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The dipole moments of N-(2-hydroxy-5-alkylbenzyl)-piperidines, NN'-bis-(2-hydroxy-b-tert-amylbenzyl)-
piperazine, S-hydroxyethyl aryl sulfides, and arylmercaptoacetic acids have been determined
experimentally, and also calculated by the vector method. On the basis of the results obtained, and on the
IR spectra, it is shown that intramolecular hydrogen bonds exist in the above compounds, with the
exception of the arylmercaptoacetic acids.

In continuation of earlier investigations [1-3], we have examined with the aid of dipole moments and IR
spectroscopy the nature of the hydrogen bonds arising in the molecules of N-(2-hydroxy-5-alkylbenzyl)-piperidines (I),
NN'-bis-(2-hydroxy-5-tert-amylbenzyl)piperazine (II), S-hydroxyethy! aryl sulfides (III), and arylmercaptoacetic
acids (IVa—1IVd).

In considering the nature of the hydrogen bonds (HB) which occur in the molecules of dialkylaminomethylphenols,
it has been shown [1-3] that these bonds are intramolecular (IHB). We have obtained a similar result for the N-(2-
hydroxy-5-alkylbenzyl)-piperidines (I, R = CH3 and tert-C;Hg), and also for the 2, 2-dimethyl-(diethyl)aminomethyl-4-
tert-butylphenols (V), which have not previously been examined in this connection. It is suggested that the occurrence
of IHB in I and V is due to the formation of a stable six-membered ring which is coplanar with the phenyl nucleus
(form A). The structures without IHB are considered to be of form B, with the oppositely oriented OH group in the p-
substituted phenol moiety.
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Comparison of the experimental and calculated results for the dipole moments (see table) for compounds I and V
suggests that they exist with the structure A, with IHB. From the steric point of view there is no objection, since in
the pyramidal amino group the unshared electron pair on the nitrogen is directed almost exactly toward the hydrogen
atom of the hydroxyl group, an angle of 110° being formed with the CH;—N bond [4].

Experimental and Calculated Values for Dipole Moments

- Mcale
Compound *mean | Amean | R,cm? |P.cm3 5 ] Without
| ! ;E With IHB HB
N-(2-hydroxyl-5-methylbenzyl)- 4818 | 0376 | 61.9 | 2207 2.74 2.48 0.78

piperidine (I, R = CH;)
N-(2-hydroxy-5- tert-butylbenzyl)- 4816 0.408 | 759 | 2343 | 275 253 0.82
piperidine (I, R = tert-C H,)

2-Dimethylaminome thyl-4-tert- 4580 | 0225 64.0 | 2176 | 271 248 1.06
butylphenol (V, R = CH,)

2-Diethylaminomethyl-4-tert- 4888 0.208| 733 | 2379 | 280 2,48 1.06
butylphenol (V, R = C,H;) ‘

NN'-Bis-(2-hy droxy-5-tert- 2420 0.9651133.1 | 2046 | 178 380 I
amylbenzyl)-piperazine
(II, R = tert-C H,,)

BHydroxyethy! p-tolyl sulfide 3.163 | 0459 | 49.6 | 150.7 | :2.19 |2.10(IIla)| 1.39 (ilIb)
(I, R = CH,) 1.17 (1vb)

p-Tolylmercaptoacetic acid 23111 0630] 496 | 1225| 1.85 [3.93(IVa)| 5.16(1ve)
v, R = CH,) \ ! | 2.55@avd)

The IR spectral results for T and V also support these conclusions. A strong band occurs at 2500—3200 em™!

which does not change in dilute CCl, solution, and is typical for IHB of the OH... N type [3].
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In the case of NN'-(2-hydroxy-5-tert-amylbenzyl)piperazine (II), three forms with IHB would appear to be
capable of existence, derived from the three forms of 1, 4-dimethylpiperazine having the CH; group on the nitrogen in
the equatorial (Ila), axial (IIb), and equatorial-axial (Ilc) orientations. By analogy with [6—8], it may be assumed that,
in equilibrium mixtures at room temperature, other nonchair forms of II are virtually absent.
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Of the three forms Ila—IIc mentioned above, only Il¢ is polar, its dipole moment, calculated as the vector sum of the
pairs of moments m; and m, amounting to 3.80 D, while K1la,calc and U1y, calc are equal to zero.
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Comparison of the experimental value for the dipole moment (1.78 D) with the calculated value (3.8 D) implies the
existence of at least two (IIa and IIc) of the three possible conformers ITa—Ilc in solution (the presence of Ilb is
excluded, according to [8]). It is, therefore, impossible to draw any conclusions as to the nature of the hydrogen bonds
in IT on the basis of dipole moment values alone. A clearer result is obtained from the IR spectra, since the presence
of a broad band at 2700—3200 cm™, unchanged on dilution, indicates the presence of IHB [5].

