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Abstract: The condensation of &- (1) and trans-2-hydroxymethyl-4-cyclo- 
hexenvl-l-amine (21 and 2,3-w- (3) 
cyclo?2.2.l]heptyl&nine (4j 

and 2,3-d.&&-3_hydroxymethylbi- 
with 8 -different- aromatic aldehydes led to 

ring-chain tautomeric equilibria between epimeric tetrahydro-1,3-oxazines 
and open-chain Schiff bases. In all cases the equilibrium mixtures 
consisted of two epimeric ring forms although the 2-axial epimers of the 
cyclohexene-fused derivatives had only a minor contribution to the ring- 
chain tautomeric equilibria. For the norbornane-fused derivatives the 
ring-chain tautomeric equilibria were taken equal to the ratio of the sum 
of the ring forms and the amount of the $-isomer of the open form in which 
case the simple equation, log KK = 0.76~ + log K derived recently for 
ring-chain tautomerism in 1,3-oxazines prevailes=ffgain for each system 
studied. 

Tetrahydro-1,3-oxazines and 1,3-oxazolidines are useful synthons in 

enantioselective syntheses.l Several of them and their thia-analogs are 

also important from a pharmacological point of view, both as potential 

drugs2t3 and as starting materials in drug syntheses.l In spite of this, 

relatively little attention has been paid to the quantitative aspects of 

their ring-chain tautomerism5, which can be of great importance to their 

synthetic applications6 and to their pharmacological effects.2d 

Recently a comparative study' on the ring-chain tautomerism in seven 

series of 2-aryl-substituted 1,3-oxazine derivatives (e.g. 1,3- and 3,1- 

benzoxazines and perhydrogenated analogs) were reported. In all cases the 

equation 

log Kx = (0.76*0.04)0+ + log Kx=B (1) 

where Kx = [ring]/[chain] and Q+ is the Hammett constant was obeyed.7 

only two component equilibria were considered in the above studies.7 

Several recent reports8, however, discuss oxazolidine and thiazolidine 

equilibria where two C-2 epimeric ring forms are in equilibrium with one 

open form. Sometimes, however, two open-chain forms might also be present. 

4031 



4032 

Therefore the aim of this investigation was to study quantitatively the 

three- to four-component equilibria for some tetrahydro-l,3-oxazine deriv- 

atives and at the same time discuss the scope and limitations of equation 

(1) for these systems. As model compounds, four aminoalcohols (l-4) were 

chosen (Schemes 1 and 2). The ring system in a- (1) and trans-l- 

hydroxymethyl-4-cyclohexenyl-l-amine' (2) is fairly flexible, but rather 

rigid in 2,3-w- (3) and 2,3-m-3-hydroxymethylbicyclo[2.2.1]hep- 

tylaminel' (4). 

RESULTS AND DISCUSSION 

Aminoalcohols 1 and 2 were prepared from a- and a-1,2,3,6-tetra- 

hydrophtalic anhydride through ammonolysis, Hoffman degradation" and 

subsequent lithium aluminium hydride reduction.' 2,3-Q&SKg-3-hydroxymeth- 

ylbicyclo[2.2.l]heptane (3) was prepared from norbornane through chloro- 

sulfonyl isocyanate addition'?, hydrogen chloride hydrolysis of the 

azetidinone, and lithium aluminium hydride reduction.loa 2,3-J&&&-2- 

hydroxymethylbicyclo[2.2.l]heptylamine (4) was obtained from 5-norbornene- 

2,3-w-dicarboxylic anhydride by ammonolysis and Hofmann degrada- 

tion."" The resulting 3-&-aminobicyclo[2.2.1]hept-5-ene-2-SD&? 

carboxylic acid, after esterification and catalytic and lithium aluminium 

hydride reduction, furnished the aminoalcohol 4.1°b 

The reaction of aminoalcohols l-4 with aromatic aldehydes occurs smoothly, 

in 2 h even at room temperature, with nearly quantitative yields. The 

tautomer ratios were determined by integrating the signals of suitable, 

well-separated protons, mainly those of H-2 methine (ca 8.3 ppm) and 

Ii-2-methylene protons (ca 5.3 ppm). 

The condensation of &- (1) and w-2-hydroxymethyl-4-cyclohexenyl-l- 

amine (2) and 2,3-diexo- (3) and 2,3-diendp-3-hydroxymethylbicyclo[2.2.1]- 

heptylamine (4) with 8 different aromatic aldehydes led to ring-chain 

tautomeric equilibria between epimeric tetrahydro-1,3-oxazines13 and open- 

chain Schiff bases (Schemes 1 and 2). In all cases, as shown for the 

condensation products with 2-g-nitrobenzaldehyde (Figs. l-3), the eguilib- 

rium mixtures consisted of two epimeric ring forms. The 2-axial epimers of 

cyclohexene-fused derivatives, however, were not quantified since they 

made only a minor contribution to the ring-chain tautomeric equilibria. 

