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Evidence is presented that the hypnotic activity of groups of barbiturates depend almost entirely on their

relative lipophilic character as defined by their octanol-water partition coefficients.

is defined for each set by the constant log Pe.

This constant for the barbiturates is about 2.
many other sets of hypnotics structurally unrelated to the barbiturates also have log P, values near 2.
shown that the rate of metabolism of barbiturates is linearly related to their partition coefficients.

Ideal lipophilic character
It is shown that
It is also

Certain

guidelines are suggested for the design of new CNS depressants.

It has long been known that the relative activity of
drugs in a series of congeners is highly dependent on
their lipophilic character. It has also been appreciated
tacitly that linear relations between relative activity
and lipophilic character do not hold indefinitely as the
latter continues to increase. However, with the ex-
ception of the efforts by Ferguson?® to rationalize this
fall of activity which inevitably occurs when deriva-
tives of a parent drug are made sufficiently lipophilie,
most workers have ignored the problem or assumed that
it was too unruly to deal with in preecise terms. Our
working hypothesis has assumed*~¢ that such fall-off
in activity was the result of the decrease in mobility of
drug movement through biological material when one
departed in either direction from ideal lipophilic char-
acter. That is, assuming all other factors except
lipophilic character to be constant for a given set of
congeners producing a specific biological reaction,
there should exist for the set an ideal balance between
hydrophobic and hydrophilic interactions of the drug
so that those members possessing this ideal balance
would find the sites of action through a random-walk
process in the minimum time. Or, to put it another
way, the concentrations of these drugs reaching the
reaction sites in the test interval, At, would be maximum
for the set. We have chosen l-octanol and water to
represent the two extremes of the biophase. The par-
tition coefficient, P, is a measure of the preference of
drugs for hydrophilic or lipophilic phase. Equation
1 formulates our model. In eq 1, € is the molar con-

1
log = —k(og P): + k' log P + k" (1)
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centration of applied drug producing a standard bio-
logical response and k, k’, and &’/ are constants obtained
via the method of least squares. Setting the deriva-
tive d log (1/C)/d log P equal to zero and solving the
resulting equation for log P yields what we have termed
log Py, the ideal lipophilic character for the set of con-
geners under the specific test conditions. We have
postulated®=2 that this should be a particularly useful
constant in drug research. For example, once log P,y
or m is found for a group of congeners, one has a
meaningful point from which to start the design of a
completely new set of congeners to cause the same
response. The purpose of this paper is to examine a
variety of different hypnotics by fitting the experi-
mental results to eq 1 and to compare the log P, values
for the different sets. Hypnotics were chosen because
of the large amount of experimental data in the litera-
ture. Even so, we were surprised by the paucity of
examples in which sufficient spread in activity was in-
vestigated and quantitatively reported, so that log P,
could be calculated with any degree of certainty.

Method

In a preliminary report on barbiturates,” we cor-
related substituent effects for a single series using =
values for substituents and log P for barbituric acid
as our base of reference. In a subsequent study® we
used

(7) C. Hansch, A. R. Steward, and J. Iwasa, ibid., 1, 87 (1865).

(8 C. Hansch, Proceedings of the International Congress on Pharma-
cology, Sao Paulo, Brazil, 1966.
L (9 C. Hansch and 8. M. Anderson, J. Med. Chem., 10, 745 (1967).
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TapLe 1
OpserVED AND CaLcunarsd CoNCENTRATIONS oF Barprrerares Carsinag [Iypyoses

0
NH
R =0
R NH
0
wem L (100 jrmmrmmnne
No. R R’ Log I Obisd” Caled? ‘A Log (170!
| Methyl 1-Methyl-1-propenyl 0.65 264 2.767 0.13
2 Ethyl 1-Methyl-1-propenyl 1.5 305 3. 163 0.01
3 Propyl 1-Methyl-1-propenyl [.653 3,29 3.340 .05
4 Allyl 1-Methyl-1-propenyl .33 330 3.260 0.13
5 Butyl I-Methyl-1-propenyl 2,15 336 3208 0. 06
6 Methyl 1-Methylvinyl .15 212 2153 0.03
n Ethyl 1-Methylvinyl .65 2.91 2,767 0. 14
8 Propyl 1-Methylvinyl 115 304 5163 0.12
§) Allyl [-Methylvinyl .85 306 2052 0.11
10 Butyl 1-Methylvinyl 1.65 333 3.340 .01
I Isobutyl t-Methylvinyl .45 327 3,206 0.03
12 Amyl 1-Methylvinyl 215 .32 3208 0.02
13 Isoamy] [-Methylvinyl 195 3026 3,341 0.08
Obsd® Caledd
14 Ithyl Ethyl (65 300 3012 008
15 Propyvl Propyl 1.65 3,90 3,656 0,11
16 Propyl [sopropyl .45 363 3628 000
7 Butyl Butyl 2,65 2 84 3040 .20
I8 Fthyl [sopropyl 0.95 330 3338 .04
14 Fithyt Ixobutyl 1 45 363 3,628 (.00
20 Ethyl Buty] 1.65 572 3656 006
21 [thyl [soamyl 1.495 375 3604 0.15
22 Propyl [xoamyl 2,45 34N 3204 .22
23 Ethyl Phenyl I.42r 346 3620 0.16
24 Iithyl sec-Butyl 1.45 365 3628 0.00
Obsd® Caledf
25 lithyl 1-Methylbutyl 105 405 30976 0.07
26 Ethyl 1-Ethylbutyl 1.95 505 3,076 (.03
27 Methyl 1-Methylbutyl 1.45 363 3686 0.06
28 Propyl 1-Methylbutyl 2.45 3,90 1.001 0. 10
24 Propyl 1-Ethylpropyl 2,45 378 4.001 0.22
30 Allyl 1-Methylbutyl 2.15 4.20 4,018 018
3 Allyl {-Ethylpropyl 2015 4,08 1,018 .06
32 Butyl 1-Methylbutyl 295 386 3.763 0.10
33 Butyl 1-Ethylpropyl 205 3.5 3,763 0.01
Obsd? Caled®
34 Ethyl 2-Methylallyl (B 323 3. 0.02
35 Propyl 2-Methylallyl 1.65 327 3 36¢ 0.10
36 Isopropyl 2-Methylallyl .45 335 3.333 0,02
37 Butyl 2-Methylallyl 213 338 3. 401 .02
38 Tsobutyl 2-Methylallyl 105 3.6 B399 0.4
39 sec-Butyl 2-Methylallyl 1.95 342 3399 0.02
40 Amyl 2-Methylallyl 265 3,26 3346 004
41 sec-Amyl 2-Methylallyl 2.45 3.62 3370 (.24
42 2-Methylbutyl 2-Methylallyl 2.45 334 3379 0.04
43 3-Methylbutyl 2-Methylallyl 2.45 3.36 3374 0.02
44 [-IXthylpropyt 2-Methylallyl 2.45 3,50 3,379 012
45 Hexyl 2-Methylallyl 3,15 B 3.200 .03
46 2-Iithylbutyl 2-Methylallyl 2.05 .25 3.272 0.02
47 Cyclopentyl 2-Methylallyl 2.29 340 3304 0.01
a8 Allyl 2-Methylallyl [.35 344 3300 013
44 2-Methylallyl 2 Methylallyl 1.65 53T 3,364 (.00
50 Phenyl -Methylallyl 1.92 324 3.307 0.16
Obxd? Caled/
a1 Allyl Allyl 1.05 RIS 3302 0.15
32 Fthyl Allyl 085 B28 3,238 0.04
33 Propyl Allyl 1.35 3.47 3540 0.07
54 [sopropyl Allyl 115 360 3452 .15
DS Butyl Allyl 1.85 34T 3070 0. 10
56 Isobutyl Allyl 1.65 363 3091 .04
57 sec-Butyl Allyl 1.65 3TN 30 0.19
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TasLE I (Continued)

