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Abstracs: The aryl substituents at positions 4 and 6 do not exert observable electronic effects on the ring-chain tautomeric ratios of
2,4- or 2,6-diarylsubstituted-tetrahydro- 1, 3-oxazines. On the other hand, the electronic effect of the 2-aryl substituent is marked: in
all eight series studied, the equilibria can be described by the equation log K= p o™ +log K,, where o™ is the Hammett-Brown
constant of the 2-aryl substituents, and p is a constant characteristic of the ring system (=0.75%0.05).

The syntheses and derivatizations of 1,3-aminoalcohols are of current interest from both
pharmacological and chemical respects.,2 From 1,3-aminoalcohols, tautomeric mixtures of 1,3-
oxazines and the corresponding open-chain Schiff bases can be obtained with oxo compounds.3 The
tautomeric character of the products can be utilized in different transformations, eg. the development
of aminoalcohol prodrugs,# N-substitution methods3.6 and enantioselective syntheses.”8 Because of
their tautomeric character, the mixtures can be used as aldehyde or ketone sources.%:10 As a result of a
comparative study of differently substituted 2-aryltetrahydro-1,3-oxazines, we recently reported!! that
the ring-chain tautomeric process (1A = 1B) can be described by equation (1):

logK= po+*+logKg )
R3 R3 where K ={ring]/[chain] and o+ is the Hammett-
RZ 0 sz\ oM Brown constant of the 2-aryl substituents. It was
— H also proved that p is a constant characteristic of
Rr? NHJ\A.- -~ R! N.(/ the ring system. The p value depends on the

“Ar  nature of the solvent and the temperature. 11,12

1A 18 For 1,3-oxazines in CDCl; solution at room

temperature, it is 0.76+0.04. With the aid of

equation (1) and the known p values, constant 0+ has been determined for 3- and 4-pyridyl

substituents.13

Since data were available only for the effects of 2-aryl substituents on the tautomerism of 1,3-

oxazines, our present aim was to study the effects of different aromatic substituents at positions 4
(beside the nitrogen) and 6 (beside the oxygen).
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Results and discussion

The 3-amino-l-arylpropanols 2 and 3 were prepared by Claisen condensation of the
corresponding ethyl benzoates with acetonitrile, followed by lithium aluminium hydride reduction.14,15
3-Amino-1-(p-methoxyphenyl)-propanol 4 was prepared by Mannich reaction of p-methoxy-
acetophenone and benzylamine,16 followed by sodium borohydride reduction and catalytic
debenzylation.

The 3-amino-3-arylpropanols 5-9 were prepared by lithium aluminium hydride reduction of the
B-aminoacids obtained from substituted benzaldehydes via malonic acid/ammonium acetate
treatment.17

Condensations of 1,3-aminoalcohols 2-9 with six differently substituted aromatic aldehydes took
place in nearly quantitative yield at room temperature in ethanol. In CDCl; solution, all of the
products participate in a three-component tautomeric mixture (Scheme 1) involving two ring and one
open-chain form.
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pCl: 6 14Aa-f 14Ba-f 14Ca-f
H: 7 15Aa-f 15Ba-f 15Ca-f
pMe: 8 16Aa-f 16Ba-f 16Ca-f
pOMe: 9 17Aa-f 17Ba-f 17Ca-f

Y =pNO»: a; mCl: b; H: ¢c; pMe: d; pOMe: e; pNMep: f
Scheme 1

The tautomeric ratios were determined by integration of the corresponding well-separated lines:
mainly those of the O-CH(Ar)-N (ring) and N=CH (chain) singlets in the regions 5.3-5.6 and 8.2-8.4
ppm, respectively. The chemical shifts of the above protons and the sums of the ring percentages are
given in Tables 2 and 3. The different 2-aryl substituents have only slight effects on the above chemical
shifts, but practically no effect was observed for 4- and 6-aryl substituents. As expected, in both series
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one of the ring forms, A, having the two aryl substituents equatorially oriented, predominates, while the
content of the minor ring form C is constantly only about 2-4% of that of the major ring form. The
predominance of the chair conformations for differently substituted 1,3-oxazines was established
earlier (see eg. lit. 18-20).

In the tautomeric mixture, the major ring form has an almost perfect chair conformation. The
structure of 10a was determined in the solid state by means of X-ray diffraction. The ORTEP
perspective view is shown in Fig. 1. The solid-state result corresponds to that of the earlier solid-state
NMR study, where it was established that the chain form is preferred in the solid state for those cases
where less than 80% of the ring form is found in CDCl; solution.21

H13

Figure 1. ORTEP perspective diagram of compound 10a

The data of linear regression analysis according to equation (1), which shows the effect of 2-aryl
substituents, are given in Table 1. The slopes and plots correspond practically within experimental
error to those determined earlier for other 1,3-oxazine derivatives. To analyse the effects of aromatic
substituents at position 4 or 6, the ring-chain data on the parent 2-aryl-substituted-1,3-oxazines, taken
from the literature, are also given in Table 1. As Table 1 shows, the contributions to the ring-chain
tautomerism of the different aryl substituents in either position 6 (compounds 10-12) or position 4
{compounds 13-17) are seen to be practically constant.

