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DETERMINATION OF THE CONFORMATIONS OF
EPIMERIC 2,3-DIPHENYL-3-AMINO-1-PROPANOLS

SIMPLIFIED ABCX NMR SPECTRA!
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Abstract—The 'H NMR spectra of 2,3-substituted propanes in which both terminal carbon atoms are
directly bonded to electronegative elements (Y):
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have been analysed. The spectra are of the ABCX type with J,o As Jao R 0. The conformations
of the epimeric 2,3-diphenyl-3-amino-1-propanols and their cyclized products have been determined
by comparing the calculated vicinal proton-proton coupling constants with those usually found in
conformational studies.

INTRODUCTION

IN A previous paper® the stereo-specific behaviour of the epimeric 2,3-diphenyl-3-
amino-1-propanols towards p-nitrobenzaldehyde was reported. This cyclization was
accompanied by a very slight change in optical rotation of the threo form as con-
trasted with the considerable shift in the case of erythro form. This striking difference
was interpreted in terms of the preferred conformations I and II:—
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The predictions of conformational analysis would suggest the prevalance of trans
phenyl groups in both cases. Accordingly, a gauche orientation of the hydroxymethyl
and amino groups in the threo form (I) and a trans orientation of these functional

1 Issued as N.R.C. No. 8746.
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groups in the erythro form (II) has been expected. All this seems to be consistent
with the results from both stereospecific cyclization and changes in optical rotation
connected with it.

Also the IR spectra of the N,N-dimethyl derivatives show no free OH absorption
in the threo form but a considerable amount in the erythro form. The IR spectra of
the unmethylated amino-alcohols however showed little difference between the relative
amounts of free and bonded OH groups. However, a second threo form is possible
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of the phenyl groups (III). This conformation appears not unlikely since it would
involve a diequatorial arrangement of the two phenyl groups in the transition state
of the cyclization reaction.

In the threo forms the dihedral angle between the secondary hydrogen atoms on
C, and C; would be about 60° with the phenyl groups trans (I) and about 180° with
them gauche (III). In the erythro form the dihedral angle for the same hydrogen
atoms would be about 180° with the phenyl groups trans (II).

This NMR investigation was undertaken for two reasons: (i) to confirm the struc-
ture of the erythro form and (ii) to assign the structure of the tAreo form to I or III or
perhaps a mixture of both.

Analysis of the NMR Spectra of the Parent Aminoalcohols,
their N,N-dimethyl Derivatives and Cyclized Products

A. General appearance of the spectra (Fig. 2)

The NMR spectra of both epimers of 2,3-diphenyl-3-amino-1-propanol and
2,3-diphenyl-3-N,N-dimethylamino-1-propanol,® together with the cis and trans forms
of 4,5-diphenyl-tetra-hydro-1,3-oxazinone-2 and 2-(p-nitrophenyl)-4,5-diphenyl-tetra-
hydro-1,3-oxazine were measured as deuterochloroform solutions at 60 Mc/s at room
temperature (Varian A-60 spectrometer). Each of the amino-propanols gave a single
peak for the OH/NH, protons due to exchange. These peaks, like those of the N,N-
dimethylamino-propanols were markedly concentration dependent and could easily
be removed by deuteration. Apart from the peaks due to the phenyl protons and the
singlet peaks due to the protons on C, of the 2-(p-nitrophenyl)-4,5-diphenyl-tetra-
hydro-1,3-oxazines, the remaining peaks in the spectra were in the region » = 5-0-
7-5 ppm and consisted of peaks due to the four hydrogen atoms attached to saturated
carbon atoms.

The two methylene protons would not be expected to be magnetically equivalent
in the oxazines due to the lack of symmetry nor in the acyclic compounds due to the
proximity of two asymmetric centres.” The methylene and N—C(Ph)-protons would
be expected to be more deshielded than the other proton.® So for each compound an
ABCD spectrum would be expected, which should approximate to an ABCX spectrum
due to the deshielding effects. However, these spectra would be considerably simpler
than in the general case because coupling constants between protons separated by
more than three bonds are practically zero® (e.g. J,¢ and Jg¢ in Fig. 3).

* For preparative details see A. Orahovats, Monatsh. In press.

