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SUMMARY

PULLMAN, B., COURRIERE, P. & BERTHOD, H. (1975) Quantum mechanical study on

the conformational properties of antihistaminic drugs. Mol. Pharmacol., 11,
268-279.

The method of perturbative configuration interaction using localized orbitals (PCILO)
was applied to the study of the conformational properties of flexible antihistamines of the
general formula

R1 fi a

R2 � X_CH2_CH2_NJ�CH

with X = N (ethylenediamine derivatives), CH-O (diphenhydramine), and saturated C

(pheniramine). Conformational energy maps were constructed as a function of rotation
about the X_Ca and � bonds for isolated protonated molecules (for two possible

orientations of the cationic head) and for the hydrated derivatives carrying a hydrogen-
bonded water molecule attached to N�H. The computations predict a strong predomi-
nance of the gauche form for all the isolated molecules, owing to electrostatic interaction

between the cationic head and the esteric oxygen in diphenhydramine, but resulting from
hydrogen bonding between the cationic head and the pyridyl nitrogen in pheniramine

and the ethylenediamine derivative. In water they predict the coexistence of gauche and
trans conformers. Evaluation of the relative populations of these conformers indicates
that the proportion of the trans conformer should vary inversely with the electronegativ-
ity of the X atom of the chain. The effect of flexibility was studied, using pheniramine as

an example. The theoretical results were compared with the available experimental data
from X-ray crystal structures and NMR and circular dichroism studies in solution.

INTRODUCTION

A large number of fundamental antihis-
taminic compounds may be represented by
the general structure I, where R1 is an aryl
(or heteroaryl) ring, R2 an aryl or aryl-

methyl group, and X is N, CH-O, or a
saturated C. X-C’� may be replaced by a

C=C double bond. The terminal nitrogen
atom is part of a tertiary acyclic or alicyclic

basic grouping. Typical representatives of

these different classes of antihistaminic
drugs are ethylenediam me derivatives
(such as histadyl, II), diphenhydramine
(III), pheniramine (IV), triprolidine (V),
and pyrrobutamine (VI).

Discussion of structure-activity relation-
ships in this series of molecules has been
dominated by the search for conforma-

tional analogies among these compounds
and histamine. It has been postulated on

the basis of similarities found in the crystal
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structure of histamine (1), histadyl hydro-

chloride (2, 3), and brompheniramine and
chiorpheniramine maleates (4, 5) that a
fully extended trans conformation about
the Cm_Cs bond is essential for antihis-
taminic activity. The demonstration that
high antihistaminic activity in the confor-

mationally restricted compounds V and VI
requires a trans Ar-C = C-CH2-N ar-
rangement with the aromatic nucleus (a-

pyridyl or phenyl) coplanar with the dou-
ble bond (together with an aromatic func-

tion such as p-tolyl or p-chlorobenzyl in a
position cis to the aminomethyl group) (6,

7) seemed to corroborate this point of view,
the more so because a recent X-ray deter-
mination of the crystal structure of triproli-
dine hydrochloride monohydrate (8) indi-
cated an essentially trans arrangement of
the two nitrogen-containing rings. The be-
lief that the crystallographically observed

conformations are significant for antihis-

��NT

taminic activity may be considered to have

culminated in the proposal (8) that be-
cause the distance between the saturated

nitrogen atom and the centroid of the

aromatic ring-a distance considered im-
portant for interaction with the antihista-
mine receptor site-is appreciably differ-

ent in the fully extended forms of the
antihistaminic drugs and of histamine, a

flexible receptor protein must be involved
in the interaction which adopts different
conformations when histamine and anti-
histamine are bound.

