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Evidence is presented that’ the hypnotic activity of groups of barbitiirates depend almost entirely on their 
Ideal lipophilic character 

I t  is shown that 
I t  is also 
Certaiii 

relative lipophilic character as defined by their octanol-wat’er partition coefficients. 
is defined for each set by the constaiit log PO. 
many ot,her ret,s of hypnotics stnicttirally unrelated to t’he barbitiirates also have log Po valries near 2. 
shown that the rate of metabolirm of barbitiirates is linearly related to their partition coefficients. 
guidelines are siiggested for the design of new CSS depressants. 

This constant for the harbitrirates is aboiit 2. 

It has long been lcnowri 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 Ferguson3 to rationalize this 
fall of activity which inevitably occurs when deriva- 
tives of a parent drug are made sufficiently lipophilic, 
most workers have ignored the problem or assumed that 
it mas too unruly to deal with in precise terms. Our 
working hypothesis has a ~ s u m e d ~ - ~  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, A t ,  would be maximum 
for the set. We have chosen 1-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. I n  eq I, C is the molar con- 

1 
C log = -/i(log P)’ + li’ log P + /c” (1) 

(1) John Simon Guggenheim Fellow. 
( 2 )  Smith Kline and French Research .\ssociate. 
(3)  J. Ferguson, Proc. Roy. SOC. (London), Bl27, 387 (1939). 
(4) C. Hansch. R.  AI .  Muir,  T. Fujita,  P. P. Llaloney, F. Geiger, and 

(5) C .  Hansch and T. Fujita,  ibid., 86, 1616 (1964). 
( 6 )  C. Hansch, A. R .  Steward, J. Iwasa, and E. IT. Deutsch, .21oZ. Z’hrirmn- 

AI. Streich. J .  Am. C h e m .  Soc., 86, 2817 (1963). 

c o l . ,  1, 205 (1965). 

centration of applied drug producing a standard bio- 
logical response and k ,  k’, and k“ are constants obtained 
via the method of least squares. Setting the deriva- 
tive d log (l /C)/d log P equal to  zero and solving the 
resulting equation for log P yields what we have termed 
log PO, the ideal lipophilic character for the set of con- 
geners under the specific test conditions. We have 

that this should be a particularly useful 
constant in drug research. For example, once log P, 
or 7 0  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 Po 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 Po 
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 T 

values for substituents and log P for barbituric acid 
as our base of reference. I n  a subsequent studyg we 
used 

0 
I1 
C-NH 

>C’ b o  r=-1.35 
‘C-iH 

I1 
0 

( 7 )  C .  Hansch, A. R. Steward, and , J .  Inasa, i b i d . ,  1, 87 (196,5), 
(8) C. Hanscli, Proceedings of the  International Congress on Pharma- 
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TABLE I (Continua?) 

1-Propenyl 
1-Propenyl 
1-Propenyl 
1-Biiteriyl 
1-Biitenyl 
1-Brit enyl 
1-B utenyl 
2-llethyl-1-propenyl 
1-Pentenyl 
1-Pentenyl 
3-hlet hyl-1-biitenyl 
3-3 Iet hyl- 1 -hiit eny1 
:l-SIethyl-l-hiitenyl 

R' 
Ethyl 
Ethyl 
Ethyl 
Ethyl 
Methyl 
Methyl 
Methyl 
Methyl 
Propyl 
Propyl 
Isopropyl 
Butyl 
Butyl 
Ethyl 

*go NH 

0 

*go NH 

0 

Ring 

Unsatd" 
L-nsatdo 
UmatdO 
Unyatdo 
Unsatd" 
Satd 
Satd 
Sard 
Satd 
Satd 

Log I' 

2.1-i  
0.6.5' 
1.6.5 
0 .  9.5 
1 .93  
1 .93  
2.6.5 
1.42' 

