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Abstract. In the reactions of (1R*25*)- or (15,25)-2-amino-1-phenyl-1,3-propanediol with aromatic
aldehydes, five-component ring-chain tautomeric mixtures were formed, involving C-2 epimers of struc-
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trally isomeric oxazolidines and the corresponding Schiff base. These multicomponent tautomeric equi-

libria could be described by the equation log Kx = po™ + log Kx-4. © 1998 Elsevier Science Ltd, All rights reserved.
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Ring-chain tautomerism of the products formed from 1.2- and 1,3-amino alcohols with oxo compounds,
i.e. the reversible addition of a - or y-hydroxyl group to a heteropolar C=N bond is a well established process.'
Qualitative studies on the equilibria of the open-chain (Schiff basc) and ring-closed (1.3-(.N-heterocycle) forms
started in the early 1940s, however exact quantitative data on the tautomeric ratios could only be established
more recently by the application of high resolution NMR spectroscopy or mass spectrometry.”

Studies of the substituent effects on the ring-chain tautomerism of 2- aryl-1.3-O.N-heterocycles revealed

that tautomeric ratios were strongly influenced by the electonic character of the aryl subtituents. Tautomeric
cquilibria of 2-(X-phenyl)-substituted derivatives could be described by the Hammett-type linear free energy
spyiiatiaem L0~ T
Cyuauon (LY. b}
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log Kx = po + log Kx=y (Eq. 1)

where Kx = [ring]/[chain], p is a characteristic value of the ring system and 6" is the Hammectt-Brown constant
for substituent X. Equation (1) describes not only two- or three-component tautomeric equilibria of 2-aryl-1.3-
O,N-heterocycles, but also was applied recently to the case of a five-component system containing C-2 epimeric

oxazolidine and tetrahydro-1.3-oxazine pairs.*

Our present aim was to study the condensation reactions of 2-amino-1-phenyl-1.3-propanediol
diastereomers with aromatic aldehydes. to compare the ring-chain tautomeric character of the diastereomeric

The current chemical interest in 2-amino-1-phenyi-1,3-propanediol and its derivatives could be explained
by its ready availability and the wide range of synthetic utility of these compounds. (1S,25)-2-Amino-1-phenyl-

|.3-propanediol has been applied as resolving agent” and starting material for the synthesis ot many homochiral
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compounds, important from either pharmacological or chemical points of view. e.g. dexamphetamine.® (R)-
phenylalaninol,’ optically pure 2-aziridinemethanols,® 1,3-dithiol derivatives,” B-lactams,'® erc. Many types of
asymmetric transformations, e.g. alkylations,'' conjugate additions to o,B-unsaturated carboxylic acids.”
cyclopropanations.” conversion of sulphides into sulphoxides,'* organozine additions.'” erc. are based on chiral
auxiliaries (oxazolidin-2-ones, oxazolincs or bicyclic lactam derivatives) derived from (15.25)-2-amino-1-

phenyl-1.3-propanediol.

When (1R*.25%)- and (15,25)-2-amino-1-phenyl-1.3-propanediol (1, 2) were reacted with ten substituted

aromatic aldehydes (3a-j) in methanol at ambient temperature, the condcnsations resulted in well defined

and D. E).
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A similar ring-chain tautomeric equiiibrium (in DMSO-dg) derived from
phenyl)-1.3-propanediol (p-nitrophenylserinol) and aromatic aidehydes was published recently. however only

two ring-closed tautomers could unequivocally be distinguished by NMR analysis and traces of another ring
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form could be seen only in the case of some strongly electron withdrawing 2-aryl-substituents.'®
. . . . . . . 17
Line assignment of multicomponent (tautomeric) mixtures is often a difficult spectroscopic task.
Structural similarity of components causes extended overlap of signals belonging to different tautomers cither in

1D or in 2D spectra and, therefore, characteristic scalar couplings remain hidden. A further problem is the
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components may diminish into the noise in case of low relative conceniraiion. Analysis of complex tautomeric

mixtures could sometimes be simplified by a combination of spectroscopic and synthetic chemical methods.”
The formation of structurally isomeric heterocycles in the ring-closures of 2-amino-1-phenyl-1.3-
propanediol isomers is a well known phenomenon.'*!'2"® [n these reactions. the 4.5-disubstituted oxazol(id)ine
derivatives of D/E type are formed as major products besides less amounts of 4-monosubstituted oxazol(id)ine
derivatives of B/C type. When the structural isomeric products are not participating in the equilibrium, the ring-

closures resulting in them are governed by kinetic rather than thermodynamic control. Therefore, predictions

amino- i -{p-nitrophenylj-1i,3-propanedioi.