Although this hypothesis is in itself
plausible, the argument is not, for a num-

ber of reasons, a rigorous one. First, the

crystallographic results for histamine refer

to a diprotonated form and may be differ-
ent for the physiologically more significant
monoprotonated one (9). Second, studies

with other conformationally restricted po-
cent antagonists of the histamine H1 recep-
tor, trans- and cis-1,5-diphenyl-3-dimeth-
ylaminopyrrolidines (10), which cannot at-
tain a fully extended trans N-C-C-N�

conformation, show that a range of values
for the relevant torsional angle are accepta-
ble for effective drug-receptor interactions.
Similarly, although the crystallographic

conformation of diphenhydramine is un-
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The abbreviation used is: PCILO, perturbative

configuration interaction using localized orbitals.

known, results for related systems contain-

ing the O-C-C-N� chain, e.g., acetyl-

choline and derivatives (for a general dis-
cussion see refs. 11-13) or some phenylcho-
line ethers (14-16), show a variety of con-

formations with, moreover, a preference for

a gauche arrangement. Last but not least,
studies in solution, which are closer to
physiological conditions than those rele-
vant to the solid state, indicate the fre-
quent coexistence of a number of gauche

and trans forms both for histamine (17-21;
for a general discussion see ref. 9) and for
different antihistamines (22, 23) and re-

lated systems (e.g., refs. 24-27).

This situation raises the general problem

of what the intrinsic conformational possi-
bilities and preferences of the “flexible”
antihistaminic drugs are, and to what ex-
tent they are influenced or modified by
environmental factors and, in particular,

by the solvent water. Interesting to know
from that point of view are the nature of
both the most stable and, if available the

secondary stable conformations, and also

the energy barrier between them.
The present paper is devoted to a quan-

tum mechanical investigation of this prob-
lem, this work being an extension of our
previous study on the conformation of

histamine (9).

METHODS

The flexible antihistaminic compounds

II, III, and IV possess five or six a priori
important torsion angles corresponding to

the principal single bonds of the backbone.

We shall limit our study, however, essen-
tially to the two torsion angles r1 and �

which define the degree of extension or

folding of this backbone. We recall that the
torsion angle r between the bonded atoms

A-B-C-D is the angle through which the
far bond CD is rotated relative to the near
bond AB. Viewed from the direction of A,

r is positive for clockwise and negative for
counterclockwise rotations. The value T =

00 corresponds to the planar-cis arrange-
ment of bonds AB and CD. More precisely,
in the present cases T1 = T (Co_X’n�C�_

Ctm) and T2 = r (X�-C5-Ctm-Ni. The
other torsion angles will be maintained in
fixed, preselected values. For compounds

II and IV they correspond to the crystallo-

graphically observed ones (3, 4). [r (N-

= 6#{176},T (CaIIph’N’�’C5

Cm) 91#{176},T (SCarom’’CaI1ph��N’�) =

in II, and 7’ (CaromCaromC� O’�) =

330 � (CaromC O’�-C5) = 185#{176}in III.]

For III, for which no X-ray crystal data are
available, plausible values have been

adopted (see below). It may be added,
however, that we have also considered two
values for r� = r (Cs_Ctm_N �-H). As it is

obvious a priori that the interaction of the
cationic head with the molecular skeleton
will depend largely on its orientation about

the C#{176}-N� bond, (e.g., ref. 28), computa-

tions have been carried out in addition to
the crystallographic value of r3, which is

generally close to 60#{176}and permits the

interaction of the Nt-H bond with the
molecular skeleton, and also for T3 = 180#{176},
in which such an interaction is precluded.

The computations for r1 and 7’2 have been
carried out in 30#{176}increments. The method
used for the construction of the conforma-

tional energy maps was the molecular on-
bital PCILO’ procedure (29, 30), as used in

the previous computations on histamine

(9).
The influence of water on the conforma-

tion of the antihistamines was studied by
the “microscopic supermolecular” ap-
proach, which consists of fixing water mol-

ecules at the most favorable hydration sites
of the cation and calculating the conforma-
tional map of the new “supermolecule.”
The most favorable hydration sites are
determined by studies ab initio on model
compounds (alkylammonium, pyridine,

ethers, etc.) by the procedure indicated in
refs. 31-34 and recently reviewed (35). The

conformational map of the new super-
molecule, representing hydrated antihista-
mine, was computed again by the PCILO

method. Although we do not expect that
the entire solution behavior of the antihis-
tamines can be elucidated by such a re-