Log P 

0 .  73 
1.2.5 
1.7.5 
1 . .53 
1 .55  
1 .0.i 
1 . 55 
2.0.5 
1.8.; 
2.2.i 

R" 
Methyl 
Meth,vl 
Methyl 
Methyl 
Ethyl 
Ethyl 
Ethyl 
Ethyl 
Methyl 
Methyl 
Methyl 
Methyl 
Methyl 
Propyl 

Lop P 

1.1.5 
1 . 6.5 
2.1.5 
1 .95 
1.1.5 
1.6.i 
2 .  1 3  
1.9.5 
1 .63  
2.15 
1.4.5 
2.15 
2.63 
2.6;i 

--Log (1,lC)- 
Obsdi Calcdi 

3 .4.5 3 .  4.57 
2.91 3.041 
3 .  53 3 . 59 1 
3.34 3.320 
3.39 3.543 
3.49 3 ,  ,543 
3 .  08 3 .03 1 
3 . 3 2  8 . 36 1 
Obndk Calcd' 

3 .12  3.191 
3.28  2.976 
3.31 3 ,483 
8 . 3 7  3.191 
3.81 3 ,48.i 
3 . .57 :3 .40!) 
3.56 :3 ,433 
2.56 2.976 
3.45 3,485 
3 .  -50 3 ,497 
3 . ,il 3 ,400 
:: . 32 3 ,497 
3.68 3 ,  ,503 

Log (l/,C)-- ___- 
Obsd"' Calcdn 

2.69 2.690 
2.96 3.090 
3.27 3,372 
3.28 3 . 2 7 3  
3.13 3 .  273 
3.06 2,944 
3.33 3 .  273 
3.6.5 3 ,48,i 
3 , .i.i 3.414 
3 ,4.i :1 , ,it5.i 

---Log 11 IC)----- 
Ohsdp Calcdn 

3 .21  3.12.5 
3 . 6.5 3 ,430 
3 . 56 3 ,632  
3.98 3 . 360 
3.06 8 .12 i  
3 .40 3 . 4 3 )  
3 .42 3 .63?  
3 .72  3 . .569 
3 . 2 7  3.430 
3 . 6 4  3.632 
3.20 3.328 
3.38 3.632 
3 . 7 5  3.706 
3.75 3 .  706 

3 

IA Log (1/C)I 

0.01 
0.13 
0.06 
0.02 
0.0.5 
0 .  0.5 
0 . 0 3  
0 . 2 4  

0 . 0 7  
0.30 
0.18 
0.18 
0.18 
0.16 
0.18 
0.42 
0.04 
0 ,  00 
0.10 
0.18 
015 

Log (1/01 
0.00 
0.13 
0 . 1 0  
0 .01  
0.14 
0 .12  
0 .06  
0.16 
0.14 
0.11 

/ A  Log (1/C\I 

0.09 
0.21 
0.07 
0.41 
0.07 
0.04 
0.21 
0.  1.5 
0 .  17 
0.01 
0.13 
0.25 
0.04 
0.04 

5 From ref 16. Calculated using eq 4. 0 From '1 From ref 14. * Calculated using eq 2. From ref 15. Calculated using ea 3. 
ref 17. * Calculated using eq 5.  *-From ref 18. 2 Calculated using eq 6. 
n Calculated using eq 8. 
Satd means the ring was saturated. 
all othwq were calciilated. 

FEom ref 19. Calculated using eq 7 .  -m From ref 20. 
Unsatd indicates that  the spirane ring contains a double bond in the position indicated by the dotted line. 

r These values for log P were experimentally determined; p From ref 21. R Calculated using eq 9. 
See ref 9. 
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TABLE I1 (Continued) 
Tertiary Alcohols 

_ _ _ ~ _  Lop ( l / C ) - - .  
N O .  Compd Log P Obsdl Calcd'" IA Log ( l /C)!  

