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Abstract. In the reactions of 3-amino-1,2-propanediol with aromatic aldehydes, five-component
ring-chain tautomeric mixtures were formed, involving oxazolidine and oxazine C-2 epimers and the
corresponding Schiff base. These multicomponent tautomeric equilibria could be described by the
equation log K = po” + log Ko, used earlier for the two- and three-component equilibria relating to
only oxazine or oxazolidine rings. Copyright © 1996 Elsevier Science Ltd

The reactions of 1,2- and 1,3-aminoalcohols containing primary amino groups with oxo compounds
result in products that exist as ring-chain tautomeric mixtures of 1,3-O,N-heterocycles and the corresponding
Schiff bases.! In these equilibria, Baldwin’s rules® postulate that the ring-closure reactions of endo-trig type
should be favoured for tetrahydro-1,3-oxazines (6-endo-trig), but disfavoured for oxazolidines (5-endo-trig).

For the 2-aryl-substituted saturated 1,3-O,N-heterocycles, the ring-chain tautomeric process can be
described by equation (1), where K = [ring)/[chain], ¢" is the Hammett-Brown constant of the 2-aryl substitu-
ent and p is a constant characteristic of the ring system. Its value is 0.76+0.04 for 1,3-oxazines and 0.60+0.04
for oxazolidines in CDCl, solution at room temperature.?

logK = po” +log Ko ¢))

The tautomeric character of the 1,3-O,N-heterocycles offers a great number of synthetic possibilities,
e.g. they can be used for the addition of organometallics, in enantioselective syntheses of chiral amines,” or as
aldehyde or ketone sources in the Hantzsch and Pictet-Spengler reactions.’

Aminodiols comprise a very interesting class of compounds because of their chemical and pharmaco-
logical importance. This structural moiety is present in numerous biologically active compounds, e.g. amino-
sugar derivatives,® chloromycetine,” and the diaminodiol core units of HIV protease inhibitors.® 1,2,3-Amino-
diols are convenient synthons for the preparation of potentially useful compounds, e.g. 1,3,3-trinitroazetidine,’
chiral 2-oxazolidones™ and a-hydroxy-B-amino acids.'' Despite the current chemical and pharmacological
interest in compouds of this type, their reactions with oxo compounds have not been studied. Our aim was to
investigate the ring closures of 3-amino-1,2-propanediol, the simplest model of this type, with aromatic
aldehydes and to study the scope and limitations of equation (1) in these cases.

When 3-amino-1,2-propanediol (1) was reacted with nine different aromatic aldehydes in methanol at
room temperature, the condensations took place in good to excellent yields. The "H NMR spectra unequivo-
cally revealed that in CDCl; solution at room temperature all products (2a-i) participated in a five-component
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equilibrium involving five- (B, C) and six-membered (D, E) heterorings and the corresponding Schiff bases
(A). Equilibria of two to four components (the possible C-2 epimers of the ring forms and the syn-anti isomers
of the Schiff bases) are known in the literature, all of them involving compounds prepared from difunctional
1,2- or 1,3-aminoalcohols.’ To the best of our knowledge, the present paper describes the first example of a
five-component ring-chain equilibrium of 1,3-O,N-heterocycles and also the first example of the preparation of
favoured and unfavoured ring-closed forms in the same ring-chain tautomeric equilibrium of this type. Tice and
Ganem described a three-component equilibrium involving oxazolidine and tetrahydro-1,3-oxazine rings with
the Schiff base forms for the products obtained from hydroxyputrescine and benzaldehyde or p-nitrobenzalde-
hyde, but the exact tautomeric ratios and the relative configurations of the ring-closed components were not
determined."? Similar competitions of unfavoured and favoured ring closures were observed in the ring-chain
tautomeric processes of B-hydroxyimino ketones in which intramolecular cyclizations by attack of a hydroxy
group to a C=0 bond (6-exo-trig) or C=N bond (5-endo-trig) resulted in oxazolidines or 1,4-oxazines."
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Figure 1 shows the 500 MHz 'H NMR spectrum of the product (2a) of the reaction of 3-amino-1,2-
propanediol and p-nitrobenzaldehyde. The four singlets in the region 5.15-5.75 ppm are those of H-2 of the
four ring-closed tautomers, while the azomethine singlet is at 8.42 ppm. For the other aryl-substituted ana-
logues, these singlets are in the same regions: 4.93-5.74 ppm for the ring H-2 and 8.14-8.42 ppm for the azo-
methine protons (Tables 1 and 2).