duced treatment, we expect to obtain a
reasonable indication of the direction and
magnitude of changes in conformational

preferences of the isolated molecule when
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it enters aqueous solution. The success of
this mode of approach has been strikingly

illustrated in recent studies on histamine

itself (9), indolealkylamines (28), pheneth-

ylamines (36, 37) and y-aminobutynic acid

(38).
Moreover, in one case, that of phenira-

mine, we have partially taken into account
the flexibility of the attached water mole-

cule.
Finally, the computations on the stabil-

ity contours of the energy minima have
been extended to an examination of the

probability of occurence of the compounds
in the different allowed conformational
states through the construction of proba-
bility maps and the evaluation of the
populations of the principal rotamers con-

sidered.
Toward this goal, the partition function

for the compound was approximated as the
sum of Boltzmann factors taken at equal
intervals of T� and r2 throughout their
range (e.g., ref. 30); that is,

Z = �>e�mT flIRT

T1 T2

These intervals correspond in our work to
the 144 points obtained from the grid of the
conformational energy map built with 30#{176}
increments. Thus the partition function is

established on the basis of 144 states i in

the angle configurational space:

Z = e� (T T)/RT

Now to each point i we assign a statistical
weight Z1 and a probability P1 defined by

= e� (T r) RT

z

In this way we can build a probability map
picturing the probabilities J?� as a function

of the rotational angles T1 and 7’2� Clearly
the absolute value of Z is subject to the

arbitrariness inherent in the choice of the
increment in (T1 T2), but as we are inter-

ested only in the relative probabilities of
the different regions of the map, this proce-
dure may be considered a satisfactory first

approximation to an exact statistical treat-

ment of the problem.

From these results the populations of the
different rotamers have been evaluated
with respect to r2, as this is the essential

information furnished by NMR expeni-
ments in solution. In order to be able to

compare the theoretical results with the
experimental ones, which are generally

expressed in terms of the relative popula-
tion of the trans (T2 180#{176})and gauche (T2

60#{176}and 300#{176})rotamers, the whole range
of T2 has been subdivided into three areas

(0-120#{176}, 120-240#{176}, and 240-360#{176}) and the
probabilities that the conformers will be
within these area have been evaluated. The

choice of the above boundaries is somewhat
problematic but in practice is not very

important: the greatest contributions to
the different rotamers come generally from
regions located rather close to the classical
values of 60#{176},180#{176},and 300#{176},transitional

forms giving a much lower contribution.

This type of calculation implicitly includes
an estimate of the entropic contributions to

the stability of each rotamer, since it takes
into account not only the depths of the

minima on the potential surfaces but also
their curvatures and widths. We are thus
closer to dealing with free energy. (For
related examples, see refs. 30, 39-41.)

RESULTS AND DISCUSSION

Figures 1-3 present the confonmational
energy maps of protonated histadyl (II),

diphenhydramine (III), and pheniramine
(IV) as a function of the torsion angles T�

and r2. The remaining geometrical input
data (bond length, valence angles, remain-
ing torsion angles) correspond to the X-ray

crystal results for II (3) and IV (4). In
particular the preselected value of the
torsion angle � is close to 60#{176}(41.4#{176}in II
and 51.8#{176}in IV)-a situation which ena-
bles the N�H bond of the cationic head to
be oriented toward the backbone of these
molecules. For III, for which no X-ray
results are yet available, the input data
were taken as a combination of those for

acetylcholine (42) as concerns the

0-C-C-N chain, and for adiphenine
(43) as concerns the aromatic rings. The
values adopted for the torsion angles not
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Ftc. 1. Conformational energy map for protonated

histadyl with r3 = 41.4#{176}(crystallographic value)

Isoenergy curves in kilocalories per mole with

respect to the global energy minimum, taken as zero

energy. #{149},X-ray crystallographic conformation (3).

T�
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Ftc. 2. Conformational energy map for protonated

diphenhydramine with r, = 51.8#{176}

Isoenergy curves in kilocalories per mole with

respect to the global energy minimum, taken as zero

energy.

involved in the computations are

r(NC�C’�C5) = _430, �(Carom

CaromC�C5) = 530#{149} The r3 torsion
angle was fixed at 5 1.8#{176}by analogy with IV.

