STRUCTURE-ACT1VITY CORRELATIONS

CHCI;. The organic layers were combined, dried, aud evapd in
vacuo. The product was recrystd from a CsHehexale solvent
mixture to give 174.9 g (729%), mp 117-118°,

Methyl 2-Phenoxathiinyl Ketone 10-Oxide (9).—A solution
of m-chloroperbenzoic acid (3.3 g, 0.026 mol) in 25 ml of CH,Cl,
was added to 5.0 g (0.026 mol) of 7 dissolved in 100 mi of CH,-
Cl. This was maintained at —70° for 30 min. The reaction
mixture was washed with aq NaHCO;, and the solvent was evapd
in vacuo. Tie of the residue indicated a mixture of sulfoxide and
sulfone. The components were separated by chromatography
over silica gel. The sulfoue was eluted with 4:1 CeHeEtOAc,
and the desired sulfoxide with EtOAc alone. The column af-
forded 3.3 g (49.39) of the sulfoxide, mp 128-130°.

Methyl 2-Phenoxathiinyl Ketone 10,10-Dioxide (10).—To
compd 7 (24.2 g, 0.1 mol) in 250 ml of glacial AcOH at 60° was
added, rapidly, with stirring, 309, H20: (24 ml, 0.24 mol). This
was heated at 80° for 4 hr. Upon cooling, the product crystal-
lized from AcOH. After filtration and drying, 24.5 g (89.5%)
of the product was obtained, mp 168-170°.

2-(1-Methoxyethyl)phenoxathiin (20).—Int a flame-dried ap-
paratus under Ny, 509; NaH in oil sumpeusion (1.0 g, 0.0204 mol)
was added to 24 mi of PhMe. A soluofl (5.0 g, 0.0204 mol) in
100 ml of PhMe was added. The reaction mixture was refluxed
for 2 hr and then cooled to room temp. Mel (3.0 g, 0.0204 mol)
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was added dropwise with stirring. The reaction mixture was
washed with H:O to remove the Nal formed, dried, filtered, and
evapd in vacuo. The residue proved to be two-spot material by
tle. The residite was dissolved in CsHs—EtOAc and passed over
300 g of silica gel. Short-path distillation of the eluate from
the column yielded 2.9 g (34.6%) of 2-(1-methoxyethyl)pheu-
oxathiin.

2-(Methylcarbamate-1-ethyl )phenoxathiin (21)—A mixture of
1 (6.8 g, 0.028 mol), K,CO; (0.83 g, 0.006 mol), CH:Cl» (20 ml),
1 drop of H.O, 1 drop of MeOH, and MeNCO (1.87 g, 0.033
mol) was refluxed overnight. The solvent was removed in
vacuo, and the crude prodiet was recrystd from Me,CO-hexalle
to give 5.1 g (60.8%), mp 124-126°.

2-(1-Acetoxyethyi)phenoxathiin (23).—By
Fritz and Schenk!s a soln of 2 M Ac,0 in EtOAc was made. To
5.0 g (0.0204 mol) of 1 was added 33 ml of 2 M Ac,O at 5°. This
was stirred for 10 min. The =oln was washed with satd Na-
HCO;, dried, filtered, and evapd 1n »acuo. The crude product
wax short-path distd to give 5.8 g of proditet (97.69%).

the method of
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The CNS depressauit activities of a series of substituted 2-imidazolidinones are found to be highly dependert

on the log of the octanol-water partition coefficient.

Chlorpromazine fits the same regression lines. Excep-

tious to this dependence on the lipohydrophilic character are discussed in terms of steric factors.

