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ABSTRACT 

Triethyl azomethinetricarboxylate, TEI, can undergo cycload-

dition reactions with electron-rich olefins to form substituted 

5,6-dihydro-4H-l,3-oxazines. The reaction, a Diels-Alder type with 

inverse electron demand, appears to proceed via a concerted mechanism. 

and NMR indicate the products obtained are stereo- and 

regioselective, with respect to the dienophile, in this case the 

electron-rich olefin. Of the two possible dienes, the products are 

regioselective, involving only one diene. The preferred diene, 

C=N-C=0, is most likely favored by steric factors. The proposed 

structure was supported by and 13c NMR. 

The 5,6-dihydro-4H-l,3-oxazine derivatives can undergo ther

molysis reactions to form substituted aza-3-butenes. The mechanism 

involves ring cleavage followed by hydrogen transfer. The products 

reconfirm the structure of the 5,6-dihydro-l,3-oxazine compounds. In 

competition with the thermolysis reaction is the Diels-Alder cyclo-

reversion reaction. When heated, the dihydro-1,3-oxazine compounds 

revert back to the starting materials as well as forming the 

aza-3-butenes. 

x 



CHAPTER 1 

INTRODUCTION 

Imines were first discovered by Schiff in 1864 and their che

mistry was later reviewed by Layer (1963) and Patai (1970). One of 

the most interesting reactions of imines is the cycloaddition reac

tions. They have been employed in the syntheses of three through six 

membered rings with most work being done on the formation of 

4-membered rings (3-lactams and azetines) and 6-membered rings. The 

C=N group was first mentioned by Alder (1948) as the dienophile of a 

[4+2] cycloaddition reaction. Since then, there have been many more 

examples of imines acting as the dienophile. More recently there have 

been reports of the imine acting as part of the diene (Desimoni and 

Tacconi, 1975). It is these [4+2] cycloaddition reactions that will 

be investigated in this study. 

Background 

Imines as Dienophilies 

Weinreb and Levin (1979) have reviewed nitrogen heterocycles that 

are formed by the Diels-Alder reaction. Generally, it was found that 

electron-withdrawing groups enhance the reactivity of the imines as 

dienophiles. The reactions have also been found to be regio- and 

stereoselective. The following is an example of the imino dienophile 

reaction. 

1 
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CHCX3 

X= CI.F 

N-tosyl choralimine reacts easily with 2,3-dimethylbutadiene, 

but was found to be inert towards cyclohexadiene. With a more 

electron-withdrawing group, fluoral, less reactive dienes could be 

reacted in high yield (Albrecht and Kresze, 1964). Reactions with 

unsymmetrical dienes, yield one isomer. The regiochemistry was 

rationalized by a polar reaction transition state, even though the 

reaction was believed to be concerted. 

N-Acylimines are generally prepared in situ and react with 

electron-rich dienes in fair yields. Trichloromethylimine was 

reacted with cyclohexadiene, in the presence of an acid catalyst, to 

yield trichloromethyl N-carboethoxy-2-aza-bicyclo-[2.2.2]-oct-5-ene 

(Krow, et al. 1973). The endo and exo stereoisomers were found 

depending on the reaction conditions. There was no mention of an 

inverse type reaction where the cyclohexadiene would act as an 

electron-rich dienophile. 

CHCCI, 

N 
II 

COOEt 

+ 

COOEt 



Bruck and co-workers were first to synthesize and investigate 

some of the reactions of triethyl azomethinetricarboxylate (TEI) 

(Bruck, Buhler and Plieninger, 1972). They found that TEI was reac

tive towards cyclopentadiene, but for other dienes, it needed heating 

at lO^ atm. for the Diels-Alder reaction to proceed. Only one 

regioisomer was isolated when an unsymmetrical diene was used. 

N 
/ 

.COOEt 

EtOOC^ ^COOEt 

Ph 

D 

COOEt 

XTcoo, 

Ph C00E< 

9^ ^COOEt 

/Cc COOEt 

COOEt 

The following iminocarbamate was found to undergo only a normal 

Diels-Alder reaction with cyclohexadiene. The predominate product was 

the less stable 3-exo-substituted isomer (Krow, et al, 1973). Again, 

there was no mention of an inverse electron demand Diels-Alder reaction. 

COOEt ^ 

N kJ v 
II —=s—> 
CHCOR "COR 

COOEt 
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The regioselectivity of the imino Diels-Alder reaction has been 

rationalized in terms of a polar transition state. This is not to say 

that the reaction is zwitterionic and not concerted, since the mecha

nism has not been sufficiently studied. Four possible transition sta

tes can be written leading to two regioisomers, I and II. A and B 

would lead to regioisomer I, while C and D would lead to regioisomer 

II. From the experimental and literature data collected, it is 

believed that B and D would be the transition states if x and y are 

electron-withdrawing groups. This would be the case with TEI and 

would account for the regiochemistry observed. The majority of 

literature cases are related to transition states A and C. Carbonium 

ion stabilization will now have the greatest effect on the regioisomer 

formed (Weinreb and Levin, 1979). 

B 

A 

D 

C 

I 
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Inverse Diels-Alder Reactions 

Reviews by Desimoni and Tacconi (1975), Schmidt (1972), and 

Kato (1980) on the [244] cycloaddition reactions of N-acylimines have 

shown that N-acylimines react with olefins to form 1,3-oxazine deriva

tives. In these cases, vinyl ethers and olefins function as the 

dienophile. 

Enamines were found to react with less stable N-acylimines, however, 

strong electron-withdrawing groups on the methylene carbon help to 

stabilize the N-acylimine by counterbalancing the polarization of 

electrons (Gambaryan, 1969). 

To enhance the 1,4-cycloaddition reactions, N-protonated or 

alkylated derivatives were reacted with olefins to yield 5,6-dihydro-

4H-1,3-oxazine salts. Schmidt and Machat (1970) investigated the 

geometry of the transition state for these polar cycloadditions. They 

X 

R 



concluded a cyclic transition state, despite the highly polar 

character of the system. 

One example of an N-carboalkoxy group being involved as part of 

the diene was reported by Akiyama and co-workers (Akiyama, et al., 

1976). They looked at the reactions of anhydrochloralurethanes with 

ketene acetals. 

N' 

CCI3 
I 

,C 

RO/Ĉ 0 

II 
ROAOR 

CCL, 

RO ^O' 'O R_ 

H20 

CCL, 

!• 

OOR 
COOR 

The oxazine derivatives were not isolated, but their existance was 

shown by GLC, mass spectra and IR. The appearance of the N-H and the 

disappearance of C=N absorption bands were monitored when the 

oxazine derivative was exposed to the air. The reaction was noted to 

be highly regioselective. The investigators also concluded the reac

tion to be a Diels-Alder type with the inverse electron demand via an 

oxazine derivative to give a carbamate derivative. Previously, this 

imine was reported to undergo normal Diels-Alder reactions with cyclo-

hexadiene (Krow, et al., 1973). 
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With the analogous amide, the oxazine adduct along with the 

normal Diels-Alder adduct were isolated in a reaction with 

2,3-dimethylbutadiene (Arbuzov, et al., 1974). 

Analogous Reactions to other 
a,0-Unsaturated Carbonyl Compounds 

Similiar types of reactions are observed with other 

ot,|S-unsaturated carbonyl compounds, in one case a system that has no 

nitrogen (olefins) and the other with two nitrogens (azo compounds). 

Olefins. Desimoni and Tacconi (1975) have reviewed the 

cycloaddition reactions of a,f3-unsaturated carbonyl compounds ana 

found them to be similar to the Diels-Alder reaction. The carbonyl 

compounds, other than N-acylimines, have included ketones and aldehy

des. More recent reports include 2,3-methoxymethylene-

1,3-cyclohexanone (Snider, 1980) and malondialdehyde derivatives 

(Tietze, et al., 1982). 

Hall, et al. (1982) reported the reactions of electrophilic 

tri- and tetra-substituted a,$-unsaturated carboxylic esters with 

electron-rich olefins to give 3,4-dihydro-2H-pyrans. 

