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Abstract: Correlation analysis has been used to formulate equations relating the chemical structure of 4,6-diamino-l,2-dihy-
dro-2,2-dimethyl-l-(X-phenyl)-.r-triazines to the molar concentration causing 50% reversible inhibition of tumor dihydrofol
ate reductase. It is shown that for 244 congeners, substituents in the 3 position of the A'-phenyl ring interact in hydrophobic 
enzymic space, while those in the 4 position interact with a different kind of enzymic space. This space may be generally 
polar in character. The use of indicator variables is demonstrated to greatly increase one's ability to formulate quantitative 
structure-activity relationships for large numbers of highly complex molecules interacting with a complex macromolecular 
system. In the present analysis, 76% of the variance is correlated by indicator variables and 85% by indicator variables plus 
hydrophobic and molar refractivity parameters. This approach to structure-activity relationships allows one to carry on ob
jective discussions of massive amounts of chemical and biological data. 

Hammett's classic book on physical organic chemistry2 

which appeared in 1940 can be taken as a turning point in 
the study of organic reactions. The now famous Hammett 
equation provided the means for translating the "English 
School" of chemists' qualitative thinking about the elec
tronic effects of substituents on the dynamics of aromatic 
side-chain reactions into numerical terms. The use of a con
stants obtained from benzoic acids to correlate sets of rate 
or equilibrium constants came to be called the formulation 
of linear free-energy relationships. 

Taft made a major advance by showing that linear free-
energy relationships could be formulated for electronic and 
steric effects in aliphatic systems,3 and Brown and his col
leagues4 extended the approach to the broad field of aro
matic electrophilic substitution reactions. More recently, 
the technique has been extended to hydrophobic interac
tions in biochemical and medicinal chemical systems.5 

In an elegant treatment of work in this area, Leffier and 
Grunwald6 in 1963 suggested the more encompassing term 
extrathermodynamic relationships and outlined a formal 
approach for development of such equations. Shorter7 and 
Exner,8 as well as Russian8 workers, have now suggested 
the still broader term correlation analysis. The term ex
trathermodynamic implies relationships between thermody
namic quantities which do not obey the laws of thermody
namics. Since a large amount of structure-activity work is 
now carried out in which the quantities correlated are not 
thermodynamically based, correlation analysis seems to be 
a more appropriate term. This is especially true of work in 
bioorganic chemistry with which the present paper is con
cerned. 

Before the general availability of computers, one often 
spoke of fitting data to an equation. This was a tedious and 
time-consuming process in which one simply could not con
sider many possibilities. The situation is now completely 
turned around and one can readily explore hundreds or 
thousands of possible equations in studying the interrela
tionship of sets of data. Today, one often speaks of fitting 
equations to data.9 On the frontiers of chemical structure-
activity relationships, especially in bio- and medicinal 
chemistry, so little solid theory is at hand on which to build 
that all kinds of purely empirical ideas need to be explored. 
Computerized statistical techniques promise to be of great 
help in sorting out important structure-activity features 
which can then be used to form more firmly based theory. 
Techniques such as pattern recognition, l0 'u discriminate 

analysis,12 cluster analysis,11,13 and regression analysis53 

which have been developed and used heavily outside of 
chemistry are now beginning to be used by those working 
with structure-activity relationships. 

In a brilliant burst of effort starting with a first publica
tion in 1967, Baker and a few graduate students14 synthe
sized variations of I to achieve, before Baker's death in 
1971, II, a drug now in clinical trials against cancer. This 

NH2 

X C H W 
CH3 

I 
O 
Il 

NH2 P CN(CH1J2 

N A N - ^ - A - O C H 2 - V - A 

H 2 N ^ > n 
CH3 

II 
study appears to constitute the largest published set of bio
chemical congeners whose activity has been measured 
quantitatively in one laboratory. As such it presents a great 
challenge to those interested in structure-activity studies. 
In all, Baker's group synthesized about 260 variations of I 
and studied their inhibiting effect on dihydrofolate reduc
tase isolated from Walker 256 and Ll210 leukemia tumors. 
While Baker did not live long enough to achieve his goal of 
finding a derivative which would be highly selective for en
zyme from tumor tissue but relatively inactive against en
zyme from normal human tissue, he did demonstrate vividly 
that starting at the enzyme level rather than with whole an
imals constitutes a powerful technique for drug develop
ment. This approach has also been brilliantly exploited by 
Hitchings and his group15 '16 in the development of allopuri-
nol for gout and the new antibacterial agent, trimethoprim. 

