3H, OCH3), 3.73 

138 (s, 6H, OCH3), 5.33 (s, lH, H5), 5.83 (q, lH, 

HI), 9.33 (br s, lH, NH). 

257, 1.83 (d, 3H, CH3), 3.70 (s, 9H. OCH3), 5.46 

138 (s, IH, H5), 6.42 (q, lH, Hl), 9.31 (br s, lH, 

NH). 

319, 3.64 (s, 3H, OCH3), 3.76 (s, 6H, OCH3), 5.52 

260 (s. lH, H5), 6.56 (s, lH, Hl), 7.24-7.32 (m, 

5HArom). 9.61 (br s, lH, NH). 

319, 3.72 (s, 3H, OCH3), 3.76 (s, 3H, OCH3). 3.80 

260 (s, 3H, OCH3), 5.60 (s, lH, H5), 7.11 (s, lH, 

Hl), 7.26 (m, 3HArom). 7.60 (d, ZHArom), 

9.64 (br s, lH, NH). 

110 3280, 1725, 

1665,161F 

105 3250,173o 

1660,161W 

aCrystallization from CH$Iz-hexane. b film. c CHC13. d nujol. 

Table 2. Yields, Physiochemical and Spectroscopic Data of Compounds 8b-e 
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Reactions of l-phenyl-Z-ethoxy-3-carboxymethyl-2aza-Z,3-diene. 

Following an approach with precedents in the literature on pyridine synthesis via axadienes,l~the l-phenyl- 

I-ethoxy- ZAD derivative 2 was prepared with the aim of obtaining 2-phenylpyridine derivatives by means of 

electrocyclic additions followed by a thermodynamically favoured elimination of ethanol. 

Compound 2 was prepared as described in Scheme 5 and in the Experimental Section. 

NH 

CCJCCY Cd% + A dry CH,CI, 

L 

HNH, - 

H2C1 
r.t., 24hr 

DBU I dry CHC!, 
D 

1 Shr 

Scheme 5 

From 2 and 4FTAD in CHCl3 the cycloadduct 9 was isolated in 90% yield. In the reaction of 2 with TCE, the 

formation of cycloadduct 10 was suggested by IR and NMR data taken on the crude reaction mixture. When 

chromatographic purification was attempted, however, a mixture containing 10 and the tricyano substituted 1,2- 

dihydropyridine 11 (by loss of HCN) was obtained. Pure 11 was isolated in 80% overall yield by refluxing the 

crude Diels-Alder product 10 in CHC13 with silica gel as a catalyst (Scheme 6. Tables 3 and 5 of Exp. Sect.). 

TCE 

dry CHCI, r Siq I CHCI, 

reflux, 24hr 

Scheme 6 
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Reaction of 2 with two equivalents of DMAD in CHCl3 for 72hr gave a mixture of three products: the desired 

2-phenyl-3,4@ricarbomethoxypyridine 12 in 20% yield, the 1-phenyl-I-ethoxy-3,4,5-tricarbomethoxy-2-axa- 

1,3,5triene 13 (u)%)l’, and a compound 14 of undetermined structure, the MS and NMR of which suggest a 

derivation from the addition of one molecule of2 and two molecules of DMAD. The reaction wasqeated in dry 

toluene obtaining 12 (20%) and an equal weight of 14. 

The 2-phenyl4,5,6-bicarbomethoxypyridine 15 formed in 58% yield when 13 (neat) was heated at IWC for 

20hr (Scheme 7). 

2 + 

COC=!+ 

4’ 

12 13 

15 

Scheme 7 

[ 23-DMAIj 

14 

The reaction of 2 with ethyl propynoate (Scheme 8) yielded the 2-phenyl-3-carbethoxy-6- 

carbomethoxypyrydine 16 (20%) and unexpectedly the 2-azatriene 17. The latter was then heated without 

solvent at 160°C obtaining 2-phenyl-3-carbomethoxy-6-carbethoxypyrydine 18 in 40% yield. 
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16 17 

a: 3,4 (Z), 56 (E); 
b: 3,4 (Z), 5.6 (Z) a/b=1 

CWH, 

Scheme 8 

pldWt 

9 

10 

11 

12 

13 

14 

16 

17 

dienophile 

4PTDA 

TCE 

TCE 

ethyl propynoate 

ethyl pmpynoate 

solvent 

CHC13 

CHCl3 

CHCl3 

CHCl3 

CHCl3 

CHCl3 

tohene 

tohene 

reaction 

time (hr) 

0.25 

0.5 

OS+24 

72 

72 

72 

72 

72 

Yield 

(a) 

90 
_d 

8oe 

20 

20 

15 

20 

25 

m.p.“C 

11 W(dec)a 

_d 

w-2b 

?%fF 

oil 

169 

119 

oil 

Crystallization from a: CH2Cl2; b: l&Might petroleum; c: EQO-hexane; 
d: undeterminated, e: overall yield from 2 (see Scheme 6) 

Table 3. Reactions of 2 with Dienophiles: Conditions, Yields and Physiochemical Data 
of Compounds 9-17. 