Log (1/C)
No. R R’ Log P Obsd? Caled/ |a Log (1/0)]
58 Isoamyl Allyl 2.15 3.45 3.457 0.01
29 Ethyl Ethyl 0.65" 2.91 3.041 0.13
60 Butyl Ethyl 1.65 3.43 3.591 0.06
61 Isopropyl Ethyl 0.95 3.34 3.320 0.02
62 Isoamyl Ethyl 1.95 3.39 3.543 0.05
63 Butyl Isopropyl 1.95 3.49 3.543 (.05
64 Butyl Butyl 2.65 3.08 3.051 0.03
65 Phenyl Ethyl 1.42r 3.32 3.561 0.24
Obsd? Caled?
66 Propyl 1-Propenyl 1.35 3.12 3.191 0.07
67 Isopropyl 1-Propenyl 1.15 3.28 2.976 0.30
68 Butyl 1-Propenyl 1.85 3.31 3.485 0.18
69 Ethyl 1-Butenyl 1.35 3.37 3.191 0.18
70 Propyl 1-Butenyl 1.83 3.31 3.485 0.18
71 Isopropyl 1-Butenyl 1.65 3.57 3.409 0.16
72 Butyl 1-Butenyl 2.35 3.56 3.435 0.12
73 Ethyl 2-Methyl-1-propenyl 1.15 2.56 2.976 0.42
74 Ethyl 1-Pentenyl 1.85 3.45 3.485 0.04
75 Isopropyl! 1-Pentenyl 2.15 3.50 3.497 0.00
76 Ethyl 3-Methyl-1-butenyl 1.65 3.51 3.409 .10
77 Propyl 3-Methyl-1-butenyl 2.15 3.32 3.497 0.18
78 Isopropyl 3-Methyl-1-butenyl 1.95 3.68 3.503 0.18
RO
NH
»=0
NH
0]
———Log (1/Cy~——

No. R Ring Log P Obsd™ Caled” |a Log (1/0)]
79 Methyl Unsatde® 0.75 2.69 2.690 0.00
80 Ethyl Unsatdo 1.25 2.96 3.090 0.13
81 Propyl Unsatd® 1.75 3.27 3.372 0.10
82 Isopropyl Unsatd® 1.55 3.28 3.273 0.01
83 3,4,5-Trimethyl Unsatds 1.55 3.13 3.273 0.14
54 Methyl Satd 1.05 3.06 2,944 0.12
85 Ethyl Satd 1.55 3.33 3.273 0.06
86 Propyl Satd 2.05 3.65 3.485 0.16
87 Isopropyl Satd 1.85 3.95 3.414 0.14
88 Isobuiyl Satd 2.35 345 3.555 0.11

R//
R'CH=(, NH
0
R NH
~————Log (1/€)~———

No. R R’ R’ Log PP Ohsd? Caled? IA Log (I/C\‘
89 Methyl Ethyl Methyl 1.15 3.21 3.125 0.09
90 Ethyl Ethyl Methyl 1.65 3.65 3.439 0.21
91 Propyl Ethyl Methyl 2.15 3.56 3.632 0.07
92 Isopropyl Ethyl Methyl 1.95 3.98 3.569 0.41
93 Methyl Methyl Ethyl 1.15 3.06 3,125 0.07
94 Ethyl Methyl Ethyl 1.65 3.40 3.43) 0.04
95 Propyl Methyl Ethyl 2.15 3.42 3.632 0.21
96 Isopropyl Methyl Ethyl 1.95 3.72 3.569 0.15
97 Methyl Propyl Methyl 1.65 3.27 3.439 0.17
98 Ethyl Propyl Methyl 2.15 3.64 3.632 0.01
99 Methyl Isopropyl Methyl 1.45 3.20 3.328 0.13

100 Methyl Butyl Methyl 2.15 3.38 3.632 0.25

101 Ethyl Butyl Methyl 2.65 3.753 3.706 0.04

102 Ethyl Ethyl Propyl 2.65 3.75 3.706 0.04

* From ref 14. ? Calculated using eq 2. ¢ From ref 15. ¢ Calculated using eq 3. ¢ From ref 16. 7 Calculated usingeq4. ¢ From

ref 17.

» Calculated using eq 5.
» Caleulated using eq 8.
Satd means the ring was saturated.
all others were calculated. See ref 9.

i From ref 18.

» From ref 21.

/ Caleulated using eq 6.
¢ Unsatd indicates that the spirane ring contains a double bond in the position indicated by the dotted line.
7 Calculated using eq 9.

®* From ref 19.

{ Calculated using eq 7.

= From ref 20.

* These values for log P were experimentally determined;
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Tanne Il

OBsERVED AND CAnctrLared CONCENTRATIONS OF NONHARBITURATES (CarsinG Hypxosis

R
Methyl
lithyt
Propyl
Butyl
[Sthyl
Fthyl

R
Methyl
Lthyl
Methyl
Methyl
Ethyl
Isopropyl
Butyl
Methy!
Methyl
Methyl
Iothy!
Isopropyl
Methyl
Ethyl
Propyl
T=opropyl

R
Methyl
Methyl
Ethyl
Tsopropyl
Methyl
Ethyl
Propyl
Isopropyl

R
Methyl
Methyl
Methyl
Methyl
Ethyl
Ethyl
Methyl
Methyl
Methyl
Methyl
Methyl

R’ Log I?
Methyl 0,50
Ethyl o0
Propyl 250
Butyl 300
Butyl 2.50
PPhenyi 227
(RI'I
R—C—C=C1I
|
R’
R’ Log I’
Ethyl 1.18
Ethyl 1.68
Cyelopropyl 1.39
Vinyl (}. 88
Vinyl 1.38
Vinyl 1.68
Vinyl 2,38
Ixopropenyl 118
Kthyl 118
Vinyl (.88
Vinyl 1.38
Vinyl 1.6%
Chlorovinyl 1.50
Chlorovinyl 2.00
Chlorovinyl 2 50
Chlorovinyl 2,30
R\C /OCONH.Z
R’/ \CECH
R’ Log 1*
Ethyl 0.89
Vinyl 0.59
Vinyl 1.09r
Vinyl 1.39
Chlorovinyl 1.21
Chlorovinyl L.71"
Chlorovinyl 2.21
Chlorovinyl 201
ll‘z OH
HCEC—CH—/C\
R R
Rt R:
Methyl I
Ethyl 13
Tthyl Methyl
Vinyl H
Ethyl 1
Ethyl Methyl
Isopropyl H
Isopropyl Methyl
Cyclopropyl 11
-Butyl H
2-Methylpropenyl 7

. R
LXr
6] N O
H

— S

o

= e g

Obsd"

R Y-S Ry E—

2.40

7.
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e
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aled?

