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From a study of the structure-activity relationship of barbiturates in four biochemical systems, inhibition of 
Arbaria egg cell division, inhibition of rat brain oxygen consumption, hypnotic activity, and inhibition of NADFT 
oxidation, it is found that very good structure-activity correlations can be obtained considering only the relative 
hydrophobic character of the various derivatives. Steric and electronic effects play a minor role. Comparison 
of the structural requirements for activity of the barbiturates with inhibitors of bacterial luminescence, Parame­
cium mobility, lung oxygen consumption, gut contractility, histamine release, narcotic action on frog heart and 
muscle, and narcotic action on tadpoles and C-mitosis indicates a very similar structure-activity relationship 
for a great variety of molecules in a variet\' of processes. The value of a single mathematical reference system for 
comparison of experimental systems and results carried out originally for different purposes is stressed. I t is 
suggested that interference with electron transport may be a common mechanism of action for the different 
compounds in the various systems. The results of our analysis also constitute further evidence for the additive-
constitutive nature of octanol-water partition coefficients and illustrate the application of this principle to prob­
lems of interest to the medicinal chemist. 

Recently3-6 we have been attempting to place the 
discussion of structure-activity relationships of bio­
logically active compounds on a mathematical basis. 
To this end we have developed an expression for the 
correlation of the change of biological response for a 
set of congeners with extrathermodynamically related6 

substituent con tan ts. Assuming that an equivalent 
biological response for a series of drugs can be related 
to their effects on one rate-controlling reaction whose 
rate or equilibrium constant is represented by kx, we can 
write4 eq 1. In eq 1, relative biological response is 

A'(l/Cx) = -'lxfcx (1) 

defined in terms of the applied molar concentration 
(1/C biological response) of drug X producing a stand­
ard response in a constant time interval. Ax is the 
probability of drug X reaching the site of action 
during the test time. We have assumed4 that A is a 
function of the logarithm of the partition coefficient of 
the drug (thus it is related to its free energy of transfer 
from phase to phase) and A has the form of a normal 
distribution. In eq 2, a and b are constants and P 

Ax = a exp [ - ( log P x - log P.xY/b] (2) 
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tional Institutes of Health. 
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M. J. Streich, J. Am. Chem. Soc, 85, 2817 (1963). 

(4) C. Hansch and T. Fujita, ibid., 86, 1616 (1964). 
(5) C. Hansch and E. W. Deutsch, Biochim. Biophys. Acta, 126, 117 

(1966). 
(6) J. E. Leffler and E. Grunwald, "Rats and Equilibria of Organic Reac­

tions," John Wiley and Sons, Inc., New York, N. Y., 1963. 

is the partition coefficient. We have normally used 
1-octanol-water to represent the aqueous and lipid 
phases of the cell. Substituting eq 2 into eq 1, taking 
logarithms, and collecting constants, we obtain, 
remembering that P0 is a constant for a given system 

log (1/Cx) = -fc(log Px)2 + k' log P x + log kx + k" (3) 

The first two terms on the right of eq 3 take into ac­
count the differences in drug activity due to differences 
in the random-walk process by which drugs find the 
active sites. They may not find the receptor sites 
during the time of test because of being localized in 
lipophilic pools, metabolic destruction, or elimination. 
All of these processes appear to be highly dependent 
on log P. The effect of structure variation on kx can 
be treated by the technique of linear combination of 
free-energy-based substituent constants.5'6 We have 
normally replaced log kx in eq 3 using expressions such 
as eq 4. The constants a, b, c are different from those 

log kx = a log P x + p<r + bE„ + c (4) 

in the previous equations. In eq 4, a log P x accounts 
for the free-energy change in the hydrophobic binding 
of the drug to a critical enzyme or protein.7 The usual 
Hammett8 significance is attached to po- and E„ is the 
Taft steric parameter. 

It is possible to formulate a higher order approxima­
tion as suggested by Miller.9 This can be done utilizing 
eq 23 of Miller's paper. Recasting his equation in terms 
of log kx, log P x , c, and EB instead of his parameters 

(7) C. Hansch, E. W. Deutsch, and R. N. Smith, / . Am. Chem. Soc. 87, 
2738 (1968). 

(8) H. H. Jaff€, Chem. Rev., 53, 191 (1953). 
(9) S. I. Miller, J. Am. Chem. Soc, 81, 101 (1959). 
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y, x, z, and ic, we obtain eq 5. Substitution of eq 5 

log kx = a log Px + pa + bEt + c(log P x V + 
d(log Px)Ee + e<iEs + /(log Px)*Ea 4- g (5) 

into eq 3 yields an expression (eq 6) which, if the de-
log (1/Cx) = -ZKlog Px)2 + h log Px+ P<r + k2Es + 
fc,(log P x > + A-4(log Px)Es + k,aEs + A-6(log P x ) * + h (6) 

pendence of log fcx on log P, <r, and Es is strictly linear, 
should give a better correlation than our previously 
formulated expression. The difficulty, of course, with 
eq 6 is that one does not often have sufficient data to 
statistically validate the nine constants, Ar—A-7 and p. 
However, often it is unnecessary to include Es and eq 6 
then reduces to eq 7. For the work in this paper we 

TABLE IV 

VF-0 INHIBITION OF XADH OXIDATION BY BARBITURATES 

log (1/Cx) = -A;(log P x ) 2 hi log P x + per + 

fe(log PxV + h (7) 

have fitted those data in Tables I -X to eq 7 and its 
simpler forms. 

Over the years much work has centered on the rela­
tion of the degree of ionization of drugs to their biologi­
cal activity.10 Fujita11 has recently analyzed the ad­
vantages to be gained in correcting for ionization in 
structure-activity correlations where there is consider­
able variance in ionization. In this paper we are con­
cerned in assessing the relative importance of the de­
gree of ionization of the barbiturates and their lipo­
philic character. Considerable interest has centered on 
the correlation of barbiturate activity with degree of 
ionization.12,13 It has also been recognized that the 
activity of these drugs is dependent upon their lipo­
philic character.14 

Methods 

In our preliminary report on barbiturates15 we corre­
lated substituent effects for a single series of barbitu­
rates using 7r values for substituents and log P for 
barbituric acid as our base of reference. Barbituric 
acid is not the best reference molecule to use to correlate 
5,5-disubstituted barbiturates. Disubstitution shields 
hydrophobic and hydrophilic interactions of the 5-
carbon atom and groups adjacent to it. In this work 
we have used 5,5-diethylrjarbituric acid (log P = 0.65 
± 0.02) as our reference molecule. We have also 
determined log P (octanol-water) for the ethylphenyl-
barbituric acid (1.42 ± 0.01) and barbituric acid 
( — 1.47 ± 0.03). The value of barbituric acid is more 
accurate than our previously reported value.15 

The shielding around the 5-carbon atom by two alkyl 
groups can be estimated as follows. The calculated 
value of diethylbarbituric acid, assuming simple addi-
tivity, is 

7r(2Et) + log P (barbituric acid) 2.00 1.47 = 0.53 

The difference between this and the experimental value 
(0.65 — 0.53 = 0.12) represents the increase in partition 

(10) A. Alber t , "Se lec t ive T o x i c i t y , " 3rd ed, J o h n Wiley a n d Sons, Inc . , 
N e w York , N . Y., 1965. 

