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Abstract — In principle, the ring-chain tautomeric ratios of a number of
2-heteroaryl-substituted oxazolidines and tetrahydro-1,3-oxazines are well
suited for determination of the Hammett-Brown o+ constants of heteroaryl
substituents such as 2-furyl, 3-furyl, 3-thienyl and 2-pyrrolyl in CDCl; solution
and in the gas phase. However, a number of factors, and especially hydrogen-
bonding, can change the monomeric character of either the ring or the chain
form (or both), leading to deviations from the ideal o* values. X-Ray
analysis has demonstrated the chain structures of the products of the
reactions of L-(-)-norpseudoephedrine and (+)-trans-2-aminomethylcyclo-

hexanol with pyrrole-2-carboxaldehyde.

Determination of various substituent constants of heteracycles is of current interest.1-3 Traditionally,
determination of the Hammett-Brown o * values of simple heteroaromatic systems is based on classical
methods? such as solvaolysis, pyrolysis and substitution reactions. Spectroscopic methods, including

infrared (ir)>-¢ and 'H and/or 3C nmr23 spectroscopy, are also used.
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A new approach? was recently applied for determination of the o+ values of 2-, 3- and 4-pyridyl
substituents.® The method is based on the observation®10 that the ring-chain tautomeric equilibria of

oxazolidines and tetrahydro-1,3-oxazines can be described by the equation:
logK =pa*t +¢ (1)

where K = [ring]/[chain] and p is a constant characteristic of the ring system. This equation and the
ring-chain equilibria therefore offer a good means of calculating o+ values. The above approach gave
good agreement with the literature values for 3- and 4-pyridyl derivatives. For the 2-pyridyl substituent,
the o+ value determined vig the ring-chain tautomeric method was about twice the earlier results. The
difference is due to the extra stabilization of the ring form that results from intramolecular hydrogen-

bonding 8

The purpose of the present work was to establish whether eqn (1) can be utilized for determination of
the o * values of electron-rich five-membered heteroaromatic systems including 2- and 3-furyl, 3-thienyl
and 2-pyrrolyl substituents in solution and in the gas phase, and to determine the solid-state structure of

some of the compounds studied.

As a consequence of intra- and/or intermolecular interactions, many 2-pyrrolyl derivatives can be
expected to display exceptional behaviour as compared with that observed earlier for 2-pyridyl
compounds.® Since these interactions in the gas phase might differ from those observed in non-polar
solvents, "electrophilic substituent constants” for the above-mentioned heteroaromatic systems were also
measured in the gas phase. In principle, mass spectrometry can be used to study gas-phase ring-chain
tautomerism via observations of the ratio of the relative abundances of ions connected with one or other
tautomeric form.10,11 The method has been successfully applied to oxazolidines, which usually give rise to
only a few fragment ions, especially when low jonization energies are used.10 For this reason, compounds

derived from (*)-norephedrine and L(-)-norpseudoephedrine were also used here for gas-phase studies.

RESULTS AND DISCUSSION

For calculation of the ¢+ values of the 2- and 3-furyl, 3-thienyl and 2-pyrrolyl substituents, the
aminoalcohols 2-amino-2-methylpropanel, (+)-norephedrine, L-(-)-norpseudoephedrine and 3-amino-
propanol were reacted in ethanol with 2- or 3-furfural, thiophen-3-aldehyde or pyrrole-2-aldehyde. At

room temperature, condensations took place nearly quantitatively within a few hours.
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SOLUTION RESULTS

In CDCl; solution, products (1-4) exist as mixtures of ring-chain tautomers (Scheme 1), with the

exception of 2-pyrrolyl derivatives, which exhibited only open-chain forms in their !H nmr spectra.

OH o
CH; oo _ . e X
N=C NH R
CH;, & cH,
1A a-d 1B a-d
CGHa o g CsHs _OH Gl o g
I >{'H = CHy” N= foo— :f X
cH,” ~H ¥ N=Y cu.” NH H
R 3
1B a-d 24 a-d 2Ca-d
C,H; o CeHs _OH
\I/ R [ CeHsy 0
R
_— H \[ &
L ., = ,.\“ /! —_—— .
cuy” NH H CH" = cay” Nd H
R 3
3B a-d 3Aa-d 3Ca-d

OH
= — (Y
NH SR

N=C’
~
R
$A a-d 48 ad
0 .
. w0 s NE
a_@. b.—<;. c.—@, L

Scheme 1

Since it was earlier found” that the introduction of alkyl substituents increases the contribution of the
ring form, cis-2-hydroxymethylcyclohexylamine and frans-2-aminomethylcyclohexanol were also reacted
with pyrrole-2-aldehyde, which resulted in 5 and 6 (Scheme 2). As expected, these showed the presence
of the ring forms.