12382 C. BAL~AM~VI et al. 

Structurul determinations 

The structures of all the new compounds were deduced fmm suitable NMR, MS and IR experiments. 

The IR data support the lH-NMR results determining the presence of NH in compounds 3a,b. 5, Sb-e and 10 

(weak absorbances in the range 3400-3250 cm-l). 

In many cases the structural assignments were established by the concerted use of DEFT, 2D COSY and 

CHCORR NMR experiments. 

13C-NMR provided substantial information on compound 4, since only three signals were observed in the 

typical resonance fields (1 lo- 115ppm) of the cyan0 groups. The loss of one molecule of HCN following 

cycloaddition is further supported by the absence of NH assorbance in both lH-NMR and IR spectra and by the 

presence of the molecular ion m/z 366 in the MS. 

The presence of resonances far downfield in the 13C spectrum (about 212ppm) and the redoubling of all signals 

(except for OCH3 peak) indicates that compound 7 is a cyclohexanone derivative with two chiral centers 

(diastemoisomeric mixture 3:2). 

The electron impact (El) mass spectrum of this compound exhibited a weak (-1%) molecular ion signal at 

mass to charge ratio m/z 363. On the other hand, chemical ionization (CI) in isobutane showed the protonated 

molecule, m/z 364 as the base peak. Furthermore, the mass selected collision induced dissociation of this ion 

indicated lMH+-H201 as the first loss process. The measured exact mass of the same ion was found to be 

364.18992 * 0.6 Da, which is in good agreement with the calculated value of 364.19050 indicating the elemental 

composition [C2lH24N4@]. 

With regard to enamines 8b-e, the investigation of the stereochemistry of the 45 double bond is substantially 

correlated to the determination of the dehydroamino acids geometry, which is not a trivial matter as the sensitivity 

of spectroscopic pictures to environmental factors recommends the combined use of different techniques. Our 

case was somewhat complicated, because we had on hand only one of the isomers at C4C5 of compounds Sb- 

e. Nevertheless, the vicinal JCB coupling constants resemble vicinal HH coupling constants and, like3kc,3&B 

can give conclusive information concerning the relative configuration of C and H as coupled nuclei in alkenes.t* 

In accordance with reports in the literature ,Iob.t9 the magnitude of 3J~B between the C=O of carbomethoxy 

ester on C4 and H5, measured in the coupled nuclear enhancedl3C spectra of 8d and 8e, supports the 

assignment of an E configuration to the 4.5 double bond (Table 4). 

product 6 (C=O) on Cl (3JC,0,Hl,Hz) 8 (C=O) on C4 (3JC,O ~Hz) 

8d (EE) 164.42 (10.0) 164.0’7 (9.2) 

8e (Z-E) 165.81 (4.4) 163.72 (9.2) 

For a complete comparison even the values of 3Jc,O of the C l-C2 double bonds are reported. 

Table 4. Ckmkxl Shifls ami 3Jc~ Values fcr Akenyk Mdety d Ehamims 8d and 8e. 

This assignment was comfirmed by adding a little amount of trifluoroacetic acid in the CDC13 solutions of both 

8d and 8e. The isomerixations of the enamines were then monitored by lH-NMR; the isomerisation path 

observed after a few hours is depicted in Figure 1. The complete trend of 1H chemical shifts of vinylic protons in 

all four isomers (see also Table 2) is in good agreement with the assigned E configuration at C4-CS. 
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Moreover, in our assigument the observed correlation between the CQCS configuration and the 1H chemical 

shifts of H5 is correctly explicable on the basis of electtonic effects, as in the model compounds dimethyl maleate 

and fumarate. 

H3c_ cO0cH-i 
&&, 

H 

H 

+k 51 
NH 

A 

H&S c_H3 

8d (E.E) 

H,cooc 

Z= H&s NH 

)-_( 
H5.60 

l,lo” 
Coocts 

(ZE) 

Figr&re 1. Isomerisation Path of 8a and 8e in the Presence of TFA. 