The dependence of biological activity in a set of
congeneric drugs on lipohydrophilic character has been
shown in many types of drug action.? In particular, a
study by Hansech and his coworkers? pointed out
that variation in the CNS depression activity of several
types of hypnotics depends parabolically upon the rela-
tive lipohydrophilic character as represented by the
l-octanol-water partition coefficient (log P). The hyp-
noties reported included barbiturates, thiobarbiturates,
tertiary alcohols, carbamates, substituted amides, and
N,N’'-diaeylureas. In all of these compounds a value
of 2 was found for log P for maximum activity (log
Py). Similar log P, values for this wide range of
structurally dissimilar compounds are taken as a strong
indication that these compounds have the same rate-
determining step in producing CNS depression.  This
step may lie in the penetration of the inter- and/or
intracellular membranes or one of the prior barriers
such as the blood-brain barrier.

As an extension of this type of study, interesting
and ample biological data published by Wright, et al.,?
were analyzed by regression analysis,
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J. Med. Chem.. 11, 1 (1968): (b) E. J. Lien, C. Hansch, and S. M. Anderson,
dbid.. 11, 430 (1968); (c) E. J. Lien, J. Agr, Food Chem., 17, 1265 (1969):
() M. J, Lien, Symposium oun Fungitoxic Action, 81st Annual Meeting
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ton.
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Methods

The set of congeners analyzed was a series of sub-
stituted 2-imidazolidinones (ethyleneurea derivatives).
Chlorpromazine was included for comparison (see Ta-
ble I and I'igure 1). To place the drugs on a common
basis for quantitation the biological activity, given
originally in milligrams per kilogram, was converted
into log 1/¢ where ¢ is the effective concentration in
moles per kilogram.

Three different measurements of CNS depression
were used by Wright, ef al.,* (1) reduection of motor
activity of mice by 509, as measured by an actopho-
tometer (MDDs), (2) inhibition of 509, of the test
group of mice to walk from the midpoint of a horizontal
steel rod to a platform at the ends (RWDy). and (3)
mability of 509 of the test mice to remain on a 60°
inclined sereen (ISDy). All injectious were ntra-
peritoneal.

The log P values were calculated from the experi-
mental value of 1-(2-dimethylaminoethyl)-3-(m-me-
thoxyphenyl)-2-imidazolidinone and the = constants
reported by Hansch and his coworkers®¢ (see Table II).

The Hammett’s ¢ constant, a measure of the elec-
tronic effect of a substituent, was given adequate
analysis, and the steric effect was not considered
quantitatively. ¢ values were included ouly for the
substituents on the phenvl ring. Since the alkyl sub-

4) T. I'ujita, J. Twasa, and C. Hansch, J. dmer. Chem. Soc., 86, 5175

(1964).
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Coxsrants Useb 1IN e
Am(CHy)p—N
|
0
No. Am " R log I' o
1 Pyrrolidinyl 2 Br 3.a0 058
2 Pyrrolidinyl 2 1 332 037
3 Pyrrolidinyt 2 11 20506 0.00
4 Et,N 2 Br 308 0. 5%
5 Et,N 2 1 1.40 a7
6 EtMeN 2 1 2,90 0.37
7 EtMeN 2 11 214 0. 0o
8 EtMeN 1 Br 3,08 0.3
9 Me,N 2 Cl 2.40 0.37
10 Me,N 2 Br 258 11,38
11 MesN i SCHy 2.26 0,15
12 Me,N J OCH; 1. 7G4 0.10
13 Me,N 2 ClHy 2,10 0.0p
14 Me:N i 11 [} 017
15 Me,N 2 1§ 1.64 0.;
16 Me;N 3 Br 3.08 0,38
17 MesN 5 Cl 2,00 v A7
19 Piperidinyl 2 H 306 a0
20 Morpholinyl ) 1 1.89 a5y
21 Chlorpromazine 500

¢ Galeulated from eq 1d. * Caleulated {rom eq 2b.

g
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L)
—
) not ineluded in eq. 1d.
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1.0 2.0 3.0 Lo 5.0 6.0
log P
5.0
g
-~
b RWD TEST
S ko 50
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in eq. 2b.
[N
3.0 Ly
1.0 2.0 3.0 k.o 5.0 6.0
log P
210
b0 & 8
19
o 20 910 613755 18D, TEST
g 5 8008 BT 5
5 70 O =ha3
W 4 11 17
-~ 3.0 12
2.0
1.0 2.0 3.0 b.o 5.0 6.0
log P

Figare 1.-—Dependence of CNS depressant activicy on log 22,

¢ Caleulated frowm eq 2.
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* Fxperiimentil valie determined in thix stndy.

