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TABLE I 
LOGARITHM OF THE OCTANOGWATER PARTITION COEFFICIENTS 

-Log P-- --- 
3.15 f 0.01" 2.69 f 0.01" 2.13 f 0.01" H 3.68 f 0.01" 

F 2.95 f 0.02 2.27 f 0.01 
C1 3.55 f 0.02 2.95 f 0.01 2.84 f 0.02 
13 r 3.72 i 0.01 3.09 f 0.02 2.99 f 0.01  
OH 1.88 f 0.01 1.36 f 0.01 1.10 f 0.02 1.46 f 0.01 

0.90 f 0.01 NHz 1.83 f 0.02 1.41 f 0.01 1.09 f 0.02 
COOCH3 2.77 f 0.01 2.32 f 0 .01  1.83 f 0 . 0 2  2.12 f 0.02 
COOHb 2.42 f 0.01 1 .84  f 0.01 1.41 f 0.01 1.83 f 0.01 
CN 2.21 f 0.01 1.72 f 0.02 1.56 f 0.02 1.36 f 0.01 
COCHa 2.42 f 0.01 1.44 f 0.03 1.58 f 0.01 
CONHz 1.41 f 0.01 0.91 f 0.01 0.45 i 0.08 0.64 f 0.01 
CH( 'NH3)COO- -0.36 f 0.02 
OCOCHI 2.77 f 0.02 2.30 f 0.02 1.96 i 0.01 1.49 f 0.01 
OCH, 2.70 f 0.01 2.11 f 0.01 

2.31 f 0.01  N(CHah 
N(CHS)X+I- -2.02" 

X CeHs(CHo)sX CaHs(CHdrX CsHsCHsX GHsX 

2.73 f 0.01 

a Standard deviation. 
P for this substance varied considerably, depending on the concentration in the octanol phase. 

The values for the COOH which varies with the concentration were estimated as previously described.* 
The value reported here is for a con- 

centration of 2.62 x 10-5 M in the octanol phase. When this concentration increased to 20.6 X 10-6 M ,  log P was - 1 57. 

X 

F 
c1 
Br 
OH 
N H2 
COOCHI 
COOH" 
CN 
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CH( +NHs)COO- 
OCOCH3 

TABLE 11 
VALUES OF r FOR ALIPHATIC FUNCTIONS 

log PCaEatCHshX - log pCsEs(CEr)tX - log PC~E~CH,X - 
log P C ~ H I C E ~ C H ~ C E ~  log PCsHrCEiCHa log P C ~ E S C H ~  
- 0 . 7 3 i O . 0 3  
-0.13 f 0.03 - 0 . 2 0 f 0 . 0 2  

0.04 =t 0.02 - 0 . 0 6 f 0 . 0 3  
- 1 . 8 0 f O . 0 2  - 1 . 8 1 f O . 0 2  - 1 . 5 9 f 0 . 0 3  
- 1 . 8 5 f 0 . 0 3  - l . 7 4 f O o . 0 2  - 1 . 6 0 f 0 . 0 3  
-0.91 i 0.02 - 0 . 8 3 f O . 0 1  -0.86 f 0.03 
- 1 . 2 6 f 0 . 0 2  -1.31 f 0.02 - 1 . 2 8 f O . 0 2  
-1 .47&0.02  - 1 . 4 3 f 0 . 0 3  - l . 1 3 i O o . 0 3  
- 1 . 2 6 i O . 0 2  - 1 . 2 5 f 0 . 0 4  
- 2 . 2 8 f 0 . 0 2  - 2 . 2 4 f 0 . 0 2  - 2 . 2 4 f 0 . 0 4  
- 4 . 0 4 f 0 . 0 3  
- 0 . 9 1 f 0 . 0 2  -0.85 f 0.03 - 0 . 7 3 i O . 0 1  
- 0 . 9 8 f 0 . 0 2  
- 0 . 9 5 f O . 0 2  
-5.70" 

log PCsASX - 
Ion PCaFI: 

0.14 f 0.02 
0.71 f 0.03 
0.86 f 0.02 

- 0 . 6 7 f O . 0 2  
- 1 . 2 3 f 0 . 0 2  
- 0 . O l f O . 0 3  
- 0 . 2 8 f O . 0 2  
- 0 . 5 7 f 0 . 0 2  
-0.55 f 0.02 
- 1 . 4 9 f 0 . 0 2  