143 Cyclopropylmethylethyiiylcarbinol 1 .39 2 . 6 8  2.731 0.0.5 
144 Cy clopropylmethylethylcarbiiiol 1.60 2 . 8 2  2.804 0.02  

146 1-Ethylcyclopentanol 1 . .XI 2.77 2 .  i84 0.01 
147 1-Ethynylcycloperitaiiol 1 .32 " i 4  2.698 0.04 
148 1-E thylcyclohesanol 1 .94  2.89 2.846 0.04 
149 1-Et hynylcyclohexanol 1 .  i 3 r  2.84 2.831 0 .  01 
1.50 1-Ethynyl-4-methylcyclohexai~ol 2,2:3 2.89 2.806 0.  0s 
131 Ethynylethylmethylcarbinol 1 .18 2, , j l  2 I 620 0 .11  
132 E t  hyiiylmethylvinylcarbinol 0.88 2.68 2.4OO 0 .28  
153 Cyclopropylmet hylallylcarbiriol 1 .80 2.80  2,840 0 .  04 

1 .i6 Ethyldimethylcarbinol 0.89' 2 .20 2.408 0 .21  

1.54 C yclopropylmethylbenz ylcarbinol 2 .69 2 , .i.i 0,0.1 
0 .  .i4 I -5.5 C yclopropylmethylphenylcarbinol 2.30 2 ,  2.j" - . ( h i  ,] - > -  

(CH,)iC( SIZ)CONH* 

I37 Methyl 0 .32 2.28 2.270 0.01 

139 Isopropyl 1 .12 2.68 2.707 0.0:: 

161 Crotyl 1 .52  2.70 2 . 7 7 3  0.08 
162 2-Propynyl 0.80 2.58 2.580 0.00 

-----Lo,. (1, C)---- 
NO. R Log P Obsd" Calcd' IA Loa ( l /CIl  

158 Propyl 1 .32 2.91  2 .  i33 0.16 

160 Allyl 1 .02  2.61 2.674 0.06 

N, N '-ll iacylureas 
7-- Log (l/C)-- 

No. N " Log P ObsdP Calcd* IA Log (1iC)l 

164 Pro pionyl Propionyl 0 .40 2.06 2.104 0.04 
163 Acetyl Butyryl 0 .40 2.16 2,104 0.06 
166 Butyryl Propionyl 0 .  Y(J 2 . 2 3  2.288 0 .  06 

163 Acetyl Propionyl -0.10 1.84 1.831 0.01 

167 Acetyl Valeryl 0 .90 2.27 2,288 0.02 
168 Butyryl Butyryl 1 .  40r 2.40 2 . 3 8 3  0 . 0 2  
169 Propionyl Valeryl 1 .40 2.3.i 2.383 0 . 0 3  
170 Acetyl Hexanoyl 1 .40  2.46 2,383 0 .  OS 
171 Butyryl Valer yl 1.90 2.38 2.390 0 .  01 

1 74 Valeryl Valeryl 2.40 2.32 2 , 3 0 8  0.01 
175 Butyryl Hexanoyl 2.40 2 . 2 8  2.308 0 ,  0:: 

172 Hexanoyl Propionyl 1 .90 2 . 2 5  2.390 0.14 
1i3 Acetyl Heptanoyl 1 .90 2 . 5 5  2.390 0.16 

176 Heptanoyl Propionyl 2.40 1. 9gk 3.311 ( I .  3 3  
(1 From ref 22.  * Calculated using eq 10. c From ref 23. Calculated using eq 11. e From ref 24. ' Calclilated iiriitg eq 12. 

These points were not used iii determiiriiig the 
constants. 1 From ref 26. Calculated using eq 15, From ref 27. Calculated using eq 16. p From ref 28. q Calculated rising 
eq 17. 

From eq 24. h Calculated using eq 13. 6 From ref 25. 1 Calculated using eq 14. 

