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We have explored the ability of molecular mechanics energy calculation as
a probe to obtain quantitative information about the molecular shape and en-
ergies of inhalational anesthetics. (Molecular mechanics is a readily accessible,
nonquantum mechanical method of computing detailed molecular structure from
energetical viewpoint.) From this aspect, the structure-activity relationships of
ten inhalational anesthetics were studied. Using this method, stable conformers
of these anesthetics are deduced with various physicochemical parameters. The
importance of dipole interaction as the major determinant of stable conformation
was suggested, and reasonable correlations between anesthetic potency (minimum
alveolar concentration: MAC) and components of dipole moments, with reference
to the specific sites of molecules, were obtained. The results indicate that there are
important polar components which play a major role in anesthesia. (Key words:
anesthetics, inhalational, structure-activity relationship, molecular mechanics)

(Shiraishi Y, Fujise Y, Ikeda K, et al.: The relationship between anesthetic
potency (minimum alveolar concentration) and molecular shape; structual studies

on conventional inhalational anesthetics. J Anesth 5: 370-379, 1991)

The study of the mechanism and the ac-
tion of inhalational anesthesia has been the
subject of much discussion. Since the work
of Meyer and Overton'?, physicochemical
properties of general anesthetics, such as
oil/water partition coefficients and solubility
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in lipophilic media, have been emphasized
as crucial factors governing their activities.
Much of this wrok has been reviewed!—3.
Physicochemical properties are the result of
the structure of the molecules. However,
these properties are rather all-inclusive and
these property studies did not afford any
direct insight into the detailed structural
features influencing anesthetic potency. Over
the past decades, the concepts of the molec-
ular mechanisms of anesthesia have advanced
considerably and the modern approach to
the evaluation of biocactive molecules as a
function of molecular structure, so-called
structure-activity relationships with regard
to anesthetics, has also advanced in sev-
eral aspects*. These concepts are well docu-
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Fig. 1.
with bond lengths.

mented in the literature®.

Several studies for stereochemical con-
siderations in the mechanism and action
of inhalational anesthesia appeared in the
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The most stable conformations for 10 anesthetic compounds

literature 1%, In an attempt to understand
the metabolisms of anesthetics, Lowe et al.
calculated the conformational and electronic
properties of three anesthetics”. The role
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of “acidic hydrogen” for the mechanism of
anesthesia has been demonstrated by Ruelle
and Sandorfy on the basis of quantum chem-
ical calculations®. Conformational stability
of methoxyflurane by the use of vibrational
spectra was discussed by Li and Durig®.

From a viewpoint of steric or molec-
ular shape parameter in the study of
the structure-activity relationship, molecular
connectivity studies resulted in a good cor-
relation between potency and the molecular
connectivity index and an electronic charge
descriptort?.

To our knowledge, mobile, structural stud-
ies of inhalational anesthetics with regard to
anesthetic potency have been quite limited.
We felt it necessary to carry out a more
detailed examination of the conformational
properties and related physical descriptors
of inhalational anesthetics for the interpreta-
tion of the structure-activity relationship.

In order to substantiate structural fea-
tures of anesthetic molecules and to provide
some basic information for the investiga-
tion of anesthetic potency and the structure-
activity relationship, it seemed to us ra-
tional to calculate stereochemical structures
and energies. Taking enflurane, CFHCI-CF»-
OCHF, for example, the compound show
that it can have many mobile shapes (con-
formers) as the C-C and C-O bonds are
allowed to rotate (fig. 1). Conformations in
which large groups are as far apart as possi-
ble are ordinarily most stable. In general, ro-
tational arrangement of groups about single
bonds sometimes has a profound influence on
chemical reactivities and physical properties.

Molecular mechanics is a nonquantum
mechanical method of computing molec-
ular structure and energy. Although this
method has been documented over the last
decades'!*!? it recently became popular with
a large number of chemists and pharma-
cologists. At present, it appears that the
most widely distributed program are those
of Allinger and they are readily accessible
from Quantum Chemical Program Exchange
(QCPE).

We feel our effort is worthwhile as it
represents the application of a simple, quan-
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titative approach that provides the kind of
methodology suited for the structure-activity
relationship study of halogenated anesthet-
ics. Several points are subjects of consider-
able interest. a) Deducing the shape of the
molecule which reflects various physical and
chemical behaviors and plays an important
role in anesthesia, b) Deducing the major
contributing factor of potential energy, and
¢} Inspecting the potency which can be pre-
dicted from chemical structure.

It is the purpose of this paper to examine
the evidence for the structure-activity rela-
tionship in the field of anesthesia. These re-
sults could then possibly be used to provide
some basic information for the understand-
ing of the mechanism, action and potency of
inhalational anesthetics.