- 0 . 6 4 f O . 0 2  
-0.02 f 0 0 2  

0.18 * 0 .02  

venience for the spectrophotometric determination of 
the concentrations of compounds in the partitioned 
phases. It has the advantage over other ultraviolet- 
absorbing groups such as the carbonyl in that it is 
rather inert chemically and thus does not interact 
strongly with the functional groups whose a-values 
were being determined. Table I1 gives the "aliphatic" 
a-values for 14 functional groups. -41~0 included in 
Tables I and I1 for purposes of comparison are the 
corresponding "aromatic" a-values. As one would 
expect, it is clear from Table I1 that .rr for a particular 
function changes considerably when resonance be- 
tween the function and the aromatic ring is broken by 
a CH2 group. Insulation of the resonance effect per- 
mits greater localization of the electrons and, therefore, 
greater relative solubility in the more polar aqueous 
phase where the greater possibility for hydrogen bond- 
ing occurs. As the aromatic ring is further removed 
from the function, .rr appears to become constant. 
The values for a when n is equal to 2 and 3 are, in 
most cases, constant within the limits set by experimen- 
tal error. 

Since a appears to be an additive constant as long as 
strong group interactions are absent, the values in 

Tables I and I1 allow one to estimate many log P 
values. For example, neglecting a very small contribu- 
tion from log PH, the value for methyl alcohol can be ob- 
tained as follows. 

log PCaH:(CH:)aOH - log PCeH5LHlCHs  = log P C H j O E  = -1.27 (1) 

( 2 )  

(3) 

log P C G H I ( C E ~ ) ? O R  - log PCsHaCHa = log P C H j O H  = -1.33 
log P C 6 H a C H  OH - log P C 6 H r  = log P C H j O B  = -1.03 

Comparison of eq. 1, 2, and 3 again indicates that if 
the functional groups are removed by 2 or inore CH2 
groups, group interaction is small and approximately 
constant values for log P can be additively determined. 

The value for ethyl methyl ketone can likewise be 
calculated (eq. 4). The experimentally determined 
value is 0.32. 
log PC6Hs(CH.)aCOCHa - log PCcH,CHa  = log P C I K S C O C H ~  = 0.27 (4) 

From this work and that previously reported, a good 
general purpose value for the methyl or methylene 
group is 0.52. Thus, adding 1.04 to 0.32 gives 1.36 as 
the calculated value for butyl methyl ketone. The ex- 
perimental value is 1.38. Such additivity does not 
hold, however, when new group interactions not pos- 
sible in the parts occur in  a molecule. For example, 



log I-' for CHd20CH2CH,COOCH3 was found to hc 
-0.23. Taking the value of 0.32 for ethyl methyl 
hetone and adding to this -0.91 for the COOCHB func- 
tion gives a calculated value of -0.59. -4pparently 
the polarizing effects of the ITTO strongly electroii-at- 
tracting functions interact to cause loner water solu- 
bility than siiiiple addition vvould lead one to expect 
l'revious results3d indicat c that electron wi-ithdran a1 
(iri  this case via an inductive effect) increases TT for 
hydrogen-bonding functions, presumably by 1 ightcr 
binding of lone pair or 8-electroiis. This reduces thc 
affinity of the function for the aqueous phase thus iu- 
creasing log P or s. 111 the above lieto ester it i:. PO>- 
siblc that internal hydrogen tmridi~ig inight also play a 
subsidiary role. As the groups are further qeparatd, 
the iiiteractions fall off and the calculatcd and esperi- 
iiicwtal values conie closer into agrccwient. The cs- 
periiiiciital value for CHRCj(CI-I2),COOCH3 is 0.35 
Usiiig the value for butyl methyl lietorie arid -0.91 for 
COOCH3 yields a calculated value of 0.47. 
-1 good example of the practical side of the additive 

iiature of log P for the correlatioii of cheiiiical structure 
n ith biological activity conies froni the work of Overtoil 
on the narcosis of tadpoles by alcohols, esters, lietones, 
and ethw. The log (I( 'C)  values for the isonarcotic 
concentration are taker1 from the report of AIcGowan. I 
These and the calculated values of log I-' (Table 111) 
were fitted to the equation log (1 f') = k log P + c hy 
the niethod of least squares to producc ey. 5. l o r  

log (l/C')  = 0.869 log 1' + 1 "$2 2b 0.965 0.229 ( 5 ,  

cy. 5, n is the nuniber of points used in determining the 
constants, r is the coeficierit of correlation, and s is the 
standard deviation. The correlation obtained with cq. 
5 is quite good considering the problem of deterniining 
the isonarcotic concentration with tadpoles. 