(11) T . Fu j i t a , ./. Med. Chew.., 9, 797 (1966). 
(12) G. H. A. Clowes, A. K. Ke l t ch , a n d M . E. K r a h l , / . Pharmacol. Exptl. 

Therap., 68, 312 (1940). 
(13) M . E . K r a h l , J. Phys. Chem., 44, 449 (1940). 
(14) F . F . Bl icke a n d R . H . Cox, " M e d i c i n a l C h e m i s t r y , " Vol. IV, J o h n 

Wiley a n d Sons, Inc . , N e w York , N . Y., 1959, p 17. 
(15) C. H a n s e n , A. R . S teward , and J, Iwasa , Mol, Fhnrmacol., 1, 87 

(1965). 

N o . R R ' Log P 

46 Ethyl Phenyl 1.42* 
47 Ethyl Isoamyl 1.95 
48 Ethyl 1-Methylbutyl 1.95 
49 Ethyl Cyclohexenyl 1.20 
50 Ethyl Butyl 1.65 
51 Ethyl Ethyl 0.65c 

" From ref 20. h Calculated using eq 2o 

— L o g ( 1 / C ) — . A log 
Obsd" Calcd 6 (1 /C) 

2.96 2.810 0.15 
3.52 3.397 0.12 
3.51 3.397 0.11 
2.64 2.566 0.07 
2.60 3.064 0.46 
1.96 1.957 0.00 

2~~> c Experimentally 
determined values; all other values calculated. 

TABLE V 

INHIBITION OP BACTERIAL LUMINESCENCE BY ALCOHOLS 

AND URETHANS 

Alcohol 

Methanol 
Ethanol 
Propanol 
Butanol 
Pentanol 
Hexanol 
Heptanol 
Octanol 

U r e t h a n 

Methyl 
Ethyl 
Propyl 
Butyl 
Isoamyl 
Hexyl" 

Log P 

- 0 . 6 6 ' 
- 0 . 1 6 

0.34/ 
0.84 
1.34 
1.84 
2.34 
2.84 

log J' 

- 0 . 6 5 
- O . l . V 

0.35 
0.85 
1.15 
1.85 

, 

— L o g 
Obsd" 

- 0 . 4 4 
0.05 
0.60 
1.12 
1.72 
2.25 
3.04 
3.66 

Log 
Obsd c Or 

0. 
1. 
1. 
2. 
3. 
3 

50 0 
15 0 
70 L 
30 1 
00 2 
50 

( l / C ) 

(1 C 
>sd'< 

.06 

.48 

.05 

.54 

.25 

— 
Calcd 6 

-0 .550 
0.036 
0.621 
1.207 
1.793 
2.379 
2.964 
3.550 

i . 

C a l « i e 

0.517 
1.137 
1.756 
2.376 
2.748 
3.616 

A log 
(1 /C) 

0.11 
0.01 
0.02 
0.09 
0.07 
0.13 
0.08 
0. II 
A Ion 
(1 'C, 

0.02 
0.01 
0.06 
0.08 
0.25 
0.12 

"F rom ref 21. b Calculated using eq 27. c From ref 22. The 
authors included the octyl derivative as well. I t was not used in 
our calculations since log P for this derivative was high enough 
so that departure from the linear relationship was apparent. 
d From ref 21. The difference in value for log (1/C) for the two 
sets of urethan data results from the fact that different degrees 
of inhibition were used as reference points. ' Calculated using 
eq 29. •'' Experimentally determined values; all other values 
calculated. 

coefficient due to shielding by disubstitution. No 
doubt this will vary somewhat with the size of large 
substituents; however, this will not be significant for 
our purposes. Random errors in the biological tests 
are much larger. The values for log P for the com­
pounds in Tables I-IV were found by adding the proper 
-K value for the alkyl groups to —1.35 ( — 1.47 + 0.12). 
For example, in Table I, 15 was calculated as follows. 

V-NH 
= 0 + CH,=CHCH,- 4- (CH:t)XHCH,- = log P 

-1.35 + 1.20 + 1.80 =1.65 

The value of 1.20 for allyl was obtained by subtracting 
0.3 from 1.50 for n-propyl. The figure of 0.3 was ob­
tained by subtracting w for ethyl from T for vinyl.16 

The value of isobutyl comes from subtracting 0.2 from 
n-butyl. 

Log P for 5-ethyl-o-cyclopentenyl barbituric acid was 
estimated by subtracting 0.41 from the ethylcyclo-
hexenyl derivative. The value of 0.41 is an average 

(16) J. Iwasa , T. Fuj i ta , and C. Hansch , ,/. Med, Uhem., 8, 150 (1965). 



' • I S Comvix MANSCD AND S r s . w M. AXDKKSOX Vo l . It) 

T A B L E VI 

50' , ' . I N H I B I T I O N O F M I S C E L L A N E O U S B I O L O G I C A L 

F C N C T I O N S BY A L C O H O L S " 

Compd 

M e t h a n o l 
Kthanol 
P ropano l 
B u t a n o l 
Pei i tanol 

Hexanol 
l l e p t a n o l 

Octano l 

I.OK P 

- 0 . 6 6 ' ' 

- l ) . 16 

o . 3 4 l 

0 84 

i 34 

1 84 

2. 34 

2 . 84 

Gut 
contrac-

t i t i t v 

0 , 0 9 

0,32 

2,or, 
2 60 

—Obsd log (1/C) 
Para- Lung 0: 

l."> 

, 6 0 

mecium 
mobility 
- 0 . 2 0 

0 14 
o,:.2 
1 .Oi l 

1 ,00 

2 12 
2 . 6 4 
2 . 0 8 

consump­
tion 

- 0 . 4 0 

- 0 . 12 

(>.:>:! 
0.112 
1 .46 
1 .02 
2.1-") 

Hist­
amine 
release 

0 .64 
0 . 0 2 
1 2,"i 
1 . 58 
2 . 0 2 
2 . 4 6 

" D a t a from ret' 23 . 
I her values ca lcu la ted . 

2 . 6 6 

E x p e r i m e n t a l l y d e t e r m i n e d v a l u e s : ; 

T A B L E 

\ A K C O T I C A C T I O N 

Comix! 