Determination of the ring-chain ratios is based on the integrals of the corresponding lines in the 400

MHz H nmr spectra. Mainly the 2H (ring form, at ca 5.6 ppm) and the corresponding CH=N (open-
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chain form, at ca 8.3 ppm) lines were used for integration. The percentage contributions of the ring forms

are listed in Table 1.
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Scheme 2

The present approach? applies the conventional eqn (1) for calculation of the ¢ * values. The actual p
and log K, (= ¢) values (1: 0.55 and 0.35; 2: 0.54 and -0.36; 3: 0.53 and 0.34; 4: 0.74 and -0.15; 5: 0.75 and
0.79; 6: 0.75 and 0.50) were taken from our previous work.” Table 2 gives the o+ values found earlier,

together with those determined in this work.

FT-IR SPECTRA

The 'H nmr resuits indicate that in CDCls 3d exists as the open-chain tautomer only, whereas 3a-c
involve 38, 65 and 62%, respectively, of the open-chain form. T_he presence of the open-chain tautomer is
also well established from the ir spectra, where a strong C=N stretching band appears within the region
1635-1649 cm-l (Table 3), both in the solid phase and in CDCl; solution. In consequence of the
comparable amounts of the two tautomers for 3a-c in CDCl3 solution, no firm conclusions can be drawn
about the existence of intramolecular hydrogen-bonds, since the OH stretching bands of the open-chain
tautomers appear at about the same ir frequency as the NH stretching band of the ring tautomer. In the
open-chain tautomer of 3d, there is no possibility for an intramolecular hydrogen-bond, as confirmed by
comparison with its crystal structure. The intermolecular hydrogen-bonds of especially 3b-c seem to be
weak, because no broad bands due to associated molecules appeared in the ir spectra of 0.1 mol dm-3

solutions of these compounds.
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Table 1. Physical data on la-d — 4a-d, 5 and 6, together with the calculated o+ values

On.cH.O(8) Ocu=nN(s)

No mp (°C) Salvent Formula Ring (%) gt
(ring) (chain)

1a 77-792 hexane CoH3NO, 39 5.56 8.13 -0.99

2ab 105-106 hexane C14H5NO, 16¢ 559,606 8.03 -0.67

3ab 68-71 hexane C14HisNO, 38¢c 572,585 816 -1.04

da oil CgH1NO, 23 5.24 8.09 -0.51
av. -0.80

1b oil CoH3NO, 65 5.50 3.27 -0.15

2b 99-101 hexane  CjH;sNO,  25¢ 557,605 821 -0.22

3b 109-110 hexane C1aHsNO; 65¢ 575,585 825 -0.13

4b oil CgH{1NG, 30 5.15 8.20 -0.29
av. -0.20

1e 76-77 hexane CoH3NOS 58 5.59 3.34 -0.38

2c oil C14H15NOS 27¢ 5.66,60.12 829 -0.13

3 106-107 hexane C4HsNOS 62¢ 584,594 833 -0.24

de oil CgH{yNOS 40 522 8.26 -0.04
av. -0.290

1d 120-122 hexane CoH1yN,0O d - 7.93 -

2d 106-107 hexane CiqH N0 d ~ 8.07 -

3d 147-148 ether C4HgN2O d ~ 792 -

4d 59-60 ether CgH1,N20 <1 5.27 8.03 -

5 135-137 hexane CpHgN,O 13 5.27 8.05 -2.15

6 119-121 hexane CpHygN.O 7 5.31 7.97 -2.22
av. 2.2

alit. 23 mp 73 °C. blit,, datal0, ¢<Sum of the ring forms. 9Ring form not detected.

CRYSTAL STRUCTURES OF 3d AND &.