4249
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390
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Obsd®
2,54
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=
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Caled
660
904
805
349
LTH0
904
670
660
6657
340
K31
0023
911
086
006
06N
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Ohsd?
2,86
2.74
1l
31
28
Q9

4

00
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Obsd?
15
50
30
.44
.70
.67
70
.54
.39
.30
.24k

[N SR SR V]

[T ER S SR NIR d

Caled
2,997
2,667
3,150
3.278
3.215
3280
3. 008
y

Log (1/0)———~

Caled?
216
473
570
332
612
.643
370
629
.045
635
612

[ S N N )

I N NV A A V]
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A Log i1
0.0
0.12
006
0.0}
0,18
.21

;A Log (1 C)'f
0.07
.08
0.02
.06
.01
002
.02
0.04
0.08
0.07
0.04
0.08
0.03
0. 11
0.11
0.0

'a Log (1,0)!
0. 14
0.07
(.04
.03
0.07
0,04
0.01
.03

[& Log (1/0)]
0.07
0.03
0.07
0.11
0.08
0.03
0.13
0.0
(.10
0.34
0.37



January 1968

Dzrue Acrion—-LirorriLic CHaracTER IN HypNoTICS 3

TasLe II (Continued)
Tertiary Aleohols

~————Log (1/C)———
No. Compd Log P Obsd? Caled™ ‘A Loy (I/C)!
144 Cyclopropylmethylethylearbinol 1.60 2.82 2,804 0.02
145 Cyclopropylmethylethynylearbinol 1.39 2.68 2.731 0.05
146 1-Ethyleyclopentanol 1.53 2.77 2.784 0.01
147 1-Ethynyleyclopentanol 1.32 2.74 2.698 0.04
148 1-Ethyleyclohexanol 1.94 2.89 2.846 0.04
149 1-Ethynyleyclohexanol 1.737 2.84 2.831 0.01
150 1-Ethynyl-4-methylcyclohexanol 2.23 2.89 2,806 0.08
151 Ethynylethylmethylearbinol 1.18 2.51 2.620 0.11
152 Ethynylmethylvinylearbinol 0.88 2.68 2.400 0.28
153 Cyclopropylmethylallylearbinol 1.80 2.80 2.840 0.04
154 Cyclopropylmethylbenzylearbinol 2.69 2.55 2.599 0.05
155 Cyclopropylmethylphenylearbinol 2.30 2.25¢% 2,787 0.54
156 LIithyldimethylcarbinol 0.89r 2.20 2.408 0.21
(CHy),C(SR)CONH.
————Log (1, 0)————
No. R Log P Obsd" Caled® |a Log (1/0))
157 Methyl 0.32 2.28 2.270 0.01
158 Propyl 1.32 2.91 2.753 0.16
159 Isopropyl 1.12 2.68 2,707 0.03
160 Allyl 1.02 2.61 2,674 .06
161 Crotyl 1.52 2.70 2.775 0.08
162 2-Propynyl 0.80 2.58 2.580 0.00
N,N’-Diacylureas
Log (1/C)
No. N N’ Log P Obsd? Caled? |A Log (1/0)]
163 Acetyl Propionyl —-0.10 1.84 1.831 0.01
164 Propionyl Propionyl 0.40 2.06 2.104 0.04
165 Acetyl Butyryl 0.40 2,16 2,104 0.06
166 Butyryl Propionyl 0.90 2.23 2.288 0.06
167 Acetyl Valeryl 0.90 2.27 2,288 0.02
168 Butyryl Butyryl 1.40" 2.40 2.383 0.02
169 Propionyl Valeryl 1.40 2.35 2.383 0.03
170 Acetyl Hexanoyl 1.40 2.46 2.383 0.08
171 Butyryl Valeryl 1.90 2.38 2.390 0.01
172 Hexanoyl Propionyl 1.90 2.25 2.390 0.14
173 Acetyl Heptanoyl 1.90 2.33 2.390 0.16
174 Valeryl Valeryl 2.40 2.32 2,308 0.01
175 Butyryl Hexanoyl 2.40 2.28 2.308 0.03
176 Heptanoyl Propionyl 2.40 1.96F 2.311 0.35

¢ From ref 22, ® Calculated using eq 10. ¢ From ref 23.

7 From eq 24. % Calculated using eq 13. ¢ From ref 25.
constants. ! From ref 26. ™ Calculated using eq 15.
eq 17. r See footnote r, Table I.

calculated from log P for diethyl barbiturate. In this
tudy we have again used —1.35 for the 5,5-substituted
barbiturate function and, taking advantage of the
additive-constitutive character®=!* of = and log P,
calculated the values in Table I as before.® The
phenyl group in phenobarbital and other such deriva-
tives has a = value lower than one would expect from
benzene (log 2.13). It has been our experience!'® that
whenever aromatic rings are present with polar func-
tions in a side chain, log P is lower than one would ex-
pect from the simple additivity principle. Apparently
dipolar interaction with the = electrons of the aromatic
system results in a more compact molecule having
greater than expected water solubility. Thus = for
the phenyl group in phenylethylbarbituric acid is cal-
culated to be 1.77 [1.42 — (—1.35 + 1.00) = 1,77].

(10) T. Fujita, J. Iwasa, and C. Hansch, J. 4m, Chem. Soc., 86, 5175
(1964).

(11) (a) J. Iwasa, T. Fujita, and C. Hansch, J. Med. Chem., 8, 150 (1965);
(1) C. Hansch and 8. M. Anderson, J. Org. Chem., 32, 2583 (1967).

(12) D. J. Currie, C. E. Lough, R. F, Silver, and H, L. Holmes, Can. J.
Chem., 44, 1035 (1966).

(13) P. Bracha and R. D. O'Brien, J. Econ. Eniomol., §9, 1255 (19686),

4 Calculated using eq 11.
7 Caleulated using eq 14.
» From ref 27.

¢ From ref 24. / Calculated using eq 12.
® These points were not used in determining the

° Caleulated using eq 16. ? From ref 28. ¢ Calculated using

This value for the phenyl group has been used in cal-
culating log P for compound 108 in Table II.

The biological activities of the various hypnotics
were assayed by different techniques. The original
work!4—2 should be consulted for details.

Table 1I contains the relative activities of a variety
of hypnotics?? =2 whose activities appear to be the same

(14) A, C. Cope and E. M, Hancock, J. Am. Chem, Soc., 61, 353 (1939).

(15) H. A, Shonle and A, Moment, ibid., 45, 243 (1923).

(16) D. L. Tabern and E. H. Volwiler, ibid., §6, 1139 (1934).

(17) W.J. Doran and H. A. Shonle, ibid., 89, 1625 (1937).

(18) E. H, Volwiler, ibid., 47, 2236 (1925).