The formation of regioisomeric products in the ring closures of 3-amino-1,2-propanediol is well docu-
mented and the differentiation of the components is often a difficult spectroscopic task.'* To help with the line
assignment of H-2 in the oxazolidine and oxazine forms, 3-amino-1-phenoxy-2-propanol (3), the O-phenyl
derivative of 1, was reacted with the same nine aromatic aldehydes to give products 4a-i (Scheme 2). Their 'H
NMR spectra showed that these compounds exist in CDCl; solution at room temperature as three-component
equilibria involving the diastereomeric oxazolidine ring forms (B, C). The H-2 singlets of 4a-i in the region
5.36-5.78 ppm correspond to the two lowest-field singlets of H-2 in the five-component equilibria of 2a-i. If
the chemical shifts of the derivatives bearing the same 2-aryl substituents are compared, the differences
between the lowest-field H-2 signals for 2a-i and those of the corresponding protons in 4a-i are seen to be less
than 0.1 ppm, which suggests that these lines arise from the oxazolidine rings (B, C).
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Because of the small influence of the different 2-aryl substituents on the chemical shifts and couplings in
the two series of compounds (2a-i and 4a-i), a complete line assignment extending to the distinction of the H-2
lines of the diastereomeric ring forms was performed only in the case of the 2-(p-nitrophenyl) derivatives 2a
and 4a (Table 1).
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For the meanings of letters a-i, see Scheme 1.

Scheme 2

From the spectra recorded immediately after the dissolution of 2a and 4a in CDCl,, the lines of the
imine forms (A) were assigned. The solutions were allowed to attain equilibrium. At this point, identification of
the resonances from each distinct molecular species of the equilibrium mixture was possible by means of the
COSY spectra. nOe difference spectra then allowed establishment of the relative stereochemistry of each
component.
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Figure 1. Part of "H NMR spectrum of compound 2a (the small doublets at 8.08 and 8.40 ppm correspond
to p-nitrobenzaldehyde which was formed by partial hydrolysis of 2a on standing in CDCl;)

From the COSY spectrum recorded after 4a had attained equilibrium, the lines of the N-CH,, O-CH,
and O-CH protons in the same molecule were identified. The O-CH line at 4.41 ppm exhibited an nOe to the
O-CHATr-N line at 5.56 ppm (4.5%), indicating that they are cis and therefore relate to structure C (the other
0O-CH and O-CHATr-N lines displayed no nOe at all). Structure C is in accordance with the observed nOe-s of
its NCH> and O-CHATr-N (4.6%) or O-CH (7.3% and 5.9% in the reverse direction) lines.

Because of the low abundance of the oxazolidine forms in the tautomeric equilibrium, only the lines
from N-CH>, O-CH> and O-CH relating to each of the six-membered ring components could be identified from
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the COSY spectrum of 2a. The predominance of chair conformations for differently substituted 1,3-oxazines
was established earlier.”

Table 1. Selected chemical shifts (ppm) for compounds 2a and 4a

Compd. | O-CH (m) OCH, (m) N-CH,(m)  O-CHAr-N (s)
2aA 4.05 3.83 3.76, 3.83 8.42°
2aB b b b 5.74
2aC b b b 5.54

3.56 (ax) 2.85 (ax)
D 3.71 5.16
2a 4.28 (eg) 3.40 (eg)
4.09 (ax) 3.18 (eq)
2aE 3.64 4.18 (eq) 327 (a) 528
4aA 431 4.06 3.92 8 43"
4aB 436° 4.04 317, 3.27° 5.79
4aC 4.41° 4.01°, 4.08° 334 5.56

*N=CH. bOverl.stpping multiplets.

From the nOe-s observed between the axial O-CHAr-N hydrogens and the axial hydrogens in the O-
CH, and N-CH, methylenes, the structures can be assigned. The line at 5.28 ppm displays nOe-s and therefore
a syn diaxial relationship with the resonances at 3.27 and 4.09 ppm. These resonances are seen to be parts of
AB systems (3.73/3.18 and 4.09/4.18 ppm) in which there are only small additional couplings. These
resonances must be from E in which H-5 is equatorial (Fig. 2).

The line at 5.16 ppm exhibits nOe-s to the resonances at 3.56 ppm and 2.85 ppm, both of which
contain two large couplings. The 3.56 ppm resonance is therefore the axia/ O-CH and the 2.85 ppm resonance
the axial N-CH resonance in D, both of which have a large geminal and a large axial/axial coupling. The
COSY spectrum allows the assignment of the other resonances in D.