Equation 1 was formulated17 in a first attempt to place 
Baker's 

log 1/C = 0.89 (±0.14) ( T - 3 ) - 0.13 (±0.03) (x-3)2 + 
0.15 (±0.03) (MR-4) + 6.62 (±0.13) (1) 
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n r s 
83 0.905 0.328 

ideal x-3 = 3.5 (3.0-4.3) 

results in a quantitative context. C in this equation is the 
molar concentration of inhibitor causing 50% reversible in-
hioition of enzyme. The figures in parentheses are the 95% 
confidence limits. Equation 1 is based on those derivatives 
tested on Walker tumor which do not contain an SO2F 
group. The correlation of this relatively simple set of 83 
congeners enabled us to see the general outlines of the prob
lem and start on the more difficult task of placing all deriv
atives in a single equation, x-3 represents hydrophobic con
stants for substituents in the 3 position of I and MR-4 rep
resents molar refractivity of substituents in the 4 position of 
I. Equation 1 is based on 83 derivatives (n), r represents the 
correlation coefficient, and J is the standard deviation from 
the regression. This equation "explains" 82% of the vari
ance in the data in terms of the two parameters x-3 and 
MR-4. It suggests that substituents in three-space (that 
portion of enzyme near the 3 position) are acting via hydro
phobic forces. Substituents above a certain size set by the 
(x-3) 2 term appear to be too large to be effective in three-
space. Substituents in the 4 position appear to be causing 
inhibition by a different mechanism more involved with the 
polarizability and dispersion forces of the substituent. 
While a rather large amount of experience5"'18 has been ob
tained with the hydrophobic constants (x) , relatively little 
use has been made of M R in quantitative terms. 

Pauling was one of the first to emphasize the importance 
of M R in the interactions of biomacromolecules.19 Agin et 
al.2 0 developed an expression to relate M R to log 1/C for 
biochemical structure-activity studies. Experience in our 
own work shows M R to be an important parameter in enzy-
mic quantitative structure-activity relationships (QSAR) . 

This report covers the development of a much more gen
eral correlation equation (eq 2) which accommodates essen
tially all of the triazines studied by Baker. Equation 2 (see 
Results) has been formulated from the data in Table I. 

Method. C in log 1/C in Table I represents the molar 
concentration which produces 50% reversible inhibition of 
dihydrofolate reductase obtained from either L1210 /DF8 
mouse leukemia or Walker 256 rat tumors when assayed 
with 6 \xM dihydrofolate14 at pH 7. 

7T-2, TT-3, and x-4 have been employed to estimate the hy
drophobic interaction of substituents in the ortho, meta, and 
para positions of the /V-phenyl ring of I. The x constants 
derived from partition coefficients between 1-octanol and 
water21 are from the benzene solute system. The x values in 
Table I are from the literature1 7 , 2 2 or have been estimated 
by additivity principles.18,23 Two values of x s o F were used; 
one was calculated as log PCH 3—C 6H 4 -4—SO 2F — log 
-PcH3C6H5 = 2.74 - 2.69 = 0.05, and the other as log 
P c H 3 C 0 N H - C 6 H 4 - 4 - S 0 2 F ~ log PcH3CONHC6H5 = 2 - l 7 ~ 
1.16 = 1.01. Whenever a strong electron-withdrawing 
group is attached to a benzene ring having a substituent 
with loosely held lone-pair electrons, x is greatly altered. 
The following calculations illustrate the use of additivity 

XCH=CHCONHC 6 H 5 —4'—SO 2 F = XSO2F + XCONHC 6H 5 + 

A x = 1.01 + 0 . 4 9 + 0 . 4 9 = 1.99 

Ax = XCH=CH = log P C 6 H 5 C H = C H C O C H 3 ~ 

log P C 6 H 5 C O C H 3 = 2.07 - 1.58 = 0.49 

of log P and x. X C H 2 C H ( C 6 H 4 - X ) C O N H R values were esti
mated from the appropriate XCH 2 CH(R ' )CONHR and 
xcoNHR- For example, it is assumed that the value 

A x C H 2 C H 2 = log P c 6 H 5 C H 2 C H 2 C O N H 2 ~ log P c 6 H 5 C O N H 2 = 