The availability of both pyridine isomers of Scheme 7 (12 and 15) enabled us to establish unequivocally the 

positions of the three carboxymethyl groups, contrary to literature data.l* In both compounds the only pyridine 

carbon linked to a proton resonates at the characteristic frequence (about 122 ppm) of m&a carbons. Thus, the 

positions of carbomethoxy groups were clarified by means of homonuclear NOEDS (Nuclear Overhauset 

Enhancement Difference Spectroscopy). These measurements established un~uiv~~ly the presence of a 

carbomethoxy ou the CS of 15 and on the C3 of 12 exploiting a through-space connection between the proton of 

pyridine and the suitable protons, the orr!rc ones of tbe Zphenyl group. 

The NOE experiments are reported in Figure 2. 
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b) 

,-Ff-r-1-,-l-_’ -,-rf-*~- 
5.5 6.0 7.6 7.0 I-..~-rsrl_.--- Il.5 8.0 . 7.0 

PPII I’PN 

Figure 2: NOEDS Experiments. a) IH-NMR spectrum of 12 (CDCl3) b) NOE difference spectrum of 

12 resulting from irradiation of aromatic o&o protons. c) IH-NMR spectrum of 15 (CDCi3) d) NOE 

difference spectrum of Is msulting from irradiation of aromatic orthc protons. 

Deductions based on the NMR data of compounds 12 and 15 were supported by the electron impact mass 

spectra which exhibited substantial differences indicating the presence of an abundant ion at m/z 3 14 in the mass 

spectrum of compound 12. This ion is attributed to the loss process [M-CH3]+ resulting in the structure 12a 

proposed in Figure 3. This loss process is likely to be associated with the adjacent phenyl and one of the 

carboxymethyl groups which may explain the absence of the ion m/z 3 14 from the mass spectrum of compound 

15. A similar reasoning can be advocated to explain the differences between the mass spectra of compounds 16 

and 18. 

Figure 3 
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The spectrum of&e first compound exhibits m/z 256 as the base peak and no signal at m/z 270. while the relative 

intensities of these two peaks in the mass spectrum of compound 18 wem 28% and 30% rtspectively. The loss 

of CH2CH3 by compound 16 and of the CH3 group by compound 18 are attributed to the presence of the 

phenyl in the vicinity of carboxyethyl group in the first case and carboxymethyl in the second. 

The above struchnal assignment was confirmed unambiguously by NMR experiments, from which it appeared 

immediately that the pyridine protons (AB system with J&.0 Hz) occupy the pum and m&a positions (relative 

to the nitrogen atom) in both compounds. This assignment is supported by the observation that the coupling 

constant between 4-H and 5 (or 3)-H is the largest (about 8 Hz) in ordinary pyridine derivatives.a These 

structural identifications are further continned by 13C-NMR data (see Table 6). An unambiguous experiment put 

an end to the above question: NOE enhancements were observed between the carbethoxy and carbomethoxy 

resonances of pyridine substituents and the phenyl protons. 

These effects clearly indicated that 18 and 16 are isomers in which the two ester groups (COOCH3 and 

COOCH2CH3) are exchanged. 

Their irradiation paths are reported in Figure 4. 

16 18 

Figure 4. Irradiation Paths of Compounds 16 and 18. 

The l-ethoxy-l-phenyl-2-aza-3-car~~~o~-6-~~~e~~~-l,3,5,-triene 17, precursor of pyridine 18, 

was obtained as a mixture of Z,Z and Z,E diastereoisomers. The structural determination also demonstrated that 

17 comes from a rearrangement taking place by an unknown mechanism probably after the initial Michael 

addition of 2 to methyl propynoate. The lH-NMR showed three pairs of one-proton signals which are attached to 

different sp2 carbons. The assignments were accomplished by 2D methods: the expanded vinylic region of the 

COSY spectrum in Figure 5 reports the checked correlation between the protons H4. H5 and H6 for both the 

isomers of compound 17. Moreover, the combined 1D experiments (NOE effects, 3Jc~ and 3JHH) defined the 

reported stereochemistry and the relative position of carbalkoxy groups. The stucture of the l-ethoxy-1-phenyl-2- 

aza-3,4,ltricarbomethoxy-1.35,~triene 13, obtained as a single isomer and precursor of pyridine 15, was also 

inferred from tH-NMR experiments (Tables 5 and 6). However, we were not able to obtain conclusive results in 

order to elucidate the stereochemistry of the C3-C4 double bond 
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A- n f 

_ 7.1 

-17a (Z,E) isomer 

- - - - - 17b (ZZ) isomer 

Figure 5. Vinylic Region of the COSY Spectrum of Compound 17. 

DISCUSSION 

The reactions of la-e with dieoophiles were carried out with similar results in toluene, CHCl3 and dioxane. 