The three figures present a global energy
minimum corresponding to a gauche con-
formation at Ti = 60#{176},T� = -90#{176} for
histadyl (Fig. 1) and pheniramine (Fig. 3),
and at r� = 180#{176}or -120#{176}, T2 = 60#{176}for

diphenhydramine (Fig. 2). There are sec-
ondary energy minima on these maps asso-

ciated with extended forms, e.g., at r1 =

-60#{176}, r2 = 180#{176}in Fig. 1 (2 kcal/mole

above the global minimum), at � = -90#{176},

T2 = 180#{176}in Fig. 2 (1 kcal/mole above the
global minimum), and at T1 = 60#{176},T2 =

180#{176}in Fig. 3 (2 kcal/mole above the global

minimum). The evaluation of the popula-

tions of the gauche and trans rotamers,
following the procedure outlined above,
indicates a very strong predominance, of
over 90%, of the gauche tautomers in the

three cases (Figs. 4-6). Examination of the

models corresponding to the three gauche

conformers, however, shows striking differ-
ences in their structure, pointing to differ-

ences in the origin of their stability. The
stable gauche conformer of diphenhydra-
mine (Fig. 2) is essentially due to a strong

electrostatic interaction between the cat-
ionic head and the esteric oxygen, typical

of the 0-C-C-Nt interaction as estab-
lished in particular in studies on acetylcho-

line and related compounds (44-46). In

contrast, the gauche conformers of histadyl
and pheniramine are stabilized by the
electrostatic interaction between the cat-
ionic head and the nitrogen atom of their

120

61

T� 0

-60

-.120

-180 -120 -60 0 60 120 180

T2

Ftc. 3. Conformational energy map of protonated

pheniramine with r, = 51.8#{176}(crystallographic value)

Isoenergy curves in kilocalories per mole with

respect to the global energy minimum, taken as zero

energy. #{149},X-ray crystallographic conformation of

brompheniramine maleate (4).
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Fig. 4. PopuLations (P) of conformers of protonated

histadyl
free molecule computed with r3 = 41.4#{176};

-, free molecule computed with r3 = 180#{176};- - -,

hydrated molecule.

FIG. 5. Populations (P) of conformers of protonated

diphenhydramine
.., free molecule computed with r3 = 51.8#{176};

free molecule computed with r, = 180#{176};- - -,

hydrated molecule.

pyridine ring, this interaction taking the
form of weak hydrogen bonding.

In Figs. 1 and 3 are also indicated the
X-ray crystallographic conformations of
histadyl and pheniramine with respect to

Ti and 7’2#{149}Both molecules are in an ex-
tended conformation in the crystals, corre-

sponding to only local energy minima 2-3
kcal/mole above the global one. In our

opinion, this situation must be due to the

action of crystal packing forces. A confir-
mation of this viewpoint, at least for the

case of pheniramine, comes from recent

circular dichroism studies of this com-
pound in nonpolar solvents (23), i.e., under
conditions closer to those corresponding to

the free molecule approximation. These
studies point to the predominance of the

very conformer which our computations
predict to be the preferred one: a gauche

conformer stabilized by an attractive in-
teraction between the protonated aliphatic

nitrogen and the aromatic nitrogen of the
pyridine ring.

The contribution of this form diminishes
in aqueous solution, a problem which we
discuss later. Also, when the pyridine ni-

trogen becomes protonated, the preferred

conformation changes to an extended one,
owing to the electrostatic repulsion be-

tween the two positive centers, a situation
180 very similar to the one occurring in hista-

mine itself and which we have discussed in

detail (9).
No X-ray crystal data are available as

yet for diphenhydramine.
Because the predominance of the gauche

conformers seems to be governed by the
interaction of the cationic head with elec-
tron-rich atoms on the molecular periphery

and because this interaction may depend
upon the orientation of the cationic head
about the Cm_N bond, we have recom-
puted the conformational energy maps of
II, III, and IV with r3 = 180#{176}(other things
kept equal). In this orientation of the

cationic head, its proton is continuously

directed toward the outside and cannot

interact with the esteric oxygen or the
pyridine nitrogen.