R 
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\ / 

RO^O 

II 
NR 

Rr. T-OBLL 

•®och3 

-> 

Recently, Padias, Hedrick and Hall (in press) have shown there 

is a transition from a concerted to a stepwise mechanism in the for

mation of dihydropyrans. The transition appears to be influenced 

mainly by steric hindrance and not by electronic factors. 

Azo Compounds. Azo esters have been shown to undergo both 

1,2- and 1,4-cycloadditions (Von Gustorf, et al., 1970). Vinyl ethers 

and enamines were found to give diazetidines via polar intermediates. 

Cis- and trans-1,2-dimethoxyethenes formed dihydrooxadiazines, pro

bably from a concerted Diels-Alder reaction with inverse electron 

demand. Von Gustorf has also explored the criteria for a concerted 

versus a stepwise reaction. Diethyl azodicarboxylate was reported to 

copolymerize with N-vinylcarbazole in the presence of a free radical 

iniatiator (Turner and Stolka, 1978). Ene-reaction products are 

obtained when a hydride shift occurs (Thaler and Franzus, 1964). 



E 
j. HN—N -CH=C 

£ OMe 

-CH,-CH-
N-Cz 

=̂ S> 
OMe 

N-VCz 

N' 

COOR 
I 
N 

RO O 

N-VCz 
AIBN 

L 

COOR 

N^N-OMe 

RO^O>OMe 

RO' 

-N-COOR 

N-COOR 

~N-N-CH2-CH~-
i I E N-Cz 

E=COOEt 

Azo ketones tend to undergo 1,4-cycloadditions, especially with 

styrene and enamines (Firl and Sommer, 1978). In the case of an asym

metrical substituted azo compound, the N-ketone carbonyl is involved 

as part of the diene. This example shows the different reaction beha

viors between azo esters and ketones. 

OCHJ COOCH, 

uTc^o 

\ n OR Ph C OR 
C Û 

I 
Ph 
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Present Work 

In this work the reactions of triethyl azomethinetricarboxylate 

with electron-rich olefins were investigated. The structure of the 

products, dihydro-1,3-oxazine derivatives, were characterized by IR, 

1h and 13c NMR techniques. The mechanism of the reaction along with 

the stereochemistry of the products was investigated. The regioselec-

tivity of the reaction products, with respect to the diene and 

dienophile, was also determined. 

Thermolysis products of the dihydro-1,3-oxazine compounds were 

isolated and characterized as aza-3-butenes. 

Attempts to synthesize diethyl N-cyano azomethinedicarboxylate 

were unsuccessful. 



CHAPTER 2 

RESULTS 

Synthesis of Ethyl Trlphenylphosphinimino-N-carboxylate 

Ethyl triphenylphosphinimino-N-carboxylate was originally pre

pared by Bestmann and Zimmermann (1968). They used a modified Wittig 

reaction between (carbethoxymethylene)triphenylphosphorane and diethyl 

azodicarboxylate. The yield was good (69%), but the starting 

materials are relatively expensive and in large scale preparations it 

gives lower yields. The procedure employed here was a modification of 

a method used by Horner and Oediger (1958). In this manner, triphe-

nylphosphine was chlorinated and the ethyl carbamate, in the presence 

of an acid binder, was added in situ to the chlorinated solution. 

1)CI2 

ph p » Ph3P=N-COOEt 
3 2) NH2COOEt 

Et3N 

The phosphinimine is relatively stable and can be kept in a desiccator 

for a period of time. The advantages of this procedure are the low 

cost of the starting materials and the relative ease of isolating the 

product. 

Triethyl Azomethinetricarboxylate (TEI) 

TEI was originally synthesized by Bruck, et al. (1972). They 

used a modified Wittig reaction between ethyl triphenylphosphinimino-N-

11 
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carboxylate and diethyl ketomalonate. The TEI was collected, by 

vacuum distillation, in 68% yield. 

The spectroscopic data did not appear with the published 

synthesis, therefore, results of the IR, and NMR are presented 

here. The IR spectra indicated a relatively broad absorption band for 

the C=0 group at 1760-1740 cm-l. The C=N stretch appears as a sharp 

band at 1685 cm-*-. The NMR indicated two sets of quartets for the 

-OCH2- protons. The ratio of these quartets is 2:1 and the difference 

in chemical shift is 2 Hz (4.35 and 4.33 ppm). The -CH3 protons 

appear somewhat distorted, like there are two sets of triplets, but a 

distinction can not be made due to the limits of the instrument used. 

NMR also supports the difference between two sets of methylene and 

methyl groups. Only two methylene carbons are indicated on the 

spectra and their chemical shifts are very close (63.38 and 63.65 

ppm). A similar circumstance is observed for the methyl carbons, 

where only two peaks are apparent and are close together (13.92 and 

14.13 ppm). 

Reactions of TEI With Electron-Rich Olefins 

Reactions of TEI with Vinyl Ethers 

The vinyl ethers employed in this study reacted spontaneously 

at room temperature with TEI, 1, to give substituted 

5,6-dihydro-4H-l,3-oxazines. 
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OEt 

OEt 

•.-6 

EtOOC\ CoOEt 
C=N/ 

EtOOC' 

I 

CHj OEt 

OEt 

OEt 

c° 
-> 

E *"N N^^OEt 

9* 
Ej/^N^OEt 

E =COOEt 

The reactions were monitored by NMR until no further change 

was noticed. The time scale of the reaction was between 2 and 24 

hours. Compound 2 was distilled as a clear liquid that solidified 

upon cooling. It could be recrystallized in a chloroform/ether solu

tion when cooled for a period of time. It was the only solid 

dihydro-1,3-oxazine encountered in this study. Compound 3 was also 

collected as a clear liquid and was stable at -10°C. No special pre

cautions were necessary in handling 2 and 3. 

TEI and 2,3-dihydrofuran reacted to give 4, which was unstable 
a* 

at room temperature. Purification of the 5,6-dihydro-l,3-oxazine 

adduct was not possible due to its instability at room temperature. 

Only alkoxy-dihydro-1,3-oxazine adducts were detected by 

NMR. There was no evidence of alkoxyazetidines. 
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Reactions of TEI with Substituted Styrenes 

Two of the three substituted styrenes (p-methoxystyrene and 

p-methylstyrene) underwent spontaneous reactions with TEI, very slowly 

at room temperature and more rapidly at slightly elevated tem

peratures. The analogous dihydro-1,3-oxazine derivative was observed, 

by 1r NMR, between styrene and TEI, after a long period of time at 

room temperature. 

OCH3 

[Oj 

EtOOCN COOEt . 
C=N A 

EtOOC/ 

I 
c' N OEt 

6 

fo] 
No 

E = COOEt * Reaction 

Diethyl 2-ethoxy-6-(p-methoxyphenyl)-5,6-dihydro-4H-l,3-

oxazine4,4-dicarboxylate, 5, is formed when TEI and p-methoxystyrene 

are added together at 65°C. Initially, a slight yellow color was 

formed in the solution, which fades as the reaction proceeds. 

Purification of 5 has not been accomplished either by distillation or 

GC, due to its instability when heated above its initial temperature. 

Column chromatography also proved an ineffective method for purfication 



owing to the hydrolyzability of the compound. Table 1 summarizes some 

of the reaction conditions employed between TEI and p-methoxystyrene. 

In CDCI3, a 83% yield of 5 can be obtained after 24 hours at 65°C 

(yields of unpurified materials are based on *H NMR data). At room 

temperature, the reaction proceeds extremely slow. For example, in 

CDCI3, 68% yield of 5 was obtained after 24 days and 73% yield in 
A* 

acetone-d^ after 80 days. In a bulk sample with 5 mole percent of 

AIBN as the free radical initiator, both 5 and a small amount of 

homopoly(p-methoxystyrene) were obtained. An AIBN initiated chloro

form solution sample yielded only 5. Without an initiator, a bulk 
A# 

sample at 65°C gave mostly 5 but also gave a small amount of 
ts* 

TABLE 1. Reaction Conditions Between TEI and p-Methoxystyrene 

Solvent Temp. °C Time Product (yield3) 

CDC13 65 24 h 5 (83%) 

CDC13 RT 24 db 5 (68%) 

CDC13 
(AIBN) 

65 18 h 5 — 

Acetone RT 80 d 5 (73%) 

Bulk 65 18 h 5 + polymerc 

Bulk 
(AIBN) 

75 5 h 5 (90%) + polymerc 

ayields determined by AH NMR. 
bdays. 
chomopoly(p-methoxystyrene). 
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homopolymer. The homopoly(p-methoxystyrene) can be attributed to the 

high concentration and the slight excess p-methoxystyrene found in the 

sample and also in one case the addition of AIBN. 