7 G. M. Whitesides, D. Holtz and J. D. Roberts, J. Amer. Chem. Soc. 86, 2628 (1964), and Refs.
therein.

® 1. M. Jackman, Applications of Nuclear Magnetic Resonance Spectroscopy in Organic Chemistry.
Pergamon Press, London (1959).
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FIG. 2. Experimental and Calculated 60 Mc/s 'H NMR. spectra of trans-2-(p-nitro
phenyD)-4,5-diphenyl-tetrahydro-1,3-oxazine, ca. 109; w/v in CDCl,: (a) experimental
(b) calculated.

Under these conditions the sizes of the submatrices of the ABCD Hamiltonian
remain unchanged,? which does not allow analytical solutions of the transition energies
to be obtained. However, the ABCX Hamiltonian is considerably simplified.

B. ABCX NMR spectra

The ABCX system has been described previously by Banwell and Sheppard.’®
The two 3 X 3 submatrices of the Hamiltonian become two 1 X 1 and two 2 X 2
(because J,¢ &~ Jg¢ &2 0), which allows analytical solutions of all the eigenvalues and
transition energies. If we represent the relevant portion of the molecules under dis-
cussion as in Fig. 3:
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it can be shown that the two simplified ABC-type spectra, one for each spin of the X
nucleus, both consist of an AB-type quartet which gives |J,g|, and a C singlet. The
separations between the lines of the two ABC-type spectra give |J,x|, [Jpx|, and
[Yagl, together with the relative signs of J,x and Jgx. This may be considered to be
the superposition of the AB part of an ABX and the C part of a CX spectrum.

2 J. A. Pople, W. G. Schneider and H. J. Bernstein, High-resolution Nuclear Magnetic Resonance.

McGraw-Hill, New York (1959).
10 C, N. Banwell and N. Sheppard, Proc. Roy. Soc. A263, 136 (1961).
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Under the same conditions the frequencies of the eight X transitions and the four
ABX combination transitions with non-zero intensities are symmetrically placed
about vx, their frequencies and intensities being given in Table 1. The two ABX
combination transitions between unperturbed states, together with the six ABC, the
six BCX, and the six ACX combination transitions are forbidden.

TABLE 1. X AND ABX COMBINATION TRANSITIONS OF THE SIMPLIFIED ABCX SYSTEM

No. Transition® Origin Energy Relative intensity
1 anaf — oaxao X vx + $0ax + Ipx + Jop) 1
2 axff — aafe X vy + $Jsx + Jpx — Jox) 1
3 afaf’ — afaa’ X vx + #Jex + D, — D_ cos (¢, — ¢.)
4 Baaf’ — faaa’ X vg + 8ox — D. + D_ cos? (P, — ¢)
5 afpp’ — affa’ X vy — Hex + Dy — D_ cos* (¢, — &)
6 Bapp’ — Bafa’ X vx — tJox — D+ + D. cos* (. — ¢.)
7 BBap — fPoa X vx — ¥Jax + Jpx — o) 1
8 BBBE — BBPx X vx — dax + Jpx + Jox) 1
9 Baaf’ — afaa’ ABX rx + $Jox + D+ D_ sin? (¢, — ¢_)
10 afaf’ — Baaa’ ABX vx + Hex — D, — D_ sin®* (¢, — ¢.)
11 Bafp’ — afifa’ ABX vz — Yox + Dy + D_ sin® (¢, — 4.)
12 «BBp’ — Pafa’ ABX vy — Hex — D, — D_ sin? (¢, — ¢.)
Dy = Hrd.p + 4Usx — Jed® + Pl
tan2¢4, = Jio

(¥o0ap + $Jax — Iexi?

* The wave functions of the stationary states, between which transitions take place, are designated
as in Ref. 9, the order being A, B, C, X. Those wave functions which are perturbed due to mixing
with other wave functions with the same total spin are indicated by a prime (')

So under these conditions the 56 lines of the general ABCX spectrum simplify to
ten lines in the ABC region and twelve lines in the X region, of which the four com-
bination transitions will have practically zero intensity in most cases. The general
appearance of this simplified ABCX spectrum is sensitive to the relative signs of
Jax and Jpx only.