M e t h a n o l 
E t h a n o l 

P ropano l 

2 -P ropano l 

H u t a n o l 
I s o b u t y l alcohol 

( -Butyl a lcohol 
/ - P e n t y l alcohol 

I s o p e n t y l alcohol 

l l e p t a n o l 

Ace tone 
E t h e r 

M e t h y l a c e t a t e 
E t h y l a c e t a t e 
Propyl a c e t a t e 

I sop ropy l a c e t a t e 
I s o b u t y l a c e t a t e 

B a r b i t a l 
Benzene 
Chloroform 

M e t h y l iodide 
E t h y l chlor ide 

E t h y l b r o m i d e 

E t h y l iodide 
P r o p y l chlor ide 

P ropy l b r o m i d e 
I sopropy l 

b r o m i d e 

P ropy l iodide 
E t h y l e n e 

chlor ide 

' F r o m ref 24. 
used in der iv ing eq 
o t h e r va lues calcul 

Log / ' 

- 0 . 6 6 " 

- 0 . 1 6 
0.34 ' ' 

0 . 14 
0 .S4 

0 . 6 4 

0 .37" 
0 .89" 

1 . 14 
2 . 34 

- 0 . 2 1 

0 . 7 7 ' 
o . 2 3 

o . 7 3 " 

1.23 
1.03 

i . 53 

o.6,y 
2 . 1 3 " 

1.97" 
1.50 

1 ,39 

1.60 
2 .00 ' ' 
1 .89 
2. 10" 

1. 9< l 
2 . 5 0 

1 .78 

'' C a l c u l a t e d u 

V I I 

ON F R O G 

- - L O K 
Obsd" 

- 0 . 5 7 
- 0 . 0 8 

0 . 4 3 
0 , 1 8 

0 . 9 0 

0 . 8 7 
0 . 2 0 

0 74 
1 .41 

2 , .')2 
- 0 . 0 4 

(1, .")3 

0..")9 
0.8t) 

1 .46 

1.21 
1 .82 

1 .57 
1 .96 

2 . 15 
1 . 19 

1 .34 
1 .48 

1 .92 

1 .77 
2. 10 

2 , 0 0 

2 , 3 0 

1 51 

using eq ,' 
34. •' E x p e r i m e n t a l l y 

lilted. 

H E A R T 

n o . 
Caleii6 

- 0 . 5 0 8 

0 .041 
0 . 4 2 5 

0 .239 

0 .892 
0 . 7 0 5 

0 . 4 5 3 
0 .939 

1 172 

2 .291 
- 0 (188 

0 .827 
0 . 3 2 3 

0 .789 
1 .256 

1 .069 
1 .53(i 
0 . 7 1 4 

2 . 0 9 6 

1.046 
] .509 
1 .405 

1.601 
1.974 

1 .872 
2 . 0 6 8 

1..S81 

2 . 4 4 1 

1.76!) 

!4. B a r b i t a l 

AIOK 

n / O 

0 . 0 6 
0 .04 

0 . 0 1 

0 . 0 6 

0 . 0 7 

0 . 1 7 
0 . 2 5 
0 . 2 0 
0 .24 
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0 27 
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was in 
d e t e r m i n e d v a l u e s ; : 

of several estimations. Dividing the w values from the 
phenoxyacetie acid series17a for cyclohexyl (2.51) and 
cyclopentyl (2.14) by (i and .">, respectively, gives 0.42 
and 0.43. Subtracting log P 0.29 for ethyl methyl 
ketone from log P 1.50 for methyl 2-cyclopropyl ketone16 

gives the value of 1.21 for cyclopropyl; dividing by 3 
yields 0.40. The x value for cyclohexyl can also be 
calculated from log P cyclohexanol (1.23) and the ir 
value for aliphatic17b OH ( — 1,16). Dividing this value 
of 2.39 by 6 yields 0.40 for the cyclic CH2 unit. Thus 
the value of 0.41 seems like a reasonable compromise. 

For the benzyl function in 3 and 4 we have used log 

(17) (a) T. Fujita, J. Iwasa, and C. Hansen, ./. Am. Chem. Soc, 86, 5175 
0964); (h) C. Hansen and S. M. Anderson, J. Org. Chem., 32, 2583 (1967:. 

P foi' toluene (2.(>9) and for the phenylethyl group in 
12 we have used the log P figure for et hylhonzene 
|3.15).IB For each double bond we have subtracted 
0.3 from the /<-alkyl group. 

Table I contains data on the inhibition of cell division 
in Arbacia eggs.12 Table II gives data on the inhibition 

T A B L E V I I I 

X \KooTie A C T I O N ON F R O G M C S C L K 

Log H O-— 
Obstl" 

- 0 . 0 9 
0 25 
0 , 4 0 

C'ompd 

M e t h a n o l 

E t h a n o l 

A c e t o n e 

2-Propa.nol 

P r o p a n o l 

F r e t h a n 

E t h y l e t h e r 

B u t a n o l 

Ant ipy rine 

Py r id ine 

H y d r o q u i n o n e 

Anil ine 

Benzyl alcohol 

Ace tan i l ide 

Pe i i tanol 

Phenol 

Hexanol 

N i t r o b e n z e n e 

Quino l ine 

l l e p t a n o l 

2 - X a p h t h o l 

Oc tano l 

T h y m o l 

Toluene ' ' 

Chloroform' ' 

Log / ' 

- 0 . 6 6 ' ' 
- 0 . 1 6 
- 0 21 

0 . 14 
0 .34 ' ' 

- 0 . 15'' 
0 .77 ' ' 
0 .84 
(1.23'' 
0 . 6 5 ' ' 
0 ,59 ' ' 
0,00"' 
1 , 10'' 
1 . 16'' 
1 .34 
1 .46 ' ' 
1 .84 

1 85 ' ' 
2 . 0 3 " 

2 34 
2 84 ' ' 
2 .84 

3 30-' 
2 . 6 9 " 
i .07"' 

0 . 4 5 
0 . 6 0 
I .00 
1 07 
I 22 
1 .22 
I 23 
1 .60 
I .70 
1 .70 
1 S3 

1 .80 
2 . 0 0 
2 .44 
2 . 5 3 
2.7( I 

2 81) 
3 , 0 0 
3 . 16 
3 . 5 2 
2 . 0 0 
1 50 

Calcd'' 

0.066 

0.517 

0.472 

0.788 

0,969 

0,526 

I .357 

1 .420 

0 809 

1 248 

1 , 194 

I 474 

I .655 

1 ,709 

1 .87 1 

I .080 

2. 332 

2.494 

2 774 

3.225 

3.641 
3.091 
2.441 

A log (I c 

0. 16 
0 27 
0 .07 
0 ,34 
0 . 3 7 
0 47 
0 . 2 9 
0.21) 
(l 35 
(I 02 
0 .41 
0 . 2 3 
0,115 
0, 12 
0 .07 
II. 112 
0 12 
0 . 2 0 
0 21 
0 . 0 3 
11.23 

0 07 
0 . 1 2 

1 .09 

0 ,94 

" F r o m ref 25. '' Ca l cu l a t ed using eq 36. " To luene and 
chloroform were not used in de r iv ing eq 36. '' Expe r imen ta l l y 
d e t e r m i n e d va lues : all o the r va lues ca lcu la ted . 

T A B L E I X 

N A R C O T I C A C T I O N ON T A D P O L E S 

— L o g ( l . ' f i - • A ILK 
C o m , , , ! 

E t h y l a c e t a t e 
E t h y l p r o p i o n a t e 

E t h y l b u t y r a t e 
E t h y l v a l e r a t e 
A c e t o n e 

2 - B u t a n o n e 

2 - P e n t a n o n e 
Chloroform 
X i t r o m e t h a n e 

K t h y l e the r 
M e t h a n o l 
E t h a n o l 
P r o p a n o l 
B u t a n o l 
Hexano l 
l l e p t a n o l 
Oc t ano l 
.Methyl c a r b a m a t e 
E t h y l c a r b a m a t e 
P r o p y l c a r b a m a t e 
I s o b u t y l c a r b a m a t e 
I s o a m y l c a r b a m a t e 

" F r o m ref 26. T a d p o l e s of va r ious ages were used in the tes ts . 
T h e es ters were t e s t ed on 3-day tadpoles , t h e ke tones on 7-day. 
the g r o u p from chloroform to e the r on 6-day, t h e alcohols on 6-
d a y , a n d t h e c a r b a m a t e s on 3-day . '• C a l c u l a t e d us ing eq 37. 
' Ca l cu l a t ed us ing eq 38. d E x p e r i m e n t a l l y d e t e r m i n e d v a l u e - ; 
all o the r va lues ca lcu la ted . 