Reaction conditions employed between TEI and p-methylstyrene 

are summarized in table 2. Dihydro-1,3-oxazine derivative 6 is formed 

in all cases. A small amount of homopoly(p-methylstyrene) is formed 

in bulk conditions with AIBN or at 115°C, but can be attributed to the 

reaction conditions. In the initial mixing, only a faint yellow color 

is visible and it fades to a clear solution upon heating. Compound 6 

could not be purified due to its instability at high temperatures. 

TABLE 2. Reaction Conditions Between TEI and p-Methylstyrene 

Solvent Temp. °C Time, hr. Product 

Bulk 70 18 6 

Bulk 90 18 6 

Bulk 
(AIBN) 

70 18 6 + polymer3 

Bulk 115 18 6 + polymer3 

ahomopoly(p-me thylstyrene) 

When TEI was added to a trans-anethole-chloroform solution, a 

bright yellow color was developed. The solution was heated at 60°C 

for 4 days and, then in bulk for six more days at temperatures ranging 

from 75-120°C. No reaction was observed by J-H NMR and there was no 
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decrease in the intensity of the yellow color. The unreactivity can 

be attributed to the steric hindrance and the conformation of trans-

anethole. 

Only aryl-dihydro-1,3-oxazine derivatives were detected by 

NMR. There was no evidence of aryl substituted azatidines or 

Wagner-Jauregg adducts (Wagner-Jauregg, 1981). 

Structure Determination of the 5,6-Dihydro-4H-l,3-oxazines 

The structure of the reaction products between TEI and 

electron-rich olefins can be supported by IR, and l^C nmr 

spectroscopic data. 

IR Analyses of Oxazine Derivatives 

The IR data for 2-6 are summarized in table 3. The C=0 absorp-

tion band is relatively broad and can be found in the 1730-1740 cm~l 

range. The C-0- stretching vibration of the ester (1240-1300 cm~l) 

tends to be broad and can be attributed to the two asymmetric vibra

tions (C-C(O)-O and 0-C-C-) that are represented in this IR region. 

Also, there would be a contribution of the C-0- stretch of the ring and 

the ethoxy group at C-2. The C=N stretches are found in the 1650-1670 

cm~l range, however, they are not as strong as the carbonyls but do 

appear as sharper bands. Compounds 5 and 6 display a very charac-
A* HI 

teristic C-H out of plane bend (820-830 cm~l) found in 1,4 disubsti-

tuted benzenes. 



18 

TABLE 3. IR Data for 5,6-Dihydro-l,3-oxazine Derivatives 

Compound C=0a C=N C—0— Ar 

2 1740 1675 1300-1250 

3 1730 1660 1300-1240 

5 1730 1650 1240 830 

6 1730 1660 1260 820 

aall wave lengths are reported in cm 1 

13c NMR Analyses of Oxazine Derivatives 

The NMR data are presented in table 4. The following num

bering system will be employed in discussing the chemical shifts of 

the different carbons. 

As would be expected there is a good correlation of chemical 

shifts between analogous positions in the three dihydro-1,3-oxazine 

derviatives examined. The quaternary carbons, C-2 and C-4, are easily 

distinguished by their chemical shifts. C-2 is found in the 152-154 

ppm range, whereas C-4 is located at 65-68 ppm. The difference here 

och2ch 

9C-OCH2CH3 
II 11 14 3 

o 
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Table 4. jjmr Data for 5,6-Dihydro-4H-l ,3-oxaziae Derivatives 

Chemical Shifts (ppm) 

(carbon number) 

Compound 2sa 4s 5t 6d 7d 8,9 s 
10,11 
12 t 

13,14 
15 q 

1 152.7 65.84 32.04 98.20 — 169.7 64.73 
63.73 
61.87 
61.46 

15.00 
14.10 

2 151.8 68.68 33.91 100.3 7.9 168.96 
168.02 

64.75 
63.32 
61.14 
60.75 

14.28 
13.41 

4 154.4 66.05 34.37 75.39 169.6 63.58 
62.80 
61.56 

13.63 

aoff resonance data 

is associated with the double bond and heteroatoms that are adjacent 

to C-2 whereas C-4 is only adjacent to one heteroatom. C-6 

corresponds to a dioxygenated carbon of an acetal. Typically, they 

are found at 88-112 ppm (Silverstein, Bassler, Morrill, 1981); C-6 in 

2 and 3 is found at 98 and 100 ppm, respectively. In 5, C-6 is 

affected by the p-methoxyphenyl ring and is not dioxygenated. This 

results in C-5 being further upfield at 75 ppm. 
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In the 13C NMR spectra, the carbonyl peaks are found in the 

range of 168-170 ppm. In 2 and 5, the two carbonyls are 
*0 <v 

indistinguishable from one another and appear as one singlet. This 

equivalence can be attributed to the lack of chirality at C-5, which 

makes less distinction between the carbonyls. Compound 3 presents a 

different case, since C-5 and C-6 are chiral. The methyl group 

attached at C-5 in the equatorial position has a significant effect on 

the carboxylate groups. The two carbonyls now should appear as two 

singlets, 168.96 and 168.02 ppm. There is also a difference in the 

-0CH2- carbons of the carboxylate and ethoxy groups in all three com

pounds. Due to the small differences in their chemical shifts, speci

fic carbons can not be assigned to exact chemical shifts. Due to the 

limits of the 13c NMR instrument used, different -CH3 groups are not 

as apparent as the -0CH2- carbons, indicating considerable overlap of 

methyl carbons in the spectra. This can be attributed to the 

increased distance of the methyl groups from the rest of the molecule. 

1h NMR Analyses of Vinyl Ether Oxazine Derivatives 

Table 5 summarized the *H NMR data of 2-6. The stereochemistry 

can be assigned based on the coupling constants obtained for H-5 and 

H-6. In the case of the vinyl ether adducts, the ethoxy group is in the 

axial position (figure 1). This assignment is based on several 

factors: 
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OEt 

CH 

Figure 1. Conformations of Vinyl Ether Diohydro-1,3-
oxazine Derivatives 



22 

Again, the coupling for compounds 2-4 correspond best to an axial 
W ft 

ethoxy group in the C-6 position. Similiar effects have been men

tioned by Padias, et al. (in press). 

C) The anomeric effect involves the influence of the lone pairs 

of electrons on the heteroatoms. The most desirable conformation is 

the one in which the lone electron pairs the of oxygen atom are anti-

periplanar with respect to the C-OEt bond. This phenomenon correlates 

to the axial position in heterocycle compounds and allows for the 

highest delocaiization of unshared electron pairs of the oxygen atom 

(Lemieux, 1971). 

The configuration at C-5 and the overall conformation can be 

determined from the coupling constants of H-6 and H-5. In the case 

of 2 both the equatorial-equatorial and equatorial-axial couplings 
<v 

constants are the same with a small value (4 Hz). Again, this 

corresponds with the Karplus calculations for vicinal carbon atoms. 

For 3, only one isomer was observed by *H NMR. The coupling between 

H-5 and H-6 is small and in accordance with the structure given in 

figure lb, which is in the half chair conformation. 