C. Discussion of the observed spectra

(i) Threo-2,3-diphenyl-3-amino-1-propanol, cis- and trans-4,5-diphenyl-tetrahydro-1,
3-oxazinone-2 and cis- and trans-2-(p-nitrophenyl)-4,5-diphenyl-tetrahydro-1,3-oxazine
(Fig. 2). All the above compounds can be analysed satisfactorily as simplified ABCX
systems and the results are given in Table 2. All ABCX spectra are virtually concen-
tration independent over the same range of concentrations in deuterochloroform.
Threo-2,3-diphenyl-3-amino-1-propanol is more soluble than the other compounds and
a saturated solution gives quite a different ABCX spectrum. The parameters given
in Table 2 were obtained from ca. 109, w/v solutions with the exception of the addi-
tional parameters obtained from the threo-aminopropanol as a saturated solution.
However, it is not too profitable to draw any conclusions from this concentration
dependence of the one compound.
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(ii) Erythro-2,3-diphenyl-3-amino-1-propanol. The observed spectrum of this
compound is much simpler than those of the above compounds, there being only a
doublet for the A and B protons, a doublet for the C proton and two triplets for the
X proton.

It has been shown!! that for the AB part of an ABX spectrum to appear as a
simple doublet:

Clan IV o,

2{J a8l '

where L = 4 [J,x — Jpx| and Ay, is the half height width of the observed spectral

line, ca. 0-5 c/s for this spectrum. If this is so the doublet separation is 4 |[Jox + Jpx|-

It can be shown that this also applies to the AB part of the simplified ABCX spectrum,

the X part of the spectrum being a doublet of triplets as observed. The triplet sep-
aration is } [Jax + Jpx| and the doublet separation |Jx|.

Another condition for the AB parts of ABX and simplified ABCX spectra to
appear as a doublet is:

%60a8

[Jaxls Usx| and —0.

JAB

However this would make the X parts of ABX and simplified ABCX spectra appear
as a singlet and doublet, respectively. Also, for these molecules it is most unlikely
that |J,x| and |Jgx| — 0.

(iii) Threo- and erythro-2,3-diphenyl-3-N,N-dimethyl-2-amino-1-propanol. The
chemical shifts of all four saturated C-protons are much closer together for these
molecules, the ABCX system becoming ABCD. Due to there being insufficient
resolvable lines in the spectra and the fact that even if J,, = Jgp = 0 the ABCD
Hamiltonian still contains two 4 X 4 and one 6 X 6 submatrix,® analyses were not
attempted.

D. Discussion of the NMR parameters obtained (Table 2)

(i) Threo-2,3-diphenyl-3-amino-1-propanol and its cyclized products—the trans-
tetrahydro-oxazines. As Jox = +9-0c/s for the threo form, this suggests that it
consists predominantly of form III as Jox for I would be expected to be 24 c/s.!3
The values of +9-3 and 4-2-7 ¢/s for J,x and Jgx suggest that there is restricted
rotation about the C,—C; bond. On the basis of molecular models this is at first
unexpected until one realises that rotation can easily be prevented by internal hydro-
gen bonding between the NH, and OH-groups to form a six-membered cyclohexane-
type ring with both phenyl groups in equatorial positions. This conformation is in
agreement with the values of J,x and Jpx, corresponding to dihedral angles of about
180° and 60°.

This is further supported by the very similar coupling constants of the trans-
tetrahydro-oxazine and trans-tetrahydro-oxazin-2-one which have rigidly bonded
cyclohexane-type rings. It is unlikely that these rings would “flip” since the form
with two equatorial phenyl-groups would be preferred to the alternative on steric
grounds. The p-nitrophenyl group is presumably also in an equatorial position.