See foot,note T,  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 characters-l3 of T and log P ,  
calculated the values in Table I as bef01-e.~ The 
phenyl group in phenobarbital arid other such deriva- 
tives has a T value lower than one would expect from 
benzene (log 2.13). It has been our experienceLib that  
whenever aromatic rings are present with polar func- 
tioris in a side chain, log P is lower than one would ex- 
pect from the simple additivity principle. Apparently 
dipolar interaction with the T electrons of the aromatic 
system results in a more compact molecule having 
greater than expected water solubility. Thus x for 
the phenyl group in pheriylethylbarbituric acid is cal- 
culated to be 1.77 [1.1% - (-1.35 + 1.00) = 1.771. 

( I O )  T. Fuiita,  J. Iwasa, and C .  Hansch, J .  Am.  Chrm. Soc., 86, 5175 
(1964). 

(11) (a1 J. Iwaaa, T. Fujita,  and C .  Hanscli, J .  .\fed. Chern., 8 ,  150 (lYti51: 
( 1 1 )  c. Hanscli and 8. AI.  Anderson, J .  Ore. Chsm.. 32, 2583 (1967). 

(12) 1). J. Currie. C .  E. Lougti, R. F. Silver, and € I .  L. Holmes, Can. J .  
Chem.. 44, 1035 (1966). 

(13) P. Uraclia and H. 1). O'Brien, J .  &con. Enlomol., 69, 1255 (1966). 

This value for the phenyl group has been used in cal- 
culating log P for compound 108 in Table 11. 

The biological activities of the various hypnotics 
were assayed by different techniques. The original 
~ o r k ~ ~ - ~ ~  should be consulted for details. 

Table I1 contains t'he relative activities of a variety 
of hypnotics22-28 whose activities appear to be the same 

(14) A .  C. Cope and E. hl. Hancock, J .  Am. Chem. Soc., 61, 353 (1939). 
(15) H. A. Shonleand .i. Moment, ibid., 45, 243 (1923). 
(16) 1). L. Tabern and E. H. Volniler, ibid., 66, 1139 (1984). 
(17) JV. J. D o r m  and H. 1. Slronle. ib id . ,  69, 1625 (1937). 
(18) E. H. Volniler, ibid.. 47, 2236 (1925). 
(19) A. C. Cope, \V. H. Hartung, E. AI. Hancock. and F. S. Crossler, bid. .  

(20) '1. C. Cope, P. Kovacic, and XI. I jurg,  il,id., 71, :36.58 (1949). 
(21) .I. C. Cope and E. 11. Hancock. ih id . .  6i, 776 (1939). 
(22) G. S. Skinner and ,J. 13. Kcking, ib id . ,  76, 2 i i 6  (1954). 
(23) S. Y. P'an, L. hlarkarian, \V. 11. AIcLamore, and A. Davley, J .  

I'iurmocol. E r p t l .  Therap. .  109, 268 (195:3). 
(24) \V.  AI .  .\.lcl,amima, 8. Y. P'nri, and A .  I3avley, .I. O r s .  Chem.,  10, 1379 

(1955). 
(25 )  H. Uutmann. 0. Isler. G. Ryser, P. Zeller, and U. Pellmont, Helu.  

Chim. Acta, 42, 719 (1959). 
(26) S. 1,. Sliapiro. 11. Si,loway. arid I,. I'rttrdman, J .  Am. Chaar. S O P . ,  71, 

J8 i4  (1Y55). 
( 2 7 )  H. Lelir. L. 0. Randall, and 11. W. Goldberg J .  Meled. Chem., 6, 351 

(1963). 
(28 )  I<. JV. Stougliton, J .  O r g .  C h e m . ,  2 514 (1938). 

62, 1199 (1Y40). 
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TABLE V 
AIE~ABOLI~M OF BARBITURATES 

Log 70 metabolized 
R R’ Log P Obsda Caicdb IA Loel, 70 

In Liver 
Allyl 1-hlethylbutyl 2 .15 1.45 1.41 0.04 
Ethyl Isoamyl 1 .95 1.26 1 .31  0.05 
Ethyl 1-Xethylbutyl 1 .95 1 .31  1.31 0.00 

In Alice 
Allyl 1-Methylbutyl 2.15 1.95 1.96” 0.01 
Ethyl Phenyl 1.42 1.52 1.50 0.02 
Ethyl Ethyl 0.65 1.00 1 .01  0.01 

b Calculated using eq 22. 