The very similar NMR spectroscopic propertics (chemical shifts. spin connectivity) of the isomeric ring-
closed tautomers B-E originate from their close structural similarity. Unfortunately. application of recently
developed PFG techniques'” to distinguish them was not possible due to their similar diffusion coefficients. The
methods of the line assignment of tautomeric mixtures 4a-j and 5a-j are discussed for the examples of the

p-nitrophenyl derivatives 4a and 5a (Table 1).
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recorded after attaining ring- chain equilibrium, couid be arranged into the corresponding pairs according to their

integral vaiues. From COSY and TOCSY spectra the lines of O-CHPh, N-CH-C and O-CH- belonging to the
same component were identified.

NOE crosspeaks were found between two O-CHAr-N. O-CHPh pairs (5.62. 4.99 and 5.77. 5.25 ppm). so
they belong 1o structures having these hydrogens in cis positions that are structures B and D.

TOCSY and COSY connectivities from the O-CHPh doublets were followed. These showed that the
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ihe 5.24 ppin U-L r7rn résonance is associated wiih the O-C 2 proions ai 5.24 and 5.56 ppm and the 3.25 ppm

O-CHPh doublet is associated with the O-CH, protons at 3.21 and 3.39 ppm. The proximity of the O-CH,
protons and the phenyl groups in thesc structures, that places the O-CHAr-N protons in the shielding region of

the phenyl. is supported by molecular mechanics calculations,



An NOE is observed between the singlet at 5.77 ppm and doublet at 5.25 ppm. therefore these resonances
arise from isomer C. The other NOE observed is between the singlet at 5.62 ppm and the O-CHPh doublet at
4.99 ppm, so these signals arise from isomer D. By ¢limination. and from comparison of the respective integrals,
the 6.08 ppm singlet is associated with the 5.24 ppm doublet and must arise from isomer B. The 5.55 ppm
singlet is associated with the 4.91 ppm doublet and arises from isomer E.

The crosspeak between O-C//Ph and N=CHAr protons in the NOESY spectrum unequivocally proves
their spatial proximity and. therefore, the £ configuration of the C=N bond in the Schiff-base A
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Figure 1. Parts of 'H NMR spcctra of compounds 4a and 5a

NMR analysis on compound 5a

Similarly to the line assignmer

spectrum taken immediately after dissolution, containing only the lines of the open form. Surprisingly. in the
spectrum recorded on the equilibrium mixture there were only three peaks in the region 5.5-6.2 ppm instead of
of
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the four expected singiets of O-C/Ar-N ring protons. According to the integral values of O-C/HPh protons, two
signals of O-CHAr-N protons could be arranged into corresponding pairs and the peak at 5.72 ppm proved to be
a superposition of two O-CHAr-N proton resonances. Following TOCSY and COSY connectivities through well
separated O-CHPh doublets, the peaks ot O-CHPh., N-CH-C and O-CH, protons belonging to the same com-
pound were assigned.

NOE crosqpeaks were found between O-CHPh and O-CHAr-N protons of 4.82. 5.72 ppm and 4.55. 3.537
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contrast o the eryrhro isomer, however they showed different crosspeak patterns in homonuclear correlation
experiments. The rotation of the CH, groups is not so hindered in the compounds D and E as in the corre-
sponding erythro isomers, because the threo isomers contain hydroxymethyl and phenyl groups in a trans
position. Therefore. the chemical shift difference between the protons in both of those CH, groups is expected to

be about zero or a small value, so that the arising signal does not show clear ddd structure. According to this
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assumption. the multipiets at 3.83 and 3.87 ppm suggest that those can be assigned to compounds D and E. The
protons in the ring methylenes obviously have greater differences between their chemical shifts. Therefore the
two ddd multiplets at chemical shifts of 3.82, 3.75 ppm and 3.86. 3.65 ppm belong to B and C structures.

The 4.55 ppm doublet of O-CHPh proton is associated with the multiplet at 3.87 ppm and has an NOE
with the singlet at 5.57 ppm, so it corresponds to isomer E. Other NOEs were observed between O-CHAr-N at
5.72 ppm and O-CHPh at 4.82 ppm that are associated with O-CH,; peaks at 3.82 and 3.75 ppm. These reso-
nances refer to isomer B. Without an NOE and having O-CH, protons on oxazolidine ring is isomer C. with

m, O-CH, at 3.86, 3.65 ppm and O-CHAr-N at 6.02 p
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The £ configuration of the C=N bond of the open form A was proved as described for 4aA.

