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Abstract - diendo- and diexo-2-Methylamino and 2-benzylamino- 
and the corresponding 

skeleton (a-d). The aminoalcohols were converted to S,B- 
methano-3,1-ben oxazines by reaction with formaldehyde. As 
established by H and TBC NMR spectroscopy, the predominant f 
conformation is endo-boat (RI for the diexo, 
for the diendo derivatives. 

and exo-boat (El -- 

In earlier work we investigated the syntheses and structures of stereoisomeric 

1,3-oxazines, 2-5 1, 3-oxazin-2-ones6* 7 and 1,3-oxazin-4-ones’ fused with a cyclo- 

pentane, cyclohexane, cycloheptane or cyclooctane ring (1, 2). It was found that 

the 2-aryl-substituted compounds (X = ArH) were always formed stereospecifi- 

tally . 4,B The configuration of the new chirality centre appearing as a result of 

ring closure is determined by the predominant conformation of the product, since 

the C-2 substituent of the heteroring will be equatorial. NMR spectroscopic in- 

vestigations of the tetrahydrooxazines 3,6,9 showed that the C-2 substituent did not 

essentially affect the predominant conformation of the product. In all cases exam- 

ined in our experiments, it was found that cis-1,3-oxazines of type 2 and also - 
1,3-oxazin-2-ones and -4-ones had O-inside dominant conformations, i.e. the pre- -- 
vailing conformer contained the oxygen atom axial to the cycloalkane ring. 

At the same time, in compounds 1, if Rl = H the N-inside conformer is pre- -- 
ferred, whereas if R1 = Me or CH2Ph the N-outside conformer is preferred, because -- 
the equatorial arrangement of the bulkier substituent is energetically favoured. 3 

In a continuation of this work, our aims were the synthesis and study of the 

steric structures of stereoisomeric 1,3-oxazines fused with the norbornane or 

norbornene structural moiety (i, 2). 

Ouring the past ten years there has been great interest in the conformational 

analysis of saturated heterocycles. A large number of papers have dealt with 

monocyclic 1,3-oxazines (see e.g. “,“), but relatively little has been published 

on the less readily accessible fused-skeleton analogues; the syntheses of and 

stereospecific studies on a few bicyclic fused-ring heterocycles have been re- 

ported. 12-14 
Fused-skeleton 1,3-oxazole and thiazole derivatives have been pre- 
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ccl-g, O cc N /a 
1 I k 

cis or trans; 

the reaction of N-sub- 

trans-2-amino-l-cyclo- 

and trans-2-amino-l-cyclo- 

stituted 

alkanols 

alkenethiols with formaldehyde. Un- 

substituted 1,2_difunctional com- 

a 
_ ^ _ . 

pounds gave polycyclic products with 

formaldehyde. 12 At the same time, y- 
n = 1, z, J, 4 

unsubstituted trans-2-hydroxymethyl- 
X = H2, 0, ArH; Y = H2, 0; R = H, Me, Ph 

l-cyclohexylamine and formaldehyde 

pared by 

yielded the corresponding fused- 

skeleton 1,3-oxazine. 13,14 

Only a few l,S-oxazine derivatives with a fused norbornane or norbornene 

skeleton have so far been reported. Spectroscopic evidence and preparative studies 

indicate that 4a,5,8,8a-tetrahydro-2-trichloromethyl-5,~-methano-4~-1,3-benz- 

oxazin-4-one, 15,16 prepared from the cycloaddition of norbornane or norbornene 

with trichloroacetyl isocyanate, and 4a,5,B,l3a-tetrahydro-2-phenyl-5,8-methano- 

4H-1,3_benzoxazine, 17 resulting from the cycloaddition of norbornane and the 

benzamidomethyltum ion, have the diexo configuration. 16,lS diendo-S,El-Methano- 

perhydro-3,1-benzoxazine-2,4-dione was obtained by hydrolysis of the corresponding 

(3-isocyanatocarboxylic acid trimethyl esters. 19 

We recently reported the syntheses 20,21 of and stereochemical studies 22 on 

some diexo- and diendo-2_aryltetrahydro-, 2-0x0- and 2-thioxohexahydro-S,S- 

methano-1,3- and 3,1-benzoxazines. diexo- and diendo-2-Aryltetrahydro-S,S-methano- 

3,1-benzoxazin-4-ones 23,24 were also prepared, from which the retro Oiels-Alder -_ 
reaction, under very mild 

2-aryl-1,3-oxazin-6-ones. 