Allyl Isopropyl 1 .15 0.91 0.90 0.01 

4 From ref 39. c Calculated using 
eq 23. 

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

0 
II 

,C-NH 
;c )C=S 

‘ C - h  
/ I  
0 

In the second of the above cases 2.19 - 1.00 - 1.30 
= -0.31 and in the third 2.9s - 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 x for the alkyl groups 
to  get the log P values in Table 111. 

The critical feature of this report is the comparison of 
log Po values for various sets of hypnotics. 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 Po 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 P ~ t t h o f f ~ ~  in building this calcula- 
tion into our computer program. 

In the regression relationship 

1 
Ci 

Yi = log - = PO + P 1 ~ i  + P 2 n i 2  + Osai + €1 ( 2 )  

(log P may be substituted for T )  where E,  is the error 
term, the estimator 6 of the vector 

lP1 IP0l 
IP2l  

is 8 = (X’X)-’X’Y where X is the matrix 

and 

(34) S. N. Roy and R. F. Pottlioff. A n n .  Math.  Y t ~ t i b t . ,  29, 829 (1058). 

An estimator of the variance of el is s2 = (Y’Y - b’X’. 
Y)/(N - 4). The variance-covariance matrix for the 6 vector is u2(X’X)-’ where u2 (u must not be confused 
with u, of eq 2 which is the Hammett constant) can be 
estimated by s2. Denote the elements of (X’X)-l by 

VOO YO1 v 0 2  YO3 

V10 v l l  v 1 2  v 1 3  

v20  v 2 1  v 2 2  v 2 3  

V3n V s i  V?z V33 

A (1 - a) 100% confidence interval for -P1/2/32 
1 -aL2 = T O  or log Po is given in eq 3. I n  eq 3, t = t,v-p 

* A  

- ( P l P Z  - t 2 S 2 V 1 2 ) / [ 2 ( 6 2 2  - t 2 S 2 V 2 2 ) ]  f [@,a2  - t 2 s 2 v 1 2 ) 2  - 
( 8 1 2  - t 2 s 2 v u ) ( b 2 2  - t2S2V22)I1’2/[2( /322 - t * s 2 v 2 * ) ]  (3) 

is that point in Students’ distribution with N - 4 de- 
grees of freedom which is preceded with probability 

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 occurs we can 
conclude that a confidence interval for P2 covers zero, 
and hence the confidence interval for ao(log Po) = -PI/  

26, includes both +a and -a. The other problem 
can occur if that quantity in the numerator is imag- 
inary. This arises when the proper confidence interval 
for T O  is (-a, a). In  either case the confidence in- 
terval gives no useful information for the experimenter 
concerning the true value of no or log Po and hence is 
meaningless. Therefore we have had to  list some 
values of log Po without confidence intervals. The 
fact that in geFeral the confidence interval does not 
center a t  - 6 1 / 2 p 2  should be noted in eq 3. 

1 - a/2 .  

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 f numbers represent the 90% confidence 
intervals on the intercept and the range with log Po is 
the 90% confidence interval on this constant. Un- 
fortunately, the results contained in eq la -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 mays such as ED and 
AIEDso, but some workers used rabbits, some mice, and 
some rats. Four of the papers were by Cope and co- 
 worker^.'^^'^-^^ 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 Po 
values. The mean value for the five sets for which i t  
was possible to calculate confidence intervals is 1.9. 
In  the Method section we have discussed the reason 
why confidence intervals cannot be given for sets If-h. 