I.OK / ' 

0 . 7 3 ' ' 

1 .23 
1.73 
2 . 2 3 

•0 .21 

0 . 2 9 ' ' 

0 . 7 9 
1 97 ' ' 
0 . 3 3 ' ' 

0 . 7 7 ' ' 
0 . 6 6 ' ' 
0 . 16 

0 .34 ' ' 
(1.84 
1 .84 

2 . 3 4 
2 84 

0 . 6 5 
0 . 15'' 
0 . 3 5 
0 . 6 5 

1.15 

Obsd" 

1 41 

2 . 10 

2 . 6 2 
3 , 0 5 

0 . 4 9 

1 .02 
1 . 57 
3 . 1 2 
0 , 8 5 

1 , 35 

- 0 . 19 
0 . 2 6 
n . 9 8 

1 77 
3 , 0 3 
3 . 6 0 
4 . 0 5 
0 .59 
1 .46 
2 . 3 3 
2 . 4 9 
3 . 0 0 

Calr-d'' 

1 541 

2 . 1 2 7 
2 . 7 1 3 

3 .299 
0 439 
1 .025 

1 .611 
2 . 9 9 4 
0 298 

1 . 588 
- 0 . 0 8 9 

0 . 4 9 8 

1 .084 
1 .670 
2 . 8 4 2 
: 1.428 

4 . 0 1 4 
0 . 7 3 8 ' 

1 .410" 
2 . 0 8 1 " 
2.4,S4" 
3 . 150" 

. i r . 

0 13 

0 . 0 3 
0 . 0 9 
(1.25 

0 05 
0 .01 
0 .04 

0 13 

0 55 

11. 24 
(I. in 
11.24 
0. 10 

1). 10 
II 10 

0 . 1 7 
0 .01 
0 . 15 
0 . 0 5 
0 . 2 5 
0 01 
0 . 1 6 
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S e p t e m b e r 1967 

INDUCTION OF 

Compd 

Ethanol 
Propanol 
Butanol 
Isobutyl alcohol 
i-Butyl alcohol 
Isopentyl alcohol 
(-Pentyl alcohol 
Octanol 
Acetone 
Ethyl ether 
Acetamide 
JCthyl carbamate 
Chloroform 
Benzene 
Xylene 
Naphthalene 
Anisole 
Acetanilide 
Aeetophenone 
Barbital 

T. ABLE X 

C - M I T O S I S ix ALLIUM 

Log P 

- 0 . 1 6 
0.34« 
0.84 
0.64 
0.37" 
1.14 
0.89" 
2.84 

- 0 . 2 1 
0.77c 

- 1 . 2 0 
- 0 . 1 5 

1.97= 
2.13c 

3.13 
3.37 
2.11 c 

1.16c 

1.58c 

0.65 s 

S T K U C T U K E - A C T P 

ROOT T I P S 

— LOB ( l /C) . 
Obsd" 

0.12 
0.73 
1.33 
1.03 
0.73 
1.43 
0.73 
3.43 
0.43 
1.03 
0.12 
0.60 
2.19 
2.60 
3.52 
4.24 
2.49 
2.12 
2.49 
1.52 

Calcd' A 

0.407 
0.887 
1.367 
1 .175 
0.916 
1.656 
1.415 
3.289 
0.359 
1.300 

- 0 . 5 9 2 
0.416 
2.453 
2.607 
3.567 
3.798 
2.587 
1.675 
2.078 
1.185 

log (l/C) 

0.29 
0.16 
0.04 
0.15 
0.19 
0.23 
0.69 
0.14 
0.07 
0.27 
0.71 
0.18 
0.26 
0.01 
0.05 
0.44 
0.10 
0.45 
0.41 
0.34 

" From ref 27. Two concentration points were determined: 
the concentration just causing C-mitosis and the highest con­
centration not causing C-mitosis. We have used the average 
of the two in calculating log ( l /C ) . l Calculated using eq 39. 
Barbital was not used in deriving eq 39. c Experimentally de­
termined values; all other values calculated. 

of oxygen consumption by rat brain.18 Table III 
presents data on the hypnotic action of barbiturates.19 

Although there are several good series of barbiturates 
which have been carefully tested for hypnotic activity, 
we have used this set because polar substituent con­
stants were available for these relatively simple alkyl 
substituents. Table IV contains the data for the in­
hibition of NADH oxidation by barbiturates,20 Table 
V summarizes the data on bacterial luminescence by 
alcohols and urethans,21,22 Table VI those on inhibition 
of four biological processes by alcohols,23 Table VII 
contains data on narcosis of frog heart,24 Table VIII 
lists recent data on narcosis of frog muscle,25 Table IX 
presents data on the narcosis of tadpoles,26 and Table 
X has information on colchine-like mitosis (C-mitosis) 
in onions.27 

Results 

Using the method of least squares we have derived 
eq 8-12 from the data on the inhibition of cell division 
of Arbacia eggs. In the equations, n is the number of 
points used in finding the constants. In deriving these 
equations we have omitted using data from 2, 5, 12, 
and 14 since the compounds were poorly fit by all of 

A. Fuhrinan and J. Field, ./. Pharmacol. Exptl. Thera.p., 77, 392 

. A. Shonle and A. Moment. J. Am. Chem. Soc, 46, 243 (1923). 
Giuditta and G. Di Prisco, Biochim. Biophys. Acta. 77, 394 

W. Taylor, J. Cellular Comp. Physiol, 4, 329 (1934). 
H. Johnson, E. A, Flagler, R. Simpson, and K. McGeer, ibid., 37, 

. P. Rang, Brit. J. Pharmacol.. 15, 185 (1960). 

. Fuhner, Biochem. Z., 120, 143 (1921). 

. Agin, L. Hersh, and D. Holtzman, Proc. Natl. Acad. Sci. V. S., 63, 
) . 
. M. Vernon, J. Physiol. (London), 47, 15 (1913). 
OsterKren, "Mecanisme De La Narcose," Centre National de la 

Scientifique, Paris, 1950, p 77. 

(18) 
(1943). 

(19) 
(20) 

(1963). 
(21) 
(22) 

F . 

H. 
A. 

G. 
F . 

1 (1951). 
(23) 
(24) 
(25) 

H . 
H . 
D . 

952 (1965: 
(26) 
(27) 

H . 
G. 