(19) A. C. Cope, W. H. Hartung, E, M. Hancock, and F. S. Crossley, .bid.,
62, 1199 (1940).

(20} A. C. Cope, P. Kovacie, and M. Burg, ibid., T1, 3658 (1949).

(21) A, C. Cope and E. M. Hancock, ibid., 61, 776 (1939).

(22) G. 8. Skinner and J. B. Bicking, ibid., 76, 2776 (1954).

(23) 8. Y. P'an, L. Markarian, W. M. McLamore, and A. Bavley, J.
Pharmacol. Kxptl. Therap., 109, 268 (1953),

{24) W. M. MclLamore, 8. Y. P'an, and A. Bavley, J. Org. Chem., 20, 1379
(1955),

(25) H. Gutmann, O. Isler, G. Ryser, P, Zeller, and B. Pellmont, Helv.
Chim. Acta, 42, 719 (1959),

(26) S. L. Shapiro, H, Soloway, and L. Freedman, J. Am. Chem. Soc., T1,
4874 (1955).

(27) H. Lehr, L. O. Randall, and M. W, Goldberg. J. Med. Chem., 6, 351
(1963),

(28) R. W, Stoughton, J. Org. Chem., 2 514 (1938).
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type as that of the barbiturates. These particular
sets were chosen because log P values were available
for a representative member or relatively easily mea-
sured. The exeellent review of Doran?® was of great
help in locating sets of barbiturates. Equally useful
for the nonbarbiturate hypnoties was the review by
Wheeler.® Table II summarizes the data on the non-
harbiturates.

The log P values for the thiamorpholinediones (103
108) were based on the experimental value of 1.50 for
the diethyl derivative. I'or each methylene group,
0.5 was added or subtracted to obtain log P for the
other derivatives.

Log P for the acetylenic alecohols, 109-116, was cal-
culated using for C(OH)C=CH » = —0.32. This
was obtained by subtracting five-cyclic CH, units? (5 X
0.41 = 2.05) from the U{perimwtu value of 1.73 for 1-
ethynyleyelohexanol.  The value of 0.7 was used for
the vinyl group and 1.21 for the eyclopropyl moiety.?
We have found that an isoalkyl funetion 1s 0.2 unit less
than a normal chain and that vinyl i 0.3 unit less than
cthyl.  Thus isopropenyl is caleulated by subtracting
these figures from 1.50: 1.50 — 0.3 — 0.2 = 1.00 = log
P for isopropenyl.  The value for chlorine attached to
a vinyl group was found by subtracting log /2 for 127
from 130. This value of 0.62 is, ax one would expeet,
rather close to 0.71 for chlorine in benzene. Ifor ali-
phatie Cl, 7 = 0.39.

FFor compounds 133-143, = for HC=C- (0.48) wuas
added to log P for t-butyl aleohol (0.37) to obtain log P
= 0.85 for the basic structure, HC=CCH,C(OH)-
(CHj)s. Where R, = CH,, 0.3 was added to the basic
structure. For 141, the difference between a methyl
and a eyelopropyl group was added to the basie strue-
ture.  The same procedure was used for 150 and 151 (=
for t-butyl = 1.63).

For the tertiary alcohols 144-156 the value of = for
> COH wus found by subtracting 2.00 from log 2 of 0.89
for {-amyl alcohol.  This value of —1.11 was used ex-
cept in those molecules having an acetylenic group at-
tached to the carbinol funetion.  In these examples we
have used —0.32 for the unit >C(OH)C=CH. TLor
Xt xmple for 144 log P = methyl + ethyl + cyclo-
propyl + >COH = 0.50 + 1.00 + 1.21 — 1.11 =
1.60.  The substituents on 154 were summed as usual
exeept that in thisx example 0.6 unit was subtracted for
the interaction between the OH and the aromatic
ring.'  Compound 155 wus calculated as 154 except
that 0.43 unit was subtracted for OH interaction with
the ring.!'

Log P values for 157-162 were based on the value of
1.82 found for (CH;3),C(SCH,)CONH..

Log P values for molecules 163-176 were based on
the dibutyryl derivative (log £ = 1.40). To cheek
the additivity principle in this series we also measured
log P> for the diacetyl derivative (—0.68). The differ-
ence between these two compounds is 2,08, The value
of four CH, units 1x 2.00; hence, additivity holds very
well.

In Table III we have summarized the relative activ-
ities?1=3% for three sets of thiobarbiturates. The log P

(24) . I Blicke and R. I Cox, “Medicingl Chemistry,”
Wiley and Sons, Ine., New York, N. Y., 1959, p 1.

i30) I I Campaigne and W, H. Hartung, “Medicinal Chiemistry,” Vol
VI, John Wiley and Sons, Ine., New York, N. Y., 1463, p L.

(3 AL L Cope and 1. ML HHancock, J. A, Chem, Soe., 81, 96 (1439).
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TanLe 111
OBsERVED AND CALCULATED CONCENTRATIONS
or THrosarsrrerares Cavsine Hypxosis

Log (1.°C) (A Log

No. R R’ Log 22 Obsd® Caled” (1703
177 Methyl Isopropenyl .20 2.55 2.573 0.02
178 Iithyl Isopropenyl 1.70 3.03 2.980 0.05
179 Propyl Tsopropenyl 2,20 3.10 3.225 0.04
150 Allyl Isopropenyl 1.90 3.11 3.008 0.0
181 Butyl Isopropenyl 2,70 3.29 3.305 0.02
182 Amyl Isopropenyl 3.20 3.24  3.223 0.02
183 Tsoamyl Isopropenyl 3.00 3.27 3.275 0.01
Obsd™ (2
Ist Isoamyl Fithyl 5.000 4,06 4. 0.13
135 I-Methylbuiyl  Ethyl 5.00 428 4. 0.04
186 Hexyl Iithyl 3,70 4.00 4. (.02
187 Iithyl LEthyl 1700 3,37 3.« 0.03
188 Allyvk Isopropyl 2200 593 3. 0.07
189 see-Butyl Allyl 2,70 428 4, 0,16
190 Butyl Iithyl 2700 594 4. 0.18
Obsd® Cy
191 Ithyl Fthyl .70 3.40 3 0. 04
192 Isopropyl Iithyl 200 38303 0.0Y
193 Buuyl Fthyl 2,700 4.03 4 0. 19
194 sec-Butyl Fthyl 2.50 416 4 0.04
195 2-Methylallyl  Iithyl 2,20 3.85 3 (.06
196 Isoamyl Ithyl 3,000 3890 4 0.44
197 1-Methylbutyl  Ethyl 3.00 4.36 4.3 0.05
108 2-Ethylbutyl  Ethyl 300 4.39 4 0.01
199 %U\'l Allvl 2,10 38508 0.02
200 2-Methylallyl  Allyl 240 405 4.4 0.01
201 see-Buyl Allvi 270 4.36 4223 0.4
« From ref 31. * Caleulated using eq I8, < From ref 32.