Methods and Materials

The following compounds were consid-
ered with respect to clinical evaluation in
humans: sevoflurane (CF3);CHOCH,F, en-
flurane CHFCICF;OCHF,, fluroxene CFj3-
CH;OCH = CHs, methoxyflurane CHCl;-
CF,OCH;, isoflurane CF3-CHCIOCHF;.
diethyl ether (CoH5)20, halothane
CF3CHBrCl, trichloroethylene Cly, = CHCI,
chloroform and cyclopropane. Minimum alve-
olar concentration (MAC)!3:1% & measure of
anesthetic potency, is the alveolar concentra-
tion of anesthetic at which 50% of patients
do not move in response to a skin incision.

Molecular mechanics calculations (MM2)'!
were performed using FACOM M-140F com-
puter (Fujitsu, Tokyo, Japan) to obtain en-
ergetically stable geometries and related con-
formational characteristics. After the energy
minimization has been completed, orienta-
tion options were applied to reorient the
molecule within the indicated coordinate sys-
tem. At the same time, the components of
the dipole moment along the principal axes
were also calculated. Optimal geometries de-
rived for possible rotamers of each compound
were also considered by the use of dihedral
driver option (NDRIVE). The calculated pa-
rameters retrieved in such a way were com-
pared with those of stable conformers.

Individual structural parameters, such as
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Table 1. Calculated MM2 parameters

MOMENT OF DIPOLE

ANESTHETICS MACH*|T.S.** | Ep*** INERTIA MOMENT
Ix | Iv | I | uX | pY | pZ
CYCLOPROPANE; (CH3)3 9.2 4.86| 0.00] 4.2 4.2 6.7/ 0.0 | 0.0 | 0.0
FLUROXENE; CF3CHyOCH=CH; 34 793 | 352|183 | 85.5| 8.6| 1.5 | 1.6 | 1.1
DIETHYL ETHER; (C2Hs)20 1.9 5491 0.00{ 4.7| 38.2| 40.7) 0.0 | 1.3 | 0.0
SEVOFLURANE; (CF3)2CHOCHF 1.71 | 20.05 | 14.91 | 87.4 | 96.4|145.3| 1.0 | 2.0 | 0.3
ENFLURANE; CHFCICF,OCHF, 1.68 | 33.01 } 25.13 | 45.9 {115.9(129.2| 0.5 | 0.0 | 0.7
ISOFLURANE; CF3CHCIOCHF, 1.15 | 26.43 | 19.76 | 54.0 |{106.0|136.1| 1.2 | 1.3 | 0.5
HALOTHANE; CF3CHBrCl 0.76 | 16.59 | 14.64 | 47.0| 76.7|106.9| 0.0 | 0.1 | 1.6
CHLOROFORM; CHCl3 ©0.64 0.00 | 0.00]|26.2| 26.2| 50.6| 0.0 | 0.0 | 1.7
TRICHLOROETHYLENE; Cl;CCHCI 023 | 461 | 399|238 61.6| 854 0.1 | 1.5 | 0.0
METHOXYFLURANE; CHCl,CF;OCH3 | 0.16 | 24.07 | 15.29 | 48.7 | 75.2| 93.5| 1.3 | 0.0 | 0.6

Footnote: *MAC: Minimum Alveolar Concentration

**T.8.: Total Steric Energy
***Ep: Dipole Interaction Energy

total steric energies (E), moments of inertia
(I), dipole interactions (Ep), dipole moments
(u), stretching energies (Er), bending ener-
gies (Ef), stretch-bending energies (Erf), van
der Waals’ energies (EvdW) and torsional
energies (ET) were compared with MAC.
To the parameters supplied with the pro-
gram were added the following constants for
ethers.

Stretching: Ks = 0.56, b = 109.5
Torsion:
C-O-C-F
V1 =05, V2 =-0.42, V3 = 0.0
lone pair-O-C-F
V1=10.0,V2=1.5,V3=0.0

The constants above are not the re-
sult of an extensive parameterization and
should only be considered as crude. For
methoxyflurane, most stable conformers are
the trans-trans (total steric emergy; 24.0659
kecal-mol™!) and gauche-trans (total steric
energy; 24.1669 kcal'mol™!) conformers.
These results agree in so far as stable forms
are deduced by microwave analysis®. De-

tailed parameterization study in this field is
now in progress.

The linear multiple regression analysis
(Hansch method!®) was applied to the eval-
uation of anesthetic potency due to the

properties of molecular configurations.
Results

The most stable conformation of each
compound deduced from MM2 calculation
is shown in figure 1 by molecular maps.
The calculated MM2 parameters of various
anesthetics are listed in table 1.