Both of these compounds crystallize as chain tautomers (Figures 1 and 2). Fractional atomic coordinates
for 3d and 6 are listed in Table 5. Bond distances, and bond and selected torsion angles are given for 3d
in Table 6 and for 6 in Table 7. The bonding parameters are quite normal for both compounds, except
for one bond angle [C(9)-C(10)-C(13) in 3d and C(8)-C(9)-C(12) in 6], which is quite large for an sp?
hybridized carbon atom. The values are 128.1 (7)° and 129.3(4)°, respectively. However, in the copper(II)
complex of the condensation product of 3-aminopropanol and pyrrole-2-carboxaldehyde, the relevant

angle is 131.3(11)°.12 The pyrrole and benzene rings are planar within experimental error. The
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cyclohexane ring has an almost ideal chair conformation, with absolute torsion angles of from 53.6(4)° to
55.9(5)°.

Table 2. Hammett-Brown o+ constants for electron-rich aromatic
heteracyclic substituents

Method Lit. 2-Furyl 3-Furyl 3-Thienyl  2-Pyrrolyl
Solvolysis 13 -0.85 -0.44 -0.44 -1.61
14, 15a -0.94 -0.49 -0.47
Pyrolysis 16a -0.89 -0.41 -0.38
Protodesilylation 16b -0.91 -0.45 -043
Substitution 18 -1.03 (-0.88) -0.50
19 -0.93 -0.44 -0.52
C=N stretching vibration2 6 (-0.13) 0 (-0.10) -1.33
Ring-chain tautomerism this work
Solution -0.80b -0.20b 0.20b 22
Gas phase®© 0.46 -0.10 -0.21 -0.70
Method Lit. 2-Pyridy! 3-Pyridy! 4-Pyridyl
Pyrolysis 17a,b 0.80 0.30 0.87
17¢ 0.76-(0.89 -0.28-0.30 0.85-0.87
Solvolysis 15b 0.75 0.54 1.16
20 0.72-0.73 0.45-0.57 1.13-1.20
Rate of deuteriation 21 - - 0.67
Nitration 22 - 0.60-0.71 -
Ring-chain tautomerism
Sotutiond 8 1.5x0.2 049=0.15  1.29=0.06
Gas phased this work 0.48+0.17 0.63=0.03 1.08=0.10

aValues in parentheses not included in averages. PStandard deviations 0.22, 0.07 and 0.13, respectively.
©At 14 eV. dStandard deviations shown.

Table 3. Tentative assignments of the ¥ npg, ¥ gy and ¥ ¢y ir bands
(cm1) in the solid phase and in CDCl; solution

Compound Phase YNH YOH YeaN
3a solid 3343 3252 1647
CDCl4 3308 3204 1645

b solid 3302 3194 1645
CDCl; 3293 3204 1649

3c solid 3320 12 1640

- CDCl4 3295 3189 1640

3d solid 3395 3315 1635
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Figure 1. ORTEP drawing of 3d Figure 2. ORTEP drawing of 6

3d is formed of layers of linear molecules. Intermolecular hydrogen-bonds (Table 8) in a layer bind the
molecules into a polymer in which every second molecule is upside down. Between layers, there are only

weak van der Waals contacts.

6 is likewise formed of layers of linear molecules, but the "basic structural’ unit is a hydrogen-bonded
dimer, which contains a (-)-(6) and a (+)-(6) molecule (Table 8). Between dimers and layers, there are

only weak van der Waals contacts, Otherwise, the crystal structures of 3d and 6 are as expected.

In CDCl; solution, the possibility of strong intermolecular hydrogen-bonding is reflected in the ring-
chain equilibria as an increased stability of the chain tautomer, which explains the very negative ¢*

value for the 2-pyrrolyl group (Tables 1 and 2).

GAS-PHASE RESULTS
We recently found!? that eqn (1) is also valid for the gas-phase tautomeric equilibria of oxazolidines

derived from norephedrine and norpseudoephedrine. Since inter- and/or intramolecular interactions
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between the ring nitrogen and the heteroatom at position 2 of the heteroaromatic ring might be totally
absent, in the gas phase or at least weaker in the gas phase than in solution, the mass spectrometric
behaviour of oxazolidines was studied. Besides 2a-d (norephedrine series) and 3a-d
(norpseudoephedrine series), the 2- (2e, 3e), 3- (2f, 3f) and 4-pyridyl (2g, 3g) substituted norephedrine

and norpseudoephedrine derivatives® were also examined.
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Figure 3. 3.70 eV mass spectra of 3g and 3e