4 Caleulated using eq 9.« From ref 33. 7 Calculated using eq
20. ¢ This point was not used in the regression analysiz.

TapLe IV
Per CExT Barsirvrark Excrered UNCHANGED
se=Log Gre o A Lo,

R R’ Log I” Obsdt Caled” o
Allyl Tsopropyl (B 1. 1274 000
Ethyl Lithyl 0,650 I N 1.892 0.00
Allyl Allyl 1.05 1.46 1397 0,06
Ethyl Pheny!| .42 1.26 0,941 0,32
Methyl Phenyl 0.92 1.40 1328 0,16
Fthyl sec-Butyl 1.45 0.60 0.903  0.30
2-Bromoallyl?  sec-Butyl 2,45 —0.52 —0.332 0.19
Ethyl 1-Cyclohexenyl 1.95 0.65 0.286 (.36
Ethyl sec-Amyl 1.95 0.18 0.286 0.11
2-Bromoallyl? Isopropy] 1.95 0.30 0.286  0.01

7 Thix value represents the log of the uverage per cent excreted,
unchanged barbiturate. From ref 38, " Caleulated using eq 21.
© See footnote r, Table 1. 4 The value of = for Br attached to an
olefinic bond was taken ax 0.80 in calceulaiing log /2.

values for these compounds were calculated from the
base value of 3.23 for 5-allyl-3-(1-methylbutyl)thio-
barbituric acid, 2.19 for 5-ethyl-5-(2-methyl-2-pro-
penylthiobarbituric acid, and 2.98 for isopentylethyl-
thiobarbiturie aeid as follows,  From 3.23 was sub-

(32) O. ML Grulizit, A WL Dox, L.

col, Beptl, Therap., 60, 125 (1937).
(33 D. L. Tabern and I H, Volwiler, /.

W, Rowe.and M. CL Dodd, /. Pharma-

Awe Chem. Soel, 8T, 1961 (19350,
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TABLE V

METABOLISM OF BARBITURATES
Log % metabolized

R R’ Log P Obsd®  Caled® |A Log|, %
In Liver
Allyl 1-Methylbutyl 2.15 1.45 1.41 0.04
Ethyl Isoamyl 1.95 1.26 1.31 0.05
Ethyl 1-Methylbutyl 1.95 1.31 1.31 0.00
Allyl Isopropyl 1.15 0.91 0.90 0.01
In Mice
Allyl 1-Methylbutyl 2.15 1.95 1.96c¢  0.01
Ethyl Phenyl 1.42 1.52 1.50 0.02
Ethyl Ethyl 0.65 1.00 1.01 0.01
@ From ref 39. ? Calculated using eq 22. ¢ Caleculated using
eq 23.

tracted 1.20 + 2.30 for the two substituents in the 5
position to give —0.27 for

In the second of the above cases 2,19 — 1.00 — 1.50
= —0.31 and in the third 2.98 ~ 1.00 — 2.30 = —0.32,
The average of the three values is 0.30 for the thio-
barbiturate function with two substituents in the 5
position. To this base was added = for the alkyl groups
to get the log P values in Table I11.

The critical feature of this report is the comparison of
log P, values for various sets of hypnoties. Since there
is often a good deal of scatter in the data from which
our calculations are made, it is very important to know,
in so far as possible, what kind of confidence one can
place in any particular log Py value. For this reason
we deem it essential, when possible, to report confi-
dence intervals on this constant. We have used the
method of Roy and Potthoff** in building this ealcula-
tion into our computer program.

In the regression relationship

Y = 1ogé = Bo Bumi 4 Bur 4 B + & (2)

(log P may be substituted for ) where ¢ is the error
term, the estimator 3 of the vector

Bo
61
Ba
183!
is 3 = (X'X)~'X'Y where X is the matrix
’1 m om0 [
’1 e 7!'22 a I
fl ™ om0y
i 7F'N 71'3.\72 U'N[
and ‘
Y|
Y.l
Y = Y:;J
P
Vx|

(34) 8. N. Roy and R. F. Potthotl, Ann. Math. Statist., 29, 829 (1958).
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An estimator of the variance of ¢iss? = (Y'Y — X’
Y)/(N — 4). The variance—covariance matrix for the
3 vector is ¢2(X’'X) ! where ¢* (¢ must not be confused
with o; of eq 2 which is the Hammett constant) can be
estimated by s2. Denote the elements of (X’'X)~! by

Yoo Yor Vo2 Vo3
Yio Yu Y1z V13
Vo Vi Va2 Vo3
V3o Va1 V32 V33

A (1 — a) 1009 confidence interval for —g;/28:
= 7y or log Py is given in eq 3. e

Ineq 3,t = x4
— (BiBe — t25210) / [2(B22 — 25%wm) | = [(BuBe — t2s%1)? —
(B2 — £252w) (B2 — %) 77/[2(82 — 2stum)]  (3)

is that point in Students’ distribution with N — 4 de-
grees of freedom which is preceded with probability
1— /2.

Two situations can arise which will lead to meaning-
less confidence intervals. The denominator of the
limits in eq 3 might be negative. If this ocecurs we can
conclude that a confidence interval for 8. covers zero,
and hence the confidence interval for my(log Po) = —B51/
28, includes both 4+« and —o«. The other problem
can occur if that quantity in the numerator is imag-
inary. This arises when the proper confidence interval
for 7y is (—»,®), In either case the confidence in-
terval gives no useful information for the experimenter
concerning the true value of m or log P, and hence is
meaningless. Therefore we have had to list some
values of log P, without confidence intervals. The
fact that in general the confidence interval does not
center at —31/28, should be noted in eq 3.

Results

Fitting the data in Table I to eq 1 yields eq la-h, the
coefficients and constants of which are given in Table
VI. In these equations, C' represents the moles of
drug per kilogram of test animal producing “hypnosis,”
r is the correlation coefficient, and s the standard de-
viation. The = numbers represent the 909, confidence
intervals on the intercept and the range with log Pyis
the 909, confidence interval on this constant. Un-
fortunately, the results contained in eq 1a-h were de-
rived from data obtained in a variety of laboratories
during the quarter century 1923-1949. Not only was
hypnosis defined in different ways such as ED and
MED:;,, but some workers used rabbits, some mice, and
some rats. Four of the papers were by Cope and co-
workers,14#19—21  However, even here there is a great dif-
ference between the testing technique reported in the
first paper in 1939 and the last paper in 1949. Con-
sidering the differences in the testing techniques and
the great variation in the type of groups in the 5 posi-
tion, it is not surprising that the coefficients differ
from equation to equation. Even so, the general agree-
ment is not bad. Of greatest interest are the log Py
values. The mean value for the five sets for which it
was possible to calculate confidence intervals is 1.9.
In the Method section we have discussed the reason
why eonfidence intervals cannot be given for sets 1f-h.