Tasrne Il

LoG 2 anp o Vantes Usep iy 1HE CORRELYTIONS

Cooporord or substitient

CH, —\ T
SNCHCHN, /N—Q e 1ot -
CH, (“‘ OCH. 176 k0.0
0
w=Br ( 4n
=t} 0. 76"
=0 T 1. 50
=Ny IR
=011 -0, 40"
Morpholine — 1.0~
Piperidine 0.8
l'}'l‘l'nl’l(l‘lh}'l 0. 507
N1l 1.4
Chloroprotmasite 5N

@ Standard deviation front three separate measirentents using
a Cary 14 specrophotometer.  ® From T. Fujita, J. Iwasa, aud
C. Hansch, J. dwee. Chem. Soc., 86, 5175 (1964).  » Private
commuiication from Professor C. Hansch, ¢ Caleulated value
(0.85-0.003,

stituents are insulated from the polar urea linkage
by at least two methyvlene groups, varying them would
not significantly affect the electronic distribution af
the polm wres grouping. ¢ values obtained from
Jaffé? ure listed along with log P values in Table 1.

The biological activity, log 1/¢, was correlated with
log P, ¢. and (log P)? separately and simultaneously
by an IBM 360,65 computer using the method of leust
squares.  Ouly those equations having correlation co-
efficients of at Ieast 0.90 were considered significant.

{5) 1L ML daflé, Chem. fee,, B3, 101 (1953).
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TansLe IIT
SuMMarY oF EquarioNs CorRELATING CNS DEPRESSANT ACTIVITY WITH LOG P

Equation Test
log 1/¢c = —0.096 (log P)* + MDD,
0.933 log P 4+ 3.001
log 1/c = —0.152 (log P)? + MDD
1.307 log P 4 2.547
log 1/¢ = —0.163 (log P)* + MDDs;
1.354 log P 4 2.584
log 1/¢c = —0.163 (log P)* 4 MDDg
1.359 log P + 2.638
log 1/¢ = 0.354 log P + 2.813 RWDso
log 1/¢ = 0.403 log P + 2.662 RWDg
log 1/¢c = 0.331 log P + 2.532 ISDy

@ 959, coufidence interval.

Results

The equations obtained from the regression are sum-
marized in Table III, where #n 1s the number of data
points used, r is the correlation coefficient, and s is
the standard deviation. The dependence of the CNS
depressant activity on log P is also presented in Fig-
ure 1. More scattering in the log 1/c vs. log P plot
for the MDD, test is observed than in the other two
tests. Nevertheless, the (log P)? term in equations
lc and 1d is significant at the 99.5 percentile level.
The ideal log P value for the maximum activity (log
Py) is about 4.2. In equations le, 1d, and 2b data
points with deviations higher than or close to 2s were
not included.

TFor equations 1d, 2b, and 3, more than 819, (+* >
0.81) of the variance in the data can be accounted
for by these equations. Ifor ecompounds with ¢ con-
stants available, addition of this term does not result
in improved correlations.

Discussion

Variations in log P (P octanol-water partition
coeflicient) account for the relative biological activities
very well. The increasing order of activity in both
RWDs;, and ISDy, tests of the molecules having various
substituents parallels the increasing log P value (see
Figure 1), while in the MDD, test a parabolic depen-
dence on log P emerges. This overall agreement is
gratifying considering the wide variations resulting
from biological testing and the approximations used
in calculating most of the log P values.