H3 
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TABLE 5. NMR Data for 5,6-Dihydro-l,3-oxazine Derivatives 

Compound 
No 

Substituents Chemical 
(ppm) 

Shift Coupling ; Constants 
(Hz) 

R5, V R6 H5/H51 h6 H6H5 H6H5, 

2 H OEt H 2.4(dd) 5.3(dd) 4 4 

3 CH3 OEt H 2.77(dd) 5.3(d) 3 

4 H 2.77(m) 5.93(d) 4 

H6'H5 H5IH5» H5»H5 

5 H H Ar 2.67(dd) 

2.00(dd) 

5.15(dd) 12 2 14 

6 H H Ar 2.71(dd) 
1.95(dd) 

5.3(dd) 10 2 14 

A) According to the Karplus equation, diaxial vicinal hydrogens 

tend to give large coupling constants (10-14 Hz), (Silverstein, et 

al., 1981). The coupling constants recorded in 2-4 were in the range 

of 3-4 Hz, thus indicating the ethoxy group is axial at C-6. 

B) In a analogous example, Schmidt and Maier (1982) gave the 

coupling constants for a dihydropyran compound that has diaxial hydro

gens, the coupling constants of J2f3 and J2,4 are 10.6 Hz and 2.2 Hz, 

respectively. 



Since 4 could not be isolated in its pure form, only analogies 

can be drawn to its conformation. Only one isomer was observed in *H 

NMR, also, the coupling constant J5}6 was small (4 Hz). From this 

information an analogy can be drawn to the cis propenyl ethyl ether 

adduct, where the oxygen at C-6 is in the axial position and the 

hydrogen at C-5 is also axial. The coupling constants presented here 

correspond to a half chair conformation in which the 6-alkoxy group is 

in the axial position. 

1h NMR Analyses of Substituted-Styrene Oxazine Derivatives 

1h NMR of the styrene cycloadducts revealed that 5 and 6 are 

not affected by the anomeric effect that was observed for 2-4. The 

configuration of the molecule can be determined by the coupling 

constants of J6*,5» J6',5'» and J5}5« (table 5). The large coupling 

constants (5, J= 12 Hz and 6, J= 10 Hz) would correspond to an axial-
W A# 

axial configuration. The smaller coupling constants (5 and 6, J= 2 

Hz) would correspond to either an axial-equatorial or an equatorial-

equatorial configuration. The half chair conformation, which the aro

matic group (R^) is in the equatorial position corresponds best with 

the data (figure 2). The large geminal coupling constants (J5',5 = 14 

Hz) are typical for a cyclohexane ring and in accordance with the 

structure presented. The *H NMR spectra of the dihydro-1,3-oxazine 

derivative between styrene and TEI was very similar to that of 5 and 

6, thus, indicating the same type of product formation. 
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5 Re= -©-OCH, 

6 R6---(o)-ch3 

Figure 2. Conformation of Substituted-Styrene Dihydro-
1,3-oxazine Derivatives 

Thermolysis of 5,6-Dihydro-l,3-oxazines 
to Aza-3-butene Derivatives 

Dihydro-1,3-oxazine derivatives 2-5 undergo two types of reac-
m <v 

tions when heated above their original reaction temperature. One is a 

thermolysis reaction to form aza-3-butene derivatives, and the other 

one is the Diels-Alder cycloreversion reaction to give starting material. 

R' 

R' R R' 

*JL0 w 

E ^ +• 
P' N'^OEt ^COOEt 

NCOOEt 

N' 7-10 

C 
EtOOc' VCOOEt 

E=COOEt 

7 R5= H, R6= OEt 9 Rs= CH2, R$= 0-CH2 
— ** 

8 R5= CH3, R6= OEt 10 R5= H, R^= <j>-p-0CH3 
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For instance, when 2 was heated and vacuum distilled, a 

substituted aza-3-butene and TEI were collected. This was detected by 

an inaccurate elemental analyses and NMR data. In the *H NMR ana

lysis, the integration of methyl protons to olefinic protons did not 

correlate and was attributed to the presence of TEI in the 

aza-3-butene sample. If the heated 5,6-dihydro-l,3-oxazine sample was 

injected into the GC, both pure TEI and N,2,2-tricarboethoxy-4-ethoxy-

aza-3-butene, 7, could be collected. Additionally, when pure 2 was 

injected into the GC at approximately 175°C (a lower temperature than 

previously used) pure 2, TEI and 7 could be collected. The vinyl 
•*» w 

ethers were not collected due to their high volatility. Compounds 7, 

8, and 9 were isolated by GC or flash kugelrohr distillation. 
A* 

The purification of N,2,2-tricarboethoxy-4-(p-methoxyphenyl)-

aza3-butene, 10, could not be accomplished due to the competing 

reverse reaction and the low volatility of the starting materials com-

pared to the products. When 5 was injected into the GC, at a variety 

of temperatures, only p-methoxystyrene and TEI were collected. If 5 

was heated in a sealed tube, the IR and NMR spectra indicated the 

presence of the unsaturated amine and the starting materials. A 

visual indication of the cycloreversion reaction was observed when a 

clear sample of 5 turned a pale yellow color (the original reaction 

color), when heated above 75°C. Column chromatography was also inef

fective in separating the compounds. 
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Structure Determination of 
the Aza-3-butene Derivatives 

IR and NMR analysis supported the structure of an unsubsti-

tuted amine. The IR spectra indicates a large N-H stretch in the 

3300-3450 cm~l range and the -C=C- absorptions (1640-1670 cm-*), 

(table 6). These absorptions are the most conclusive evidence for the 

unsaturated amine. Also seen in the IR spectra are the carbonyl 

stretches (1730 cm~l) and the -C-N- stretching vibrations (1060-1020 

cm-*). The -C-N- vibrations are typically found between 1020 and 1250 

cm~l, depending on the type of amine present (Silverstein, et al. 1981). 

TABLE 6. IR Data for Aza-3-Butene Derivatives 

Compound N-Ha C=0 C=C C-N Ar 

7 
A# 

3425-
3375 

1760-20 1650 1050 

8 
a* 

3425-
3300 

1760-20 1670 1060 

9 
A# 

3425-
3350 

1730 1640 1030 

10 3450-
3325 

1730 1660 1035 830 

aall wave lengths reported in cm" 1• 

The NMR also lends support for the aza-3-butene structure, 

(table 7). A broad peak, corresponding to the NH proton is located 
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between 5.97 and 6.18 ppm. In compounds 7 and 8, proton H4» is seen 

as a doublet at 6.5 ppm. In 7, the H3 proton is found further upfield 
A# 

(5.4 ppm) and appearing as a doublet with a coupling constant of 12 

Hz. In 8 and 9, one can observe long range coupling (1 and 2 Hz, 

respectively) between H^i and R3. In 10, the downfield region is more 

complicated by the aromatic and olefin protons, but the intergration 

of protons correspond to the structure indicated for 10. 

TABLE 7. lH NMR Data for Aza-3-Butene Derivatives 

Compound 
No 

Substituents Chemical Shift 
(ppm) 

Coupling 
Constants 
(Hz) 

R3 R4 R4' NH H4. H3 H3H4' LRa 

7 
«v 

H OEt H 6.15(s) 6.55(d) 5.46(d) 12 

8 CH3 OEt H 5 . 9 7 ( e )  6.53(d) 1 

9 CH2 OCH2 H 6.12(s) 6.55(t) 2 

10 H Ar H 6.18(s) 6.55(m) 

along range coupling 



CHAPTER 3 

DISCUSSION 

The discussion will cover three aspects of the preceding results: 

the structural support of 5,6-dihydro-l,3-oxazine derivatives, the 

mechanism with regards to the stereo- and regioselectivity, and 

finally the thermolysis products of the dihydro-1,3-oxazine compounds. 

All of the data collected in this study indicated triethyl azo-

methinetricarboxylate, TEI, and electron-rich olefins undergo Diels-

Alder type reactions with inverse electron demand. The electron-rich 

olefins studied (ethyl vinyl ether, cis propenyl ethyl ether, 

2,3-dihydrofuran, p-methoxystyrene, p-methylstyrene) yielded the 

corresponding 5,6-dihydro-AH-l,3-oxazine derivatives, 2-5. 

Structural Support for 5,6-Dihydro-l,3-oxazine Derivatives 

The IR, 13C and *H NMR data reported in tables 3, 4 and 5 are 

consistent with the structure reported below. 