Omitting eq 1f we find a mean value for the inter-
cepts of approximately 2. Comparison of the multiple
correlation coefficients, 7, indicates a considerable range
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TasLp VI
T.og ! = —rlog P+ Elog P+ &7
C
Coerf Coeft
Compd Test {log 1°)® log I’ Constant v ~ Log I P
f-13 AD; (mice) — 0. 438 1.379 1.026 £ 0.20 0969 0. 098 1.80 (1.65-2.0%8) la
1424 MED (rabbits) — 0, 630 2 092 1,018 == 0,58 0. 836 0. 140 L.66 (1.54~1.78) 1h
2533 MED (rabbits) —{).320 2377 1.351 = 1.94 0. 744 0. 139 2.25(1.95-2 e
3450 MAD (rats) —0.173 0.719 2633 = 0.58 .03 .09 2.08(1.67-2.3%) 1d
S1-65 MED (rats) —0.545 1.804 2,008 = (343 (0,835 0,124 1.65(1.53-1.77) Te
O6~TN ADyy (mice) - (). 690 2. 797 0.672 =+ 2,36 0.702 0.219 2.03 It
TO-88 ND; (mice) —10),236 1.273 1.8367 4 (.78 0.915 0. 132 269 lg
89--102 Al (mice) —(},240 1.300 D048 4142 0,737 3,914 2.7 ih

in the goodness of fit. Part of the poor correlation.
notably that of eq 1d, is due to the small amount of
initial variance in the data. That 1s, this variance is
not much greater than the variation due to experi-
mental error.  This problem oceurs because some of the
workers appeared to have reported on only the most
active members of a series.

In deriving eq la~h we have not attempted to include
terms for electronic and sterie effects of substituents
sinee previous work® has indieated that these effects are
<o small that they can be omitted for the type of barbi-
turates under consideration. The reasonably good
correlations contained in thisx paper also support this
assumption. The generally good agreement obtained
in the eight different investigations comprising 102 ex-
amples is strong support for our hypothesis® that, other
factors remaining constant, biological response as de-
fined by log (1/C) is parabolically dependent on log P.
The fact that all but two of the values for log P in
Table I were calculated rather than determined experi-
mentally is further evidence for the utility of the addi-
tive-constitutive nature of log /.

It is indeed a satisfaction that such a diverse set of
data can be treated mathematically, and one eannot
escape the feeling that if all of the tests had been run on
one type of animal in one laboratory, the agreement
would have been much better.

We have been investigating the hypothesis that sets
of eongeners acting by the same mechanism on the same
receptor sites should have the same log Py values, other
Jactors  being constant. Since the barbiturates act
strongly on the central nervous system (CNS), we now
have in hand data to support this hypothesis in an inde-
pendent way. Soloway® and his co-workers have
measured the rate at which members of a set of benzene-
boronic acids were localized in mouse brain tissue.
Fitting his data to eq 1 allows us to caleulate log P
for this series. The value of 2.32 (2.05-3.18) agrees
well with that we have found for the barbiturates.
[ the ease of the boronie acids we know we are talking
about the rate at which this set of congeners finds the
brain sinee it was determined by chemical analysis.
In the case of the barbiturates, we are inferring that
biologieal response reflects the concentration of hyp-
notie in the CNS.  The above findings prompted us to
caleulate log Py for other sets of hypnoties.  Equations
li-p in Table VII result from least-squares fits of the
data in Table II to eq 1. One would not expeet eq 1i-
p to have the same intercepts, since different sets of eon-
geners as well as different tests are involved.  However,

35> AL L Soloway, 13, Whitwan, and J. R, Messer, J. Pharmacol. Exptl.
Therap., 129, 310 (1960),

it is most interesting and not altogether unexpected
that they have about the same mean value for log P
found for the barbiturates (1.8). In amiving at this
figure we have omitted log Py values from sets Ilm and 1p
for which confidence intervals could not be found.
All things considered, the agreement between the two
groups of equations is striking, especially with the wide
varlety of functional groups used to obtain eq 1i-p.
These results arve in line with our earlier finding® (as
well as those of many others) about the nonspecific
inhibitory action of organie compounds on a variety of
oxidative processes. It would appear as though al-
most any organic compound having log 2 ~ 2 whieh 1x
not rapidly metabolized or eliminated from the hody
would have some hypnotic properties,

The data on thiobarbiturates from Table VIII yield
eq lg—=  Results in eq Lg—s from three different groups
of investigators give fair agreement on the ideal lipo-
philic eharacter for the three different sets of drugs.
The mean log Py is 3.1, The thiobarbiturates quite
definitely do not fit into the same pattern shown by the
other barbiturates or the other hypnoties.  Their
maximum activity i= attained when their partition
coefficient is about 10 times that of the barbiturates.
This strongly implies a different over-all mechanism of
action.  That the thiobarbiturates have quite different
biological action from the oxybarbiturates has been
pointed out by Aldridge and Parker.

We have emphasized® the faet that for nonequilib-
rium conditions, as one makes o particular funetional
unit more lipophilic by the addition of inert apolar
atoms, one expects to see a departure from the linear,
AMeyer-Overton  relationship. We feel that simple,
nonspecifie binding by proteins and lipids is sutticient
to cause this effect.  In addition to such binding, the
metabolism of lipophilic drugs also contributes to this
effect.  Ax Brodie as well ax MeMahon have pointed
out and as we have shown in quantitative terms,* liver
mitochondria seem to attack C-H bonds rather non-
specifically.  The rate-limiting factor scems to be the
relative lipophilie charaeter of the organic compound.
This ulso holds for barbiturates,  From the data (Table
IV) assembled by Mavnert and Van Dyke® on the per
cent unchanged barbiturate eliminated, we have de-
vived eq 4. The negative coefficient with Jog P in eq
log 9. unchanged barbiturate = —1.235 log I’ 4 2,695

" A N
10 0.957 0.224
W. N, Atdridege und V. L Parker, Biociena J., 76, 47 {1960,

C. Hanseh, AL R, Steward, and J. [wasa. J. Wed, Chem., 8, 868 11965 ;.
15 W, Maynert and H. B, Van Dyke, Pharmacol, flev. 1, 217 (1949).

(4
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TasLe VII

Loglé = —k(log PR + k' log P + k"
Coeff Coefl
Compd Test (log P)? log P Constant 7 8 Log £ Eq
103-108 HDjse (mice) —0.219 0.864 2,501 = 0.67 0.838 0.178 1.97 (1.29-2.74) 1i
109-116 HDj;y (mice) —(.686 2.451 0.724 £ 0.50 0.965 0.038 1.79(1.71-1.88) 1j
117-124 HD3 (mice) —0.510 2.134 0.857 = 0.84 0.944 0.105 2.09(1.91-2.68) 1k
125-132 HDs (mice) —0.675 2.099 1.663 = 0.45 0.947 0.082 1.56(1.47-1.68) 11
133-143 MHD (rabbits) —0.231 1.020 1.516 = 1.08 0.826 0.114 2.21 Im
144-156 ED; (guinea pigs) —0.414 1.589 1.322 £ 0.64 0.805 0.130 1.92(1.75-2.24) 1n
157-162 HD;o (mice) —0.314 0.999 1.983 =0.54 0.913 0.108 1.59 lo
163-176 MED (mice) —0.177 0.599 1.893 = 0.10 0.918 0.079 1.69(1.50-2.05) ip
Tasre VIII
Logév = —k(log P2 + k' log P + k"
Coeff Coeff
Compd Test (log P)? log P Constant r s Log Po Eq
177-183 ADy, (mice) —0.327 1.763 0.928 + 0.35 0.994 0.035 2.70(2.59~2.85) 1q
184~-190 MAD (rats) —0.834 2,409 0.414 =2.04 0.919 0.150 3.13(2.84-4.60) 1r
191-201 MED (rabbits) —0.326 2.221 0.602 +1.37 0.958 0.102 3.41(3.06-4.84) 1s