The results for histadyl (Fig. 7) and
pheniramine (Fig. 8) show a profound mod-
ification of the conformational energy map.
The attractive interactions between the

P�1.

100

50

25-

1 - ‘ -�_ -- - -�
-180 -120 -60 0 60 120 180 .�

Ftc. 6. Populations (P) of conformers of protonated

pheniramine

-, free molecule computed with r5 = 51.8#{176};

free molecule computed with r3 = 180#{176};- - -,

hydrated molecule.
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T2

Ftc. 7. Conformational energy map for protonated

histadyl with T� = 180#{176}

Isoenergy curves in kilocalories per mole with

respect to the global energy minimum, taken zero

energy.

1�

Ftc. 8. Conformational energy map for protonated

pheniramine with T3 = 180#{176}

Isoenergy curves in kilocalories per mole with

respect to the global energy minimum, taken as zero

energy.
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cationic head and the pyridine nitrogen are
no longer visible, and the most stable

conformer should now be an extended one
with T1 = -90#{176},r2 = 180#{176}in histadyl and T1

= 60#{176},T2 = 180#{176}in pheniramine. In

contrast (Fig. 9), the global energy mini-
mum for diphenhydramine continues to be

associated with a gauche form, at Ti =

180#{176},T2 = 60#{176},analogous to the one

FIG. 9. Conformational energy map for protonated

diphenhydramine with r, = 1800

Isoenergy curves in kilocalories per mole with

respect to the global energy minimum, taken as zero

predicted and observed in acetylcholine

(45). The strength of the attractive electro-

static association between the cationic
head and the esteric oxygen atom of di-
phenhydramine thus significantly exceeds

the attraction between the cationic head
and the pyridine nitrogens of histadyl and
pheniramine and does not depend on the
possibility of hydrogen bonding. [We have
already indicated on a number of occasions
(9, 45, 47; see also ref. 48) that the positive

charge of the cationic head is not localized
on the nitrogen atom but is spread essen-

tially on the hydrogen atoms of -N�H3
and N�(CH3)3.]

The computations indicate that the glo-
bal energy minimum of Fig. 1 is about 3

kcal/mole and that of Fig. 2 about 2

kcal/mole lower than those of Figs. 7 and 8,
respectively. On the other hand, the global
energy minima of Figs. 3 and 9 are practi-
cally degenerated.

We now consider the effect of water on
the conformational properties of the an-
tihistamines. Within the “supermolecule”
approach, the problem is simplified in this

case by the existence of one particularly
important hydration site, represented in all

the molecules considered here by the
Nt-H bond of the cationic head. The
fixation of a molecule of water on that site,
following the scheme indicated in VII as a
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energy -

Fic. 11. Conformational energy map for hydrated

protonated diphenhydramine

Isoenergy curves in kilocalories per mole with

respect to the global energy minimum, taken as zero

energy.

CONFORMATIONAL PROPERTIES OF ANTIHISTAMINES 275

/CHS H

-�N--H- 0

CH3 H

V’I

result of model studies ab initio on ammo-

nium and alkylammonium with the
N�. . .0 distance equal to 2.6 A (35),

corresponds to the formation of a relatively
strong hydrogen bond (-28 kcal/mole)2
whose existence is likely to have an appre-
ciable perturbative influence on the in-
tramolecular interaction between the cat-
ionic head and the remaining parts of the

molecules and thus to play an essential role
in a possible modification of the ratio of

trans and gauche rotamers.

The extent of the perturbation is illus-

trated in Figs. 10-12, which represent the

conformational energy maps of histadyl,

diphenhydramine, and pheniramine, re-
spectively, carrying a molecule of water at

their cationic head in the manner indicated
in VII, all remaining input data being the
same as in Figs. 1-3.