Syntheses 

The syntheses of the 

taining the norbornane or 

diendo (Hg,g) and diexo Czi,p) p-amino acid esters2yo;i 

norbornene skeleton have been described previously. ’ 
The i-methyl (Q-g) and N-benzyl-substituted (ii-g) 1,3-aminoalcohols were pre- -_ _ 
pared by the synthesis used for the analogous compounds with a cyclohexane skel- 

etons (Scheme 1). This procedure gave the required 1,3-aminoalcohols 22-P and 

l2-G in good yield and as pure compounds. 

conditions, gave the otherwise not readily available” 

COOEt 

X a - 

NH2 .t+Cl 

19-d 

I 

t 

X 

U? NHCOPh 

63-d 

CooEt 
OH H 

X a X H 

r4cooEt --cc NHMe 
+ 

R2 
‘RI 

6g-d ;a-< 

1 

3, C: diendo 

arm- XC3 XqTN 

Is-d F: Q, g: diexo 
&-d: R = Me 

ze-g: R = CH2Ph a’ h: 
X = -CH2-CH2- 

F, IJ: X = -CH=CH- 

Scheme 1 
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High yields were also obtained when the N-substituted 1,3-oxazines l3R-d and _- _ 
ze-g were prepared by treatment of the appropriate aminoalcohols with aqueous form- 

aldehyde. All products were oils, which were purified through the picrate salts. 

For spectroscopic studies, the bases were liberated from the picrates with aqueous 

potassium hydroxide solution. 

Spectroscopic studies 

The principles of the NMR spectroscopic configurational and conformational 

analyses of 5,6-dihydro-4H-oxazines containing a fused norbornane or norbornene 

skeleton have been described in detail earlier. 22 As merely slight modifications 

were introduced for the perhydrooxazine analogues, only the most essential points 

will be treated here. 

Table 1. Characteristic IR bands (cm-‘) 

of compounds @a-g and Se-g in KElr discs __ - 

Com- 

pound -X-O J(=CH) j’CArH 9CArCA, 

!a 1124, lllla - 

89 1109 - 

as 1113 729 

8: 1107 716 

Se 1090 - 750 690 

4Q 1100 - 740 700 

SC 1101 731 750 690 

;i 1097 716 754 698 

aSplitted bands 

(1) Among the IR data (Table 11, 

definitive evidence of the structure is 

given by the intense band in the region 

1124-1090 cm-l, due to the 3CO vib- 

ration of the oxazine ring, by the 

‘#(=CH) band of the olefin group of nor- 

bornene between 716 and 731 cm-‘, and 

by the $ZArti and qCArCAr bands in the 

ranges 740-755 and 690-700 cm -1 , 

respectively, characteristic of the 

phenyl group in the N-benzyl-sub- 

stituted compounds Pn-d. 

(2) As regards the ring anellation, 

the multiplicity of the proton reso- 

nance signal of H-8a is decisive 

(Table 2). As the CS-H,CSa-Ii dihedral 

angle for the diexo-anellated compounds 

g and i is about 90°, whereas for the 

diendo isomers 3 and c it is about 50°, 

in the former case the H-8a signal is a doublet due to the 4a,8a spin-spin inter- 

action (the coupling constant being ~8 Hz), while for the diendo derivatives a 

doublet of doublets is found (coupling constants: ~9 and 43.6 Hz); the vicinal 

coupling constant JtR,Sa), <l Hz for a dihedral angle of 90°, as follows from the 

Karplus relation, 2Z does not give rise to significant splitting. The coupling 

constant .J(4a,tla) is a little larger for the diendo isomers (similarly as for the 

dihydrooxazines) because the corresponding dihedral angle is nearer to 0’; in the 

diexo isomers this angle is higher, due to steric hindrance between the H-4*(2’) 

H-5 and H-2’(a’),H-S(endo) atom pairs. 