In calculating log P for a chain branching of the type 
(CH3)2CH-, -0.13 was subtracted from log P for 
the normal chain and for a tertiary grouping, e.(/. ,  
(CH3j3C-, and -0.22 was subtracted from log P for the 
straight chain. These values were obtained from log I' 
for the corresponding phenoxyacetic acids. 

Correlations similar to that obtained by eq. 5 have 
been obtained using parachor" instead of log P. More 
recently, ;\IcGowan7 has showi relationship be- 
tweeti T arid parachor for a giveii function. 1'ro- 
liniinary coniparisons indicate both log I-' and para- 
chor give similar results in  evaluating the forces3 which 
limit the concentrations of biologically active molecult~s 
reaching the sites of actioii. I,og I' or  TT would appear 
to  bc the niorc useful paraiiietcr, partly because of it:. 
ease of deterininat ion and partly because, through vari- 
ation of the solvents, one should kw able to develop u 
iiiodel system more closely approximating the bio- 
phases. In  this connection, the work of Grew arid 
A\\larcinliiewiczY is of great iniportarice. Ijsing re- 
versed-phase, tankless, flat-bed chroniatography, they 
have shown that RAI, which was defined by Bate-Smith 
arid Westallg as Rhf = log [(l 'RF) - I ] ,  is an additive 

I 1  7 

( 5 )  J. C. >lc(;owan, .I. -4ppl .  Chetn.,  2, 393 (1959). 
( t i )  .J. C. AIcGoivan, ibid., 4, 1 1  (1951). 
( 7 )  J. C. LIcGowan, Suture,  200, 1317 (1963). 
( 8 )  (a)  J. Green and  8. Maroinkiewicz, J .  Chromatog., 10, 389 (I9G3); 

(0) E. C. Bate-Smith a n d  R .  Q. JVestall, Brochem. B f o p h y y .  .-!eta, 4, 427 
(b) 8. hlarcinkiexicz and  J. Green, ibtd. .  10, 372 (1963). 

( I  950) 

and constitutive property just as log I-' is. Thcy haves 
introduced the term for effect of a substitwill 
such as CH, upon the RF value of a pareiit conipouiid. 
As one would expect, there is indeed a very good lincm 
correlation between T and MLl as is revcalcd by cq. t i .  

1 
T = - 1 1 0 3 A R \ i  t 0.64i 0.970 I l .U i1  0 

Equation G was derived from the data in Table I V ,  
using a-va1ues4 and ARSt constantssb obtained froiii 
phenols. In measuring RAl for the phenols, Trigol aiid 
diisopropyl ether were used as the two phases in the 
tankless chromatography. The excellent correlation 
obtained with eq. G is striking support for eq. 7 sug- 
gested by Collander. lo Collander presented evidence 

1(1g P1 log i'? + b 17,  

110) R. Collandw, Acta  C h c m .  Scand., 6 ,  774 (1954). 
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TABLE V 
LOG P VALUES FOR ~ L I S C E L L A N E O U S  COMPOUNDS 

C,H,C=CH 2.53 l t 0 . 0 1  
CHaCOC2H5 0.32 f 0.01 
CHsCO( CHz)aCH3 1.38 f 0.01 
CH3CO( CH2)&H=CHz 1.02*00.01 
CH3COCH2CHQ-a 1.50 f 0.01 
Thiophene 1.81 f 0.01 
Indole 1.14 f 0.01 
Pyridine 0.65 & 0 . 0 1  
Quinoline 2.03 S t  0.01 
Ce"B(0H)z 1 . 5 8 f 0 . 0 1  

CHaCO( CHz),COOCH3 0.55 f 0 . 0 3  
CH,(CH?)3SCN 2.03 f 0 . 0 2  

that the logarithm of the partition of a compound in one 
set of solvents ( P I )  is linearly related to the logarithm 
of the partition coefficient in a second siiiiilar set of sol- 
vents ( P 2 ) .  

Since RlI and A R A ~  are so readily obtained via tank- 
less chromatography, they should prove to be valuable 
supplements to log P and A in the extratherniodynaniic 
substituent constant analysis of struct'ure-activity 
relationships. 