Research 

log ( l /C) = 0.801 log P + 1.076 

log ( l /C) = 0.504ApAa + 2.230 

log ( l /C) = 0.793 log P + 

19 0.960 0.171 

19 0.209 0.594 

749 

(8) 

(9) 

(10) 

(11) 

(12) 

0.356ApAa + 0.845 19 0.971 0.151 

log ( l /C) = 0.547 log P - 0.354ApAa + 
0.356(log P)ApA'„ + 1.331 19 0.974 0.146 

log ( l /C) = -0.082(logP)3 + 
0.880 log P - 0.320ApA3 + 
0.338(logP)ApA"a + 1.034 19 0.978 0.140 

the equations, even eq 12. This does not change the 
essential shapes of the curves, but it does improve the 
correlation. The multiple correlation coefficient is 
represented by r, s is the standard deviation, and C is 
the molar concentration of drug producing the standard 
inhibition. 

Equations 8 and 9 represent the two simplest hypoth­
eses; that is, the inhibiting power of the drugs is directly 
proportional to their lipophilic character (eq 8) or 
direcly proportional to ApKa (eq 9). The correlation 
with eq 8 is extremely good while that of eq 9 is very 
low. Combining log P and ApKa, we obtain eq 10 
which accounts for 94.2% of the variance in the data 
vs. 92.6% accounted for by eq 8. Although this is a 
small difference, it is statistically significant (Fitu = 
5.96). F tests indicate that eq 11 is not significant at 
the 0.90 level when compared with eq 10. Equation 12 
is significant at the 0.90 level when compared with eq 
10. For all practical purposes eq 10 gives the best fit. 
While the squared term in eq 12 is significant, it is not 
important unless one were to consider more lipophilic 
molecules. Equation 10 does establish the fact that a 
very small amount of the variance in biological activity 
can probably be attributed to differences in the degree 
of ionization. 

Equations 13-18 result from the data on oxygen con-

log ( l /C) = 1.037 log P + 0.959 

log ( l /C) = 0.367ApA. + 2.367 

log ( l /C) = 0.334 log P - 1.335ApAa 

0.920(logP)ApA'a + 1.975 

log ( l /C) = -0 .424 ( togP) 2 + 
2.411 l o g P + 0.017 

log ( l /C) = 0.429(ApAa)
2 -

0.181ApA„ + 2.521 

log ( l /C) = -0 .494 (log P ) 2 + 
3.066 log P + 1.136ApAa -
0.572(log P)ApA a - 1.020 

n 
10 

10 

+ 
10 

10 

10 

10 

r 
0.956 

0.122 

0.962 

0.98S 

0.127 

0.992 

8 

0.203 

0.683 

0.218 

0.112 

0.729 

0.109 

(13) 

(H) 

(15) 

(16) 

(17) 

(18) 

sumption of Table II. Again, comparison of the two 
monoparameter equations reveals that log P is the 
parameter of overwhelming significance. Adding two 
additional terms, as in eq 15, does not result in a reduc­
tion in variance (compare values of s). In eq 16 and 17 
we have examined the use of squared terms for the two 
parameters. Equation 16 results in a statistically 
significant improvement in correlation (FI,T = 19.1) 
over the simple linear relation. The correlation with 
eq 17 is meaningless. The highest order approximation, 
eq 18, is not a significant improvement over eq 16 
(^2,5= 1.23). These results clearly indicate that small 
changes in the degree of ionization of the barbiturates 
have no bearing on their inhibition of oxygen consump­
tion. This does not imply that ApKa could be neglected 
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for large changes." Equation 13 rationalizes 9 1 % of the follow up of the work of Meyer and Overton has not 
variance in the data, and eq Hi accounts for 9<S%. been made is the expense of determining the many 
Compound 34 was not used in the regression analysis partition coefficients necessary lor a thorough study, 
because no ApA% value was available. Its calculated Sufficient evidence1''---9 :i:i tor the additive character of 
log ( I / O (Table 11) is noi in very good agreement log I' is now in hand to justify t lie effort of theoretical 
with the experimental value. The eyelnpentenyl group studies such as the present. 
is also not well predicted in Table I. This may be due To the best of our knowledge, all of the biochemical 
to our method of estimating log I' or some steric factor studies of the .">.,">-disubstituled barbiturates use deriva-
may be involved. lives such as those represented in Tables I IV where 

From the data in Table 111 on the hypnotic action of either simple or complex alkyl or alkenyl functions do 
barbiturates, we have formulated eq 19-24. Neither not result in sets of congeners having much spread in 

,( (. s their degree of ionization. Our results show that at -
log (I/O) = -o.i)4U log P + 3.7,27 II (i.os.") o.2l)(i MO; I erupts to rat ioiialize even a small fract ion of variance 

log ( I / O = -0.02:-!<T* + :i.4.-,7 II 0.027 0.207 <2(n m ; ) c t i v i , . v w>1 h degree of ionization are likely to be 
unprofitable, 

log ( I /O = 2.801 log J' - HUOOCT* -t- , , , . , i , j • ,i • 
>1.7,o4(logO<,*- 0.4*7, II o.7,03 0.271 ,21, . ! " , 10 , , c ' " ' "K" ' ' ' I " " " " ' 1 * "-n'uilated -t, t in. paper 

have we a t tempted to account fur highly specific steric 
log ( I / O = -o.630(.log P)- + restrictions on the interactions of the barbiturates with 

2.002 log P + 1.01* 11 ,,.«,«! ... 130 ,22; t h ( , b l o ( . h e m i , ; l l m . l t e r i u i through which the>' medial., a 
log ( I / O = 1.14(J<a-* i- — given biological response. The high correlations ob-

0.2S0cr* •+- 3.3 15 II o . l l l 0.313 (23i tained without the use of such parameters indicates 

log (I/O) = — 0.ti.">7(logO2 + ' n ; l ' "lock and key theory" is of little use in explaining 
2.099 log I' + 0.203<7* - their mode of act ion. In this respect, it is of interest to 
o.:«)5(log <r*)log/J + 1.933 ll 0.012 (U40 (24; consider the four poorly fit molecules (2, 5, 12. and 14) 

of the simple linear equations, 19 and 20, result in " f T ; l h k ' L With the possible exception of 12, they do 
significant correlations. Kven the three-parameter not .-ontao. unusually bul_ky groups. 1 here is nothing 
equation, 21, accounts for onlv 3 5 % of the variance in "»<^andn,g about 2 and o to explain their poor fit n 
the data. Comparing eq 22 'unci '23 with 19 and 20 i"[> '•»*'•«"•"• factors do not <oem to be responsible, 
shows a verv high degree of dependence of hvpnotic ' h '* ,v*"]\ , s \mfi\ 1 )k l ' )> |

 u> 1)(' i , , m i d I " i
t l l t > »"'•';""'•'•; 

activity on log / O t n d essentially no dependence on a*. m o n ' " ' , r l u ' l»<><'h™".<'il1 response or the calculated 
Equation 24 does not offer an improvement over eq 22 h* ' " r m ll ' • '>»^'""l»»' <>' the two ; 

(compare .rvalues). For these equations we have had I n o n , \ st',1K>- t m > , m o s t ""eres t ,ng aspect of .lie 
to employ the polar substi tuent constant a* instead quantitatjyc approach to stnieture- activity stud.es ,s 

of 4pA% since pA% values were not available for many t , ) ,1,"d l. (, , s ( ' , l u > l o < ; u , o s ™hwh d , ) f,ve t h o " " ^ P ^ ^ 
e .1 1 1,-j. . , v t , • t , i- •, ,• J\ • •' resu 1. 1 lie use ot regression ana vsis enables the re-

oi these barbiturates. \\ i thm the limits of this approxi- . * . • „ 
, .• •, 4 * 1 ] j j searchers to quieklv spot 111 a mass ot data the unusua 

mation, hypnotic activity appears not to be dependent , . . * ,'• , , , • , 
., ' 1 ' .. • • ,'• 4 11 ., 4 - ) K mo ecu es irom which the next advances 111 the under-