Omitting eq If we find a mean value for the inter- 
cepts of approximately 2. Comparison of the multiple 
correlation coefficients, r ,  indicates a considerable range 



i t i  the  goodneb:, of fit. I’urt of the 1)oor correlatioii. 
iiot:hly that of et[ Id, ih  due to thr. small :iiiiouiit i i i  

initi:il variaiice iii the data. That i-. this variance 1- 

i i o t  much greater than the v:iriation due t o  euperi- 
mcrital error. This problem occur- because wine of the. 
n ~ i r l w s  appeared to have reported on only the nio-t 
:ic~tive members of :i serie-. 

Iti deriving eq lii-h u-e have riot attenipted t o  iriclude 
icrtn:, for electroriic a i d  steric eff ects of iub,titueiith 
+ice previous \\-Orhg ha3 indicated that the-e effect 3 tire 
so i n d l  that they cxii be omitted for the type of b:wbi- 
t urates under ci)ii-idt~r:Ltioii. Thc rea;son:tbly good 
correlatioiis coiitaiiied in this lJalIC’l :dso -upport this 
:i-wiiiptioii. The geiierally good :igreernetit obtaiiieti 
i t 1  thc eight diff crrnt irivestigation\ coniprisiiig 102 ex- 
:irnpIe\ i i  strong .upport for our hypoth 
fnctors remaining constant. biologicul 
fined tiy log (1,’C) iq  parabolically dependent o i l  log I-. 
Thc fact that all but two of thv value, for log I’ iii 
T:ihlc I were calcu1:ited rather th:iii cktcrminrd expen- 
nwit:illy i- further evidence for tlie utility of the. addi- 
iivc-roii-titutir (1 1i:11urc of log I’ 

I t  i- nicked :i -:itisfiction th:tt -uch ‘I diver-e set of 
(Itit :i c:in he treated iiii~themntically, aiitl 0 1 i e  caiiiiot 
cic:il)e the feeling that if all of the twt5 had beeii run o t i  
oiic type of atiinixl in one laboratory, the agreement 
I\ o d d  have bee11 much better. 
IYv h a w  been iiivestigating the hylmthe+is that sets 

( J F  c i ) t i g (~ i i~ r~  :wtiiig t)y the bamc inechaiiiini o i l  the 5aiiic’ 
rccel)tor site:, ihould have the m n e  log PO value:,, ofhri  
j u d o /  A b e m g  constarzf. Since tlie barbiturate, act 

h : iw iii h:irid data to  support t hi ylJothe-ii iii an iiidc- 
I)cndciit way. S o l o ~ ~ a y  i’ a i d  hi- co-n-orI,er- l i : ~ . ~  (’ 

nie :~~urcd  the rutc a t  n hich iiieiiiber- of :I -et of t)c~iizelic- 

horoiiic acidy J\ ere localized in nioii-e brain ti-sue. 
I’ittiiig hi:, data i o  ecl 1 :illow- u:, to cnlculate log I’[, 
for thii ieries. The value of 2.32 (‘2 05-3.1\) agree- 
well \\ ith that TW have f o i u i c l  for the t)arhituratc-. 

o f  thc boronic acids u e  knou IVP .ire tJking 
:il)oiit t h o  r:ite :it which thi- sct of coiigenerb fiiid- the 
t ) i  : i i i i  -1tico it w:i- tlctermi~icd tiy chemicnl atinly\is 
I i i  t l w  ca-v of the tiahiturates, \\ (1 :ire iirferriiig that 
1)i~ilogioaI tq)oi i -e  rc4lects the  coiicciitratiori of hyll- 
Iiotic i t i  the (’SS. ‘I’hc :ihovc finding- prompted iis to 
c:ilculiltc log Pi, fl)r Oth (Y .et\ of 11 i 1 ( 1  t i cs. 
l i  1) 111 T:iblr \’1I r c d t  froni le: - - c ~ u : l I c \  fit. l ) f  the 
c l ~ i t : ~  in Tuble I1 to ecl 1. One w (1 I l O t  expect cq 11 
1) to have the same intercept-, since different -et- of coli- 

grnws :ii ne11 :I$ differcrit te-ts :ire iiivolwvl. Ho\\c~vor, 

strorlgly O I I  the ~11tr: i1 iler\‘[)\l- ten1 ( C S S ) ,  TV(’ l l l l \ \  

1 3 3  luntio I I- 

1 ,) \ I1 % l < , N A \ ,  I< \\ l l l t l i I ‘ L l l ,  J l l d  .I 1: \ I t  

/ / ! < I  , p  129 (10 !lUb(I, 
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(‘otnpd 