Table 1. Linear regression analysis data on compounds 10-17

10 1 12 13 14 15 16 17 *
no. of points 6 6 6 6 6 6 6 6 7
slope 0.86 0.75 0.82 0.69 0.70 0.71 0.70 0.74 0.74
intercept -0.04 -0.01 0.02 041 0.40 0.43 0.41 0.39 -0.15
SE of the slope? +0.04 1003 $0.03 +0.04 2003 2005 +0.03 £0.03 *0.06

SEofthe interceptd  0.03  #0.03  $0.02 003 003 004 3003 $002  +0.05
corrclation coefficient  0.996 0996 0998 0994 0995 0992 099 0997 0998
¢ (see text) 011 014 017 056 055 058 056 054

*Data on the parent 2-aryltetrahydro-1,3-oxazines.1! aSE =standard error.
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The tautomerism of the products of N-(2-hydroxyalkyl)hydrazones with oxo compounds was
studied earlier, where the equilibrium mixture contained 1,3,4-oxadiazine and the corresponding open-
chain hydrazone. In these compounds, a clear tendency was found as concerns the different aromatic
substituents on N-4 (which -corresponds to C-4 in 1,3-oxazines) and the ring-chain tautomeric mixture:
electron-withdrawing substituents increased the percentage of the ring form, while electron-donating
substituents increased the percentage of the open-chain form.3,22.23

From this comparison, it can be concluded that in the 1,3,4-oxadiazine ring system the electronic
character of the N-4 substituent plays an important role in the tautomeric process, while in the 1,3-
oxazines the electronic character of the C-4 and C-6 substituents is not of importance as concerns the
tautomeric ratios. The difference can be explained by the fact that in the 1,3,4-oxadiazines the
hydrazine moiety has a common electron system, while in the 1,3-oxazines the C-4 and C-6 substituents
are isolated electronically from N-3.

The sum of the steric and electronic effects (c) of the substituents at positions 4, S and 6 was
earlier introduced and defined as the difference of the intercepts of the substituted derivatives and the
unsubstituted parent compound (-0.15).11 Accordingly, the steric and electronic contribution of the
aryl substituent at position 6 is about 0.15, while that of the substituent at position 4 is about 0.55
(Table 1). This means that aryl substituents at both positions increase the contribution of the ring
forms; the effect is relatively low for 6-substituted derivatives, but stronger for 4-substituted-1,3-
oxazines.

When (R)-phenylglycinol was reacted with benzaldehyde or p-anisaldehyde, the product proved
to be an 83:17 or 93:7 mixture of the corresponding Schiff base and 2-aryl-4-phenyl-oxazolidine,
respectively.2 As compared to the parent 2-arylsubstituted-oxazolidines, the difference in log K is 0.41
for the 2-phenyl and 0.40 for the 2-(4-methoxyphenyl) derivative. This means that the contribution (c)
of the 4-phenyl group is very similar for oxazolidines and 1,3-oxazines.

EXPERIMENTAL

1H NMR spectra were recorded on a JEOL GX 400 MHz FT spectrometer in CDCl; solution at
ambient temperature, using TMS as internal standard.

Melting points were determined on a Kofler micro melting point apparatus and are not
corrected.

3-Amino-1-phenyl-1-propanol (2), 3-amino-1-(p-tolyl)-1-propanol (3) and 3-amino-3-aryl-1-
propanols (2-9) were prepared by known procedures.14,1517

3-Benzylamino- 1-(p-methoxyphenyl)-1-propanol

1529 g (0.05 mol) N-Benzyl-2-(p-methoxybenzoyl)-ethylaminel6 was dissolved in 200 ml
methanol, and 7.57 g (0.2 mol) NaBH, was added in small portions to the stirred and ice-cooled
solution. After addition, the mixture was stirred at ambient temperature for 3 hrs and then evaporated.
The residue was dissolved in water (200 ml), acidified with HC, then made alkaline with 10% NaOH
and extracted with chloroform (3x100 ml). After drying (Na,SO,) and evaporation the oily residue
crystallized on treatment with diethyl ether. Yield 11.2 g (83 %), mp 73-75 °C (diisopropyl ether). The
compound was used for the further experiment without purification.
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Table 2. Physical data on compounds 10-13