011 the degree of ionization. As is usually the case4--* .. . 
,. , 1 .• ,• 1 - i i • <• 1 standing ot the torr ibv conipex pharmaco ogica 
lor the action ot drugs m whole organisms, we hud a , , , , ' 

, , , ,. .. •. ,1 »%., problems can be made, 
strong dependence ot activity on (log r ) - . ' ,• , , , • , • 

rp, , , (.1 • . ' , •.• ( v u i a -, *• One o the advantages o o r n m a t i n g resu ts ot strue-
I he dependence ot the inhibition ot A AlJH oxidation ,. * . * . . , 

, . , , • , , ,1 • i- v -1- 1 . lure activity studies m the torm o equations is that 
ot barbiturates on their lipophilic character is sum- . , . - . . . . ', , ,.,,. 

, • .,- 1 ,„. , . • , ,• , . • rr , , it great v tacihlates comparisons o resu 1s bv <hfterent 
marized in e<| 2o and 2o obtained trorn data m J able " • ' • 
11- . • •. • ,1 . .1 1 ]-,• ,• , 1 • • .• res(>arch groups on dinerent systems. \\ Inle a great 
l\ . Again it is seen that the addition ot the ionization- ,• • , ' , - , - , • 

many studies a t tempting to relate biochemical activity 
to partition coefficients or other physical parameters 
have been made, there has been relatively little work 

log ( I / 0 = 1-107 log P + 1.237 Ii 0.021 0.2(51 (27) 

log (I/O) = l.lo4 log I' - done using anv particular reference systems. Mc-
().20,SApA-„ + 1.307, 0 o.!)2(i 0.203 (2(ii ( ;o w a nV : i-1 and ' Zahradnik ' s - st udies are notable ex-

related term in eq 2(j does not result in an improved ceptions. 
correlation. Thus, the relative biochemical activity in This comparative approach to pharmacodynamics is 
the above four quite different tests is shown to depend illustrated in tho following summary of the linear 
almost entirely on their relative lipophilic character. relation between st ruct ure and activity in the barbitu­

rates. The ligures in parol 1 theses a re the 90% confidence 
intervals. Although (log /-")- was statistically significant 
in two of the above studies, the difference from the Discussion 

The results embodied in eq S-2() bring out clearly the simple linear one-parameter equation was so slight thai 
great practical importance of the additive character of we can ignore these effects for the molecules under 
log P and x. Of the 27 different barbiturates, we have 
measured partition coefficients for only three for our 
regression analyses (the value for barbituric acid is not 
essential). The others were estimated in a few minutes r;,,M.. a, io:;.-> aww 
with pencil and paper. This represents a great saving 
in time and money. Probably the chief reason greater 

,2<U T. l-'iijiui. .1. h i a , a , unci ( '. Hansel, , ./. Am. Vhem. S„r.. 86, o 17o 
li lfi l i . 

iO; U. .1. ( ' n i c e . < \ K. I.OIIJJI,. H. 1-. Silvi-r, ami 11. 1.. Holmes, C./e. ./. 

1, C. l l anseh , i Jrueeedings of liie In i e rna l iuna l CongTess on P l i a n n a e 
gy. Sao Paulo . 1 M0G. 

;i-J, ('. Hansch an,l s . M. Aniterson. unpubl i shed resul ts . 
:l:i P. l iraei .a anil H. 1). O'Urien. ./. l-k-nn. Entnmol.. 59, ll 'oo , P'lir. , 

(L'S! ( ' . Hansel , . A. H. S l e u a n l . .1. i u a s a , anil l-l. W. l ieu,sel l , .l/.,i. : l | .1. ( \ M e( Iowa n, ./. . I ;,/>'. ' ' / , , „,.. 4, I I . I d o l , . 

I'h.n'wicul.. 1, aOo (Pll io; . : ;-. I!. Za lna , ln ik . .l.v,',. l„trr„. / ' ' ,., mw ,•.,.;,,„., 135, 111 I I '.Mi: 

stud.es
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.")()',( inhibition of Arbacia egg cell division 

log (1/C) = 0.801 log P + 1.076 (8) 

(±0.10) (±0.20) 

50'", inhibition of rat brain oxygen consumption 

log (1/C) = 1.037 log P + 0.959 (13) 

(±0.21) (±0.36) 

.")()', inhibition of NADU oxidation 

log (1/C') = 1.107 log P + 1.237 (25) 
( = 0.50) (±0.77) 

consideratioti. The very small role of ionization in the 
egg cell division study can also be neglected. This 
s tudy was made at pH S. This alkaline pH would 
exaggerate the effects due to ionization. The studies 
on brain tissue were made between pH 7.3 and 8 so 
that they are not too different from the cell division 
study. The lack of more precise pH control in this 
study may account for the apparent independence of 
eq 13-18 on ApA'a. Neglecting these two factors, one 
is struck by the close correspondence of the constants 
in eq N and 13. Roth the slopes and intercepts of the 
two equations fall in the range covered by the con­
fidence intervals. The fact that the intercepts are the 
same could be more fortuitous since this constant would 
be so dependent on experimental conditions. However, 
in this connection it is of interest to note that it was 
the point of o0% inhibition which was measured in 
each system. Moreover, it was observed that when the 
egg cell division was reduced by ">0%, respiration wa 
reduced 30%. Thus it seems very likely that the same 
enzyme system is being acted on in each case. 

Giuditta and Di Prisca2" measured the inhibition of 
X A D H oxidation in beef heart mitochondria by bar­
biturates. Although the correlation is not as sharp as 
with the other two systems, the slopes and intercepts 
of eq 25 are very close to those of eq S and 13. In 
summary, studies from three distinctly different bio­
logical systems using different kinds and numbers of 
barbi turate derivatives yield equations having slopes 
and intercepts which are almost identical. It is ap­
parent that the structural feature of overwhelming 
importance in the above barbiturate studies is the 
lipophilic character. 

The close agreement among the three barbi turate 
studies, as well as many good correlations in other 
sys tems, 3 - 5 encouraged us to use our oetanol-water 
reference system for the comparison of barbiturates 
with other narcotics which might also inhibit oxidative 
processes such as that represented in eq 2.">. For this 
purpose we have selected studies in which rather large 
numbers of compounds were tested in situations which 
might be comparable to those of the barbiturates. 

A biochemical system in which it has been possible 
lo make careful quant i ta t ive measurements is tha t of 
bacterial luminescence.21 '2- It is also known that bar­
biturates and other hypnotics inhibit this phe­
nomenon.36 

From the data in Table V we have derived eq 27-29 
for the inhibition of luminescence by alcohols and 
urethans. For the three sets of data we find extremely 
good correlations between inhibition and lipophilic 
character. The slopes of the equations are all close 
to 1 as found for the barbiturates. 