(3) Information about the conformation of the heteroring (Fig. 1) is obtained 

from the coupling constants J(4,4a) and 2(4’,4a). In the case of diexo-anellation 

there are three possible relatively stable conformations of the oxazine ring (A-C). _ _ 
In the twist-like conformation (81, C-2 stands out of the plane formed by the five 

nearly coplanar atoms of the heteroring, thereby coming near to C-9. In the two 

boat-like conformations, the angles are either each approximately 60°, or about 

50’ and 170’. The two boat conformations (IJ and C> differ in that C-4 and the 

nitrogen atom stand out from the plane constituted by C-2,C-4a,C-Be and the 

oxygen atom, in the exo direction (c) (the 4,4a and 4’,4a dihedral angles each - 
being 60’) or in the endo direction (lJ> (the 4,4a and 4’,4a dihedral angles being 

50’ and 170°, respectively) relative to the norbornane or norbornene skeleton. 

However, the “exo-boat” arrangement is unfavoured because of the high steric 
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hindrance between the hydrogens in 

only the twist (4) and “endo-boat” P_ -_ 

opposite positions at C-2 and C-9; therefore, 

(B) conformations need be considered. 

A 

E 

Figure 1 

H 

F 

In the diendo-anellated skeleton, two relatively stable conformations are 

possible: a boat-like form in which the nitrogen atom and C-4 protrude, in the exo - 
position (51, from the plane formed by C-2,C-4a,C-8a and the oxygen atom, the 4,4a 

and 4’,4a dihedral angles being about 50’ and 170°, respectively; the other con- 

formation is twist CP), with dihedral angles of 90’ and 30’. (The endo-boat con- -- 
formation (c) is not stable due to the very high steric compression between the 

hydrogens attached to C-2 and to C-6 and C-7.) 

As relatively large, but considerably different J(4,4a) and J(4’,4a) values 

(<lo and -7 Hz) were measured for all compounds, in view of the Karplus relation 

the probable conformations are endo-boat (@) for diexo compounds, and exo-boat -- - -- 
(.$I for the diendo analogues. The practically equal coupling constants correspond 

to identical dihedral angles. 

The slightly smaller J(4,4a) and 5(4’, 4a) values obtained for the analogous 

dihydrooxazine derivatives can be explained by the somewhat smaller dihedral 

angles (+‘40° and ~160’) characteristic of the analogous conformations; 22 hence, 

this difference can be regarded as additional evidence of the suggested con- 

formations. 

(4) In the 2-aryldihydrooxazines fused with the norbornene skeleton, an 

anomalous shift of the H-4 and H-4’ signals was observed. 22 For these compounds, 

the rule generally holding for cyclohexanes and their hetero analogues, 27 viz -. 
that the axial geminal methylene proton is always the more shielded, is no longer 

valid. In the present case the H-4’ signal in the diendo series is shifted down- 

field by about 0.55 ppm relative to that of its quasi-equatorial counterpart H-4. 

This anomaly was also observed in the diexo-anellated norbornane series, though 

with a smaller shift difference (~0.25 ppm).22 The anomaly was explained by the 

anisotropic effect of the 2-phenyl substitutent. 22 This explanation is sub- 

stantiated by the absence of such an anomaly in the norbornene derivatives 4$,&T 
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and &,d; the shift relation of the 4-methylene hydrogen is normal (&He> <Ha). 