The lack of influence of solvent polarity on the reaction rates is indicative of a concerted ~JC electrocyclic 

mechanism. Unfortunately, and quite surprisingly, the successful reactions were limited to just a few of the most 

potent electron-poor dieoophiles. Moreover, and despite the presence of the ele&nm-withdrawing carboxymethyl 

substitueot on C3, no Diels-Alder reactions were observed with electron-rich dieoophiles. It has recently been 

reported6 that the I-pheoyl-3-carboxymethyl-2-AD closely correlated to la was able to give Diels-Alder 

cycloadducts, e.g. with ethyl propynoate and with the elcctroo-rich I-pyrrolidioo-1-cyclohexene. but not with 

DMAD: the contrary of the result we obtained. We unsuccessfully attempted the reaction of la with l- 

pyrrolidioo-1-cyclohexeoe in many solvents, and also under the conditions reported for I-pheoyl-3- 
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~xy~~yl-2-AD. In light of these rest&s it is dif#‘icult to rationalize the effects of ~xy substituents 

in these mactions. On the other hand, the di~~~~ rates found in the reaction of C4 substituted sutites lb-e 

in reiation to those of la could be correlated to the normal stemoelectrouic effects of this type of substitution on 

the Diels-Aider reaction rates. The effects of the geometry at C4 of substrates lb-e could not be rationahsed: in 

fact, the highest yields were observed in reactions of the E-isomers with TCE and QPTAD and in the reactions of 

Zones with DMAD . 

A Michael addition of I-pyrrolidino-1-cyclohexene to la in the presence of water is reported in Scheme 3. 

This reaction falls in the range of the normal reactivity of compounds 1 with nucleophiles.r~The role of water 

could be tracked back in the proton transfer to the carbanionic intermediate and in the subsequent hydrolisis of the 

cyclohexanone iminium intennediite. Disappointingiy, this reaction appear to be limited to the C4 unsubstituted 

term le. The reactivity of the l-ph~yi-i-ethoxy-3-~~~oxy-2-AD 2 is connected with the duai character 

(n~i~~iic and en~~lic~ of this magent, as the reactions reported in Schemes 6-S demonstrated. 

In the reactions with TCE and 4-FTAD, 2 appears to react as an enophile in normal electron demand Diels- 

Alder reactions: actually, stable Zphenyl -2-ethoxy substituted cycloadducts were formed almost quantitatively 

within a few minutes. The reactions of 2 with DMAD and ethyl propynoate are more complex : in fact, it is 

reasonable to suppose that pyridine 12 could derive from a Diels-Alder cycloaddition followed by the elimination 

of a molecule of ethanol, aud that Zaxatriene 13 was formed by the ionic mechanism described in Scheme 9. In 

this case, the Michael-type addition of 2 to DMAD is followed by rearrangement wiu a cyclobutene intermediate. 

The nucleophilicity of the C4 of 2 is due to the electron-donating mesomeric effect of the ethoxy group. 

The l-phenyl4,5,6tricarbomethoxypyridine 15 was then formed at 160°C by thermal intramolecular Diels-Alder 

and subsequent elimination ofethanoi (Scheme 9). 

Scheme 9 
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A mechanism similar to that described in Scheme 9 was formulated by Woriey and c+worker& to explain the 

results of the reaction of I-pheoyLl-dimethylamino4methyL2-AD with DMAD. Differently, a 12+2] 

electrocydic reaction was conceived as a first step in this reaction by Nomu& and, in relation to an anaiogous 

rearrangement occuning in a carbocyclic Diets-Alder, by F’adwa. 23 It is worth noting that pyridine derivative l5 

had been previously obtained by Gompper and Heinemaun l*from the reaction of I-phenyl-3-carboxymethyt4 

dimethylamino-2-AD with DMAD but described erroneously as the DieLAMer derived pyridine l2. We repeated 

Gompper’s experiment obtaining a compound (15) identical to that we had obtained from 13, the structure of 

which has uow been unambigously determined (see Structural Determination section). The above discussed 

mechanism should rute out the reaction obtained by Gompper as well. 