(:«>) W. D . M c E l r o y . ./. Cellular Comp. Physiol., 2 1 , 1)5 (l'.H:i). 

In a recent study, Rang2 3 investigated the ")0% 
inhibition of four biochemical processes by alcohols. 
Equations 30-33 are derived from his data in Table 
VI. Again we find extremely high dependence between 
biological action and lipophilic character and, with the 
exception of inhibition of histamine release, the slopes 
are essentially 1. The histamine inhibition by alcohols 
also seems distinctly different from the other alcohol 
inhibitions because of its much greater intercept. For 
three of the five alcohol inhibitions (inhibition of lu­
minescence, Paramecium mobility, lung oxygen con­
sumption), the intercepts as well as the slopes are 
essentially the same. This strongly suggests that the 
same mechanism of action is involved. In the fourth 
example, that of gut contractility, the intercept is 
slightly higher. However, this difference is small 
considering the disparity in the nature of the tests. 

alcohol inhibition of luminescence21 

log (1/C) = 1.171 log P + 0.223 8 0.098 0.100 (27) 
(±0.06) (±0.10) 

5 0.986 0.168 (2K) 

8 0.998 0.086 (30) 

7 0.99."> 0.106 (3D 

8 0.997 0.113 (32) 

7 0.997 0.063 (33) 

urethan inhibition of luminescence21 

log (1/C) = 1.116 log P + 0.175 
(±0.27) (±0.20) 

urethan 50''< inhibition of luminescence22 

log ( l /C) = 1.240 log P + 1.323 6 0.993 0.147 (29) 
(±0.16) (±0.16) 

alcohol 50r(, inhibition of Parame­
cium mobility23 

log (1/C) = 0.955 log P + 0.327 
(±0.05) (3=0.08) 

alcohol 50 (( inhibition of lung 0 2 

consumption2" 
log (1/C) = 0.904 log P + 0.163 

(±0.08) (±0.11) 

alcohol 5()(( inhibition of gut con­
tracti l i ty" 

og (J/C) = 1.060 log P + 0.621 
(±0.07) (±0.11) 

alcohol 50C( inhibition of histamine 
release23 

og (1/C) = 0.721 log P + 1.050 
(±0.05) (±0.06) 

I t is of interest to compare the above equations for 
closely related sets of congeners with more complex 
mixed sets. Equation 34 is derived from Fuhner 's 
data in Table VII on the inhibition of frog heart action, 
eq 3o comes from the data of Overton on the narcosis 
of tadpoles, eq 3(i comes from the data in Table VI I I 
on the narcosis of frog muscle, eq 37 and 38 are derived 
from Table I X for tadpoles, and eq 39 comes from the 
data in Table X on the induction of C-mitosis in 
onions. 

The slopes for eq 34-39 are very close to those for 
eq 8, 13, and 2">-33 indicating quantitatively the 
similarity of mechanism of action as defined by the 
octanol-water reference system. Equation 3o has been 
rederived using improved log P values,32 and a slightly 
better correlation than our previous one16 is obtained. 
The average value and the s tandard deviation for the 
slopes for the above 11 equations (omitting eq 33 and 
38) is 1.03 ± 0.13. The good correlations and the 
consistent value of 1 for the slope in the 11 examples 
is evidence that the octanol-water model is a satisfac­
tory one to represent the aqueous and lipophilic 
biophases. 

The meaning of the intercept is hard to interpret. 
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narcotic action of miscellaneous ali­
phatic compounds on frog heart24 

log (\/C) = 0.933 log P + O.HKS 2S 0 1)75 0 1*2 (34) 
(±0.07) (±0 .10 : 

narcotic action on tadpoles1'1 

log ( [/(') = 0..S7.) log P + 0.797 2N 0.979 0.109 Ci,Vi 
( 3=0.00) i-O.OS, 

narcotic action of aromatic and ali­
phatic compounds on frog muscle 

log (I/O) = 0.903 log /' + 0.602 23 0.972 0.242 (30) 
(A-Hi.OSi (±0.13) 

narcosis of tadpoles-0 

log ( l / f , ' ! = 1.172 log /J + 0.(Wo 17 0.9N7 0.2(14 (37) 
(±0 .09! (±0 .12! 

narcosis of tadpoles by carbamates21' 
log ( I/O) = 1.343 log P + 1.611 

(=0.32) (—0.22) 
O.9.S.") 0. 192 (3Si 

('-mitosis in allium root lips27 

log ( 1/0) = 0.961 log } ' + (l.;>60 19 0.963 0.340 (39) 
7 0 . 1 1 (±0.19) 

Comparing intercepts means comparing congeners 
whose octanol -water partition coefficients are 1 {i.e.. 
log P = 0 ) . H e n c e , tent ni/ntciitn being equal, t h e la rger 

the intercept, the more active the set of congeners 
(assuming the slopes are the same). For example, com­
paring eci 34 and 3.1 where the slopes are the same, we 
find two different' intercepts. Since sue!) a miscellaneous 
group of compounds was covered in each test, it seems 
unreasonable to say that one set is basically more 
active than the other. The more logical rationalization 
is that the tadpole test is more sensitive than the frog-
heart test. The barbiturates are more potent inhibitors 
by this test, being roughly five; times stronger than the 
alcohols. That is, the average intercept for the three 
equations ,s, 13, and -'."> is 1.09. The average intercept 
for the alcohols in eq 27 and 30 -32 is 0.333. The antilog 
of the difference is about ">. The value of log (1 •(') 
for diethylbarbituric acid was measured on the frog 
heart test and found to be 1.57 (Table VII). Log 
(I /O) for this molecule in Tables I, II, and IV is 1.49. 
1.32. and 1.90 (av = 1.-19). This molecule does indicate 
the mechanism of action to be the same in the heart 
as in the other systems. 

Comparison of the intercepts of eq 37 and 3<S indicates 
that the carbamates, like the barbiturates, are more 
potent narcotics when one compares them with iso-
lipophilie congeners such as alcohols, esters, hydro­
carbons, alkyl halides, etc. 

Kquation 39 correlates the activity of organic com­
pounds in causing colchicine-like mitosis in plants. 
Ostergren and others-7 have pointed out the great 
similarity between the compounds causing such mitosis 
and the nonspecific narcotics. Kquation 39 makes 
quanti tat ive comparison possible. The similarity of 
slope and intercept is indeed very striking. Diethyl­
barbituric acid is about two times more active in C-
mitotic induction than the average molecule in Table X. 
Kthyl carbamate is only slightly more active. 

Anderson1'7 has recently made an extensive survey of 
the relation between CXS depressants and C-mitotic 
agents emphasizing the similarity pointed out by Oster­
gren. Anderson concludes tha t narcotic and C-
mitotic agents may both interfere with electron-
transport systems in aerobic metabolism. 

i.'iTi \ \ li. Anderson, .-IcM Avesthesiol. Scaii'i. SuppL. 22, )S ilOlili). 