The indication to be drawn from the
comparison of molecular geometry of ether
linkages shown in figure 2 is the presence
of a conformational characteristic: each ar-
rangement of C-C-O-C bonds proved to be
antiperiplanar (150°-180°) and fairly aligned
in the plane. As listed in table 2, the cor-
responding dihedral angles are remarkably
large and ranged from 149.9° to 179.4°. The
result coincides with the previous report on
methoxyflurane based on vibrational spectral
analyses by Durig®. It is noteworthy that
there is a similar spatial arrangement of the
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ISOFLURANE

Fig. 2. The most stable conformations for 10
anesthetic compounds, space-filling models.

ether chain for the most stable conformers of
anesthetics, which may possibly be related to
the activity.

Comparison of the total steric energies
and their components are graphed in figure
3. The major contributor of the total steric
energy is the dipole interaction. The result
suggested a dependence of anesthetic po-
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Table 2. Calculated dihedral
ether anesthetics

angles of

Anesthetic Agents C-0O-C-C Dihedral Angles
Enflurane 176.6
Isoflurane 149.9
Methoxyflurane 179.3
Sevoflurane -135.7

{ 98.9
Fluroxene 173.3
Diethyl Ether —179.6

tency on dipole moment, which is the vector
sum of individual bond and group moments
and is a function of molecular structure.
Therefore, it is informative to compare the
relative magnitude of the dipole moments
among the compounds and their detailed dis-
tribution along the indicated axes in the
Cartesian coodinates. Thus, we next ex-
amined the correlation between MAC and
dipole components. The moment of inertia
was also considered for the quantitative eval-
uation of the molecular shape as shown in
the table 1. (Iz = Iy = Ix).

From a view point molecular shape, we
thought it necessary to orient the molecule
in a systematic manner and specify the
coodinate axis by the use of orientation
options in MM2, through examination of the
results obtained from possible orientation of
the class of the molecules. The following
trends were revealed.

The presence of distinct types of active
sites were indicated by the data analyses as
follows:

1) Reorienting the molecules so that the
oxygen atom is at the origin and rotating
to place midpoint between C5-Cy in the XY
plane (figs. 4,5). A reasonable correlation was
obtained between MAC and the component
of dipole moment py with the correlation
coefficient of r = 0.89 as shown in figure 6
and equation (1).

Y = 0.339 + 0.416 X (1)

2) Reorienting the molecules so that the
C; or C, atom, bearing hydrogen, at the origin
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Y = -0.075 + 0.700X
(r=0.8)

Fig. 4.

LP = lone pair electron

Y = 0.339 + 0.416X

(r=0.89)

The right column shows that the oxygen atom is at the origin and

rotates to a place midpoint between C2-Cy in the XY plane (fig. 5).
The left columm shows that the Cy or Cy atom, bearing hydrogen, at the origin
then rotates the molecule to place C-H bond along Z-axis and places the oxygen

atom in plane XY (fig. 7).

then rotates the molecule to place C-H bond
along Z-axjs and places the oxygen atom in
plane XY (figs. 4,7). pyz denotes vector sumn
of uy + pz, as the square root of the sum
of the squares of uy and pz component along
each axes. Equation (2) express the correla-
tion between the two sets of values with the
correlation coefficient of r = 0.84 (fig. 8).

Y = —0.075 + 0.700 X (2)

Equation (1) and (2) may suggest that
particular orientation of the molecule or
functional group played an important role
in evaluating the action and mechanism of
anesthetic potency.
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FLUROXENE ENFLURANE

DIETHYL ETHER

SEVOFLURANE

METHOXYFLURANE

Fig. 5. Reorienting the molecules so that the
oxygen atom is at the origin and rotates to a place
midpoint between C2-C4 in the XY plane.

The inclination was followed by Hansch
analyses'* using the same series of descrip-
tors, and the results are consistent with each
other. Additional evidence derived from the
Hansch method is that there is a remarkable
increase in anesthetic potency as the volume
of C4 unit attached to the oxygen in the
C;-C5-0-C4 moiety decreases.

The above results demonstrated a de-
pendence of bioactivity on the electric field
of the molecule. Components of dipole mo-
ment may largely be affected by molecular
conformation, especially by the geometry of
C-halogen bonds. In order to look into the
relationship between structural features and
anesthetic potency in more detail, energetic
behavior of possible rotamers around C4-Cos,
Co-C3, C3-O and O-C; bonds were exam-
ined by the use of MM2 optional program,
dihedral driver. As a result, when the dihe-
dral angle related to C1-C5-O-Cy4 was rotated

J Anesth 1991

Y = 0.339 + 0.416X
(r=0.8)

99 2
2,04 g5 % FLUROXENE
o

Dipole Moment (Debye)

MAC

Fig. 6. A reasonable correlation between the
anesthetic potency (MAC) and the component of
dipole moment py (r: correlation coefficient, 95%
and 99% confidence intervals are shown).