Except for the 2-pyridyl derivatives, the fragmentations of these compounds were simple and closely
resembled those of the related 2-aryl-substituted derivatives.10 None of the compounds gave rise to the
molecular ion peak. There were practically only two primary fragment ions: (M-106]*" and [M-107]*

produced by loss of C;HgO and C7H;0°, respectively, from the molecular ion, [M-106]*" can be
connected with the ring forms and rationalized as produced through two consecutive cleavages initiated
by the radical site, whereas formation of [M-107]* must occur from the open-chain form through a
simple a-cleavage reaction. Secondary fragmentations were rare, even when 70 eV ionization energy was

used, and they were practically absent with 14 eV electrons.
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Instead, both of the 2-pyridyl derivatives (2e, 3e) gave rise to several abundant fragment ions (Figure 3),
especially those at m/z 119 and 92. When 14 eV electrons were used, only the ions [M-106]* -, [M-107]*
and m/z 119 yielded moderate fragment ion peaks. The ion [C;H;N2]* at m/z 119 was most probably
formed from [M-106]* * by loss of the methyl radical and is therefore connected with the ring form. The
easy elimination of CH3" can be explained by the formation of a stable bicyclic cation, as presented in
Scheme 3. This kind of replacement reaction is not possible with the other 2-substituted heteroaromatic

systems studied.

Analogously as in our previous work,10 the ratio of the abundances of [M-106]** and [M-107]* was
taken as a measure of the [ring]/[chain] equilibrium, except for the 2-pyridyl derivatives, where the
abundance of the ion m/z 119 was added to that of [M-106]*" (14 eV). The o+ values were calculated
from eqn (1), where the actual p and c values are as follows at 14 eV:10 0,58 and 0.15 for norephedrine
derivatives (2), and 0.55 and 0.30 for norpsendoephedrine derivatives (3), respectively. The results

obtained are listed in Table 4.

It is interesting that the o+ values obtained for the pyridyl substituents in the gas phase do not differ
essentially from those determined earlier by various methods (Table 2), including those obtained by the
Fiilsp-Pihlaja approach in CDCly solution, with the exception of the ¢* value for the 2-pyridyl
substituent determined with the latter approach. This supports the view that no complications due to

strong hydrogen-bonding occur in the gas phase.
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Table 4. 0+ Values determined mass spectrometrically in the gas phase at 14 eV, based
on K = [ring]/[chain] = [B]/[A]} = [M-106]*+/[M-107]*, except for the 2-pyridyl
derivatives (2e, 3e), which are based on K = ({M-106]* +[m/z 119])/[M-107]+

No  [A] B] logK ot | No [A] (Bl logK a*

2a 343 94.6 0440 0.52 Ze 627 114.5 0.319 0.31
3a 28.8 954  0.520 040 Je 279 126.2 0.656 0.65

2b 750 8.1 0070 012 2 287 95.0 0.520 0.6
3b 517 91.8 0250 -0.09 ar 222 96.2 0.638 0.61

2c 86.6 856 -0.0605 -025 2g 18.8 96.8 0.712 0.99
3 56.7 9.6 0204 -017 3 11.0 98.1 0.951 118

2d 100 584 -0.233 -0.64
id 100 67.7 -0.169  -0.85

For the five-membered heteroaromatic substituents the situation is more complicated, since especially
the gas-phase results differ clearly from most of the literature data (Table 2) and even from those
determined via the ring-chain tautomeric equilibria for the 2-furyl and 2-pyrrolyl groups in CDCl;
solution (Tables 1 and 2). The latter values also differ somewhat, but not so clearly, from the averages of

the various values given in the literature (Table 2}.

CONCLUDING REMARKS

The difference in the gas-phase and solution results can be explained as follows. The chain form is
obviously stabilized by intermolecular hydrogen-bonds relative to the ring form (cf. the crystal structures
above), especially for the 2-furyl and 2-pyrrolyl substituents. This stabilization disappears in the gas
phase, making the ring form relatively more favoured. In the light of our earlier results, solute-solvent
hydrogen-bonding is not of great importance in CDCl;. It should also be emphasized that the literature

data based on the C=N stretching vibrations are closest to our gas-phase values (Table 2),

In addition to the above, the following factors should be taken into account: (i) The oI/ogR* balance,
which determines the value of o *, is known to be medium dependent. The values (Table 2) for aqueous
and chloroform solution, and for the gas phase, are therefore all likely to differ to some extent; (i) for
the substituents containing ortho heteroatom(s), the ol/oR* balance depends on the reaction system,

which renders measurement of a true ortho o-value of any sort difficult,24
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EXPERIMENTAL

The 1H nmr spectra were recorded on a Jeol GX-400 FT nmr spectrometer in CDCl;, at ambient
temperature, with TMS as internal standard. The experimental details were given earlier.”