4 indicates that the more lipophilic the barbiturate,
the less recovered unchanged. Over the range of log P
values considered, this effect is linearly dependent on
log P. Hence the chances of lipophilic barbiturates
reaching the active sites in time to register in a given
test are lowered by their destruction. Since this
process depends so heavily® on log P, one obtains good
correlations with eq 1 despite metabolic loss. So long
as loss (metabolic or through maecromolecular binding)
is dependent only on log P and not on highly specific
structural or electronic features, eq 1 holds. The good
correlations of eq la-s of course support this point.
Equation 4 is only an approximation since it comes
from investigations which were not highly quantitative.
However, it is supported by the metabolic studies of
Dorfman and Goldbaum.?®

Irom the data in Table V we have formulated eq 5

and 6. Equation 5 comes from the n vitro, liver me-

n 7 8
log 9% metabolized =

0.511 log P + 0.313 4 0.987 0.063 (5)

log 9 metabolized =

0.634 log P + 0.599 3 0.999 0.026 (6)
tabolism studies with barbiturates and eq 6 from in vivo
metabolic work with mice. The data from which these
two equations were derived are also only approximate.
However, the results are in qualitative agreement with
eq 4 in that metabolic destruction is linearly dependent
onlog P.

Discussion

Our results do provide further evidence for the prac-
tical value of the concept of log Py in drug design. It
is worth considering some of the factors which deter-
mine its value. Disregarding for the moment metab-
olism or elimination, we have postulated that, steric
and electronic factors being constant, the constants in

(39) A. Dorfman and L. R. Goldbaum, J. Pharmacol. Exptl. Therap., 80,
330 (1947).

eq 1 depend on two processes, either one of which might
be rate limiting® in a particular instance. The bio-
logical response (BR) will be determined by the amount
of drug reaching the receptor sites in the test interval
and the ability of the drug to bind hydrophobically
with the receptor sites. We have postulated that the
former process has a dependency on log P which can be
approximated by the function: dBR/dt « exp [—(log
P — log Py)?/a]. We have further suggested that

<§%I_{> = kkC exp[—(log P — log Pg)?/al (7)
t

In eq 7, € is the applied molar concentration of drug,
k is the proportionality constant, and k. is the rate or
equilibrium constant for a single physical or chemical
process governing BR which in the present case is
governed only by the lipophilic interaction of drug and
receptor. Tor a standard test, (dBR/d¢); can be re-
placed by a constant, and, since log P, is a constant
for a given system, eq 7 can be converted to eq 8. We
log L.

C —ki(log P)? + ks log P +

ks log ky + constant (8)

have shown*—4 that, steric and electronic factors con-
stant, the binding of neutral organic compounds to
purified proteins and enzymes in simple solution is a
linear funection of log P. Therefore we can replace the
term k; log ky in eq 8 with the term k. log P to obtain eq
9. As a working hypothesis, it seems reasonable to
log é

= —ki(log P)2 4+ ke log P 4+
ki log P + constant (9)

assume that there is an ideal lipophilic character (log
P;) for the movement of organic compounds through
mammalian tissue. This is different than the em-
pirically found log P, in that we have separated out the
(40) C. Hansch, K. Kiehs, and G. L. Lawrence, J. Am. Chem. Soc., 87,
5770 (1965).
(41) K. Kiehs, C. Hansch, and L. Moore, Biochemistry, §, 2602 (1966).

(42) C. Hansch, E. W, Deutsch, and R. N. Smith, J. Am. Chem. Soc., 87,
2738 (1965).
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last partitioning step onto the receptors or into the very
immediate region surrounding it.  Taking the deriva-
tive of eq 9, we obtain

1
d log
l()g [)1) = d 1‘()0. P —2/'\] I(?g P + /x'g + /\'1 (l())

Setting this equal to zero and solving, we obtain

oy /\';
log Py = =% 4 =2 (11)
211\'1 :_.)/1',1
If our assumption that there is an ideal log P, which is a
constant for mammalian tissue holds, then we might
write

l()g! T lU}.,] + /\1 _/] (1:.))

If log ;15 u constant and can be evaluated by the study
of the diffusion of organic compounds through tissue,
then we could make estimates of the energy of lipophilic
interaction in the last partitioning step onto receptor
or into the intimate receptor milieu. Of course, for
many sets of drugs, the value for log Py will be deter-
mined in part, at least. by metabolism (assuming equa-
tions similar to 4=6 hold in general). Actually, the
value of about 1.9 found for log Py for the bartiturates
may turn out to be quite close to log ;. As mentioned
above, this figure is elose to log Py (2.31) found for the
penetration of bonmncb(n‘onic acids into mouse brain.
The duration of these experiments was only 15 min,
s0 that metabolic losses and elimination would be
minimal.  The work of Butler® offers some support
for this view. He observed that for the ()Xybdlb]—
turates the hypnotie effect paralleled the eoncentration
in the brain. At the point of maximum concentration
in the brain, the average concentration in the other
tissues was only a little lower.  Work with radioactive
barbital** in mice indicated that whole body distribu-
tion tended to be uniform in 30 min at which time the
brain =cemed to contain a slightly lower concentration.
About 1 hr was required for over-all uniform distribu-
tion.  Irom another point of view we have noted, for
instance, that log Py for two different setx of plant
growth regulators is also about 2.

Ax vet, we eannot be sure what effeet the metabolism
of barbiturates as implied by eq 4-6 has on the shape
of eq 1. It may be tlmt met abolism is o slow process
relative to the BR measured, so that we can ignore its
effect and still get good correlations, or that its effect
i primarily through oxidation of C-H bonds and
simply rate limited by log 2. If this ix true (and it
seems more likely), then one could consider this a kind
of losx to lipophilie tissue. Thix effect would then be
accounted for by the exponential term in eq 7 just as
anv other very strong binding of @ nondestructive
nature.  Highly water-soluble compounds tend to be
more rapidly exereted in the urine.  This process may
also be roughly rate limited by log . Hence the ex-
ponential term in eq 7 gives ux a way of finding the
ideal lipophilie character for a drug so that its chances
of falling into a log P determined trap on the way to the
sites of action will be minimal,

th T Ol Butler, J. Phucmacol, Ereptl, Thecap., 100, 219 (1950).
44 1 Lal, C0 T Barlow, and L, J. Roth, drch, {ntern. Phurmucodyn..
149, 25 1064,

The thiobarbiturates are extremely interesting when
compared to all of the other setx of hy])mmo.\ examined
in this report.  Their unusually high log P’y value in-
dieates that either they bring about their effeet in a
much more lipophilic region or on o more lipophilie set
of receptors {the b2k term in eq 12 is higher).  The
possibility that more lipn shilie centers in the brain are
involved in the case of the thiobarbiturates can he in-
ferred from the work of Goldstein and Aranow*® and
Roth and Barlow.*  Their efforts have shown that the
coneentration of thiobarbiturates rises in the brain
considerably ubove that in the blood plasma in o rather
=hort time.