0.91 - 0 . 6 4 = 0.27 

is the same as log P C 6 H 5 C H 2 C H 2 C O N ( R ) 2 - log Pc6H5CON(R)2-
Thus 

TCH2CH(C6H4-3"—OMe)CONH-C6H4-4'—SO2F = 

A x C H 2 C H 2 + A x p a r a f f i n branch + 

TC 6 H 5 + XOCH3 + X C O N H C 6 H 4 - 4 ' — S O 2 F = 

0.27 - 0.20 + 1.96 - 0.02 + 1.50 = 3.51 

X O C H 2 C 6 H 4 C O N H C 6 H 4 S O 2 F = XOCH2C6H5 + TCONHC 6H 4SO 2F = 

1.66+ 1.50 = 3.16 

The values of the other substituents were estimated by the 
same method or measured values from the literature were 
used.17'22a>c 

It has been assumed that the same value of x can be em
ployed for ortho, meta, and para substituents and no at
tempt was made to correct for groups adjacent to each 
other. 2x was also studied to explore the possibility that the 
overall lipophilicity of the inhibitors might play a signifi
cant role. 

MR values have been taken from our recent compilation 
or calculated using these values.223 They have been scaled 
by 0.1 which makes the apolar functions essentially equi-
scalar with x. For example 

77Cl 0.71 M R Q 0.60 
rrH 0.00 MRH 0.10 
^C6H5 2.13 MRc6H5 2.54 
TTCH3 0.56 MRCH3 0.56 
7TcF3 0.88 MRcF3 0.50 

This collinearity between x and M R does not hold for polar 
groups. Since both molar refractivity and x depend to a cer
tain extent on molar volume, the collinearity between these 
vectors may be high,23 depending on the choice of substitu
ents under consideration. The collinearity among the impor
tant vectors used in this study is displayed in Table II. 

In addition to the continuous variables x and MR, a 
number of discrete variables (indicator variables24) were 
studied. These variables take the value of 1 or 0 for struc
tural features which could not be parameterized by x and 
MR. The linear combination of such terms assumes that 
these structural features are additive properties indepen
dent of other changes in the system. Using the indicator 
variable 1-1 with a value of 1 for Walker enzyme data and 0 
for L1210 enzyme data allows the merging of data from the 
two test systems. 

In our first study no attempt was made to include conge
ners with substituents in the ortho positions. We first at
tempted to include these by using the Taft steric parameter 
Es. Although Zss-2 did result in considerable reduction in 
the variance, it was not quite as effective as the simple indi
cator variable 1-2. It was thought that Es-2 plus x-2, MR-2, 
3% or (R might model ortho effects better than 1-2; however, 
this is not true. 

1-3 was used for rigidity in groups attached to the N-phe-
nyl ring. The direct at tachment of -C6H5 or bridges such as 
- C O N H - or - C H = C H C O N H - from either the 3 or 4 po
sition to a second phenyl ring.has a very bad effect on activ
ity. This is also true for the unit - C H ( C e H s ) - . These func
tions reduced inhibitory power by a factor of about 100. 
Rigid groups in the 3 position are not as well parameterized 
by 1-3 as those in the 4 position; however, not enough. 3 
functions are available to justify an additional parameter. 

The variable 1-4 takes a value of 1 for those congeners 
having the highly active leaving group -C6H4SO2OC6H4X. 
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Table I. Inhibition Constants and Physicochemical Parameters Used in Deriving Equation 2-11 for the Reversible Inhibition of 
Dihydrofolate Reductase by 4,6-Diamino-l,2-dihydro-2,2-dimethyl-l-(X-phenyl)-s-triazines 