As CNS depressants, it may be assumed that these
imidazolidinones would fit into the same pattern as
those reported by Hansch and his coworkers.?* In-
deed, the urea group of the imidazolidinones is similar
to that of the barbiturates and that of the diacylureas.
The reason why linear equations rather than parabolie
equations are obtained for the RWDs and ISDy,
tests may be due to the fact that the log P of the
unprotonated forms are used, while at physiological
pH the amino group will be protonated more than
999%. The protonated species will have log P several
log units lower than that of the uncharged form.
Another possibility is that these may be different
type of sedative-hypnotics than those having log P,
about 2. The two groups would have different rate-
limiting steps and probably different mechanisms of
action.

n

21
19
17
15
21

18
17
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r 3 log I’ No.
0.58 0.49 4.85 la
0.77 0.36 4.30 1b
0.84 0.27 4.16 lc
(3.63-5.96)*
0.91 0.19 4.17 1d
(3.75-5.11)=
0.83 0.23 2a
0.91 0.19 2b
0.92 0.14 3

The fact that addition of ¢ term does not improve
the correlations significantly may be due to insulation
of the electronic effect of the ring substituent by the
saturated carbon atoms. In other words the pk,
values of the compounds examined do not vary signifi-
cantly.

Among the three tests examined, measurement of
decreased motor activity (MDD;,) using an actopho-
tometer appears to be the most sensitive (log 1/¢ =
3.8 to 5.6). Ataxia and paralysis tests (RWD; and
I8SD,,) require higher effective dosages (log 1/c¢
2.95 to 4.72), but the results give somewhat better
correlations (see I'igure 1 and eq 2a-3).

The linear equations obtained for the RWDy, and
ISD,, tests suggest that the log P, for the maximum
activity has not yet been reached and that the points
examined lie on the initial linear portion of the parabola,
while in the MDD, test it can be seen that the curve
begins to level off before chlorpromazine is reached
(log P = 5.35). It is interesting to note that the
slope and the intercepts of equations 2a, 2b, and 3
are very close.

While lipohydrophilic character accounts for most
of the variance in the data, there are three major
observations not explainable in terms of the partition
coefficient. These are the systematically lower than
expected activities when n is inecreased to three (see
Tigure 1), when the phenyl is pare rather than meta
substituted® and when the cyvelic urea ring is unsat-
urated.®

Although no quantitative data were reported on
the para-substituted compounds, and therefore no
mathematical analysis of the steric factors is possible,
the lessened activities of both the para-substituted
and the n 3 compounds may be explained in the
following terms. It has been hypothesized that drugs
of this type may bind to lipoprotein membranes through
dipole—dipole interaction with the protein portion of
the membranes, and hydrophobic interactions of the
rest of the molecule with the lipoid portion of the
membranes.?¢”” These interactions may then change
membrane conformation and alter permeability and
excitability. In accordance with this, Sprites and
Guth have suggested that chlorpromazine acts by de-
creasing mitochondrial membrane permeability.® Since

(6) W. B. Wright, Jr., 1. J. Brabander, and R. 1. Hardy, Jr., J. Med.
Chem., 9, 858 (1966).

(7) (a) A. Shulman and G. Laycock, Eur. J. Pharmacol., 1, 295 (1967):
(b) E. J. Lien and W. D, Kumler, J. Med. Chem., 11, 214 (1968).

(8) M. A. Sprites and P. 8. Guth, Nature, 190, 274 (1966).
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present data indicate a similarity between chlorpro-
mazine and the imidazolidinones (eyelic ureas), a similar
effect on membrane permeability is possible.  To :e-
count for the lower than expected uctivitiex for a
number of compounds examined (see Figure 1) one
may apply the classical lock and key theory. If a
molecule must fit into a depression in the membrane
m order for etfective binding to occur, then excess
lengtheuing of the molecule could prevent it from fitting
nito the receptor site and therefore inactivate it. This
agrees with the finding that mereasing the alkyl
length from 2 to 3 (' decreases aetivity less than
changing from mefa to para substitution,® since the
three-dimensional tetrahedral bond of the CH, group
adds Texs horizontal length to the molecule thun the
lmiear bond of the p-X-Av substituent. Similarly, the
faet that changiug Me,N to BN does noet lengthen
the molecule too nmeh, ax shown by the activitiex,
v also m accordance with this explanation. A con-
formation with a six-membered cyelic iou-dipole in-
teraction or g seveu-membered ving through the
3NH*. ... 70~ bridge mayx be fairly stable; however,
thiz conformation may retard the dipole-dipole inter-
action with the receptor.  Another move probable con-
formation may have the protonated N and the purtially
posttive urea N extended ax fur apart as possible.
It s econceivable from the second conformation that
by extending the alkylene xide chain from 2 to 3
carbons or by putting a substituent at the para position
of the benzene ring this molecule might be rendered
too long to fit into the receptor,