The reaction of 2 with ethyl propynoate (Scheme 8) again gave both I-phenyl-3-carboxyethyl-6- 

carboxymethylpyridine 16, a compound probably derived from a Diels-Atder foRowed by loss of ethanol, and 

the 1-phenyt- I -ethoxy-3-carbethoxy&arbomethoxy-2-aza- 1 ,3,5-triene 17 probably derived from a Michael 

addition. Heating at 160°C of 17 gave rise to pyridine derivative 18. in which the carboxyalkyl groups are 

invelted with respect to 16. The structure of 17 was deduced from NMR experiments indicating the presence of 

a mixture of two diastereoisomers and the positions of the estereal alkyl groups. Atthough we have not 

formulated any hypotheses regarding the mechanism of the formation of 17, some considerations could be made: 

the lack of stereosebzctivity of the cycloaddition giving 17, together with the results of the reaction of 2 with 

DMAD, suggests that an ionic rather than a concerted mechanism should be admitted; the rearrangement 

responsible for the formation of 17 shotdd be different from those assumed for the formation of 13 or, if the 

mechanisms leading to 13 and 15 were the same, (the inversion of the carbalkoxy groups is not detectable in the 

case of 13 as it was in the formation of the azatriene 17, where the two ester alkyl groups were different), those 

depicted in Scheme 9 may be incorrect OF incomplete. 

In conclusion, it has been shown that the chemistry of ZAD la-e and 2 could lead to new syntheses of six- 

membered azaheterocycles. However, the synthetic applications appear limited by the number of reactive 

dienophiles and suffer from low yields in some instances. 

Notwithstanding the presence of an electron-withdrawing carboxymethyl substituent in position 3, la-e and 2 

smoothly afford normal electrondemand Diets-Alder, but only with the most powerful electron-poor dienophiles. 

This work confirms the results on Michael additions previously reported (at times inadvertently) in the cases of 

nucleophilic 2-AD and, although it was not addressed to the mechanistic aspects of the reaction described, it gives 

critical support to the mechanisms previously proposed for the rearrangements observed in such reactions. 

Finally analogies have been found between the cyclodimerizations of l-pheuyL3-carboxymethyL2-Ati and l,l- 

diphenyl (la) 2-AD derivatives: however, in spite of the structural similarity of these compounds, the patterns of 

their Diels-Alder reactions are not superimposable. This clearly indicates that many factors may affect the 

reactions of 2-AD with dienophiles, and that much work is still necessary for a satisfactory understanding of the 

chemistry of these reactions. 
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EXPERIMENTAL SECTION 

Melting points were determined on a Btichi SPM-510 open capillary apparatus and are uncorrected. Infrared 

spectra were obtained from a Perkin Elmer 257 spectrometer. NMR spectra were recorded in CDC13 on a Bruker 

AC 200 spectrometer and are repotted in 8 using TMS as internal standard. In NOED experiments the following 

parameters were used: Dl (relaxation time) 3s, D2 (irradiation time) 4s and S3 @coupler power) 5OL, according 

to the method of Kinns and Sanders~ (NOEMULT); coupling constants were measured in Hertz. MS spectra 

(El, 70 eV) were obtained on a GC-MS HP5995 instrument and the exact mass measurements were performed on 

a trisector instrument (V.G.Autospec, Fisons Instruments, U.K.). Microanalyses for C, H and N were 

performed on a Perkin-Elmer CHN 240 C analyzer and were within f 0.4 % of theoretical values (see Table 7). 

Dichloromethane, toluene and chloroform were distilled over calcium hydride;,all the other solvents and reagents 

were of the highest grade commercially available (Aldrich) and were used without additional purification. 

Evaporations in vucuo were conducted on a Bttchi rotavapor at water aspirator pressure. Column 

chromatography purifications were performed under flash conditions using Merck 230400 Mesh silica gel. 

Analytical thin layer chromatography was performed using pre-coated plates (Merck Kieselgel 60 F254) 

visualized by W lamp at 254 nm. Compounds la-e were prepared as previously described.t* 

l-Phenyl-l-ethoxy-3-carbomethoxy-2-aza-1,3-bu~diene (2). 

To a suspension of benzimino ethyl ether hydrochloride25 (36 mmol) in dry CH2C12 (40 mL) a 6M aqueous 

solution of K2CG3 (10 mL) was added and the mixture was stirred for 15 minutes at room temperature. The 

organic layer was separated, dried (Na2SG4) and treated with a solution of methyl 2-amino3-chlom-propionate 

hydrochloride” (24 mmol) in dry CH2Cl2 (100 mL). The mixture was then stirred for 2Ahr at room temperature 

with moisture exclusion. After cooling the suspension was filtered on celite. the filtmte washed with water, dried 

(Na2SO4), and evaporated to give a yellowish crude oil. The excess of benzimino ethyl ether and ethyl benzoate 

was separated by distillation (60-65”C, 0.7 mmHg). DBU (2 equiv) was added to a solution of the residue in dry 

CHC13 (40 mL) and the reaction mixture was stirred 1.5hr at room temperature, then washed first with a 

saturated solution of NI-k#Zl and then with water, dried (Na2SG4) and evaporated to dryness. The crude oil was 

purified by column flash-chromatography on silica gel (cyclohexane-ethyl acetate 95-5) to give the desired 

compound 2 (3.2g). 