In the norbornane compounds, similarly again to the 2-phenyldihydro deriva- 

tives, the chemical shift difference of the C-4 methylene protons is much smaller; 

accordingly, a first-order approximation of the ABX spin system formed by H-4, - 
H-4’ and H-4a is not justified. Hence, only the average of the coupling constants 

J(A X1 and J(B X) can be obtained from the spectrum. In the case of &, the g - -9, - -)- 
part of the ABX spectrum is reduced to a doublet, and thus the value of J(A B) - - -*- 
cannot be determined. The shift difference is also very small (0.1 ppm) in the 

spectrum of the benzyl analogue 9g __, but the structure of the fi part indicates 

anomalous shielding of the geminal C-4 hydrogens. This is perfectly obvious in 

the case of the diendo analogues (Es, ?a), where the shift difference is con- 

siderably greater (0.31 and 0.32 ppm) and the splitting of the downfield double 

doublet is higher, indicating that this is due to the quasi-axial proton, whose 

H-4~ counterpart is thus more shielded. It follows that the anomalous relation 

bHe<sHa in the norbornane derivatives should be attributed to the anisotropy of 

the C6-r, bond; however, this effect is much smaller, and also of opposite sign, 

than the corresponding influence of the C6-C7 double bond in norbornenes. A com- 

parison of the data on E$ with those for the analogous 2-phenyldihydrooxazine 

(H-4~: 3.76; H-4~~4.32 ppm22 ) shows that the shielding of H-4(e) remains unchanged, 

but that the shielding of its counterpart, H-4(2), is reduced by more than 1 ppm, 

due to the effect of the coplanar aromatic ring. 

(5) The endo hydrogens of norbornane are more shielded,2B and it is therefore 

understandable that the H-4a and H-Ba signals are upfield shifted in the spectra of 

ig and zb relative to the analogous signals of ia and !a. The much stronger 

analogous effect in the norbornene derivatives is due to the anisotropic effect of 

the double bond. 

(6) The anisotropic effect of the heteroring is responsible for the upfield 

shift of the H-S signal and for the downfield shifts of the H-L(exo) and H-S(e) - 
signals of the norbornanes and norbornenes, respectively, in the exe isomers, as 

compared with the endo counterparts [the signal of the H-7(exo) atom in nor- - 
bornanes is, anyway, shifted downfield]. 

(7) The H-2, N-methyl and N-benzyl protons are not sensitive to anellation. 

The shift difference is very high both for the two diastereotopic H-2 protons and 

for the two chemically also nonequivalent benzyl methylene hydrogens (‘“0.55 and 

~0.7 ppm). 

(B) In the exo benzyl compounds (zk, =_ - 9cj), H-B and H-Ba come under the 

shielding effect of the phenyl ring, and their signals show upfield shifts as 

compared with those of the endo counterparts. 

(9) The steric compression shift 29 (increased s:;elding of the carbon atoms 

bearing sterically hindered groups) observed in the C NMR spectra affords a 

number of data in support of the stereostructure. 

In the series 49-&T, upfield shifts of the C-2 and C-4 signals are observed 

compared with those in the corresponding compounds 88-d and, naturally, the methyl -_ - 
signal (38.2-39.4 ppm) is replaced by the downfield signal of the N-methylene 

carbon in the region 55.6-56.2 ppm. In the benzyl derivatives, the four lines Of 

the aromatic carbon atoms can also be identified. 

(10) In the diendo series the C-7 shifts, and in the norbornanes the C-6 

shifts too, are considerably decreased. Independently of the degree of saturation 

of the alicyclic ring, there is steric hindrance between the I?-substituent and 

the H-7 atom(s); however, the field effect on the C-6 signal can only be observed 

in the norbornanes, due to the hindrance between the H-6(endo) and H-4(5) atoms. 
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Table 3. 13C NMR chemical shifts (6;MS = 0 ppm) for compounds 33-i and 23-g 

in CDC13 at 20 MHz 

Com- 

pound C-2 C-4 C-4aa C-Sa C-6 C-7 C-Sa C-8a C-9 NCH; C-l’ C-2’,6’ C-3’,5’ C-4’ 