Table 1. Selected chemical shifts (ppm) for compounds 4a and 5a
Compd. | O-CH-Phd)  N-CH-C (m) O-CH, (m) O-CHAr-N (5

4Aa 5.02 3.62 3.95,3.99 8.10%*
4Ba 4.99 3.64 3.85.3.92 5.62
4Ca 4.91] 3.80 3.88.3.98 5.55
4Da 5.25 3.83 3.21,3.39 5.77
4Ea 5.24 3.73 3.24,3.36 6.08
SAa 497 3.57 3.75 8.56%
5Ba 4.82 3.39 3.82,3.75 572
5Ca 4.85 3.43 3.86, 3.65 6.02
5Da 4.27 3.73 3.83 5.72
S5Ea 4.55 3.69 3.87 5.57
*N=CHATr (5)

Characterization of tautomeric sets 4a-j and Sa-j

The assionment procedures described ahove were apnlied to the r
111 dbblguluc 1L proccuures ACSCrinka anove were appucu o te 1

naining members of both the eryisro
(4a-j) and threo (Sa-j) series. 2-Aryl-substituents did not change the sequencc of the chemical shifts of O-CHPh.
N-CH-C, 0-C!//, and O-CHAr-N or N=CHAr protons. The relative arrangements of O-C//-Ph and O-CHAr-N
lines of the structures 5D and SE were in accordance with the literature data on the analogous oxazolidines
derived from p-nitrophenylserinol. "

Ratios of the tautomeric equilibria were determined by integration of the well separated signals from the
O-CHPh and O-CHAr-N or N=CHATr protons (Table 2). The time required for attaining equilibria was a crucial
point in these measurements,' > because studies on non-cquilibrium state mixtures would produce inconsistent
results. When CDCl; solutions of compounds 4a-j and Sa-j were allowed to stand at 300 K. all tautomeric
mixtures, except the threo p-nitrophenyl derivative (5a), reached equilibrium within 48 hours. For 3a. tautomeric

ratios were changing even after standing for two wecks. However, on adding traces of hydrochloric acid to the

Heill iy 101

addition of h,x.rol;y! group to the C=N bond is a prolon catalysed process. A similar phenomenon was observed
in the case of the structurally analogous tautomeric mixtures (6a-k, 7a-k) derived from (+)-norephedrine and
('1R.?R)—iorpSEudaephedrme with aromatic aldehydes (Scheme 2). Wh o p-nitrophenyl derivative 6a

MM
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48 hours. ™



Data on the tautomeric equilibria (Table 2) show that addition of hydroxy groups to the C=N bond of the
open forms (A) occurred regio- and stereo-selectively. These ring-closures are unfavoured (5-endo-trig) accord-
ing to Baldwin's rules.?’ Increasing the value of constant ¢” of substituent X caused higher ratios of ring-closed
forms. The coefficients of Hammett-Brown equation (1) were cvaluated by means of linear rcgression analysis

(Table 3). Contrary to the generally applied previous methods.' for exact thermodynamical comparison of the
oxazolidine forms (B-E), regression analysis was performed for each rin i i
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rine and norpseudoephedrmc were recalculated (separately for 6B. 6C. 7B and 7C) for the proper comparison to
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the values of the corresponding oxazoiidines 4D, 4E and 5D, SE.
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4R*,55*. 6Ba-k 18*,2R*: 6Aa-k 4R*.55*%: 6Ca-k
4R.5 7Ba-k 1R.2R: 7Aa-k 4R.5R: T7Ca-k

R:
a. X =NOs(p); b, CN(p); ¢, CF3(m). d, Br(m); e, Cl(m); £, Cl(p): g, H; h, Me(m): i. Me(p):
J» OMe(p); k. NMez(p).

Scheme 2

The ditferences between the slopes of the regression lines for 2-aryloxazolidines (4-6) derived from both

aminophenylpropanediol diastereomers and from norephedrine were not significant. and the slopes are very

3
similar to the value for the unsubstituted 2-aryloxazoline (0.60).”° Slopes for the norpseudoephedrine-derived
oxazolidines (7) are slightly smaller. The greater differences in intercept values of these compounds could be
nnnnnnnn Al thn adfanto nmd soatananatinme ~Ftha cithatitiriameo ~fdlan arnme a1 20 2o o
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The sum of steric and eiectronic effects of the substituents in posi‘tions 4 and 5 on the stability of the 2-
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arvioxazolidine tautomers (B-E) could be described by a constant c¢.' introduced earlier. which means the
intercept difference of the given 4- or/and S-substituted 2-aryloxazolidine (log Kx=y) and the parent 2-aryl-
oxazolidine (8) unsubstituted at other positions (log Ky = -1.10).