2: Oil; IR (film) 1710, 1685, 1600 cm- l; lH-NMR (CDC13) 1.40 (t. 3H, cH3CH20, JBB=7.1 Hz), 3.63 (s, 

3H, COGCH3). 4.35 (q. 2H, GC&CH3, JBB=7.1 Hz), 4.88 (s, lH, =CH), 5.57 (s. lH, =CH), 7.33-7.47 

(m, 5HArom). 

13C-NMR 14.10 (q, GCHgH3), 51.81 (q, GCH3), 62.65 (t, OCH2), 109.69 (t, =CH2, C-4), 128.02 (d, 

Arom), 128.24 (d, Arom), 129.98 (d, Atom), 132.66 (s, Arom), 143.75 (s, C-3). 16130 (s, C-l), 165.09 (s, 

C=G, 3JcH--4.6, 8.6). 
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[4+2] Cycloadditions of dienophiles with 2-azadienes derivatives la-e and 2. 

A solution of 2-axa- 1 &butadiene la-e or 2 (5 mmol) and of the appropriate dienophiles (10 mmol) in 15 mL of 

toluene or CHc13 wzs refluxed (room temperature for 4PTDA). After cooling, the solvent was evaporated under 

reduced pressure and the crude oils were purified by column flash-chromatography on silica gel (cyclohexane- 

ethyl acetate 8-2) and crystallization. Reaction conditions, yields and physiochemical data am reported in Tables 

1,3,5and6. 

Reaction of 1-pyrrolidino-1-cyclohexene with la (7). 

To a solution of la (1 mmol) in toluene (6 mL) 302 mg (2 mmol) of I-pyrrolidino-1-cyclohexene were added. 

The reaction mixture was refluxed 15hr, the solvent evaporated under reduced pressure and the crude material 

purified by column flash-chromatography (cyclohexaneethyl acetate 8-2). Yield=70% 

7: Oil; IR (film) 1745, 1720 cm-l. Major isomer: 1H-NMR (CDC13) 1.2-2.5 (m, 1lH; 

H2J-D,H4,HS,H6.H1’), 3.70 (s, 3H, OCH3), 4.16 (dd, 1H; H2’, JHH=~.~. 8.3 Hz), 7.0-7.7 (m, 1OHArom); 

13C-NMR 24.25, 27.95, 33.50, 33.85, 41.90 (t, C-3, C-4, C-5, C-6, C-l’), 47.18 (d, C-2), 51.90 (q, OCH3), 

62.93 (d, C-2’), 127.7-139.5 (Arom), 170.53 (s, C=N), 172.75 (s, cOOCH3), 211.89 (s, C-l). 

Minor isomer *H-NMR (CDCl3) 1.2-2.5 (m, 1lH; H2,H3,H4,H5,H6,H11), 3.70 (s, 3H, OCH3), 4.26 (dd, 

1H; H2’, Jti~d.7, 8.5 Hz), 7.0-7.7 (m. 10HArom); 13C-NMR 25.26,28.18,3332,35.04,42.08 (t, C-3, C- 

4, C-5, C-6, C-l’), 47.05 (d, C-2), 51.90 (q, OCH3), 63.22 (d, C-2’), 127.7-139.5 (Arom), 170.76 (s, C=N), 

172.60 (s, COOCH3), 211.70 (s, C-l). 

MS: m/z 363 (M+), 105 (100). 

Reaction of DMAD with lb-e, EtAlCl2 catalyzed @b-e). 

A solution of 1M RtAlCl2 in hexane (10 mL, 10 mmol) was added to a solution of the appropriate 2-axa- 

butadiene lb-e (5 mmol) and DMAD (15 mmol) in dry CH2Cl2 (20 mL) cooled to O‘C. The reaction mixture 

was stirred at room temperature for lhr, then poured into an ice-cold saturated solution of NaHCO3 (40 mmol). 

The mixture was filtered on celite, the two layers separated and the aqueous one extracted twice with CH2Cl2. 

The organic fractions were combined and washed with water, dried (Na2SO4) and evaporated to dryness. The 

crude material was purified by column flash-chromatography on silica gel (cyclohexane-ethyl acetate 8-2). 

Reaction conditions, yields and physiochemical data are reported in Tables 2 and 6. 

Thermal intramolecular rearrangement (15 or 17). 