10:3-10fi 
109-116 
117-124 
1 23-1 32 
1XG-143 
144-156 
1.57-162 
163-176 

Compd 

177-183 
184-190 
101-201 

Test 

IIDao (mice) 
HD;, (mice) 
HDio (mice) 
HD,, (mice) 
LIHD (rabbitu) 
ED;, (guinea pigs) 
IIDso (mice) 
LIED (mice) 

Tes t  

ADjo (mice) 
LL4D (rats) 
LIED (rabbitb) 

Coeff 
(log P ) ?  

- 0 . 2  19 
- 0.686 
- 0. ,510 
- 0.67.5 
-0.231 
-0.414 
-0.314 
-0.177 

Coeff 
log P 

0.864 
2,431 
2.134 
2,099 
1 , 0 2 0  
1. .jS9 
0,999 
0.599 

Constant r 9 

2..501 + 0.67  0.8.58 0.178 
0,724 3= 0 . 5 0  0.96.5 0.038 
0.8.57 i 0.84 0.944 0.103 
1 ,663 =k 0.4.5 0.947 0,082 
1.516 + 1.08  0.826 0.114 
1 . 322 f 0.64 0.805 0 .  130 
1 ,983 =I= 0.54 0.913 0 .  108 
1.893 1 0 . 1 0  0.918 0.079 

Coeff Coeff 
(log P)2 log P Constant r S 

-0.327 1.763 0.928 0.33 0.994 0.033 
-0.834 2.409 0.414 & 2.04 0,919 0.150 
-0.326 2.221 0.602 z k l . 3 7  0.958 0.102 

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 heavily3’ on log P ,  one obtains good 
correlations with eq 1 despite metabolic loss. So long 
as loss (metabolic or through macromolecular 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 G ~ l d b a u m . ~ ~  

I:rom the data in Table V we have formulated eq 5 
and 6. Equation 5 comes from the in vitro, liver me- 

n r  S 

log v5 nietabolized = 

0.511 log P + 0.313 4 0.9S7 0.063 ( 3 )  

log 70 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 
011 log Z’. 

Discussion 
Our results do provide further evidence for the prac- 

tical value of the concept of log Po 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 

(38) .\. Dorfman and L. R. Goldbaum, J .  Pharmaeol. Ezptl. T h e r a p . ,  90, 
A X 0  ( 1 9 d 7 ) .  

Lor: 1% 

1 , ! ) 7  (1.29-2.74) 
1.79(1.71-1.88) 
2.09(1.91-2 68) 
1.36 (1.47-1.68) 
2.21 
1.92 (1.73-2.24) 
1 . -59 
1 69(1.50-2.05) 

Log Po 

2.70 (2.59-2.85) 
3 .13 ( 2 . 8 4 4 . 6 0 )  
3.41 (3.06-4.84) 

eq 1 depend on two processes, either one of which might 
be rate limiting6 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 Po)2/a]. We have further suggested that 

In eq 7 ,  C 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. For a standard test, (dBR/dt), can be re- 
placed by a constant, and, since log Po is a constant 
for a given system, eq 7 can be converted to  eq S. We 

1 
log -~ = -k1(log P)2 + k ,  log P + C 

k3 log kx + constant (S) 

have sho \~x i~ (~-*~  that, steric and electronic factors con- 
stunt, the binding of neutral organic compounds to 
purified proteins and enzymes in simple solution is a 
linear function of log P.  Therefore we can replace the 
term lis log k ,  in eq 8 with the term kq log P to  obtain eq 
9. As w working hypothesis, i t  seems reasonable to 