With reference to the above, it should be pointed out that the resultant moment (frqg) of an equilibrium mixture
of the two chair conformers Ila and Ilc is: HreszzNIHZIIa+N2M2HB- where N; and N, are the molar proportions of IIa and
Ilc respectively. Taking pyrg = 0, we have pires® = N? pyp,?, and with ppeg = 1.78 D, pye = 3.80 D, then N, = 0.22,
This result agrees with the high energetic stability of the equatorial conformation of the N-alkylpiperazines, found in
[8,9], and does not agree with the equivalence of the equatorial and axial forms of these compounds found in [10].

Examination of the g-hydroxyethyl aryl sulfides III affords additional confirmation of the ability of the sulfur
atom to function as a proton acceptor in the formation of hydrogen bonds.

As in the case of I and V, there are two possible structures for III, one (IIla) with IHB, and the other (IIlb)
without. The experimental value of 2.19D agrees well with that calculated for the hydrogen bonded structure ITla (2.10
D), and differs considerably from that for IIlb (1.39 D). It may be assumed from the above that IHB of the OH...S type
are present in B-hydroxyethyl aryl sulfides.
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The same conclusion is drawn from the fact that, at concentrations clcse to those used in the determination of dipole
moments, II (R = CHg) is monomeric (“found =176.5, Ueogle = 168.3).

A somewhat different relation is found for p-tolylmercaptoacetic acid (IV, R = CHj). It is known [4, 11] that the
hydroxyl group of acetic acid does not lie in the plane of the acetyl residue. If a similar position of the hydroxyl is
assumed for IV, then it follows that formation of structure IV is hindered, the energy of the OH. .. S bond, which
usually amounts to 1-4 keal [12], is apparently insufficient to deflect the hydroxyl group, resulting in the absence of
IHB. In fact, the experimental value for the dipole moment (1.85 D) does not agree with that calculated for the
hydrogen-bonded structure IVa.

The absence of IHB in this case is also indicated by the IR spectra. While in the condensed phase, in
hexachlorobutadiene, a strong band occurs at 2300—3000 cm™, characteristic of carboxylic acid dimers [5], in
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solutions in CCl; an additional, narrow band is seen at 3510 em™, due to the free hydroxyl group vibrations [5]. It
should also be pointed out that the experimental dipole moment values do not agree with those calculated for the
conformations IVhb—IVd.
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A possible explanation is that, in solution, a mixture of conformers IVb—IVd exists together with dimeric molecules of
IV. This is confirmed by cryoscopic measurements, the molecular weight of p-tolylmercaptoacetic acid being
intermediate between that of the monomer and the dimer.

EXPERIMENTAL
The compounds were synthesized by previously described methods: I [13], II [14], III [15], IV [16], and V, [17].
Dipole moments were determined in benzene at 25 + 0.1° [18, 19].

Vector moment calculations were carried out by the method in [20], for I on the basis of the moments of the p-
substituted phenols (R = CH3 — 1.57 D [21], R = tert-C4Hy — 1.62 D [21]), and N-methylpiperidine —0.95 D [8]. The
values of the moments calculated for the axial and equatorial orientations of the CH;—N group for the chair form of the
piperidine ring [9] did not differ, and are given in the table. In the case of NN'—bis—(2~hydroxy—5—t—amy1benzy1)—
piperazine (II), the moment was derived from that of N-methylpiperidine (0.95 D [8]), directed along the axis of the
unshared pair on the nitrogen, and the moment of the p~alkylphenol [21].

For HI (R = CHj), it was assumed that the formation of IHB was accompanied by the formation of a planar, five-
membered ring, with angles of 109° (a value of 110°, corresponding to the valency angles of sulfur and oxygen, was
taken to be without significant error). The following values were used in the calculation of the values of the group
moments: Cpoy—CH;, 0.4 D; C¢HsSCH3, 1.27 D, and CH3;OH, 1.66 D [22]. The directions of the resultant moments of
C¢HsSCHy and CH,OH relative to the Cpy—S and C—O bonds were taken as 57 and 67°, respectively [4]. For p-
tolylmercaptoacetic acid (IV, R = CH;), the calculation was based on the addition of the bond (C=0, 2.4 D; C—0, 0.74 D;
H—O, 1.56 D) and group (CA,—CHs, 0.4 D; CAr—SCHg, 1.27 D) moments. The calculation of the moments of the
dialkylaminomethylphenols V has been described previously {1-3].

IR Spectra were recorded as pastes in hexachlorobutadiene, or as solutions in CCly (c. 1072 M), on UR-10 and
IKS-14 instruments.
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