The ir spectra of 3a-d were recorded on a Mattson Galaxy 6020 FT-IR spectrophotometer. The KBr disk
technique was applied to record the ir spectra of the solid samples. The spectra of 3a, 3b and 3¢ in 0.1,
0.05 and 0.025 mol dm-3 CDClj solution were also recorded by using a variable path-length cell with

KBr windows.

Mass spectrometric measurements were made on a Jeol D300 mass spectrometer equipped with a
combined EI/CI ion source and connected to a Jeol IMA 2000H data system. Samples were introduced
through a direct inlet probe at 313-368 K. Typical source conditions were: temperature 443 K, electron

energy 70 or 14 eV, accelerating voltage 3 kV and ionization current 300 u A,

X-RAY CRYSTALLOGRAPHIC ANALYSES

Crystal data for 3d. - C4HgN,O, Mr = 22829, orthorhombic, space group P2,2;2; (No. 14}, a =
7.996(4), b = 25.995(5), ¢ = 6.156(6) A, V = 1280(2) A3 (by least-squares refinement on diffractometer
angles for 18 automatically centred reflections, A = 0.71069 &), Z = 4, D, = 1.185 g/cm3, u(MoK,) =
0.71 em-1, T = 296(1) K; colourless bars, crystal dimensions 0.12 x 0.18 x 0.22 mm.

Crystal data for 6, - C;HgN-O, Mr = 206.29, monoclinic, space group P2,/c (No. 14), a = 8.150(2),b =
17.155(6), ¢ = 8.442(3) A, B = 94.34(3), V = 1177(1) A3 (by least-squares refinement on diffractometer
angles for 20 automatically centred reflections, 4 = 0.71069 A), Z = 4, D, = 1.164 g/cm3, #(MoK,,) =
0.70 cm-l, T = 296(1) K; colourless bars, crystal dimensions 0.20 x 0.35 x 0.35 mm.

Data collection, analysis and refinement. - A Rigaku AFCSS diffractometer was used, with graphite-
monochromated MoK, radiation, and the w-26-scan mode with an w-scan rate of 8.0° min'! and an w
scan width of (1.13 + 0.30 tan®) for 3d, and an @ scan rate of 4.0° min-! and an @ scan width (1.15 +

0.30 tan®) for 6. The weak reflections [I < 100 (I)] were rescanned once or twice.

For 3d, 1374 unique reflections were obtained (26, = 50°). Direct methods and difference Fourier
syntheses; full matrix least-squares refinement; non-hydrogen atoms anisotropic; hydrogen atoms were
calculated (H1 was refined) and were included with fixed isotropic temperature parameters (1.2 times

B,q of the carrying atom). The data were corrected for Lorentz and polarization effects. In the final
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Table 5. Final fractional atomic coordinates for 3d and 6
3d 6

atom X ¥ Z atom X y z
O(1)  0.6330(6)  0.2164(2) 0.7314(7) o(1)  -0.0538(3) -0.1350(1) 1.1035(3)
N(1)  09304(6)  02781(2)  0.6454(8) N(1) 0.1243(4) -0.0049(2) 0.7462(4)
N(@2)  09215(7)  03765(2)  0.419(1) N(2) 0.1870(4) 0.1398(2) 0.5787(4)
C(1)  07933(8)  0.1941(2)  0.693(1) c(1) 0.1148(5) -0.1507(2) 1.0792(5)
C(2)  09301(8)  02307(2)  0.775(1) C@) 0.1877(4) -0.0890(2) 0.9764(4)
C(3)  0.8041(8)  0.1417(2)  0.801(1) C(3) 0.3699(5) -0.1079(3) 0.9570(5)
C(4)  0.8863(9)  0.1009(2)  0.705(1) C{4)  04701(5) -0.1191(3) 1.1142(6)
i) 0.902(1) 0.0547(3)  0.811(2) C(5) 0.3953(6) -0.1798(3) 1.2139(7)
C(6)  0.831(1) 0.0473(3) 1.009(2) C(6) 0.2154(5) -0.1607(3) 1.2356(5)
M 0.745(1) 0.0871(3) 1.106(1) () 0.0910(5) -0.0803(2) 0.8157(5)
C()  0.7340(9)  0.1346(2) 1.002(1) C(8) 0.1993(5) -0.0030(2) 0.6192(5)
C(9)  08586(8)  03174(2)  0.723(1) c(9) 0.2372(4) 0.0674(2) 0.5349(4)
C(10)  08517(8)  03672(2)  0.616(1) C(10)  0.2353(5) 0.1932(3) 0.4706(6)
C(11)  0.894(1) 0.4266(3)  0.367(1) Cc(11)  0.3160(5) 0.1545(3) 0.3605(5)
C(12)  0.803(1) 0.4483(2)  0.526(2) C(12)  0.3166(5) 0.0759(3) 0.3992(5)