1 log c = -k1(log P ) ,  + k ,  log 1’ + 
IC, log P + constant (9) 

assume that there is an ideal lipophilic character (log 
Pi) for the movement of organic compounds through 
mammalian tissue. This is different than the em- 
pirically found log Po in that we have separated out the 

(40) C. Ilansch, I<. Kiehe, and G. L. Laffrenoe, J .  A m .  Chem. Soc., 87, 

(41) K. Kiehs, C. Hansch, and 1,. Moore. Eiochemirtry. 6, 2602 (1966). 
(42) C. Hansch, E. {V. Deutsch, and R. N. Smith,  J .  Am.  Chem. Soc., 87, 

5770 (1965). 

2738 (1965). 
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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 t ra~ispor t .~  The larger the apolar function, 
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,g 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 arid 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 functions with larger negative x values. 
Probably little is to  be gained here since these havc 
been fairly well ir1vestigated.j’ Possibly the most is 
to be gained by designing molecules more resistant to 
metabolism. This could mean smaller doses arid 
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 sp3 C-H bonds 
next to groups which are capable o f  delocalizing a lone 
pair or lone electron. Evidence3’ strongly suggests 
that such boiidb are rapidly arid indiscriminately at- 
tacked in a very 1il)ophilic section of the liver micro- 
somes. Thi5 may be the reason barbiturates, substi- 
tuted with orily one alkyl group in the 5 position, are 
so weakly This is probably the reason ter- 
tiary alcohols are so much more effective than primary 
or secondary. I t  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 
function itself seems very resistant to  metabolic action, 
and it is well ~ I I O T V I ~  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 riot only less potent, they 
are also more rapidly excreted in the urine. 
,4 likely antidote for C-H bond oxidation would be to 

make perfluoro derivatives such as the following. 
0 0 
II II 

,C-NH C,F,, /C-NH 
( C F , I L C ,  ‘ 7 -  ,L-0 c, IC=O 

A T value 
would not 
Compound 
t’uric acid, 

0 
I 

0 
I1 

for aliphatic CF, is not available, but i t  
be far from the aromatic value’” of 1.07. 
I would have a log P close to  diethylbarbi- 
tirobably a little higher because of the in- 

ductive effect of the trifluoromethyl groups. lo Com- 
pound I1 would be higher than phenobarbital because 
of the aromatic E’ atoms = 5 x 0.15 = 0.75). 
If the pentafluorophenyl function is stable to  nucleo- 
philic attack in the body, this should be a very potent 
CNS depressant of very long duration. Log P for 

(50 )  i Ilurger in “Medicinal Chemistry,” A. Burger, Ed. ,  2nd ed, John 
TViley and Sons Inc., New York. K. Y., 1960 p 863 

compound I could be increased by adding C1c2 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 Po = 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 CSS. In some instances, the 
effect may be more specific than that of the hypnotics 
considered above. In  fact, i t  may be related to  that of 
congeners of morphine. When the effect is nonspecific, 
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 
mirid when desigriiiig CNS drugs, liarticularly if one is 
dealing with neutral compouiids, 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. E’or 
example, chlorpromazine has a value of 3.35.  I t  must 
be borne in mirid that this figure is found for the neutral 
molecule, riot the protonated form.’” Iri fact, it may  
be the protonated form which aids in the movemetit 
through tissue of such an extremely lipophilic sub- 
stance. The more riearly neutral C S S  drug chloro- 
diazepoxide51a has log P = 2.44. Log P for diphenyl- 
hydantoin”1h is 2.47. 

For designing milder acting CSS depressants one 
could go to higher or lower log P values. Since toxicity 
often (but riot 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, 
logP = 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 Po. Although there are good 
examplesj2s5J of complete parabolic curves, these are rare. 
_\Iore experimental work is necessary to  establish the 
fact that higher order terms in eq 1 are riot necessary. 

The results in this paper support our view that log PO 
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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