an 84.3 63.0 40.2 39.7 23.3 21.7 38.4 63.9 37.6 38.9 - - - - 

tp 84.1 63.1 43.1 38.1 29.5 26.6 39.8 69.1 33.4 39.4 - - - - 

!F 03.7 64.3 45.4 44.3 134.4 46.7 64.6 39.9 38.3 - - - - 

!Z 84.0 64.1 45.5 43.0 134.6 139.0 44.0 65.4 38.7 38.2 - - - - 

Pg 81.6 61.7 40.1 39.8 23.0 21.7 42.9 63.7 37.3 55.8 138.0 128.1 128.5 126.8 

Zb 81.6 63.9 40.3 38.1 29.3 26.4 40.0 66.0 33.6 55.6 138.7 128.1 128.2 126.8 

zg 81.5 62.8 46.8 44.8 134.7 135.0 46.3 65.3 39.7 56.2 138.4 128.1 128.4 126.9 
pi 81.7 62.1 46.0 43.2 134.6 139.0 44.0 66.2 37.9 56.0 138.7 128.3’ 126.9 

a Assignments may be reversed; b n=3 (Ra-d) or n=2 (22-i); ’ two overlapping lines =_ - 

(11) A field effect is shown by the C-S(endo) signal in the diexo series; 

this is significant only for the norbornanes (~4 ppm) as compared with the nor- 

bornenes (-1.5 ppm) . 

(12) Information about the saturation of the skeleton is obtained from the 

positions of the C-6 and C-7 signals: these methylene carbon signals of the nor- 

bornanes lie in the region 21.6-29.5 ppm; the corresponding olefin signals of the 

norbornene derivatives are found between 134.4 and 139.6 ppm. 

(13) The (3-effect3’ of the olefinic bond of norbornenes also increases the 

C-4a, C-5, C-8 and C-Ela shifts by a few ppm, but in the exo isomers the C-8a shift - 
is overcompensated by the steric compression shift due to the interaction of the 

H-7 and F+alkyl hydrogens. The diexo-diendo anellation is also reflected by the -- 
field effect (upfield shift) shown by the C-Ra signals of the latter compounds. 

The steric compression shifts displayed by the C-4e, C-5 and C-R signals appear 

in both anellation isomers, but the two latter atoms are a little more shielded 

in the diexo isomers, due to the greater strain in the skeleton. 

EXPERIMENTAL 

The ‘H and l3 C NMR spectra were recorded in 5 mm tubes at room temperature in 

COC13 solution on a Bruker WM-250 FT or WP 80 SY FT spectrometer at 250.13 and 

20.14 MHz, respectively, using the 2 H signal of the solvent as the lock and TM5 as 

internal standard. The most important measuring parameters for the 1H and 13C NMR 

spectra were as follows: sweep width, 5 kHz; pulse width, 1 and 3.5 )JS (ca. 20 
0 

and 30’ flip angle); aquisition time, 1.64 s; number of scans, R and l-4K; computer 

memory, 16K. Complete proton noise decoupling (ca. 1.5 W) for the 13 C spectra and 

Lorentzian exponential multiplication for signal-to-noise enhancement were used 

(line width, 0.7 and 1.0 Hz). 

The yields, physical properties and analytical data on the prepared com- 

pounds are given in Tables 4 and 5. 
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Ethyl 2-endo-ethoxycarbonylaminobicyclo[2.2.1]~-S-~-l-endo-carboxylate (4~) -_ 

Ethyl 2-~-aminobicyclo[2.2.1~hept-5-ene-l-endo-carboxylate hydrochloride 

(&) (2.10 g; 0.01 mol) was dissolved in water (15 ml), and NaHC03 (1.7 g; 0.02 

mol) and ethyl chloroformate (1.3 g; 0.012 mol) were added. After stirring for 

30 min, an oily phase separated which was extracted with chloroform (3x30 ml). On 

drying and evaporation of the combined extracts, an almost colourless oil was 

obtained. 