SEVOFLURANE

METHOXYFLURANE

Fig. 7. Reorienting the molecules so that
the C; or Co atom, bearing hydrogen, at the
origin then rotates the molecule to a place C-H
bond along Z-axis and places the oxygen atom in
plane XY.
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starting from the most stable conformation,
all compounds exhibited a remarkable in-
crease in total steric energies.

Possible rotamers of C1-Cs bond and O-
C, bond were also investigated. The results
parallel those of Cy-O rotamers aforemen-
tioned.

Therefore, it is suggested that the most
stable conformation and corresponding phys-
ical parameters can preferentially be con-
sidered as an index making it possible to
evaluate anesthetic potency.

Discussion

In the series of studies on structure-
activity relationships of general inhalational
anesthetics, it has been emphasized that
anesthetic potency correlates satisfactorily
with solubility in lipophilic media and the
oil-gas partition coefficient! ™. On the other
hand, it should be pointed out that the these
properties of the molecule, bearing highly
electronegative halogens, are greatly affected
by its conformation. The steric requirement
of the compound is directly related to physi-
cal and chemical properties which in turn are
the important parameters in the mechanism
of anesthetic action.

Previously, Loew calculated the elec-
tronic properties of isoflurane, enflurane,
methoxyflurane and halogenated hydrocar-
bons with reference to biodegradation” 6.
Y.S. Li and J.R. Durig® reported detailed
conformational studies on methoxyflurane by
the use of vibrational spectra. However, the
structure-activity relationship has not been
discussed. Ruelle® pointed out the impor-
tance of “acidic hydrogen”, on the basis of
molecular orbital calculation of halogenated
anesthetics. It has been generally agreed that
there is no single spatial arrangement of
atoms in a molecule which explains anes-
thetic potency.

In view of these results, we have intro-
duced molecular mechanics calculation for
the structural analyses based on potential
energy of various inhalational anesthetics
which seemed to provide sufficient infor-
mation with regard to stable structure and
physical properties.
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Table 3. Dipole moments {Debye)

Compound MM2 CNDO/S | Observed
CHCl3 1.706 0.425 1.20
Et-O-Et 1.293 1.639 1.16
CHF3 1.844 1.554 1.64
TCE 1.507 2.376 0.90

While the molecular mechanics calcula-
tions have been highly successful for hy-
drocarbons and related compounds, rather
little has been studied on compounds con-
taining ethers!” and halogens'®. In order
to examine the reliability of the program
toward the evaluation of a physical con-
stant, dipole moment has been considered.
Dipole moment calculations on CHCls, di-
ethyl ether, CC1F3 and trichloroethylene are
in reasonable agreement with the reported
values. Table 3 compares calculated and ex-
perimental values. Most available data are
reproduced with a demonstrable accuracy
that was achieved by experimental methods.

Calculations on methoxyflurane are of in-
terest. Comparison of the results with that of
vibrational analyses reported by Y.S. Li and
JR. Durig? showed that the results agree
in part so far as the trans-trans conformer
corresponds to large dihedral angles as cited
in table 2 and the gauche-trans conformer is
predicted for the most stable conformation.

The role of the structural feature is indi-
cated as follows;

1) As the result of the molecular mechan-
ics calculation of halogenated inhalational
anesthetics, the major component of steric
energy is the dipole interaction.

2} In a series of halogenated alkyl ethers,
reasonable correlations were obtained be-
tween anesthetic potency (MAC) and the
specified components of dipole moments
based on the use of partial reference to
substructure.

3) It was showed in a series of ether
compounds that planar C-C-O-C conform-
ers proved to be the most stable. When
the bond, either C-O or C-C, was rotated
starting from the planar conformation, all
compounds showed a remarkable increase in
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total steric energies.

From the facts described above, the fol-
lowing points can be reasoned:

1) As for particular parameters of the
structure, it has been suggested that the
molecular mechanics calculation may be used
for evaluating the potency of inhalational
anesthetics.

2) With this simple approach based on
structural analysis, other classes of molecules
of equal interest in anesthesia may be
treated, and physiological properties such as
metabolism, myocardial suppression, visceral
toxicity, teratogenicity, may be discussed.

3) Our results clearly indicate that the
presence of polar structural sites play a
major role in anesthesia.

This paper has been presented at the 36th
General Meeting of the Japan Society of Anes-
thesiology held at Yamaguchi, Japan.

(Received Nov. 2, 1990, accepted for publica-
tion Mar. 25, 1991)
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