RO 

E=COOEt 

2 R5= H, R$= OEt 4 R5= -CH2, R6= -OCH2" 6 R5= H, R$= <j>-p-CH3 
«v 

3 R5= CH3, R6= OEt 5 R5= H, R6= <|)-p-0CH3 
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In compounds 2-6, the C=0 and C=N absorption bands were found 

at 1730-1740 and 1650-1675 cm""l, respectively. There was no indica

tion of an N-H absorption band in the pure compounds. NMR of the 

compounds indicated the H5 proton appeared at 5.3 ppm whereas the H5 

proton(s) were found at 2.5 ppm. In the case of cis propenyl ethyl 

ether and TEI, the oxazine derivative, 3, was observed and isolated as 
A# 

the only isomer. 

OEt 

N=C — O 

/ OEt 
CH 

E=COOEt 

3 

As mentioned in the results, the 0-ethoxy group on C-6 prefers to be 

in the axial position, due to the anomeric effect. The *H NMR indi

cated two doublets, one for each H5 and Hg with a coupling constant of 

3 Hz. This is consistent with a cis conformation and indicates the 

reaction proceeds with retention of stereochemistry. 

The structure of 3 can be determined from the data. 

The quaternary carbons, C-2 and C-4, are found at dramatically dif

ferent chemical shifts. C-2, found at 152 ppm, is greatly influenced 

by the double bond and the three adjacent heteroatoms, while C-4 is 

influenced by one heteroatom and two carbonyls, therefore, it is found 

at 68 ppm. C-6 corresponds to a dioxygenated carbon of an acetal. 

Typically, the chemical shift for this carbon should be 88-112 ppm 

(Silverstein, et al. 1981) and is actually found at 100 ppm. 
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The comparision with other configurations of dihydrooxazine 

compounds is useful to confirm the diethyl 6-ethoxy-5-methyl-5,6-

dihydro-4H-l,3-oxazine-4,4-dicarboxylate structure of 3. The con-

figurations below indicate the two possible regioisomers of 

dihydro-1,3-oxazine derivatives (A & B) and the two possible regioiso

mers of dihydro-1,4-oxazine derivatives (C & D). The chemical shifts 

of the quaternary carbons will differentiate between dihydro-1,3- and 

dihydro-1,4-oxazine compounds. In C & D, the chemical shifts for the 

quaternary carbons are expected relatively close together in the 

110-150 ppm. range (Silverstein, et al. 1981). Since this is not the 

case, dihydro-l,4-oxazine derivatives can be eliminated. A and B can 

be distinguished from each other by comparing the chemical shift of 

the dioxygenated carbon (C-6 in A). B has no.corresponding position 

so can be eliminated as a regioisomer. The NMR data indicated 

dihydro-1,3-oxazine regioisomer A is formed. 

A B 

E E 

c D 

E = COOEt 



Mechanism of the Reaction 

Stereochemistry of the Product 

The Diels-Alder reaction is believed to involve a concerted 

single step process. One of the criteria for a concerted reaction is 

the retention of stereochemistry or syn addition with respect to the 

dienophile. This is not the only criterion for a concerted reaction 

but it is a useful indicator. As previously mentioned, the *H NMR 

indicated retention of the cis propenyl ethyl ether stereochemistry. 

Two other factors consistent with a concerted mechanism of a 

Diels-Alder reaction are: 

A) Solvent Effects. For example, there was no difference in 

the rate of the reaction between TEI and p-methoxystyrene in CDCI3 or 

acetone-dfc. 

B) Cycloreverslon. The starting materials were observed when 

the pure samples of dihydro-1,3-oxazine were heated above their original 

reaction temperature. For instance, when pure 2 or 3 were injected 
A# «V 

into the GC, TEI was recovered along with the thermolysis product. 

This indicates the same reaction pathway was followed in the 

hetero-Diels-Alder and cycloreversion reactions. 

In conclusion, it can be stated that the products observed are 

stereospecific and the reaction is most likely concerted. 

Regioselectivity of the Diene 

One of the questions that needs to be considered is the 

regiochemistry of the products in the inverse electron demand 
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Diels-Alder reaction. There are two possible diene systems the [2-t4] 

cycloaddition reaction can proceed through. In I, the N-carboethoxy 

carbonyl is part of the diene whereas in II, one of the carbonyls 

associated with a C-carboethoxy group is part of the diene. 

E 
\ 

N Ĉ RO-ĉ ° 

i i 
e^n 

RO 11 | 

I E E 

E=COOEt 

From the work conducted in this study, it can be concluded the 

diene employed in the Diels-Alder inverse electron demand reaction is 

C=N-C=0. The N-carboethoxy carbonyl is preferred over the carbonyls 

associated with the C-carboethoxy groups. The reacting diene is con

sistent with the work of Akiyama, et al. (1976), involving anhydro-

chloralurethanes. Therefore, when there are two possible diene 

systems, the preferred one is C=N-C=0 and is not 0=C-C=N. 

The preference of dienes can be examined from a steric point of 

view. One could imagine the dienophile lining up under the diene. 

The 'Alder endo rule' predicts the major product to be the endo 

isomer, which would arise in the preorientation stage when the larger 

substituent of the dienophile is situated under the plane of the 

diene. 
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N=4-E RO-C=O 

/CHr^c 
Eto e -c ==l!l̂ cooEt 

Rn c/  RO C 
ie 

E=COOEt 

RO C> 

33zi 

III would afford the most ir orbital overlap with the least 

amount of steric hindrance. The N-carboethoxy group in IV would 

interfere more with the orientation of the transition state than III. 

Regioselectivity of the Dienophile 

The regiochemistry of the dienophile can sometimes be predicted 

depending on the degree and position of the substituents of the diene. 

When the diene is multisubstituted, the predictions are not valid and 

depend mainly on the electronic properties of the substituents. 

The regioselectivity of the dienophile, with respect to the 

product, can be rationalized in terms of a polar transition state. 

This rationalization can be employed if the reaction is believed to be 

concerted even if it is not synchronous. There is more electron den

sity around C-0~ than N-C~ which would contribute to a more stable 

zwitterionic form in E than that in F. Also, nucleophilic attack by 

the olefin at the carbon (E) seems more likely than at the C=0 oxygen 

(F). This would account for E being the preferred regioisomer and, in 

general, account for the high regioselectivity of the reaction. 
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E OEt 

CHj 

E 

RO 

F 
E=COOEt 

Thermolysis Products 

The thermolysis reactions provide more support for the 

dihydro-1,3-oxazine derivatives. When the dihydro-oxazine derivati

ves, 2-5, were heated, aza-3-butene derivatives, 7-10, were formed. 

This occurs from ring cleavage of the 0-C6 bond followed by hydrogen 

transfer from C-5. Considering the dihydro-1,4- and dihydro-1,3-

oxazine derivatives, only the dihydro-1,3-oxazine derivatives can 

undergo this type of ring cleavage to form aza-3-butenes. 

Structure of the aza-3-butenes 

The structure of the aza-3-butenes, 7-10, were supported by IR 

and 1H NMR data. The IR spectra indicated a strong N-H absorption 

R 

COOEt 

E= COOEt 
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band at 3450-3300 cm-*-. There was also a slight shift of the C=N 

absorption comparing to the C=C absorption. The NMR showed the 

disappearance of the ring protons at C-5 and C-6 and the appearance of 

the olefinic proton(s). The broad peak around 6.1 ppm is consistent 

with a chemical shift of an N-H proton. 



CHAPTER 4 

SUMMARY AND CONCLUSIONS 

Triethyl azomethinetricarboxylate, TEI, can undergo cycload-

dition reactions with electron-rich olefins to form substituted 

5,6-dihydro-4H-l,3-oxazines. The reaction, a Diels-Alder type with 

inverse electron demand, appears to proceed via a concerted reaction. 

lH and 13c NMR indicate the products obtained are stereo- and regio-

selective, with respect to the dienophile, in this case the electron-

rich olefin. Of the two possible dienes, 0=C-C=N or C=N-C=0, only the 

latter was found to be involved in the [2-*4] cycloaddition reaction. 

The preferred diene, C=N-C=0, is most likely favored by steric factors. 

The proposed structure was supported by *H and 13c NMR. 