The effect of hydration on the conforma-
tional characteristics of the compounds is
obviously appreciable. Thus, although the

global energy minimum for hydrated hista-
dyl (Fig. 10) still corresponds to a gauche

form at Ti = - 120#{176},r2 = 60#{176},there now

appears a broad local energy minimum for
the trans conformer at T1 = -60-100#{176}, T2 =

150-180#{176}, only 1 kcal/mole above the glo-
bal one. A similar situation is observed for
hydrated diphenhydramine (Fig. 11). In

hydrated pheniramine the global energy
minimum corresponds to a trans form at T�

= 60#{176},7’2 = 180#{176},with only a small local
energy minimum for a gauche form at Ti =

180#{176},T2 = -90#{176}.
The evolution of the gauche-trans equi-

librium in the hydrated forms with respect

to the free ones is still more evident in Figs.
4-6, from which it may be deduced that,
within the approximation adopted, the

2This value is obtained when the computations ab

initio are performed with an STO 3G basis set. It is

reduced to 20 kcal/mole with the more extended

4-31G basis set, which is closer to the experimental

result of Payzaut et al. (49).

gauche/trans ratio is 72:28 in diphenhydra-
mine, 57:43 in histadyl, and 1:99 in pheni-

ramine. Thus the hydration of the cat ionic
head has a moderate effect on the percent-

age of the gauche form in diphenhydra-
mine, a strong effect in histadyl, and a very

strong effect in pheniramine. The attach-
ment of a water molecule therefore is to
disrupt the interaction between the cat-
ionic head and the pyridine nitrogens in

FIG. 10. Conformational energy map for hydrated

protonated histadyl

Isoenergy curves in kilocalories per mole with

respect to the global energy minimum, taken as zero
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Ftc. 12. Conformational energy map for hydrated

T2
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energy.

protonated pheniramine

Isoenergy curves in kilocalories per mole with

respect to the global energy minimum, taken as zero

energy.

histadyl and pheniramine. The extent of

the gauche form in the equilibrium mixture
now seems to be governed by the elec-

tronegativity of the main chain X atom

with which the hydrated cationic head may
interact: it decreases when X changes from
0 to N to C.

The practically complete disappearance
of the gauche form in the case of hydrated
pheniramine represents such an extreme

effect that it seemed suitable to elaborate
on the computations in this particular

case. Thus the conformational energy
maps of Figs. 10-12 have been constructed
with the water molecule fixed rigidly in the

position of structure VII. This condition is

convenient for first -approximation compu -

tations, but it is obvious that in reality a

certain amount of flexibility will be al-
lowed to the mode of attachment of this
water molecule as a function of conforma-
tional changes in r1 and T2. This phenome-
non was studied in detail, with variations

also allowed in T3 (X-ray value, 51 #{176}8)and
= T (NpyrC6C�C1’), which deter-

mines the orientation of the pyridyl ring
with respect to the chain (X-ray value,

33#{176}1).The whole range of T3 from 0#{176}to
180#{176}was investigated first, in 30#{176}incre-

ments, and it was found that the probabil-

ity of the trans conformation remains at

about 99% for all values of this angle with

the exception of r3 = 0#{176},for which there
appears a probability of about 20% for the

gauche form at Ti = 120#{176},T2 = -60#{176}.

Figure 13 represents the map obtained for
T3 = 0#{176}.Its global energy minimum is
about 1 kcal/mole above that of Fig. 12.
The rotation of the water molecule about

the N-H. . .0 axis has no significant in-
fluence on the situation. Next T3 was varied
in 10#{176}increments from 0#{176}to 60#{176}.Again a

probability of about 20% for a gauche

conformation appears for T� = 20#{176}and Ti =

120#{176},T2 = -60#{176},T� = 0#{176}.The global energy
minimum of the associated conformational

energy maps is also only about 1 kcal/mole

above the global minimum of Fig. 12. It
may thus be estimated that the introduc-
tion of flexibility somewhat increases the
probability of the presence of a gauche

form in the aqueous solution of phenira-
mine. These refined computations may
thus be considered to modify slightly

but not drastically, the results obtained
within the rigid frame approximation.

Doubtless a similar increase in the propor-
tion of the gauche form may be estimated

using a similar refinement for the other
flexible antihistaminics.