No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

14« 
15 

16 
17 

18« 

19 

20 
21 

22 
23 
24« 

25 

26 
27 

28 
29 

30 

31« 

32« 

33 
34 

35 

36« 
37 
38 

39 
40« 
41 
42 
43 
44 
45 

46 

47 
48« 

49 

50 

X 

2,5-Cl2 

2-OCH3 

2,4-Cl2 

2-CH3 

2-Cl 
2-Br 
2,4,5-Cl3 

2-1 
4-CONHC6H4-4'-S02F 
4-CONHC6H4-3'-S02F 
4-C4H5 

2-F 
3-OCH2CO-N-

(CH2CH2)20 
4-CN 
4-CH=CHCONH-

C6H4-4'-S02F 
3-OCH2CONMe2 

4-CH(Ph)CH2CONH-
C6H4^T-SO2F 

4-Cl, 3-(CH2J2C6H4-
4'-SO2F 

4-CH=CHCONH-
C6H4-3'-S02F 

3-CONHC6H4-4'-S02F 
3-NHCOCH2Br, 

4-0(CH2)3C6Hs 

3-CH2NHCONEt2 
3-OCH3 

4-OCH2CON-
(Me)C6H5 

4-CH2CH(CH2CH2Ph)-
C0NHC6H4-4'-S02F 

3-COCH2Cl 
4-CH2CH(O-C10H7)-

C0NHC6H4-4'-S02F 
4-OCH2CONMe2 

4-CH2CH-
(Vh-T-OCH3) 
CONHC6H4-4'-S02F 

3-Cl, 4-OCH2C6H10-
CH2OC6H4-4'-S02F 

3-CH(CH2NHCO-
CH2Br)(CH2)3C6H5 

3-CH2NHCO-
N(CH2CH2J2O 

4-COCH2Cl 
4-CH2CH (Ph-3"-

OCH3)CONHC6H4-
4'-SO2F 

4-CH(CH2NHCO-
CH2Br)(CH2)3C6H5 

2,3-Cl2 
2-Cl, 4-(CH2)4C6H5 

3-Cl, 4-0(CH2)40-
C6H4-4'-S03C6H4-
4"-Cl 

3-CH2NHCOCH2Br 
3-CONHC6H„-3'-S02F 
4-CH2CONMe2 

4-OCH2CO-N(CH2)4 

3-OCH2CON(Me)C6H5 

4-OCH2CONEt2 

3-CH2CH(CH2-
NHCOCH2Br)C6H5 

4-Cl, 3-0(CH2)5-
OC6H4-4'-S02F 

4-CH2CONEt2 

4-Cl, 3-(CH2)4-
C6H44'-S02F 

3-Cl, 4-OCH2C6H4-4'-
CH2OC6H4-4"-S02F 

3-OCH2CONHC6H5 

Log 1/C 

Obsd" 

3.43 
3.68 
3.82 
4.00 
4.15 
4.25 
4.38 
4.62 
4.68 
4.68 
4.70 
4.74 
4.85 

5.14 
5.19 

5.44 
5.74 

5.82 

5.89 

5.96 
6.11 

6.11 
6.17 
6.17 

6.20 

6.21 
6.24 

6.26 
6.33 

6.37 

6.37 

6.43 

6.45 
6.46 

6.52 

6.52 
6.54 
6.55 

6.58 
6.60 
6.63 
6.66 
6.68 
6.72 
6.72 

6.72 

6.77 
6.77 

6.82 

6.85 

CalcdS 

4.220 
4.220 
4.326 
4.220 
4.220 
4.220 
4.326 
4.220 
5.272 
5.272 
5.161 
4.220 
5.576 