The oily compound 13 (or 17) was heated without solvent at 160°C for 20hr (36hr for 17). The crude material 

was purified by column flash-chromatography on silica gel (cyclohexane-ethyl acetate 8-2) and then by 

crystallization (Et20-hexane). Physiochemical data are reported in Tables 3,s and 6 

15 m.p. =127_8”C Yield=5895 

17 m.p. =52-3°C Yield=40% 
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1725,171oa 1 
1728,162&d 1 366969 
3390,1740, 1 407,379 

3380,1730, _ 
1655a 

1730,163oa 334, 105 

1720,165oa 329,271 

1720,165oc 375,105 

1%38a 329, 155 

1720,WXP 285,256 

1720,165oc 331,105 

iim,lwr 

3 55, 3.65 3.80 (3s, 9H OCH ) 586 (br s, lH, NH), 7.20-7.50 (m. 
IbHArom~, 7.80 (s, lH,‘=CH).3 ’ ’ 
2.34 (s, 3H. CH3), 3.29, 3.67, 3.91 (39, 9H. OCH3). 4.18 (br s, lH, 
NH), 7.24-7.48 (m, 1OHArom) 
3.75 (s, 3H, 0CH3). 6.82 (s, lH, =CH), 7.44-7.62 (m, 1OHArom) 
2.35 (s, 3H, CH3), 4.01 (s, 3H, OCH3), 5.49 (s, lH, NH), 7.44-7.47 
(m, IOHArom) 
3.95 (s, 3H,OCH3), 4.70 (s, 2H, CH2), 7.35-7.42 (m, 15HArom) 

1.65 (d, 3H, CH3), 3.93 (s, 3H, OCH3), 5.28 (q, IH, CH), 7.30-7.54 
(m, 15HArom) 
3.61 (s, 3H, OCH3). 6.3 (s, lH, CH), 7.27-7.47 (m, 2OHArom) 

1.43 (t, 3H, CH2C&j), 3.8 (q, 2H, C&CH3), 4.0 (s, 3H, COOCH3), 
4.43,5.0 (2d, 2H, CH2), 7.23-7.7 (m, 1OHArom) 
1.4 (t. 3H, CH2CH), 3.36 (q, 2H, CH_IZCH3), 3.95 (s, 3H, 
COOCH3), 5.76 (d, lH, CH=), 6.1 (br s, IH, NH), 7.4-7.8 (m, 
5HArom) 
1.43 (t, 3H, CH2C&), 3.58 (s, 3H, COOCH3), 4.56 (q. 2H, 
C&CH3), 6.83 (s, lH, CH=), 7.26-7.63 (m, 5HArom) 
3.76 (s, 3H. COOCH3). 3.98 (s, 3H, COOCH3). 4.03 (s, 3H, 
COOCH3). 7.43 (m, 3H, H3’, H4’). 7.63 (m. 2H. H2’). 8.56 (s, lH, 
H5). 
1.44 (t, 3H, OCH2C&,J=7.1 Hz), 3.57 (s, 3H, COOCH3), 3.59 (s, 
3H, COOCH3), 3.73 (s, 3H, COOCH3), 4.43 (q, W, OC&CH3, 
J=7.1 Hz), 5.55 (d, lH, H6, 2~~1.3 Hz), 6.30 (d, lH, H3 2~~1.3 Hz), 
7.35-7.40 (m,3HArom), 7.72 (m, 2HArom). 
4.00 (s, 3H, COOCH3), 4.03 (s, 6H, COOCH3), 7.53 (m, 3H, H3’, 
H4’), 8.11 (m, 2H, H2’), 8.41 (s, IH, H3). 
1.04 (t, 3H, OCH2C&, J=7.1 Hz), 4.01 (s, 3H, C0OCH3), 4.17 (q, 
2H, OC&CH3, J=7.1 Hz), 7.44 (m, 3H. H3’, H4’), 7.56 (m, 2H 
H2’), 8.14 (AB system, lH, H5, J=8.0 Hz), 8.22 (AB system, lH, 
H4, J=8.0 Hz) 
a (Z,E): 1.05 (t. 3H, COOCH2C&!3, J=7.0 Hz), 1.46 (t. 3H, 
OCH2Cm J=7.0 Hz), 3.76 (s, 3H, OCH3), 3.98 (q. 2H, 
COOC&CH3 J=7.0 Hz),4.45 (q, 2H, OQ&CH3 J=7.0 Hz), 6.04 
(dd, lH, H6, J=15.6, 4J=1.0 Hz), 6.64 (dd, lH, H4, J=11.8, 4J=l.O 
Hz). 7.32-7.36 (m. 3HArom). 7.44-7.49 (m, 2HArom). 7.63 (dd, IH. 
H$.J=11.8, J=i5.6 Hz). ‘. 