The 5,6-dihydro-4H-l,3-oxazine derivatives can undergo ther

molysis reactions to form substituted aza-3-butenes. The mechanism 

involves ring cleavage of the O-Cg bond followed by hydrogen transfer. 

The products reconfirm the structure of the 5,6-dihydro-l,3-oxazine 

compounds. In competition with the thermolysis reaction is the 

Diels-Alder cycloreversion reaction. When heated above their original 

reaction temperature, the dihydro-1,3-oxazine compounds revert back to 

the starting materials as well as forming the aza-3-butenes. The 

degree of the cycloreversion reaction depends on the temperature of 

the thermolysis reaction. For instance, when 5 was injected into the 

37 
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GC, only starting materials were collected, whereas heating 5 in a 
A* 

sealed tube at a lower temperature gave 10, the aza-3-butene derivative. 

Attempted coplymerizations of TEI and p-methoxy- or p-

methylstyrene were unsucessful. Only dihydro-1,3^-oxazine derivatives 

were observed in the attempted copolymerization reactions. A free 

radical initiator did not affect the outcome of the polymerization 

reactions, since only the 5,6-dihydro-l,3-oxazine derivatives were 

observed. Therefore, the Diels-Alder type reaction with inverse 

electron demand follows a lower energy pathway, thus, copolymerization 

will not be favored. 



CHAPTER 5 

EXPERIMENTAL 

Instrumentation 

Proton nuclear magnetic resonance spectra were obtained on 

either a Varian T-60 NMR Spectrometer or on a EM 360 60 MHz NMR 

Spectrometer. All chemical shifts are reported from TMS. The 

nuclear magnetic resonance were determined on a Brucker WM-90 

Spectrometer. All chemical shifts are reported relative to TMS using 

CDCI3 as the internal standard. 

Infrared spectra were determined on a Perkin-Elmer 710A 

Spectrophotometer. Solid samples were done in KBr and liquids were 

done neat on NaCl plates. 

A Varian Aerograph series 700 was used to obtain the gas chroma-

tographs. A SE 30 column with a 70/80 mesh was used for the separa

tions. 

Meltng points were measured on a Thomas-Hoover melting point 

apparatus and are uncorrected. A Buchi kugelrohr apparatus was used 

for small quantities or flash distillations. 

Elemental analysis were performed either by the University 

Analytical Center, University of Arizona or Micanal, Tucson, Arizona. 

Electron-rich Olefins 

Electron-rich olefins were purchased from Aldrich and distilled 

39 
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from calcium hydride. The p-methoxystyrene, p-methylstyrene and ethyl 

vinyl ether were stored under argon at -10°C. Cis propenyl ethyl 

ether was stored in a desiccator at 10°C. Trans-anethole and 

2,3-dihydrofuran were used without further purification. 

Solvents and Chemicals 

All solvents were reagent grade and obtained from Fisher. 

Benzene and tetrahydrofuran were distilled from sodium and ben-

zophenone immediately before use. Methanol was dried over MgS04 and 

distilled from sodium. Anhydrous ether was purchased from Baker and 

used without further purfication. Triethylamine was distilled from 

calcium hydride and stored in a dark bottle. 

All NMR solvents were purchased from Norell, Inc. The chemical 

shifts reported relative to TMS in ppm. 

Synthesis Of Trlethyl Azomethinetricarboxylate 

Ethyl Triphenyl-
phosphinimino-
N-carboxylate 

A 31 3-neck flask, in an ice bath, equippped with a dropping 

funnel, mechanical stirrer and gas dispersion tube, was charged with 

131.1 g (0.5 mol) triphenylphosphine in 800 ml benzene. Chlorine gas 

11.0 ml (0.5 mol) was initially condensed at -78°C in a graduated 

tube. This was then allowed to enter the main reaction flask through 

the gas dispersion tube as the tube slowly warmed to room temperature. 



The solution was stirred for 1 hr. A solution of ethyl carbamate 

(44.5 g, 0.5 mol) in 100 ml benzene was added rapidly through the 

dropping funnel. Immediatiy afterwards a solution of triethylamine 

150 ml (1.1 mol) in 100 ml benzene was added dropwise and the slurry 

was stirred for 1 hr at 0°C. The slurry was then stirred for 1 hr at 

room temperature, filtered and the benzene was removed by roto eva

poration. Diethyl ether (200 ml) was added to the residue to precipi

tate the product. Yield 46.8%, m.p.l30°C (lit. 69%, 131-133°C). 

IR (KBr): 3050, 2980, 1620, 1270, 1100, 695 cm"1. NMR (benzene-

dg): 7.3(m, 15H) 4.2(q, J= 16,7 Hz, 2H) 1.17(t, J= 7Hz, 3H). 

Triethyl Azomethine-
tricarboxylate, 1 

TEI was prepared by the method of Bruck, Buhler and Plieninger 

(1972). The spectroscopic data of TEI was not published along with 

the synthesis, so the IR, and NMR data Is presented here. TEI 

was collected at 100-115°C at 0.25 torr, yield 68%. (lit. 105-108°C 

at 0.2 torr. yield, 57%). Anal, calc'd for C10H15NO6: C, 48.98; H, 

6.17 N, 5.71%. Found: C, 48.88; H, 6.06; N, 5.71 %. 

IR (neat): 2980, 1760-1740, 1685, 1220, 1080, 1030 cm-1. XH 

NMR (CDC13): 4.35(q, J= 14,7 Hz, 4H) 4.33(q, J= 14,7 Hz, 2H) 1.37(t, 

J= 7 Hz, 9H). 13C NMR (CDCI3): 159.8(s) 152.6(s) 63.38(t) 63.65(t) 

13.92(q) 14.13(q). 
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Reactions Of TEI With Electron-Rich Olefins 

General Reaction Procedure 

The reactions between TEI and electron-rich olefins were con

ducted in 5 mm NMR tubes. The reaction scale was between 1-3 mmol 

using 1 ml CDCI3 as the solvent. The reactions were left at either 

room temperature or at 65-90°C until the NMR spectra indicated no 

further reaction. The solutions were poured into a round bottom flask 

and the excess solvents were removed by aspirator vacuum. The resi

dues were either purified by distillation or GC. If it was not 

possible to isolate the product without decomposition, additional 

spectra were recorded in support of the indicated structure. NMR 

yields were based on TEI as the limiting reagent. The integration of 

one proton of the product was used to calculate the integration of one 

proton of the remaining starting material. So the integration of the 

product proton was divided by the integration of the single product 

and TEI protons. 

Diethyl 2,6-Diethoxy-
5,6-dihydro 4H-1,3-oxazine-
4,4-dicarboxylate, 2 

A mixture of 0.36 g (1.47 mmol) TEI and 0.2 ml (2 mmol)ethyl 

vinyl ether in 1 ml CDCI3 was left at room temperature for 3 hours. 

The reaction was stopped when no further reaction was detected by 

NMR. The excess solvents were removed by vacuum and the residue was 

flash kugelrohr distilled (140°C, 0.05 torr). The distillate soli

dified upon cooling. Recrystallization from chlorform and ether 



yielded 97%, mp. 34-36°C. Anal, calc'd for C14H23NO7: C, 52.99; H, 

7.30; N, 4.41%. Found: C, 52.76; H, 7.01; N, 4.45%. 

IR (neat): 2975, 1750, 1675, 1300-1250, 840 cm"1. *H NMR 

(CDCI3): 5.3(dd, J= 4,6 Hz, 1H) 3.83(m, 8H) 2.4(dd, J= 4,4 Hz, 2H) 

1.25(m, 12H). 13c nmr (CDCI3): 169.7(s) 152.7(s) 98.2(d) 65.84(s) 

64.73(t) 63.73(t) 61.87(t) 61.46(t) 32.04(t) 15.0(q) 14.1(q). 

Diethyl 2,6-Ethoxy-5-methyl-
5,6-dihydro-4H-*l ,3-oxazine-
4.4-dicarboxylate, 3 

A mixture of 0.33 ml (3 mmol) cis propenyl ethyl ether and 0.69 

g (2.82 mmol) TEI in 1 ml CDCI3 was left at room temperature for 2 

hours. The reaction was stopped when no further reaction was detected 

by *H NMR. The excess solvent were removed by vacuum and the residue 

was flash kugelrohr distilled at 130°C, 0.05 torr. Yield 97.9%. 