Compound M (°CZ Formula Ring2 . 0 N-CH-O (s) 0 N=CH- (s)
Solvent (% ring® ringd chain
10a 94-96 (D) CiHigN:03 82 5.43 5.70 8.28
10b oil C;6HCINO 69 5.33 5.52 8.19
10c oil CigHy7NO 41 5.38 5.67 8.25
10d oil Cy7H1gNO 33 5.36 5.60 8.22
10e oil C17HoNO, 19 533 5.63 8.17
100 91-92 (H) CigHN,0O 29 5.30 5.61 8.08
11a 114-116 (D)  CHgN,03 79 542 5.70 8.34
11b 72-73 (H) Ci7H;sCINO 67 533 5.68 8.20
11c oil C7H;gNO 49 5.39 5.70 8.27
11d 64-65 (H) CgHNO 32 5.34 5.61 8.22
11e 77-78 (H) CigH21NO, 24 5.31 5.65 8.16
11f oil CigHy4N,O 45 5.28 5.63 8.10
12a 87-88 (H) C17HgN,04 83 5.42 572 8.35
12b oil Ci7HigCINO, 71 532 5.63 8.19
12¢ oil C17H19N02 46 5.36 5.64 8.25
12d 69-70 (H-E) C1sHNO, 37 533 5.66 8.20
12¢ 68-69 (H-E)  CyH,NOs 21 531 5.60 8.16
12f oil C19H24N202 4.1 5.30 5.67 8.08

4The sum of the major and minor ring forms. PRecrystallization solvents: D: diisopropyl ether;
H: n-hexane; H-E: n-hexane - EtOH. ‘Major ring form. 4Minor ring form,

3-Amino-1-(p-methoxyphenyl)-1-propanol (4)

A solution of 10.85 g (0.04 mol) 3-benzylamino-1-(p-methoxyphenyl)-1-propanol in 200 ml
methanol was hydrogenated at ambient temperature and normal pressure in the presence of 3.0 g 10%
Pd/C catalyst. When the hydrogen uptake had finished (1 hrs), the catalyst was filtered off and the
solution was evaporated. The oily residue was crystallized on treatment with diethyl ether. Yield 6.3 g
(82 %), mp 123-125°C
(ethyl acetate). Formula (mw) C,;H;sNO, (193.24), analysis (caled/found) C 68.37/68.53, H
7.82/7.61, N 7.25/7.40%.

General procedure for the preparation of 2,4- or 2,6-diarylsubstituted-3,4,5,6-tetrahydro-2H-1,3-
oxazines 10a-f - 17a-f

Aminoalcohol 2-9 (5 mmol) and the corresponding substituted benzaldehyde (5 mmol) were
dissolved in 10 ml ethanol and left to stand for 30 min. The solvent was then evaporated off and the
products were crystallized. If an oily product was formed, the evaporation was repeated after the
addition of benzene. Products were dried in a vacuum desiccator, and analysed by 'TH NMR
spectroscopy.
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Table 3. Physical data on compounds 13-17

Compound Mp (°C) Formula Ring? O N-CH-O(s) 6 N=CH-(s)
Solventt (%) ring® ringd chain
13a oil CiH1sCIN,O3 91 538 5.54 841
13b oil Cy6H15CILNO 84 527 546 825
13¢ oil C16H16CINO 72 5.30 5.51 8.28
13d oil C17H1gCINO 56 5.25 549 8.23
13e oil C;7H13CINO, 38 5.26 549 8.21
13f oil Ci13H51CIN,O 17 5.23 5.50 8.1
14a 93-94 (H) Ci16H15N205 91 5.38 5.53 8.40
14b oil C1H15CLNO 84 5.25 543 8.22
14c oil CiHy6CINO 68 523 5.41 8.25
14d oil C;7H;5CINO 56 5.21 5.40 8.26
14e oil C17H18C1N02 44 5.26 547 8.19
14f oil Cy8H21CIN,O 15 5.23 5.48 8.10
15a 90-91 (H) CiH16N203 92 5.40 5.60 8.39
15b oil CisH16CINO 84 5.30 5.52 8.24
15¢ oil C6H17NO 67 5.32 5.56 8.26
15d oil Cy7H1gNO 59 5.28 5.54 8.21
15¢ oil C17H1gNO, 49 5.29 5.54 8.19
15¢ oil CigHN,O 14 522 5.51 8.06
16a 108-110 (H) C17H1N20O5 91 5.39 5.39 8.37
16b oil Cy7H;3CINO 84 5.29 5.52 821
16¢c oil Cy7HgNO 72 5.32 5.56 8.24
16d oil CygHxNO 58 527 5.55 8.19
16e oil C18H21N02 38 5.25 5.51 8.15
16f oil Cy9H4N,O 16 523 5.54 8.07
17a 84-86 (H) C7H1gN20, 91 5.39 5.38 5.35
17 oil C17H;5CINO;, 83 5.28 5.51 821
17¢ oil C7HgNO, 70 552 5.52 8.21
17d oil Cy1gH21NO, 55 527 5.52 8.19
17e oil CigHNO3 44 5.25 5.52 8.15
17t oil Ci9H24N-O, 12 5.24 5.52 8.07

aThe sum of the major and minor ring forms. bRecrystallization solvent: H: n-hexane;
cMajor ring form. 9Minor ring form.