This is demonstrated in Fig. 1 which shows the 'H NMR spectrum of the aryl 

protons of the reaction mixture of 1 with p-nitrobenzaldehyde in CDC13 

solution in equilibrium state at 323 K. 
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The tautomeric equilibria (Table 1) can be described with equation (1) 

when using Q+ values given by Brown and 0kamoto.14 The intercept' (c) 

characterizes the sum of the steric and electronic effects of the 

substituents at C-4, C-5 and C-6. When the c values of 5 and 6 are 

compared with those of their fully saturated counterparts', no difference 

can be observed for the trans derivatives, while the unsaturation has a 

small destabilizing effect in the g,& series (AC = 0.22). 

Table 1. Data for linear regression analysis of the ring-chain tautomeric 
equilibria of compounds 5-8 (cf Schemes 1 and 2). 

Compound 5 6 7 8 
No. of points 8 7 8 7 
Slope p 0.79 0.75 0.77 0.84 
SEa of p 0.02 0.03 0.07 0.06 

SEa Intercept of c 
c 0.57 1.32 -0.90 -1.57 

0.02 0.02 0.05 0.03 
Correlation coefficient 0.997 0.996 0.979 0.988 
aStandard error. 

For the norbornane-fused derivatives (7 and 8) the ring-chain tautomeric 

equilibria were best comparable with the earlier observations (cf equation 

1) by taking the equilibrium constants equal to the ratio between the sum 

of the two ring forms and the amount of the E-isomer of the open-chain 

form despite the fact that in the case of diexo-norbornane derivatives 

both open-chain forms were present (cf Figure 2). 

The relative mole fractions of the epimeric ring forms (7-8rl,r2), the 

Schiff base intermediates (7E,Z and 8E) and the aldehyde in the 

cyclizations of D-nitrobenzaldehyde with 3 and 4 in CDC13 solution at 293+ 

2 K are shown in Figs. 2 and 3, respectively, as a function of time. In 

the cyclization of 3 with D-nitrobenzaldehyde giving oxazine 7 two open- 

chain intermediates could be detected. Even in this case the E-form 

controls the tautomeric equilibria since the correlations shown in Table 2 

gave practically equal slope values with each other and with our earlier 

data' despite the fact that the ratio [r1+r2]/[E] was taken equal to the 

K-value also for 7. 

In the case of the rigid diexQ- and diendq-norbornane series the open form 

always clearly predominates (see Table 2 and the experimental section) - 

especially so in the dienda (8) derivatives. The chemical shifts and 

coupling constants (Table 2) are practically independent of the aryl 

substituents. The oxazine rings in 7 and 8 have practically the same 

conformation (Scheme 2) as in the case of their 2-unsubstituted analogs.16 

The relative C-2 configurations for the ring forms were determined by 2D 
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COSY and NOESY experiments. In 7rl and 8rl the aryl group is m and in 

X p-N02-a-CHO 

Y E-C - N 

2 p-N02-B-C = N 

R ring forms 

R, ring form, Pheq 

R2 nng form, Ph,, 

Figure 1. The 'Ii NMR spectrum of the aryl protons of the reaction mixture 
of 1 with p-nitrobenzaldehyde in CDC13 saolution at 323 K. 

Table 2. Selected chemical shifts and coupling constants for compounds 5, 
6, 7 and 8.a 

Chem. shifts, ppm L Ha 
Gomnound Ii 4Z& H-4s 

H-8a 
4a.4a4a.l-Z& 

5a 4.05 4.02 3.41 2.1 1.6 -11.5 
5Eh 4.14 3.59 3.79 9.5 3.7 -12.0 

6a 3.58 4.25 2.98 11.3 4.0 -11.3 
6Eh 3.60 3.6 3.32 5.0 ca 1.0 -11.0 

7rla 3.57 3.93 3.14 11.1 7.1 -11.0 
7r2a 3.45 3.90 2.58 11.9 7.2 -11.9 
7Ea 3.70 3.63 3.65 4.8 5.8 -11.6 

8rla 3.26 3.98 3.23 7.0 3.5 -11.3 
8r2a 4.14 4.11 2.46 7.0 4.0 -11.0 
8Ea 3.73 3.78 3.89 7.0 6.7 11.6 

'The data were chosen from the most easily detectable Q-N(C!H~)~ or Q- 
NO2 derivatives. 

7r2 and 8r2 dyn to the &&Q and diendo protons , respectively. This is in 

agreement with the shielding and deshielding effects experienced by H-4, 

in 8rI and 8r2 when compared to 7rl and 7r2, respectively. Similarly, H-8a 

is shielded by the aryl substituent both in 7r2 and 8r2 when compared to 

7rl and 8r1, respectively. 

It can be concluded that the reactions of p-nitrobenzaldehyde (as well as 

those of other aromatic aldehydes) with aminoalcohol derivatives in 

question proceed via Schiff base intermediates and consist of two epimeric 
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Figure 2. The relative mole fractions of the epimeric ring 
chain forms and aldehyde in CDCl 

forms (rl and 
r2), the open solution for the 
cyclization of D-nitrobenzaldehyde with 2,3-diexo-3-aydroxymethylbicyclo- 
[2.2.l]heptylamine (3) at 293+2 K against time. 