C(13) 0775(1)  04112(3)  0.687(1)
C(14) 11018(8)  02068(2)  0.760(1)

Table 6. Bond lengths (A), and bond and torsion angles (°) with esds in parentheses for 3d

bond

bond length (A)

bonds

bond
angle (°)

bonds

torsion

angle (%)

O(1)-C(1)  1426(7)
C(3) - C(8) 1.374(9)
N(1)- C(2) 1.467(7)
C(4) - C(5) 1374(8)
N(1)-C(9)  1.267(7)
C(5) - C{6) 135(1)

N(2)-C(10)  1.355(8)
C(6) - C(7) 1.38(1)

N(2)}-C(11)  1.360(7)
C(7) - C(8) 1.392(8)
c(1)-C(2) 1.535(8)
C(9)-C(10)  1.455(8)
C(1)- C(3) 1.519(7)
C(10)- C(13)  1.368(8)
C(2)-C(14)  1.510(9)
C(11)-C(12)  1.344(9)
C(3)- C(4) 1379(8)
C(12)-C(13)  1.399(9)

C(2) - N(1) - C(9)
C(10)- N(2) - C(11)
o(1) - C(1) - C(2)
O(1) - C(1) - C(3)
C(2) - C(1) - C(3)
N(1) - C(2) - C(1)
N(1) - C(2) - C(14)
C(1) - C(2) - C(14)
C(1) - C(3) - C(4)
C(1)-C(3) - C(8)
C(4) - C(3) - C(8)
C(3) - C(4) - C(5)
C(4) - C(5) - C(6)
C(5) - C(6) - C(7)
c(6) - C(7) - C(8)
C(3) - C(8) - C(7)
N(1) - C(9) - C(10)
N(2) - C(10) - C(9)
N(2) - C(10) - C(13)
C(S)} - C(10) - C(13)
N(2) - C(11) - C(12)
C(11) - C(12) - C(13)
C(10) - C(13) - C(12)

118.1(5)
108.4(6)
109.5(4)
110.0(5)
111.8(5)
110.0(5)
108.0(5)
111.9(5)
122.0(6)
119.6(6)
118.4(6)
120.9(7)
120.9(8)
119.5(7)
119.8(7)
120.6(6)
124.3(6)
123.2(6)
108.7(6)
128.1(7)
108.5(7)
108.2(6)
106.3(7)

0O(1) - C(1) - C(3) - C(8)
0O(1)-C(1)-C(3) - C(4)
O(1) - C(1) - C(2) - C(14)
0O(1) - C(1} - C(2) - N(1)
C(1) - C(2) - N(1) - C(9)
C(2) - N(1) - C(9) - C(10)
N(1) - C(9) - C(10)- N(2)
N(1) - C(9) - C(10)- C(13)

-39.5(8)
142.2(6)
174.1(6)
-39.5(8)

99.8(7)

178.7(6)

0(1)
179.1(7)
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cycles, 766 data with I > 1lo(I) yielded an R value of 0.053 (Rw = 0.052, sigma weights) for 153

parameters; maximum/minimum residual electron density = 0.17/-0.16 e/A3.

For 6, 2163 unique reflections were obtained (20 ,,, = 50°). Direct methods and difference Fourier
syntheses; full matrix least-squares refinement; non-hydrogen atoms anisotropic; hydrogen atoms with
fixed isotropic temperature parameters (1.2 times B.q of the carrying atom). The data were corrected for
Lorentz and polarization effects. In the final cycles, 882 data with I > 1o(I) yielded an R value of 0.059
{(Rw = 0.052, sigma weights) for 190 parameters; maximum/minimum residual electron density =

0.19/-0.17 e /A3.