Anal, calc'd for C15H25NO7: C, 54.37; H, 7.60; N, 4.23%. Found: C, 

54.59; H, 7.63; N, 4.27%. 

IR (neat): 2960, 1730, 1660, 1300-1240, 860 cm-1. 

lH NMR (CDCI3): 5.3(d, J= 3 Hz, 1H) 4.03(m, 8H) 2.7(dd, J= 7,3 Hz, 

1H) 1.6(m, 15H). 13C NMR (CDCI3): 168.96(s) 168.02(s) 151.84(s) 

100.27(d) 68.68(s) 64.75(t) 63.32(t) 61.14(t) 60.75(t) 33.91(d) 

14.28(q) 13.41(q) 7.88(q). 

Diethyl 3-Ethoxy-9-oxa-
bicyclo-[4.3.0]-non-3-ene-
5.5-dicarboxylate, 4 

a* 

A mixture of 0.12 ml (1.59 mmol) 2,3-dihydrofuran and 0.29 g 



(1.19 mmol) TEI in 1 ml CDCI3 was left at room temperature for 2 

hours. Analysis by NMR indicated the dihydro-1,3-oxazine was formed 

in 61% yield. No additional product formation was noticed after 24 h. 

The compound was to unstable to isolate but the structure was sup

ported by NMR data. 

!h NMR (CDCI3): 5.93(d, J= 4 Hz, 1H) 4.2(m, 8H) 2.77(m, 3H) 

1.30(t, J= 7 Hz, 9H). 

Diethyl 2-Ethoxy-6-(p-methoxyphenyl)-
5,6-dihydro-4H-l,3-oxazine-
4,4-dicarboxylate, 5 

A mixture of 0.24 ml (2 mmol) p-methoxystyrene and 0.46 g (1.9 

mmol) TEI in 1 ml CDCI3 was heated in an NMR tube for 24 hours at 

65°C. The excess solvent was removed under vacuum. The compound 

could not be purified for elemental analysis, but good spectroscopic 

data was obtained from the remaining liquid to support the structure. 

Yield (by NMR) 83%. Anal, calc'd for C, 60.15; H, 6.65; N, 

3.67%. Found: C, 58.00; H, 6.71; N, 3.62%. 

IR (neat): 2975, 1730, 1650, 1610, 1510, 1240, 860, 830 cm"1. 

lH NMR (CDCI3): 7.0(Ar, 4H) 5.15(dd, J= 12,2 Hz, 1H) 4.27(m, 6H) 

3.77(s, 3H) 2.67(dd, J= 2,12 Hz, 1H) 2.0(dd, J= 12,14 Hz, 1H) 

1.28(t, J= 7 Hz, 9H). 13C NMR (CDCI3): 169.6(s) 159.73(s) 154.37(s) 

130.2(s) 127.2(d) 113.75(d) 75.39(d) 66.05(s) 63.58(t) 62.80(t) 

61.56(t) 54.77(q) 34.37(t) 13.63(q). 



Diethyl 2-Ethoxy- 6-(p-methylphenyl) 
5,6-dihydro-4H-l,3-oxazine 
4,4-dicarboxylate, 6 

mt 

A mixture of 0.13 ml (1 mmol) p-methylstyrene and 0.2 g (0.8 

mmol) TEI was heated in a sealed tube at 80°C for 24 hours, in bulk. 

The solution was poured into dry methanol. No polymer was apparent and 

the methanol was removed by roto evaporation. Further purification 

was not possible due to the instability of the dihydro-1,3-oxazine 

product. The structure was supported by NMR and IR data obtained 

from the liquid remaining after evaporation of the excess solvents. 

IR (neat): 2975, 1730, 1660, 1460, 1370, 1260, 860, 820 cm-1. 

lH NMR (CDC13): 7.0(Ar, 4H) 5.3(dd, J= 10,2 Hz, 1H) 4.23(m, 6H) 

2.71(dd, J= 3,15 Hz, 1H) 2.35(s, 3H) 1.95(dd, J= 12,14 Hz, 1H) 

1.30(t, J= 7 Hz, 9H). 

Thermolysis Of 5,6-Dihydro-4H-
1,3-oxazines To Aza-3-Butenes 

N,2,2-Tricarboethoxy-
4-ethoxy-aza-3-butene, 7 

A mixture of 0.28 ml (3 mmol) ethyl vinyl ether and 0.70 g 

(2.85 mmol) TEI was mixed at room temperature and stirred overnight. 

The resulting dihydro-1,3-oxazine was then heated at 85°C for 6 hours. 

The pure compound could not be obtained by distillation. GC separa

tion was used to collect the desired product at an injection tem

perature of 200°C. TEI was also collected by GC. Yield (by GC) 60%. 

Anal, calc'd for C14H23NO7: C, 52.98; H, 7.30; N, 4.41%. Found: C, 

52.68; H, 7.06; N, 4.40%. 



IR (neat): 3425-3375, 2975, 1760-1720, 1650, 1490, 1260, 1050 

cm"1. XH NMR (CDCI3): 6.55(d, J= 12 Hz, 1H) 6.15(s, broad, 1H) 

5.4(d, J= 12 Hz, 1H) 4.0(m, 8H) 1.27(t, J= 7 Hz, 12H). 

N,2,2-Tricarboethoxy-
4-e thoxy-3-methy 1-
aza-3-butene, 8 

A mixture of 0.4 ml(2 mmol) cis-ethyl propenyl ether and 0.9 g 

(3.67 mmol) TEI was mixed at room temperature and stirred overnight. 

The resulting dihydro-1,3-oxazine was then heated at 85°C for 3 hours. 

The pure compound was collected by GC at an injection temperature of 

225°C. TEI was also collected by GC. Yield (by GC) 60%. Anal, calc'd 

for C15H25N07: C, 54.37; H, 7.60; N, 4.23%. Found: C, 54.18; H, 

7.64; N, 4.20%. 

IR (neat): 3450-3300, 2990, 1760-1720, 1670, 1500, 1260, 1060 

cm-1. XH NMR (CDCI3): 6.53(d, J= 1 Hz, 1H) 5.97(s, broad, 1H) 

4.03(m, 6H) 1.67(d, J= 1 Hz, 3H) 1.25(t, J= 7 Hz, 9H). 

Triethyl l-Aza-2-
[3'-4',5'-dihydrofuryl]-
ethane-1,2,2-tricarboxylate, 9 

A mixture of 0.12 ml (1.59 mmol) 2,3-dihydrofuran and 0.19 g 

(1.19 mmol) TEI in 1 ml CDCI3 was stirred at room temperature for 6 

hours. Kugelrohr distillation at 80°C, 0.10 torr yielded a clear 

liquid. Yield, 70%. Anal, calc'd for C14H21NO7: C, 53.3; H, 6.71; N, 

4.44%. Found: C, 52.05, H, 6.83; N, 4.30%. 

IR (neat): 3425-3350, 2975, 1730, 1640, 1480, 1260-1230, 1100, 
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1030 cm"1. XH NMR (CDCI3): 6.55(t, J= 4,2 Hz, 1H) 6.12(s, broad, 

1H) 4.23(m, 8H) 2.75(dt, J= 10,10 Hz, 2H) 1.27(t, J= 7 Hz, 9H). 

N,2,2-Tricarboethoxy-
4-(p-methoxyphenyl)-
aza-3-butene, 10 

A mixture of 0.6 ml (4.5 mmol) p-methoxystyrene and 1.0 g (4.08 

mmol) TEI was heated in bulk at 65°C for 24 hours. Neither kugelrohr 

distillation or GC were effective in separating the aza-3-butene from 

the starting materials. The structure can be supported by IR and 

NMR data. 

IR (neat): 3450-3325, 2975, 1730, 1660, 1600, 1510, 1370, 

1260-1220, 860, 830 cm-1. *H NMR (CDCI3): 7.0(Ar, 4H) 6.6(m, 2H) 

6.18(s, broad, 1H) 4.21(q, J= 7 Hz, 6H) 3.75(s, 3H) 1.25(m, 9H). 