On comparison of ¢ values for compounds 4B-E, SB-E, 6B,C and 7B.C. it can be concluded that each of
the isomeric ring tforms has a positive ¢ value, which means the greater stability of these rings compared to the

4,5-unsubstituted oxazolidine. Generally, for 4B-E and 5B-E, the ¢ values for oxazolidines (5) derived from

threo aminodiol arc greater than those for their erythro counterparts (4), except compounds 4D-3D. For ervthro
compounds 4, oxazolidines of type B and D are the most stable, in contrast o the threo isomers 5. where oxazo-
lidines C and D are the preferred cyclic forms. This fact could be explained by the different steric arrangement of
pheny! and hydroxymcthyl groups in the diastereomers. For oxazolidines of type D and E, c¢iv arrangements of
2-aryl and/or 4-hydroxymethyi and/or 5-phenyl groups (in the case of eryifiro isomers) causing a destabilizing

cffect on the ring forms by a remarkable steric hindrance. It is surprising, that ali-cis oxazolidine 4D is not the
least stable ring form among oxazolidines of aminophenylpropanediol-type, while the analogous all-¢is 6B is the
least stable cyclic tautomer of norephedrine/norpseudoephedrine-type. This difference could be explained by the
possible stabilizing intramolecular hydrogen bond in 4D between CH;OH group and the nitrogen atom. which is

supported by molecular mechanics calculations (Fig. 2).
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'¥ — Fig. 2
The resulting conformation of 4Df

/ \ 7 N ’ after a 100 ps molecular dynamics
- ~ 7‘/ simulation at 300 K and a sub-
|

N C e . - -
\ l;ﬁ————{ AL Al sequent minimisation using cff91
on / W/A\h,/‘\/\ force field implemented in Dis-
e 0 I ‘
‘ ’ \ , cover program (all other param-
- i eters were set as delault)

Table 3. Lincar regression analysis data on compounds 4. 5. 6.7 and the parent
2-aryl-substituted oxazolidines (8)™

Compd. | No. of points Sl/ogea /Ijntet:(ieptﬁ\ Con:ila.tiop c’
(P) (log Kx=n) coefficient

4B 10 0.55(2) -0.63(1) 0.995 0.47
4C 10 0.48(03) -0.83(2) 0.983 0.27
4D 10 0.55(2) -0.60(1) 0.997 0.30
4E 10 0.50(3) -().84(2) 0.982 0.26
5B 16 0.51(3) -0.33(2) 0.985 0.77
5C i0 0.61(2) -0.01(1) 0.996 1.09
5D 10 0.64(3) -0.69(2) 0.990 0.41
SE 10 0.50(3) 0.15(2) 0.983 1.25
6B 11 0.65(3) -0.79(2) 0.993 051
6C 11 0.47(3) -0.57(2) 0.985 0.53
7B 11 0.43(3) -0.54(2) 0.980 0.56
7C 11 0.33(2) -0.17(1) 0.990 0.93

8 7 0.60(4) -1.10(2) 0.989 0

a . . b . -
Standard deviations are in parentheses.  For the meaning of ¢ see text.

In accordance with the literature data. oxazolidines derived from (1R.2R)-norpseudoephedrine (threo
amino alcohol) proved to be more stable than oxazolidines derived from the (+)-erythro counterpart norephed-
rine, even by the regression analysis based on the ratios of individual ring forms. In comparison with the ¢
values for the analogous methyl- or hydroxymethyl-substituted oxazolidines 4D.E, SD.E. 6B.C and 7B.C, the
hydroxy substitution increascd the difference in stability for the threo C-2 epimers, and produced a reversal in
stability for the erythro C-2 epimers (see ahove).

It can be concluded that ring-chain tautomeric equilibria of 4a-j and Sa-j could be characterized by
the electronic effects of the substituents X on the 2-phenyl group, which could be described by Hammett-type
equations (1). The regio- and stereo-selectivities of the intramolecular ring-closures involved in the tautomeric
process proved to be strongly determined by the relative configurations of the hydroxymethyvl- and phenyl-

substituted carbon atoms and the steric interactions of the substituents in the formed cyclic tautomers.