There appears to be an interesting relation between
the more lipophilie character of the thiobarbiturates
and their ability to uncouple phosphorylation®  Al-
though the oxybuarbiturates inhibit respiration, they do
not appear to be ax effective in uncoupling phosphoryla-
tion.  The activity of phosphorylation uncouplers is
closely  ussociated \\1t]1 very  high lipophilie  char-
aeter 4.4 Our high log 2y for the thiobarbiturates
ix thus in line with other findings for a different mode
of action for this elass of hypnoties,

Certain less precise points can be made in conneetion
with ideal lipophilic character for hypnoties,  IFor ex-
ample, a set of dialkoxymethanes,® (RO),CH,, was
tested for hypnotic aetivity.  Although, because of the
form in which activity was reported, we cannot treat
these as was done above for the other hypnoties, the
most active member of the series by simple inspeetion
ix the propyl derivative,  Its log P is 1.853, based on the
experimental value of 0.85 for the diethyl congener.
It ix interesting to note log 2 for some of the better
known, potent CNS depressants: chloroform = 1.97.
chloretone = 2.03, glutethimide = 1.90.

Certain guidelines for the design of the relatively
nonspecifie hypnoties such as those in Tables T and 11
seem evident from our analysis. The one common
ch'uuct@l'istic of the polar funetional groups of the
hypnoties of Tables I and 11 is that they are some of
the most water solubilizing of the nonionice funetional
groups we have investigated '™ Their respeetive r
values are

(H)
«—N\H
~/
A% =0 —135; OH. —116; ~OCONH.. —L.16:
J—NH —CONH., —1.71; ~CONHCONHCO—, —1.68

Another such funection which has been used in hyp-
noties 1s the sulfone group.  We do not have a = value
for this funetion in an aliphatic system; however, r
for CHS0, is —1.26 in the phenoxyacetic acid system.
These highly water-soluble functions permit the largest
possible apolar moiety to be incorporated into the drug
without exceeding the log Py of 2. In other words, the
general over-all view 1z that the larger the lipophilic
funetion the better, as long as we do not overstep log
Py of One wonders what the meaning of this is

mechanistically, Our feeling is that the barbiturates
(45) A, Goldstein and L. J. Avanow, J. Pharmacol. Exptl. Therap,. 128, 1
£ 19605,
A6 Lol Roth and O 17 Barlow, Seience, 134, 22 (1961),
47y UL ¢ Hemker, Biochim. Biophys, Acte, 68, 46 (1962).
481 UL Fujita, J, Wed. Chem.. 9, 797 (1966,
49 Po KL Konoefel, J. Phurmaecol, Exptl, Therap., §0, 88 (19341,
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fall into the large class of nonspecific inhibitors of
cellular-oxidative processes.® The more lipophilic these
compounds are, the more potent they are as inhibitors
of electron transport.® The larger the apolar funetion,
the better they are able to distort a lipoprotein matrix
and so disrupt electron transport. While this property
is linearly related to log P over a rather great range of P
values in isolated tissue or cells,® it is not in whole
animals. This is in part due to the much more complex
random walk from the site of introduction to the site
of action and also to the restriction imposed by eq 4-6
which is more serious in whole animals.

To get more potent hypnotics, one might look at
nonionic funetions with larger negative = values.
Probably little is to be gained here since these have
been fairly well investigated.?! Possibly the most is
to be gained by designing molecules more resistant to
metabolism.  This could mean smaller doses and
longer duration of action. We believe that the clue to
getting around this difficulty with the hypnotics, or
with other drugs, is to avoid having sp® C-H bonds
next to groups which are capable of delocalizing a lone
pair or lone electron. Evidence® strongly suggests
that such bonds are rapidly and indiseriminately at-
tacked in a very lipophilic section of the liver micro-
somes. This may be the reason barbiturates, substi-
tuted with only one alkyl group in the 5 position, are
suo weakly active® This is probably the reason ter-
tiary alecohols are so much more effective than primary
or secondary. It is probably also the reason why com-
pounds such as 157-162 with no a hydrogens turn out
to be worthy of careful investigation. The barbiturate
funetion itself seems very resistant to metabolic action,
and it is well known that the diethyl derivative (log
P = 0.65) is excreted more or less unchanged. It is
only when log P gets in the range of 1.5 that serious
destruction occurs. Unfortunately, the molecules
with lower log P values are not only less potent, they
are also more rapidly exereted in the urine.

A likely antidote for C~H bond oxidation would be to
make perfluoro derivatives such as the following.
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A 7 value for aliphatic CF; is not available, but it
would not be far from the aromatic value® of 1.07.
Compound I would have a log P close to diethylbarbi-
turic acid, probably a little higher because of the in-
ductive effect of the trifftuoromethyl groups.’ Com-
pound IT would be higher than phenobarbital because
of the aromatic I atoms Sz = 5 X 0.15 = 0.75).
If the pentafluoropheny! funection is stable to nucleo-
philic attack in the body, this should be a very potent
CNS depressant of very long duration. Log P for
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compound I could be increased by adding CF, units.
Such compounds might turn out to be tranquilizers of
low dosage and long duration of action.

The knowledge that more or less hypnotic activity
is to be expected with drugs having log Py = 2 could be
helpful in minimizing such a side effect. For example,
it is well known that antihistamines often have a de-
pressant effect on the CNS. In some instances, the
effect may be more specific than that of the hypnotics
considered above. In fact, it may be related to that of
congeners of morphine. When the effect is nonspecifice,
then one could minimize it by moving as far as practical
from log P = 2 in the preparation of derivatives.

While the figure of log P = 2 is useful to have in
mind when designing CNS drugs, particularly if one is
dealing with neutral compounds, the considerations
involved in the formulation of eq 9 and the results with
the thiobarbiturates indicate that much higher log P
values are essential for more specific activity. For
example, chlorpromazine has a value of 5.35. It must
be borne in mind that this figure is found for the neutral
molecule, not the protonated form.'® In fact, it may
be the protonated form which aids in the movement
through tissue of such an extremely lipophilic sub-
stance. The more nearly neutral CNS drug chloro-
diazepoxide’'® has log P = 2.44. Log P for diphenyl-
hydantoin®b is 2,47,

For designing milder acting CNS depressants one
could go to higher or lower log P values. Since toxicity
often (but not always) appears to be linearly related to
log P, compounds with lower log P values are inter-
esting to explore. A case in point is meprobamate,
log P = 0.70.

One should not assume that the results in this report
or our previous ones establish the fact that a nice com-
plete symmetrical parabola will always be found when
log (1/C) is plotted against log P with steric and elec-
tronic factors constant. In the majority of examples
which we have considered, the investigation of increased
lipophilicity was terminated with compounds slightly
beyond the optimal log P,. Although there are good
examples®®? of complete parabolic curves, these are rare.
More experimental work is necessary to establish the
fact that higher order terms in eq 1 are not necessary.

The results in this paper support our view that log P,
can be a helpful constant in drug design. Further
work is in progress to establish the limits of its useful-
ness.
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