All calculations were performed with TEXSAN-89 software? on a VAXSTATION 3520 computer.
Neutral atomic scattering factors were taken from the literature.26 Figures were drawn with PLUTO?72

and ORTEP27b,

Table 7. Bond distances (A) and bond and torsion angles (°) with esds in parentheses for 6

bond dis- bond torsion
bond bonds bonds
tance (A) angle (%) angle (%)
Of1) - C(1} 1.431{4) C(7) - N(1) - C(8) 118.6(3) O(1) - C(1) - C(6) - C(3) 178.4(4)
C(2)-C(M 1.523(5) C(4) - C(5) - C(6) 110.8(4) O(1)- C(1) - C(2}- C(3) 178.8(3)
N -C(T 1.454(4) C(9) - N(2) - C(10) 108.7(3) O(1)- C(1}- C(2) - C(N -56.8(4)
C(3)- C(4) 1.517(6) C(1) - C(6) - C(3) 112.5(4) C(1) - C(2) - C(7) - N(1) 159.4(3)
N(1) - C(B) 1.274(4) O(1) - C(1) - C(2) 111.9(3) C(2) - C(7) - N(1) - C(8) 114.1(2)
C(4) - C(5) 1.497(6) | N(1)-C(7)-C(2) 1103(3) | C(7)- N(1) - C(8) - C(9) 178.5(4)
N(2)-C(9) 1.368(4) O(1) - C(1) - C(6) 111.1(3) N(1) - C(8) - C(9) - N(2) -4.0(6)
C(3) - C{6) 1.526(6) N(1)-C(8)-C(%) 124.7(4) N(1) - C(8) - C{9) - C(12) 179.9(4)
N(2) - C(11) 1.372(5) C(2) - C(1) - C(6) 111.6(3)
C(8) - C(9) 1.448(5) N(2) - C(9) - C(8) 123.1(3)
C(1) - C(2) 1.518(5) C(1)-C(2)- C(3) 109.7(3)
C(9)-C(12) 1.365(5) N(2) - C(9) - C(12) 107.5(4)
C(1) - C(&) 1.510(5) C(H)-C(2)- (N 1123(3)
C(10) - C(11)  1.352(6) C(8) - C(9)- C(12) 1293(4)
C(2)-C(3) 1.541(5) C(3)-C(2)-C(T) 111.3(3)
C(11)-C(12)  1.389%(6) N(2) - C(10) - C(11) 108.0(4)
C(2)-C(3)- C(4) 113.1(3)
C(10)- C(11) - C(12) 108.0(4)
C(3)-C(4)-C(3) 111.4(4)
C(9) - C(12} - C(11) 107.9(4)

The starting 2-amino-2-methylpropanol, (*)-norephedrine, L-(-)-norpseudoephedrine, 3-aminopropanol
and aldehydes were commercial products. cis-2-Hydroxymethylcyclohexylamine was prepared by lithium

aluminium hydride reduction of the corresponding amino acid as described earlier;?® trans-2-
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aminomethylcyclohexanol was prepared from trans-2-cyanocyclohexanol by catalytic reduction.2® Melting

points were measured on an Electrothermal digital melting point apparatus and are uncorrected.

Table 8. Distances (A) and angles (°) involving hydrogen atoms of hydroxy and amino
groups (X, Y = O or N) in 3d and 6 with esds in parentheses

No X-H/A H---Y/A X---Y/A <XH- Y/
3d  O(1)-H(1)- - -N(1i) 0.82(4)  2.02(4) 2.833(7) 170(7)
N(2)-H(2)- - - O(1i) 0.95 220 3.091 156
6 O(1)-H(1)- - - N(1i) 0.93(4) 1.91(4) 2.795(4) 159(3)
N@)-H(15)- - -O(1i)  0.87(3) 2.14(3) 2.970(4) 158(3)

Symmetry codes: 1 = x-¥4, Yoy, 1-z; ii = x+4, Yoy, 1z; dii = -x,1-y,1-2

GENERAL PROCEDURE FOR THE REACTIONS OF 1,2- OR 1,3-AMINOALCOHOLS WITH
HETEROAROMATIC ALDEHYDES

Amino alcohol (1 mmol) was dissolved in ethanol (10 ml), and aldehyde (1 mmol) was added. After
standing for 3-4 h at room temperature, the solvent was evaporated off, and the products were
crystallized by hexane/ether treatment, and recrystallized from an appropriate solvent (Table 1). When

the products were oily, they were dried in a vacuum desiccator for 24 h.

x % X
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