APPENDIX A 

ATTEMPTED SYNTHESES OF 
DIMETHYL N-CYANOAZOMETHINEDICARBOXYLATE 

To date, this study had indicated triethyl azomethinetricar-

boxylate undergoes Diels-Alder type reactions with inverse electron 

demand involving C=N-C=0 as the diene. In an attempt to further 

investigate the reactions of electrophilic imines, it was proposed to 

synthesize the N-cyano analogue of the previous imine. The desired 

imine, dimethyl N-cyanoazomethinedicarboxylate (DMCI) might react with 

electron-rich olefins to form other compounds that are analogues to 

those of the olefinic and azo systems (Hall, 1983; Von Gustorf, et al, 

1970). Some of the unsuccessful attempts to synthesize DMCI are 

outlined below: 

Wittig Reactions. 

Wittlg type reagent. TEI was prepared by a Wittig type reac

tion involving ethyl triphenylphosphinimine-N-carboxylate and diethyl 

ketomalonate (Bruck, Buhler, and Plieninger, 1972). The analogous 

phosphinimine, N-cyanoiminotriphenylphosphorane, was prepared by the 

method of Swern and co-workers (Hutchins and Swern, 1981; Swern, 

Ikeda, and Whitfield, 1972). 

Ph,P • t-BuOCI • NH-CN » Ph,P=N-CN 
Na. - 78°C 
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A similar type reaction was employed with dimethyl ketomalonate and N-

cyanoiminotriphenylphosphorane. Only the starting materials were 

observed after the two reagents were refluxed in THF or n-butanol. 

Ph,P= N-CN No 
5 THF Of n-BuOH > 
0_r^COOCH3 A, 6-48hrs Reaction 

^COOCHj 

In an attempt to check the reactivity of N-cyanoiminotriphenyl 

phosphorane, it was reacted with benzaldehyde, since aldehydes are 

typically more reactive than ketones in Wittig reactions. Again, no 

reaction was observed. 

Ph3P= N-CN 

o=c-<5) 

H 

THF No 

Reaction 

Tebby, Butterfield and King (1978) reported that phosphinimi-

nes are slow to hydrolyze, which might be related to their unreac-

tivity. Also, one could imagine the more electron-withdrawing group, 

-CN, would make the nitrogen less nucleophilic, thus, making it less 

likely to attack the carbonyl and not favor the Wittig reaction. 

Modified Wittig reagent Schrader and Hammann (1970) 

reported cyano-diethylester phosphoramldlc acid in the patent litera

ture. Attempts to synthesize and react the modified Wittig reagent 
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with ketones was unsuccessful. Below are listed some combinations of 

reagents employed in the syntheses of cyano-diethylester phosphorami-

dic acid. 

Reagents Solvents Outcome 

(EtO)2P(0)Cl + NaNHCN 

+ NH2CN 

+3 NH2cn 

+2 NaNHCN 

+ NH2CN 

Acetone 

Acetone/Et3N 

THF 

THF, NH4C1 

n-BuLi/THF, 
dimethyl 
ketomalonate, 
K.C1 

possible reaction 
with solvent 

No CN in IR spectra 

Exploded when distilled 

NH2CN 

All fractions have 
OEt groups 
in *H NMR 

The workup of the last two reactions listed above involved quenching 

the reaction with an aqueous salt solution. Comins and co-workers 

(1978), used a 20% NH4CI solution to quench the reaction between 

diethylchlorophosphate and active methylene compounds. The analogous 

type of workup did not appear to work in the above reactions. Further 

work appears necessary to repeat the work of Schrader and Hammann. 

Condensation Reactions 

Cyanamide. Various Knoevenagel condensation reactions were 

attempted between dimethyl keto malonate and cyanamide. Recently, 

Hall and Sentman (1982) used dimethyl ketomalonate in a Knoevengel 

chjooc, 

CHJOO 

\ 
1 

/ 
c=o • mh 2-cn 

ch300c 
\ /CN 

n— -N 

CHPOC / 



51 

Recently, Hall and Sentman (1982) used dimethyl ketomalonate in a 

Knoevengel condensation with methyl cyanoacetate. The conditions used, 

a catalytic amount of 3~alanine and acetic acid, yielded water when 

refluxed. Similar reactions with dimethyl ketomalonate and cyanamide 

yielded no water. Using a stronger acid catalyst again, led to no 

water removal and the IR spectra of the crude mixture did not indi

cate a cyano group. Even conducting the reactions in the presence of 

a drying agent (Na2SC>4 or P2O5), did not yield the desired product. 

Cyanamide is a weak acid that will dimerize under basic 

conditions (pH 8-10). However, dimerization can be prevented by the 

presence of trace amounts of acid stablizers. Substitution reactions 

at the amino end require the anionic species, sometimes in equivalent 

amounts and often as provided by base catalysts, therefore, pre

cautions must be taken to prevent dimerization. Substitution reac

tions yielding monoalkyl derivatives were not successful in isolating 

the product. Usually the cyclic trimers or cotrimers with cyanamide 

are found (Miller and Bann, 1956). Cyanamide does not readily react 

with ketones, therefore, attempted reactions with benzophenone were 

unsuccessful (Cyanamide, 1966). One example of a ketone reacting with 

cyanamide gave a cyclic azoline (Theiling and McKee, 1954). 

O CHj 
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Therefore, it is not surprising to find cyanamide unreactive towards 

dimethyl ketomalonate in condensation reactions. 

Monobromomalonate. Recently, Prosyanik, Fedoseenko and 

Markov (1982) reported a method of brominating and dehydrobrominating 

an amine to yield the coresponding imine. 

Along the same lines, dimethyl monobromomalonate was reacted with 

monosodium cyanamide or cyanamide to yield the amine. In both cases, 

tetramethyl ethenetetracarboxylate was formed. 

Dibromomalonate. Dimethyl dibromomalonate was unreactive 

towards cyanamide either at room temperature or under reflux in ethyl 

acetate. The formation of diphenyl cyanocarbonimidate from the con

densation reaction of the dichloro diphenylcarbonate and cyanamide 

was reported by Webb and Labaw (1982). 

COCH 
2)Et3N. MeCN COCH 

NaNHCN/ MeOH 
COOCH 

COOCH 
CHjOOC^ NH NH2CN/ n-BuLi 
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CHjOOC^ yBr 
RT or No 

CHjOOC^ ̂ Br 

C + NH2- CN " ^ Reaction 
• ' 4 rellux 

<o) 

°\ /°'» NHj-CN > 0s,C=N/CN 

c/N:, 

Trimethylsilyl Derivatives 

Trimethylsilyl derivatives of primary amines were thought to 

be more conducive to condensation reactions than regular amines 

(Mazurek, 1983). In a model reaction, N,N-bis-trimethylsilylanaline 

reacted with dimethyl ketomalonate to form the corresponding imine. 

Me,Si 

v<5> . js> 
/ 120 c C = N^^ 

' AcOH / Me3Si 
+ 

CHjOOC. 
\c=o 

CHJDOC 

CH3OOC 
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Cyanamide and trimethylchlorosilane were reacted together in the 

attempt to form disilylated cyanamide, unfortunatly, only the 

rearranged product, NjN'-bistrimethylsilylcarbodiimide, was isolated. 

Me,SiN=C=N-SiMe3 

+ 

*S'Me'cl Me,s\ 

^ yN-CN 

Me,Si 

Another attempt to synthesize disilylated cyanamide involved 

the reaction between the lithium salt of hexamethyldisilazane and 

cyanogen bromide. 

Me,Si 

i T + Br-CN > Me,Si-N=C=N-S.Me, 

/ 
Me,Si 

Again, the product was the disilylated carbodiimide. From these reac

tions, it appears unlikely the N,N-bistrimethylsilylcyanamide can be 

synthesized and used in condensation reactions. 

To date, dimethyl N-cyanoazomethinedicarboxylate has not been 

successfully synthesized from the methods presented in this study. 
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