We may now compare the theoretical
results with the available experimental

data for these and related compounds.
Although rather scarce, these data never-

Ftc. 13. Conformational energy map for hydrated

protonated pheniramine with r3 = 0#{176}

Isoenergy curves in kilocalories per mole with

respect to the global energy minimum, taken as zero
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and 71% for

theless seem in general agreement with our

computations. As concerns the antihista-

mines themselves, two studies are availa-
ble. One by Ham (22), using NMR spec-
troscopy, showed that while diphenhydra-
mine exists predominantly in water in the

gauche form, cationic ethylenediamine de-
rivatives (pyrilamine, tripelennamine, and
methapyrilene) exist rather as approxi-

mately equivalent mixtures of gauche and
trans conformers. The second study, by
Testa (23), using circular dichroism mea-

surements, refers to pheniramine and con-

firms the predominance of the gauche form
in inert solvents (see above) but of the

trans form in water. A related NMR study
by Testa (23) on norpheniramine indicates
a nearly equivalent mixture of trans and
gauche conformers in solution. As the
methyl groups are expected to increase the
proportion of the trans form, this result

also permits one to estimate that the trans
form would predominate in solution for

pheniramine. Altogether this group of data
confirms our finding that in solution the
proportion of the gauche form should in-

crease with the electronegativity of the X
atom of the X-C-C-N� chain of an-

tihistamines.
A number of experimental data on solu-

tion studies on related compounds, in par-
ticular in the series of acetylcholine deriva-

tives and quaternary ammonium ions, fur-
ther confirm this proposal. Thus it was
shown by Mautner et al. (25) that while

,CH3

C8H5C-O-CH2-CH2-N�H

�CH3

ex-

ists 100% in the gauche form,

,C2HS

C6H5-C- NH-CH2-CH2-N�H

C2H5

exists only 74% in that form. Likewise, the

proportion is 96% for

�CH3 -

C6H5-C-O -CH2-CH2-N�H

CH3

�CH3

C6H5-C-NH-CH2-CH2-N� H

�CH,

the similar decrease in both cases indicat-
ing that it is not due to the presence of the
C2H5 groups at the cationic head of the

second compound of the series. Partington

et al. (24) have shown that while acetyicho-
line exists 100% in the gauche form in

solution, and choline methyl ether

[CH3-O-CH2-CH2-N�(CH3)3] 88%,
phenylethyltrimethylammonium
[C8H5-CH2-CH2-N�(CH3)3] and cy-

clohexylethyltrimethylammonium
[C6H1�-CH2-CH2-N�(CH3)3j exist only

17% and 22%, respectively, in that form. In
these experiments �3-aminoethyltrime-
thylammonium
[NH2-CH2-CH2-N�(CH3)3] exhibits

the very small gauche proportion of 13%.
Finally, Terui et al. (27) indicated a pro-
portion of 92% of the gauche form for

HO-CH2-CH2-N�(CH3)3 in solution

but of only 15.7% and 12.3%, respectively,
for CH3-CH2-CH2-N�(CH3)3 and
C6H5-CH2-CH2-N �(CH3)3.

CONCLUSION

The theoretical and experimental data

described in this paper converge toward a
clear-cut indication that, in contradiction
to X-ray crystallographic data, antihista-
mines in solution, like histamine itself, are
present in a mixture of gauche and trans

conformers. The relative proportion of

these species varies as a function of the
chemical nature of the compound. Accord-
ing to our proposal, the proportion of the

trans conformer in the equilibrium mixture
of the flexible antihistamines of the
X-C-C-N type should run inversely to
the electronegativity of X: large for X = C,
moderate for X = N, and small for X = 0.
Both computations (9) and experimental

data (17, 18) reveal a slight predominance
of the trans conformer in histamine. From
that point of view it is the antihistaminic
ethylenediamine derivatives which most

closely resemble histamine itself. The
availability in the biophase of a multiplic-
ity of conformers must, however, be borne
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in mind in the elaboration of theories on
antihistaminic activity of drugs.
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