Table 4. Physical and analytical data on the starting compounds g-la - - 

Corn- M.p., Yield, Found, % Formula Calculated, X 
pound OC % C H N C H N 

oil b 

73-7sc 

40-42’ 

163-165 

60-70’ 

04-Osc 

50-59c 

70-72’ 

215-217 

59-61’ 

155-157 

150-161 

b 

93 61.5 7.6 5.5 

60d 70.4 9.0 9.2 

04 57.1 0.6 7.3 

91 71.1 7.5 4.0 

75 70.9 7.4 5.0 

07 71.6 6.0 4.0 

92 71.5 6.0 5.0 

79 67.2 0.4 5.4 

04 70.0 9.1 6.2 

75 67.9 7.4 5.4 

07 67.6 7.7 5.4 

ClS”19NO4 

C9”lSNO 
C9H16C1N0 

‘17”21N03 

‘17”21N03 

C17?9NO3 

Cl 7?9NO3 

61.6 7.6 5.5 

70.5 9.9 9.1 

57.0 0.5 7.4 

71.0 7.4 4.9 

71.0 7.4 4.9 

71.6 6.7 4.9 

71.6 6.7 4.9 

67.3 0.3 5.2 

77.9 9.1 6.1 

67.0 7.6 5.3 

67.0 7.6 5.3 

a Compounds 40 b and 20 b were described earlier ; 21 b 
__*_ __)_ compound 4~ was reduced 

d 
__ 

without purification; ’ recrystallized from n-hexane; overall yield of two 

steps; e hydrochloride salt, recrystallized from ethanol/ether 

Table 5. Physical and analytical data on oxazinium picrates 03-d and 90-d -- - -- - 

Com- M.P., Found, X Calculated, % 

pound OC C H N Formula C H N 

se 107-100 40.4 5.3 14.4 
C16H20N400 40.5 5.1 14.1 !K! 164-167 40.5 5.2 14.1 

BE: 170-172 40.0 4.0 14.1 
C16H10N400 40.7 4.6 14.2 Brl 151-152 40.7 4.0 14.3 

Se 133-135 56.2 5.3 12.1 
C22H24N400 55.9 5.1 11.9 

5!? 134-136 56.0 5.4 11.6 

2s 115-117 56.0 4.9 12.1 
C22H22N400 56.2 4.7 11.9 Zrl 134-137 56.2 4.9 11.0 

a All compounds were recrystallized from ethanol/ether 
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Ethyl 2-endo-benzoylaminobicyclo[2.2.1]heptane-l-endo-carboxylate ($a) 

Ethyl 2-e-aminobicyclo[2.2.1] heptane-1-w-catboxylate hydrochloride (za) 

(2.2 g; 0.01 mol) was benzoylated by the Schotten-Eaumann method. After separation 

and evaporation of the benzene layer, an almost white crystalline product was 

obtained. 

2-endo-8enzylamino-S-endo-hydroxymethylbicyclo[2.2.l]heptane (Za) 

LiAlH4 (0.38 g; 0.01 mol) was suspended in THF (50 ml) and stirred for 10 min, 

and then 69 (1.27 g; 5 mmol) was added. After stirring and refluxing for 1 h (the 

end of the-reduction was detected by TLC), the cooled mixture was decomposed with 

water (1 ml). The inorganic material was filtered off, and evaporation of the 

filtrate gave 13. -_ 

3-Methyl-5,8-methano-rel-(4aR,SR,8R,8aR)-~erhydro-3,l-benzoxazinium picrate (oa) -- 

2-endo-Methylamino-3-endo-hydroxymethylbicyclo~2.2.l]heptane (22) (0.58 g; 

3 mmol) was stirred with 35% aqueous formaldehyde (5 ml) for 1 h. The mixture was 

then treated with 10% aqueous potassium hydroxide solution (10 ml) and extracted 

with ether (3x30 ml). The combined extracts were dried (Na2S04), evaporated to 

10 ml, and treated with a saturated ethereal solution of picric acid. After 1 h 

the picrate was filtered off. 
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