X-Ray Crystallographic Data

Crystal data for 10a: CygHigN2O3; M,=28431, triclinic, space group P1l, a=8.715(2),
b=12.599(2), c=7.188(3) A, @=95.23(2) f=11237(2), ¥ =77.23(2), Z=2, V=7117(7) A3, D.=1.327
g/cm3, u(moK,)=0.87 cml, F(000)=300, T=296(1) K, colourless prisms, crystal dimensions
0.15x0.20x0.35 mm.
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Table 4. Positional parameters2 and B(eq) for compound 10a

Atom X y z B(eq)
0®1) 0.6400(7) 0.1351(4) 0.4643(7) 6.0(3)
02 0.0815£8) 0.6222(5 -0.001(1% 8.224
03 0.1967(8) 0.5357(5 -0.202(1 8.7(4
N(1 0.597(1) 0.2389(6 0.734(1 10.2§6
N2 0.1839(9) 0.5484(6 -0.038(1 5.5(4
cQ1 0.602(2 0.2332(8 0.571(2 12.658
C(2 0.712(1 0.1538(8 0.875(1 7.7 9;
C@3 0.760(2 0.0471(9 0.773(2 10.928
C(4 0.756(2 0.0498(9 0.596(2 14.1(9)
C(5 0.492(1 0.3167(6 0.411(1 6.2(5
C(6 0.363(1 0.3947(7 0.439(1 6.6(5
C(7 0.264(1 0.4716(6 0.296(1 5.8(5
C(8 0.294(1 0.4694(6 0.122(1 4.3(4
c(9 0.423(1 0.3949(7 0.090(1 53(5
C(10 0.521(1 0.3196(6 0.236(1 6.0(5
C(11 0.789(1 -0.0497(7 0.474(1 6.9(5
C(12 0.892(1 -0.1445(9 0.570(1 10.3(7
C(13 0.922(1 -0.2372(8 0.460(2 8.2(6
C(14 0.854(1 -0.2352(7 0.256 2% 6.5(5
C(15 0.753(1 -0.141857 0.160(1 5.6(5)
C(16 0.720(1 -0.0499(6 0.268(1) 5.2(4)
H(1) 0.7068 0.2561 0.6047 14.8
H(2 0.8120 0.1795 0.9541 92
H@3 0.6577 0.1395 0.9596 9.2
H(4 0.8759 0.0166 0.8545 13.1
H(5 0.6900 0.0010 0.7741 13.1
H(6 0.8573 0.0743 0.6232 16.4
H(7 0.3431 0.3948 0.5598 7.9
H(8 0.1772 0.5253 0.3174 7.0
H(9 0.4433 0.3957 -0.0301 6.4
H(10 0.6111 0.2681 0.2158 72
H(11 0.9421 -0.1461 0.7129 12.3
H(12 0.9909 -0.3023 0.5271 9.9
H(13 0.8772 -0.2982 0.1798 7.8
H(14 0.7045 -0.1403 0.0175 6.8
H(15 0.6484 0.0142 0.1989 6.2

aFor numbering, see Fig.1.

Data Collection, Analysis and Refinement. A Rigaku AFCSS diffractometer, graphite-
monochromated MoK, 4 =0.71069 A, »-26 scan mode with an @ scan rate of 8.0° min-! and a scan
width of (1.42+0.30tan®), weak reflections were [F< 10 o(F)] were rescanned up to two times, 2516
unique reflections measured, 26.,,,=50°. The data were corrected for Lorentz and polarization
effects. The structure was solved by direct methods and refined with the 980 data [I>30()]toanR
value of 0.079 (R,=0.097, sigma weights); non-hydrogen atoms anisotropic, hydrogen atoms in
calculated positions with fixed isotropic temperature factors. The maximum/minimum residual
electron density was 0.36/-0.30e/A3. All calculations were performed with TEXSAN-89 software4
using a VAXSTATION 3520 computer. Figures were drawn with ORTEP2S. The final atomic
positional coordinates, temperature parameters, bond lengths and angles have been deposited with the
Cambridge Crystallographic Data Centre, Lensfield Rd., Cambridge, CB2 1EW, UK.
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