EXPERIMENTAL

'H NMR spectra were recorded in CDCl; solution at 300 K on a Bruker MSL 500 in high resolution
mode and on a Bruker AVANCE DRX 400 spectrometers. with TMS as internal standard. For the equilibria
to be established.” the compounds 4a-j and 5b-j were left to stand in CDCl; at room temperature for 48 h

before the 'H NMR spectra were run. To the CDCl, soiulion of 5a, 1 drop of CDCl; containing ca. 1%

hydrochloric acid was added. The TOCSY and the NOESY expernmems were performed in phase sensitive
el csratle TIINY o 4 eb o o2 — L ON o TN i m A 1L raraYeavs
node with TPPI and the mixing time was 80 ms and 700 ms re pectively. For the COSY experiment graalcm
rnhavrancra calantinn twvac anmliad Tar all hataramiinlanr amoctes ohifiad n‘v\r\ All wxrno srmad mo o vr il Fiiem ot o
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an 7err\ f;"‘lﬂﬂ XA anll‘l‘ll lﬂ Nt Aﬁmpncinnc
and zero filling was applicd in both dimensions

Melting points were determined on a Kofler micro melting point apparatus and are not corrected
General procedure for the preparation of 4a-j and 5a-j
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l'o a solution of 3 mmol (1R*25%)- or (15.25)-2-amino-1-phenyl-1,3-propanediol (1 or 2) in absolute
methanol (30 mi). 3 mmol of an appropriate aromatic aidehyde was ad 'dc' (iiquid aidehydes were distiiicd
before used) and the mixture was left to stand at room temperature for 1 h. The solvent was evaporated off
and the evaporation was repeated after the addition of 10 mi benzene. The oily products. formed in nearly
quantitative yields. were dried in a vacuum desiccator for 24 h. NMR spectra proved >95% purity of these

compounds. Crystalline products were filtered oft and recrystallized. Yields: 55-85%. The physical and ana-
iytical data on 4a-j and 5a-j are given in Tabie 4.

Tahle 4 Phvsical and analvtical data on 4a-1 and 8a-1
1abi¢ 4. rhysicai and analytical gata on 4a-j and 2a-j
Compd. | M.p. (°C) Found Formula (M.W.) Requires
' ’ C H N T C H N

4a 86-92% 63.65 5.14 5.08 C6H1sN20, (300.32) 03.99 5.537 9.33
AL b OO NLLOY, 200 2N £ 00 z a7 a1
“SU 0Ol - - — U6l eN2U4 (DVUULD L) 03.77 AN 7.30
4“: n1 !b _ . _ (‘.,U.,DrNT Y. (124 O 87 &N 1 Q72 4 1Q

Ol AGIIEDIINUY \ 33444 RISV .00 S.17
44 | 128-130° | 5730 467 409 | CiHBINO;(33422) | 5750 483 419
de 125-128" | 66.45 5.27 4.70 CisHsCINO; (289.77) 66.32 ANY) 483
4f 89-100" 74.99 6.12 5.33 Ciel117NO; (255.32) 75.27 6.31 549
4g 74-76° 70.43 5.74 5.11 CieH o FNO, (273.31) 70.32 5.90 5.12
4h 86-88° 75.66 6.89 4.95 C17HsNO; (269.35) 7581 7.11 5.20
4i 124-125% | 71.14 6.38 4.07 C7H19NO; (285.35 71.56 6.71 4.19
4j 111-114° 72.19 7.16 9.22 CgH2oN20, (298.39) 72.46 743 9.39
Sa 135-138° 64.10 5.08 9.15 Ci¢H¢N204 (300.32) 3.99 5.3 9.33
Sb 80-83¢ 63.76 514 9.34 Ci6H1sN204 (300.32) 63.99 5.37 933
5¢ o0il” - - - Ci1¢H¢BrNO; (334.22) 57.50 483 4.19
5d 153-155° 57.24 4.64 4.03 Ci16HsBrNO; (334.22) 57.50 483 4.19
Se 147-154° | 66.28 5.37 4.91 Ci16H sCINO; (289.77) 66.32 5.57 4.83
5f 149-154" | 75.06 6.19 5.36 CleH7NO; (255.32) 75.27 6.31 5.49
5g 150-152° | 70.15 5.77 5.03 CieH1sFNG, (273.31) 706.32 5.90 512
I 1791240 | 7617 7 0ne 490 CHL NOS (960 25 75 Q1 711 0
i1 ) QAL WA ] LAY S v 1 .JO .77 7L QLINS? \HU/.I.’} 7..01 AR B § Sl
si | 1381427 | 7123 667 414 | CpHGNO;(28535) | 7156 671 419
5§ 166-169° | 72.35 7.21 9.28 CysHN»O, (298.39) 72.46 7.43 9.39

*Recrystallized from Pr,O-EtOAc. "Elemental analyses were performed only for the purified crystalline compounds. “Recrystal-
lized from iPr,O. dRecrystallized from n-hexane. “Recrystallized from ELOH. tRecr}/stallized from CtOAc. *Lir™' mp. 151 °C.
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