. 

b (Z,Z): 1.06 (t, 3H, COOCH2Cb, J=7.0 Hz), 1.44 (t, 3H, 
OCH2Cm J=7.0 Hz), 3.76 (s, 3H, OCH3), 4.00 (q, 2H, 
COOC&CH3 J=7.0 Hz),4.42 (q, 2H, OC&QCH3 J=7.0 Hz), 5.78 
(dd, lH, H6, J=11.4, 4331.3 Hz), 7.06 (dd, lH, H5, J=11.4, J=12.1 
Hz), 7.32-7.36 (m, 3HArom), 7.44-7.49 (m, 2HArom), 7.76 (dd, lH, 
H4, 1=12.1,4J=1.3 Hz). 
1.45 (t, 3H, OCH2CH3, J=7.1 Hz), 3.72 (s, 3H, COOCH3). 4.49 (q, 
2H, OCmCH3, J=7.1 Hz), 7.45 (m, 3H, H3’, H4’), 7.59 (m, 2H 
H2’), 8.11 (AB system, lH, H5, J=8.0 Hz), 8.18 (AB system, lH, 
H4. k8.0 Hz). 

4XCl3 hjol Wm 

Table 5. Spectroscopic Data of Compounds 3a-b, 4, 5, 6a-e, 9-18. 
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12%?6 (4 Arom), 130.63 (d, Arom), 132.58 (s, Arom), 139.10 (d, C-5). 142.00 (s, C-3), 
161.66 (s, C-l), 163.81 (s, cOOC2H5), 167.23 (s, cOOCH3). 
b (z,z): 13.92 (q. COOCH2CH3), 14.27 (q, OCH2CH3), 51.26 (q. OCH3), 61.19 (t. 
COOCH2CH3), 63.15 (t, OcH2CH3). 117.28 (d, Cd)), 119.16 (d, C-6), 128.06 (d, Arom), 
128.26 (d. Arom), 130.63 (d, Arom), 132.58 (s, Arom), 138.53 (d, C-5), 142.23 (s, C-3). 

(s, C-l), 163.95 (s, c00C2H5). 166.73 (s, cOOCH3). 

Table 6. W-NMR Spectra of Compounds 8d-e, 12-18. 

@fm MW requires % found% 
CHNO C H N C H N 

2 13 15 1 3 233.27 66.94 6.48 6.00 67.16 6.27 5.81 
'3a 23 21 G 
3b 24 23 : G 
4 22 14 4 2 
5 2417 5 2 
Ga 25 20 4 4 
Gb 2G 22 4 4 
Ge 31 24 4 4 
7 23 2.5 1 3 
8b 11 15 1 6 
8c 11 15 1 G 
8d 1G 17 1 G 
8e 16 17 1 G 
9 21 20 4 5 
11 18 14 4 3 
12 17 15 1 G 
131921 1 7 
15 17 15 1 G 
16 1G 15 1 4 
1718 21 1 5 
18 16 15 1 4 

407.42 
421.45 
3GG.38 
407.43 
440.46 
454.49 
5lGSG 
363.46 
257.24 
257.24 
319.31 
319.31 
408.41 
334.33 
329.31 
375.38 
329.31 
285.30 
331.37 
285.30 

67.80 5.20 3.44 67.97 4.86 3.81 
68.40 5.50 3.32 68.39 5.55 3.16 
72.12 3.85 15.29 72.17 3.79 15.22 
70.75 4.21 17.19 70.51 4.55 17.07 
68.17 4.58 12.72 68.10 4.52 12.91 
68.71 4.88 12.33 68.82 4.96 12.41 
72.08 4.68 10.85 71.88 4.29 10.71 
76.01 6.93 3.8.5 75.89 7.23 4.06 
51.36 5.88 5.44 51.09 5.82 5.79 
51.3G 5.88 5.44 51.28 6.01 5.55 
GO.18 5.37 4.39 GO.46 5.45 4.75 
60.18 5.37 4.39 GO.20 5.53 4.07 
61.76 4.94 13.72 62.03 5.33 13.97 
64.67 4.22 16.76 65.02 4.31 16.72 
62.00 4.59 4.25 62.00 4.74 3.86 
GO.79 5.64 3.73 61.01 5.95 3.42 
62.00 4.59 4.25 62.31 4.71 4.24 
67.36 5.30 4.91 GG.99 5.34 4.86 
65.24 6.39 4.23 G5.15 6.31 4.12 
67.36 5.30 4.91 66.98 4.96 4.97 

Table 7. Microanalyses of the new compounds described. 
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