The narcotic response may be brought about by 
molecular interaction of narcotics with proteins or 
lipoprotein complexes. Again, the octanol •• water 
reference system can be of help in making distinctions 
by allowing a comparison of the dependence of narcotic 
action on log P with the dependence of the binding of 
organic compounds to proteins on log P. We have 
shown:fl that (lie 1:1 binding of barbiturates with 
bovine serum albumin (BSA) is well correlated with 
log / ' according to eq 40. The slope of eq 40 is close 

n i' s 
log ( I/O) = (Los log p 4- 2.40 4 0.961 0.137 (4(0 

to that of O.liS found for the binding of phenols to BSA 
and 0.07 found for the binding of miscellaneous 
organic compounds to bovine hemoglobin. : is 

Goldbaum and Smith/ '9 from whose work eq 30 
stems, also studied the binding of barbiturates to a 
variety of rabbit 1 issues. From log/ J values from Table 
I for allyl-1-methylbutyl-, ethyl-1-mothylbutyl-, ethyl-
phenyl-, and diethylbarbituric acids and from the log 
{''/(_ bound) data'"' we have derived eq 41 49 in Table 
XI for the dependence of tissue binding on log P. 

TABLE XI 

BINDING OF BAHBITCKATKS BY RABBIT TISSOK HO.MOCENAIKS 

Type of 
tissue Lou i ' ( bound) c / s 

I 'ndihued 0.392 log P + 0.97S 4 0.9SI 0.063 i l l ) 
plasma ( ±0.16 i ( =0 .26) 

Red cells 0.490 log 1' -r 0.402 4 0.993 0.048 (42) 
i .i.().12i (±0.20) 

Liver 0.441 l o g / ' + 0.792 4 0.97S 0.077 (43) 
( . 770 .19) ( 7 = 0 . 3 2 ) 

Muscle 0.4..9 log I' -r 0.7)04 4 0.969 0.010 i44; 
!-=0.24> (=0.401 

Brain ()./>26 l o g / ' ± O.407 4 0.992 0.07,0 '4.'.) 
(7=0.14) ( ± 0 . 2 3 ) 

Diluted 0..">27 log P + 0.7)44 4 O.OSti 0.074 (401 
plasma (±0.19) " (±0.31) 

Kidnev (1.7)44 log P + 0.46S 4 0.9*3 0. 0S4 )'47 
i 7=0.21 ) ( ±0.37)) 

Lung 0.601 log / ' 4- ().3.">0 4 0.9S7 0.0X0 (4S 
'••-!-(). 20) (7=0.33) 

Heart 0.64S log / ' - 0.3.">S 4 0,906 0.142 >I9; 
i 7=0.30) (±0..")9j 

The correlations between binding and lipophilic char­
acter are quite good as measured by /•. However, be­
cause of the few points and the experimental error, 
the confidence intervals are broad enough so that they 
till overlap the average slope of O.ol. Kxcept for the 
undiluted plasma, the confidence intervals on the 
intercepts all overlap the average value of O.o4. Al­
though the data are not strictly comparable, it is notable 
that the average slope of O.ol agrees closely with thai 
of O.oS in eq 40. The results embodied in eq 41 49 
indicate the binding of barbiturates to miscellaneous 
proteinaceous material has about the same dependence 
on log P as the binding to pure BSA. Also, the type 
of binding is very close to tha t which we have found for 
neutral compounds with BSA and hemoglobin. The 
.adsorption of neutral organic compounds to proteins 

(OS) K. Kiehs . ('. I lunseh, and I.. Moore , Biochemistr,i, S, 2Wi (!i)()t>). 
il'Ml I.. K. GoldUuum ami P. K. Smi th , ,/. Pharmacol. Krptl. Therap.. I l l , 

107 (1054). 
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is a surprisingly uniform process with the slopes of 
dependence on log P falling in the range of 0.5-0.7 for 
those systems so far studied. This is quite a different 
dependence on hydrophobic character than we find 
in eq 8, 13, 25, and 27-39 and suggests that the simple 
adsorption of narcotics onto proteins is not the cause 
of narcotic action. It does not eliminate the possibility 
that perturbation of a protein by hydrophobic bonding 
is the cause of narcosis. 

From the above studies as well as our previous ones, 
sufficient data have accumulated to show that the 
octanol-water model suggested from the work of Col-
lander is a very useful reference system with which to 
study the interaction of organic compounds with 
biochemical systems. The exact meaning of such cor­
relations is not clear. There are at least two important 
aspects. Xo doubt increasing lipophilic character, up 
to a point,28 facilitates movement of the narcotics 
through lipophilic biophases onto the sites of action. 
However, the ultimate measured response is most likely 
brought about by interaction with an enzyme or lipo­
protein membrane which might or might not be sup­
porting enzymes. In such material, hydrophobic 
interactions could easily produce conformational per­
turbations40 which could disrupt cellular processes. 
The great variety of saturated and unsaturated, 
aliphatic and aromatic molecules in Tables I-X have 
nothing in common except relative lipophilic character. 
It is difficult to imagine a common mechanism of action 
other than solution in a lipoidal membrane. The slopes 
of essentially 1 in the 1-1 above examples in which the 
measured responses are so extremely different imply 
that a common rate-limiting step is being influenced. 
The fact that so many different processes have the 
same dependence on log P and, except for the slightly 
greater activity of barbiturates and carbamates, the 
same concentration of isolipophilic compounds produce 
the same response would indicate that the mechanism 
of interference in the biophase is exactly like the transfer 
of the compound from water to octanol. All of the 
processes being inhibited are energy-requiring processes 
and we might illustrate the problem in the following 
diagrammatic way. Certainly all of the steps a -*• n 
in the energetic processes shown cannot be the same. 
The observer watching egg cell division, DPNH 

(40) B. Bel leau, J. Med. Chem., 7 , 776 (1964). 

energy reservoiri —«-
ai —• bi —»• ci —* —»• Hi -*• movement of frog muscle 

energy reservoir2 —» | 
a2 —»• b2 —<• c2 —• —» n2 -*• consumption of O2 by brain 

energy reservoir3 -*• \ 
as -»• ba - * cj —• - * n3 —• C-mitosis 

t . , 
common sites of narcotic action 

oxidation, etc., categorizes each molecule's activity on 
the basis of an ultimate response very likely many 
steps removed from the site of inhibition. 

Considerable evidence has accumulated to indicate 
that narcotics and C-mitotic agents inhibit oxidative 
metabolism through interference with electron trans­
port.-0' 37,41-44 Thjg a p p e a r s T0 u s to be a most attrac­
tive working hypothesis for the mechanism of narcotic 
action. Such interference could easily be the result 
of slight conformational changes in a membrane which 
would, to varying degrees, disrupt the flow of electrons. 
The lipoidal material would seem to be rather loosely 
structured and very similar in nature or else one would 
not alwavs get the same change in response for a given 
A (log P). 

To account for the difference in intrinsic activity of 
the barbiturates or the carbamates, one would assume 
that a more specific interaction of these functions with 
polar counterparts in a lipoprotein matrix would give 
leverage to the hydrophobic interactions so that a 
greater conformational change would be produced by 
molecules with no more hydrophobic bonding power 
(as denned by log P). 

In summary, we can say that the use of a standard 
set of substituent constants allows us to make precise 
comparisons between different drugs acting in the same 
system and the same drugs acting in different systems. 
As more such correlations are made, they should form 
the basis for a quantitative approach to pharmaco­
dynamics. 
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