Stereochemical Studies on Medicinal Agents.
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The maetivity of the unsaturated mnidazolin-2-ones®
could be due either to the faster biotransformation
of the double bond or to the introduction of resonance
mto the ring. thus altering the dipole moment of the
uren grouping 't

1 (136_ 0 0

i b I [

.
~NTTN- > N7 N- «> N7 On—

\—/ s A/

While the preceding dizeussion 1s highly speculative,
it offers a xcemingly viable explanation for the anomalies
observed. Outxide of these the lipohydrophilic char-
acter ix the predominant fuctor controlling the relative
potency for this group of CNS depressants. In the
future it will be interesting to merease the partition
coeffictent to log £y and bevond to see 1f more potent
depressants cani be obtained. This might be done
by adding ua larger alkyl group to the 4 or 5 position
of the mmiduzolidinoue. by udding larger alkyl group
to the meta position of the benzene ring. or by making
a-naphthyl dertvatives instead of the benzene de-
rvatives.
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The absolite stereocheiixtries of optically active a- and g-izontethadol diustereomers have been dednced by
the asymmetric induction procedure of Prelog. The dissociation constants of the title compounds and iso-

methadone suggest the abseiice of intramolecular +N-H- .0 in ag mediunt.

Ir data indicate that both di-

astereomers are internally bonded in CCl, and that the « isomer is more strongly H bonded. Results from

nmr studies support the ir data and are consistent with conformations 11a and 12a in CDCls.

The fact that

ouly oneisomer (38,58 ) possesses high potency suggest= that the proper combination of configurations is necessury.

The possible influences of conformational isomerism on analgetic activities are discussed.

It is proposed that

the potency differences between enantiomers are due primarily to the obstructuve role of the 5- or 6-Me groups

of (4 )-isomethadone and (4 )-methadone.

We hiave reported! previously on the absolute stereo-
cliemistries of a- and B-methadol enantiomers and have
offered an explanation for the inversion of receptor
stereoselectivity at the (-6 asymmetric center of these
diastercomeric analgetics. As a continuation of our
interest in this area, we have investigated?® a group of

(1) Part VII of this series: I', 8, Portoghese and D). A, Williams, J. Med.
fhem., 12, 839 (1969).

2y We pratefully acknowledge supeort ol thix work by Nuwlionel 1n-
stifaCe of lealch Grant N8 05112,

t3) lor a preliminary report on this work, see P, 3. Povtoghesc and D, AL

Williams, Tetruhedron Lett. 6209 (1966).
1 Dredoetural Fellow 5-FI-GM 2040175, 196:-- 1966,

closely related compounds derived from reduction of
isomethadone (1).>—7

These diastereomers, commouly known ax a- and j3-
isomethadol (2), have been prepared in their optically
active forms by Muay and Eddy.” It i1s unoteworthy
that the analgetically active aleohol (4-)-3-2 und the
more potent acetate esters [(—)-8-3, (+)-a-3] all are
configurationally related at C-5 since they were derived
from ( —)-isomethadone {Table I).

£53 ML La May and L Muosewii, J. Urg, Chemn., 18, 663 (1948,

i M. Speeter, W. Dyrd. L. Cbeney, and 8. Brinkley. /. Gnees Uhenr.
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