11 R, J. Abraham and H. J. Bernstein, Canad. J. Chem. 39, 216 (1961)
1* M. Karplus, J. Chem. Phys. 30, 11 (1959).



TaBLE 2. NMR PARAMETERS OF THE AMINOALCOHOLS, TETRAHYDRO-OXAZINES AND TETRAHYDRO-OXAZINONES

Ph  Ph Ha
N—g—C—&—o
! ! |
He Hyxy H
TRE’
Compound® Jax® Jpx® Jex® Jag® v0un® (74 + )2 7 7x° andfor 7%, _m
ToH
Erythro-aminopropanol 604 6-04 8-0 d d 6-40 582 703 7-90 —_
Threo-aminopropanol 93 27 9-0 11-3 12:0 6-03 575 693 6-93 —
Threo-aminopropanol (saturated) 86 47 9-4 11-6 10-1 6:04 578 696 6-96 —
cis-Tetrahydro-oxazinone 11-5 25 50 12:0 135 552 512 627 523 —
cis-Tetrahydro-oxazine 48 32 45 12:5 9-2 5-43 530 657 7-03 4:42
trans-Tetrahydro-oxazinone 108 42 9-8 11-6 101 563 535 692 . —
trans-Tetrahydro-oxazine 11-4 46 10-2 117 19-4 5-82 568 688 815 455

@ All solutions were ca. 10% w/v in CDCl,, except where indicated, with TMS as an internal reference.

J,x» Jaxs Jox» Jap and v, 8,5 are given in c/s. The estimated errors are +0-2¢/s for J,x, Jpx and v 0.5 and +0-1 /s for
Jex and J,5. In all cascs, J,x and Jpx have the same sign, the relative signs of Jcx and J,p being unobtainable from the analysis

of simplified ABCX spectra.

¢(ry + 78)/2, 7¢c, Tx, Tvg and g, and 1o, _g are given in ppm (r scale) and the estimated errors are 4-0-01 ppm. From the
analyses of the ABCX spectra it is not possible to distinguish between A and B transitions, even though J,x and Jgx can be distin-
guished in some cases by using Karplus’s relations.’*

4 See text.
* No N—H resonance was observed.
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The coupling constants of the tetrahydro-oxazines would not be in agreement with
conformations having two axial phenyl groups.

(ii) Erythro-2,3-diphenyl-3-amino-1-propanol and its cyclized products—the cis-
tetrahydro-oxazines. As was pointed out earlier the only unambiguous parameters
for the erythro-propanol are |Jox| and [J,x + Jpxl, being 8-0 and 12-Oc/s, respectively.
This value of Jox is in agreement with the proposed conformation of erythro form
(II) and rules out the other two conformations which would be expected to have
smaller values of Jox (24 c/s) corresponding to a dihedral angle of about 60°.12

Since internal hydrogen bonding cannot take place with the erythro-propanol,
on the basis of molecular models it seems unlikely that any rotamer about the C,—C,
is greatly preferred over others. If this is the case, J,x and Jpx would be expected
to be about equal to:

Jax =1Jpx = %(Jtrans + ZJgsuehe)
Using typical values of Jy,,, = 10 and Jpuy e = 4 ¢fs, Jux = Jpx = 6 ¢fs, in agree-
ment with the observed values of [Jux + Jpx| = 12:0c¢/s. If J,x = Jpx and Ay, =
0-5¢fs,
vo0an < (A%, . J45)}
< |35 —42c/s
depending upon the value of |J, 3| (taken as 12-18 ¢fs).

So in spite of its deceptive simplicity this spectrum could be a true ABCX spectrum
with Juo = Jpo = 0, Jux = Jpx = 6-0 ¢/s and 4-2 > |v,8,5| > 0, and not an AB,X
spectrum.

The ABCX spectrum of the cis-tetrahydro-oxazinone is quite different from that
of the erythro-aminoalcohol, from which it was made, and the coupling constants
show quite definitely that IV is the preferred conformation rather than the alternative
V, both having one axial and one equatorial phenyl group:

H
H Ph H 4
HN—n
Ph ) H
H 0 ]
Ph Ph
H
4

v
However the ABCX spectrum of the cis-tetrahydro-oxazine is different from those
of both the cis-tetrahydro-oxazinone and the parent erythro-aminoalcohol. The
coupling constants show that for this compound VII is the preferred conformation,
the p-nitrophenyl group being assumed equatorial:

H

Ph (o]

It is not possible to say from the NMR spectra whether the N-hydrogen atoms of
the tetrahydro-oxazines and tetrahydro-oxazinones are equatorial or axial.
16