0.8 

0.6 

0 50 100 150 200 250 300 350 

t / min 

mole fraction 
l- 

b 

0 Pheq -rmg form (r, ) 

* Open chain, E 

X Phax -rmg form (r2) 

cl Aldehyde 

Figure 3. The relative mole fractions of the epimeric ring forms (rl and 
r2), the open chain forms and aldehyde in CDC13 solution for the 
cyclization of D-nitrobenzaldehyde with 2,3-undo-3-hydroxymethylbrcyclo- 
[2.2.l]heptylamine (4) at 29352 K against time. 
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ring forms and usually only one open chain form (B-isomer) at the 

equilibrium. The constant slope value obtained for equation (1) at a given 

temperature is, however, controlled by the ratio between the sum of both 

ring forms and the amount of the R-isomer of the open form (Table 1). In 

the systems we studied earlier' the contribution of the less stable ring 

epimer was so low that a good enough estimate for the slope and intercept 

could be obtained by inspecting the ratios of the amount of the 

predominant ring epimer to that of the E form of the Schiff base 

intermediate. 

EXPERIMENTAL 

General Methods. The '?I NMR spectra were 
spectrometer in CDC13 (3-5 mg per 0.5 

recgrded on a JEOL GX 400 FT-NMR 
cm ) at 293+2 K with Me Si as 

internal standard. The number of scans was 80 to improve S to N raeio for 
integration. The determination of the ring-chain tautomer ratios was based 
on the integrals of methylene and methine protons. The measurements were 
repeated several times at 
established. 

intervals to assure that the equilibria were 
Melting points were determined on a Biichi 510 capillary 

melting point apparatus and are uncorrected. 

Materials. The aromatic aldehydes, &-1,2,3,6_tetrahydrophtalic anhydri- 
de, norbornene, and 5-norbornene-2,3-m-dicarboxylic 
commercial products. All 

anhydride were 

yl-4-cyclohexenyl-l-amine8 
pinoalcohols, a- (1) and W-l-hydroxymeth- 

(2) andla,3-piarm- (3) and 2,3-W-J-hydr- 
oxymethylbicyclo[2.2.l]heptylamines (4) were prepared by known methods. 

General Procedure to React Amino Alcoho+s with Aronatic Aldehydes. Amino 
alcohol (1 mmol) was dissolved in 10 cm of absolute ethanol, and 1 mm01 
of aromatic aldehyde was added. After the mixture was allowed to stand for 
2 h at room temperature the solvent was evaporated off. Some of the 
products crystallized after treating them with n-hexane from which they 
were also recrystallized. Oils were dried in a vacuum desiccator over- 
night. All compounds prepared gave satisfactory microanalyses (C, Ii, N). 

Kinetic measurements. p-Nitrobenzaldehyde was dissolved in CDC13 in an 
NMR-tube and the mixture was thermostated to a preselected temperature 
after which an equivalent amount of the reactant aminoalcohol was added. 
The reactions were followed by the JEOL GX-400 NMR instrument which was 
preprogrammed to take the spectra automatically at given intervals. 
Selected parts of the spectra were integrated in respect with the Me,Si- 
peak to calculate the relative mole fractions. 

Melting points and the 
follows: 

percentage(s) of the ring form(s) (%) are as 

5a: 104-105goC, 94.5%.05b: oil, 92.5%. 5c: oil, 87.95%. 5d: 72-73 OC, 
83.1% (lit. mp 75-z' C). 5e: oil, 75.9%. 5f: oil, 67.25%. 5g: oil, 
52.0%. 5h:0115-116 C, 14.1%. 
6a: 94-95 
96.1% (lit.':'? mp 83-85 OC) 

9.0%. 6b: oil, 97.9%. 6c: 60-61 OC, 97.7%. 6d: 82-83 OC, 
6e: 50-51 OC, 95.0%. 6f: oil, 91.1%. 6g: 

oil, 85.0%. 6h: 98-99 OC, 5512%. 
?a: 64-66 OC, 28.4% (r ), 12.9% (r ). 7h: oil, 26.1% (rl), 11.4% (r2). 7c: 
oil, 13.7% (rl), 4.3% tr2). 7d: 
(rI), 1.6% (r2). 7f: oil, 4.1% 

031, 9.0% (rl), 2.7% (r2). 7e: oil, 6.15% 
(r ), 0.95% (r2). 7g: oil, 2.7% (rI), 0.65% 

(r2). 7h: oil, 0.67% (rI), 0.15% tr2). 
8a: oil, 8.7% (rI), 3.6% (r ). 8b: 
4.5% (rl), 1.5% (r ). 8d: oijE, 

oil, 6.4% (rI), 2.8% (r ). 8c: 

0.41% (r2). 8f: ois, 1.1% (r ) 
2.1% (rl), 0.67% (r2). 8e: oif, 1.7% ($: 

(r2). 8h: 99-100 OC, ring fo& io:"b!a!,d. 
8g: oil, 0.70% (rI), 0.05% 
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