Interestingly, the major six-membered ring isomer is E, with an axial hydroxy group in position 5. The
stability of this axial group must arise from hydrogen-bonding interactions to the ring nitrogen and oxygen

atoms.
H H HO
NO,
H Ho o
HO Hu\ Tn
H y
H NO, H H

2Da 2Ea
Figure 2. Predominant conformations of compounds 2Da and 2Ea
As mentioned above, the § values of the oxazolidines involved in the tautomeric equilibria 2 and 4 are

very similar, suggesting that the two smallest of the four O-CHAr-N lines of 2a arise from the five-membered
oxazolidine rings. In accordance with the known spectral data on the diastereomeric components in the ring-
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Table 2. Tautomeric ratios for compounds 2a-i and 4a-i

1085

8 N=CH (s, A) and N-CHAr-O (5, B-E) / (%)"

Compd. X R B c o E " | logK()® logK(6)°
2a | pNO, (2'942) 26?;) f;;*) é;fi) (5332) 079 | 05195  0.0864
2b | pCN (ig:) f:;) 2;% (51';)3) (53‘32) 0.659 | -0.5508  0.0344
2¢ mBr éﬁ) ff;’) (5379) (f&fg) (;1"33) 0405 | -07652 -02152
24 PBr (86'52";) 25'95) 2;3) ?f;‘) (51-91_53) 015 | -09225 -0.3830
2e 2Cl (86- ;.67) ffg) 2;;‘) ‘(‘é?:) (51-;3) 0.114 | -1.0511  -0.4368
o S JE 14 RN P
2 | pCH, (83’11,2 ) ?i‘.‘g) 2;;’) ‘(‘f;) 2;’3) 0311 | -12869  -0.7592
3h | pOCH, (i"}.%) 2&9) gf;’) 2;72) ? ;55) 0778 | -14965 -0.9774
2 | pN(CHy), (89-;55) f(')‘f;‘) 2(-3:) 2(-)‘?% ?ﬁg) 17 | -20561  -1.5662
4 | pNO, (3'242) (51~57§) (51-25;) - - 079 | -0.4202 -
ab PCN (%3.%) (51'37_51) (51-65.19) - ~ | 0659 | -0.3689 -
dc mBr (%92_53) ?é‘_":) (Si'ﬁt) - - 0405 | -0.5978 -
4d PBr (’;f%) 2 «fsl) 2-;3) - - 015 | -0.7197 -
de 2Cl (83'2_27) 2 :;) 2 é‘fg) - - | 0114 | -0.7425 -
a H (%7257) ?;g) 2;.‘31) N N 0 | 08514 -
4g | pCH, (83'3.36) f le) ?6‘_‘22) - - | -0311 | -0.9351 -
4h | pOCH; (’;ji) f;;') ?j‘.tsl) - - | 07718 | -12165 -
4 |pN(CH), (89;_62) %fg) 25‘% - - 17 | -1.7433 -

*[AMBI+{CHDI+{E] = 100%. K(5) = (IBI+(CDAAL °K(6) = (DI[E]/IAL.
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chain equilibrium of 4a, assignment of the line at 5.74 ppm to the O-CHAr-N hydrogen in structure B and the
line at 5.54 ppm to the corresponding hydrogen in structure C is very probable.

The tautomeric ratios were determined by integration of the O-CHAr-N (ring) and N=CH (chain)
singlets (Table 2). The results of the linear regression analysis according to equation (1) are given in Table 3.
The data on the parent 2-aryl-substituted oxazolidines and tetrahydro-1,3-oxazines, taken from the literature,’
are also given in Table 3.

The electronic effect of the 2-aryl substituent was marked in all four cases; the equilibria of 2 and 4
could be described by equation (1). The sum of the ratios for the five- and six-membered diastereomers were
used in the case of 2 in the log K calculations. Within experimental error, the values of the constant p of the
Hammett equation for the oxazolidine-type equilibria of 2 (0.62+0.02) and 4 (0.55+0.02) were very similar to
the usual oxazolidine value (0.60+0.04). The constant p for the oxazine-type equilibrium of 2 (0.67+0.02) was
slightly smaller than the usual oxazine value (0.76+0.04).

Table 3. Linear regression analysis data on compounds 2 and 4 and the parent
2-aryl-substituted oxazolidines (5)° and tetrahydro-1,3-oxazines (6)°

Compd. | No. of points S?;I)) € Intercept (C:g:;il;t;z? 2
2° 9 0.62+0.02 -1.030.05 0.990 0.07
2° 9 0.67+£0.02 -0.48+0.05 0.991 -0.33
4 9 0.55+£0.02 -0.80+0.04 0.992 0.30
5 7 0.60 -1.10 0.989 0
6 7 0.76 -0.15 0.998 0

#See tex. bFor oxazolidine components of the equilibrium. “For tetrahydro-1,3-oxazine components
of the equilibrium.