Compd. Log P 

CHaCOCH&HzCOOCHp - 0 . 2 3 f 0 . 0 2  

Experimental 
The part,ition coefficients were determined according to our 

previously reported4 procedure. l lost  of the compounds whose 
log P values are reported in Tables I and 1- were purified for 

partitioning by preparative vapor phase chromatography. 
Several of the compounds employed in this work have not been 
reported previously. 

l-Fluoro-3-phenylpropane.-A mixture of 1-chloro-3-phenyl- 
propane (35  g.), dry powdered potassium fluoride (21 g.), and 
120 ml. of ethylene glycol was heated at  150-160" for 12 hr. with 
vigorous stirring. The mixture was then cooled, diluted with 
water, and extracted with ether. Evaporation of the ether and 
fractionation of the residue yielded 11 g. of product boiling from 
173-195'. This material was purified for partitioning by means 
of an Aerograph autoprep using a silicon column; b.p. 183.5' 
(730.5 mm.), n z 3 ~  1.4870. 

Anal .  Calcd. for CsH,,F: C, 78.26; H, 7.97. Found: 
C, 78.01; H, 8.12. 

2-Amino-4-phenylpentanoic acid was prepared by the malonic 
ester method." The melting point of our product after re- 
crystallization from water was 245-246' dec.; von Braun and 
Kruber" reported 203-206". 

Anal .  Calcd. for C11H16?;OL: C, 68.42; H, 7.76. Found: 
C, 68.47; H,  i .83 .  
4-Cyclopropyl-%-butanone.--Cyclopropylmethy1 bromide was 

condensed with ethyl acetoacetate in the usual way.'* The 
resulting product was hydrolyzed with 570 KOH (yield 33Y0). 
The crude material was purified by vapor phase chromatography; 
b.p. 155" (732  mm.), n% 1.4260. 

Anal .  Calcd. for C7HI20: C, 74.94; H, 10.78. Found: 
C, 74.89; H, 10.74. 
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-4 microsomal hydroxylating system which converts phenols to catechols and requires niacinamide adenine 
dinucleotide phosphate and glucose-&phosphate has been assayed for a variety of phenols using the enzyme 
catechol-0-methyltransferase and radioactive S-adenosylmethionine-methyl-C14. This system specifically 
methylates catechols converting them to radioactive methoxyphenols which can be extracted and assayed. 
Among the phenols which are converted to catechols are Y-acetylserotonii, hydroxyindoles, tyramine, octo- 
pamine, hordenine, metanephrine, morphine, phenazocine, levorphanol, and estradiol. 2,4,6-Trichlorophenol 
formed an 0-methylated product. Products from a variety of substrates m"ere identified by cochromatography 
with authentic compounds. 

Liver niicrosoiiies have been shoxn to hydroxylate a 
variety of aromatic compounds to phenols. 1-3 Re- 
cently, Axelrod4 has denionstrated that phenolic amines 
are further hydroxylated by microsonial preparations 
to yield catechol amines such as (nor)epinephrine and 
dopamine. The conversion of tyramine to norepi- 
nephrine has been demonstrated in vivo15 a finding that 

(1) C. Mitoma, H. S. Posner, H. C. Reitz, and S. Udenfriend, Arch. 

(2) H. S. Posner, C. Mitoma, and S. Udenfriend, ibid., 94, 269 (1961). 
(3) J. B. Jepson. P. Zaltamsn, and 9. Udenfriend, Biochim. Biophys. 

(4) J. Axelrod, Science, 40,499 (1963). 
(5) C. R. Creveling, M. Levitt, and S. Udenfriend, Lije Sci., 1, 523 

Blochem. Biophys, 61 ,  431 (1956). 

Acta, 64, 9 1  (1962). 

(1962). 

focuses attention on the group of iiiicrosoiiial hydroxyl- 
ases which convert phenols to catechols. Aniong the 
conipounds containing phenolic groups and thus po- 
tential substrates for the formation of catechols are 
various physiologically active hydroxyindoles and 
phenolic phenethylaniines, and a large number of ini- 
portant drugs (morphine, levorphanol, etc.). In  order 
to carry out a survey of substrates, a convenient and 
widely applicable assay was needed. Catechol-0- 
methyltransferasec is an enzyme occurring in the soluble 
supernatant fraction of homogenized liver, which readily 

(6) J. Axelrod and R. Tomchick, J .  Bid. Chem.. ass, 702 (1958). 