The sum (c) of the steric and electronic effects of the substituents at positions 4 and 5 (oxazolidines) or
4,5 and 6 (1,3-oxazines) was earlier introduced® and defined as the difference of the data for the 4/5/6-
substituted derivatives and the parent 2-aryltetrahydro-1,3-oxazines (-0.15) or oxazolidines (-1.10). According-
ly, the steric and electronic contributions of the hydroxymethyl (0.07) and phenoxymethyl groups (0.30) are
positive, which means that they have stabilizing effects on the ring-closed form. The negative value of ¢ for the
oxazine-type equilibrium of 2 expresses a destabilizing effect of the hydroxy group on the ring form.

Baldwin’s rules predict that the 5-endo-trig ring-closures to give the oxazolidines should be disfavoured
relative to the 6-endo-trig closures giving the oxazines. However, Baldwin pointed out’ that "... a disfavoured
ring closure is not an impossible reaction, merely a process which may not compete effectively with alternative
Javoured ring closures or other reaction pathways." Baldwin’s rules relate to the ease of a ring-closure reaction
(i.e. kinetics). Our results relate to the stability of the products (thermodynamics), but support the general
scope of the Baldwin’s rules. The results presented in this paper show that, where equilibria are established in
which both ring-closure routes can compete, the favoured 6-endo-trig route does not exclude ring closures via
the 5-endo-trig route, but that the six-membered rings are the thermodynamically favoured products.
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EXPERIMENTAL
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'H NMR spectra were recorded in CDC; solution at ambient temperature on Bruker MSL 500 and
AM 400 spectrometers, with TMS as internal standard. For the equilibria to be established,'® the compounds
were left to stand in CDCl; at room temperature for 1 day before the "H NMR spectra were run.
Melting points were determined on a Kofler micro melting point apparatus and are not corrected.

General procedure for the preparation of 2a-i and 4a-i

Aminoalcohol 1 or 3 (5 mmol) was dissolved in methanol (30 ml) and an appropriate aromatic
aldehyde (5 mmol) was added. After standing for 30 min at room temperature, the solvent was evaporated off
and the oily product was crystallized by treatment with n-hexane-Et,0 (yield: 75-95%). The physical and

analytical data on 2a-i and 4a-i are given in Table 4.

Table 4. Physical and analytical data on 2a-i and 4a-i

Compd. | Mp.(O) | Found N Formula (M.W.) c Reqllj—ires N
2a 86.90° | 5338 576 1296 | CiuHuN.0,(22422) | 5357 539 1249
2b 80.01° | 6435 624 1410 | CuHuN.0,(20423) | 64690 592 1372
2¢ | q0.52° | 4664 480 531 | CuHLBNO,(258.12) | 4653 469 543
2d | 73.75° | 4678 482 512 | CuHuBINO,(258.12) | 4653 469 543
2e 7274 | 5649 538 687 | CuHuCINO,(21367) | 5621 566 656
o | 7780° | 6740 693 740 | CuHuNO,(17922) | 6702 731 782
22 | 76.80° | 6882 774 717 | CuHNO,(19325) | 6837 7.8 725
2h | 793" | 6332 691 672 | CuHiNO(20925) | 63.14 723 669
2i | 143.148° | 6454 784 1212 | CLoHsN.O,(22229) | 6484 816 1260
48 | 107-110° | 6410 542 981 | CuHiN:0,(30032) | 6399 537 933
b | 7479° | 13.02 566 975 | CoHeN0,(28033) | 7284 575 999
4 77.78° | 5728 464 401 | CiHiBNO,(33422) | 5750 483  4.19
ad | 115117 | 5794 523 458 | CiHiBINO,(33422) | 5750 483 419
de | 112-114° | 6651 538 472 | CiHiCINO,(289.77) | 6632 557 4583
4f 92-952 74.92 6.88 5.30 CiH17NO; (255.32) 75.27 6.71 5.49
4 77.79° | 7593 687 514 | CoHGNO,(26935) | 7581 711 520
4h | 99.101° | 7148 628 465 | CyHWNO;(28535) | 7156 671 491
4 92.04° | 7269 721 918 | CuyHnN.,0,(29839) | 7246 743 939

aRecxystallizcd from iPr,O-EtOAc. bRc:crystallized from iPr,0.
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