6.862 
5.272 

5.606 
5.078 

8.280 

5.272 

5.513 
6.993 

6.305 
6.736 
7.268 

6.919 

6.638 
6.559 

7.157 
6.725 

7.300 

7.729 

5.408 

7.034 
6.725 

7.139 

4.643 
5.422 
7.031 

6.364 
5.513 
7.133 
7.220 
6.830 
7.233 
7.625 

7.314 

7.219 
8.133 

7.317 

7.115 

IA log 
1/CI 

0.79 
0.54 
0.51 
0.22 
0.07 
0.03 
0.05 
0.40 
0.59 
0.59 
0.46 
0.52 
0.73 

1.72 
0.08 

0.17 
0.66 

2.46 

0.62 

0.45 
0.88 

0.20 
0.57 
1.10 

0.72 

0.43 
0.32 

0.90 
0.40 

0.93 

1.36 

1.02 

0.58 
0.27 

0.62 

1.88 
1.12 
0.48 

0.22 
1.09 
0.50 
0.56 
0.15 
0.51 
0.91 

0.59 

0.45 
1.36 

0.50 

0.27 

7T-3« 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

-1 .39 

0.00 
0.00 

-1 .36 
0.00 

2.71 

0.00 

1.50 
-0 .37 

-0 .29 
-0 .02 

0.00 

0.00 

-0 .16 
0.00 

0.00 
0.00 

0.71 

2.94 

-1 .32 

0.00 
0.00 

0.00 

0.71 
0.00 
0.71 

-0 .52 
1.50 
0.00 
0.00 
0.12 
0.00 
1.94 

4.43 

0.00 
4.01 

0.71 

0.60 

tt-4« 

0.00 
0.00 
0.71 
0.00 
0.00 
0.00 
0.71 
0.00 
1.50 
1.50 
1.96 
0.00 
0.00 

-0 .57 
1.99 

0.00 
3.53 

0.71 

1.99 

0.00 
2.66 

0.00 
0.00 
0.12 

4.23 

0.00 
5.02 

-1 .36 
3.51 

5.16 

0.00 

0.00 

-0 .16 
3.51 

2.94 

0.00 
3.66 
4.92 

0.00 
0.00 

-1 .70 
-0 .72 

0.00 
-0 .36 

0.00 

0.71 

-0 .70 
0.71 

4.33 

0.00 

MR-4« 

0.10 , 
0.10 
0.60 
0.10 
0.10 
0.10 
0.60 
0.10 
4.23 
4.23 
2.54 
0.10 
0.10 

0.63 
5.22 

0.10 
7.59 

0.60 

5.22 

0.10 
4.15 

0.10 
0.10 
4.55 

8.52 

0.10 
9.13 

2.58 
8.27 

7.25 

0.10 

0.10 

1.62 
8.27 

7.03 

0.10 
4.39 
8.90 

0.10 
0.10 
2.37 
3.31 
0.10 
3.51 
0.10 

0.60 

3.29 
0.60 

7.10 

0.10 

1-1« 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

1.00 
1.00 

1.00 
1.00 

0.00 

1.00 

1.00 
1.00 

0.00 
1.00 
1.00 

1.00 

1.00 
0.00 

1.00 
0.00 

0.00 

1.00 

0.00 

1.00 
0.00 

1.00 

1.00 
1.00 
0.00 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

0.00 

1.00 
0.00 

0.00 

1.00 

1-2« 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
0.00 
0.00 
0.00 
1.00 
0.00 

0.00 
0.00 

0.00 
0.00 

0.00 

0.00 

0.00 
0.00 

0.00 
0.00 
0.00 

0.00 

0.00 
0.00 

0.00 
0.00 

0.00 

0.00 

0.00 

0.00 
0.00 

0.00 

1.00 
1.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 

0.00 
0.00 

0.00 

0.00 

I-3c 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.00 
1.00 
1.00 
0.00 
0.00 

0.00 
1.00 

0.00 
1.00 

0.00 

1.00 

1.00 
0.00 

0.00 
0.00 
0.00 

0.00 

0.00 
0.00 

0.00 
0.00 

0.00 

0.00 

0.00 

0.00 
0.00 

0.00 

0.00 
0.00 
0.00 

0.00 
1.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 

0.00 
0.00 

0.00 

0.00 

1-4« 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 

0.00 
0.00 

0.00 

0.00 

0.00 
0.00 

0.00 
0.00 
0.00 

0.00 

0.00 
0.00 

0.00 
0.00 

0.00 

0.00 

0.00 

0.00 
0.00 

0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 

0.00 
0.00 

0.00 

0.00 

1-5« 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 

0.00 
0.00 

1.00 

0.00 

0.00 
0.00 

0.00 
0.00 
0.00 

0.00 

0.00 
0.00 

0.00 
0.00 

0.00 

0.00 

0.00 

0.00 
0.00 

0.00 

0.00 
1.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 

0.00 
1.00 

0.00 

0.00 

1-6« 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 

0.00 
0.00 

0.00 

0.00 

0.00 
0.00 

0.00 
0.00 
0.00 

0.00 

0.00 
0.00 

0.00 
0.00 

0.00 

0.00 

0.00 

0.00 
0.00 

0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 

0.00 
0.00 

0.00 

0.00 

% 
inac-
tiva-
tion<* 

100 
0 

0 

0 

13 

55 

0 

0 

61 

76 

99 

68 

89 

0 

49 

33 

89 

Ref 

14z 
14z 
14z 
14z 
14z 
14z 
14z 
14z 
14a 
14d 
14e 
14z 
14u 

14e 
14f 

14u 
14g 

14z 

14f 

14a 
14c 

14m 
14e 
14u 

14g 

14b 
14i 

14u 
14i 

14q 

14c 

14m 

14b 
14i 

14c 

14z 
14z 
14q 

14b 
14d 
14u 
14u 
14u 
14u 
14c 

14q 

14u 
14z 

14q 

14u 
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Table I. {Continued) 

No. 

51« 
52 

53 

54 

55 

56 
57 
58 

59 
60 
61« 

62 

63 
64 
65 
66 
67 

68 
69 

70 

71 

72 

73 
74 

75 

76 

77« 

78 

79 

80 

81 

82 

83 

84 

85 
86 

87 
88 

89 

90 

91 

92 

X 

3-C6H5 

4-CH2CH(Ph)CONH-
C6H4-3'-S02F 

3-Cl, 4-OCHjC6H4-3'-
CONHC6H,-4"-S02F 

3-Cl, 4-OCH2C6H4-4'-
CONHC6H4-4"-SOjF 

3-OCH2CONHC6H4-
4'-SO2F 

4-CH2CN 
H 
3-OCH2C6H„-3'-

NHCOCH2Br 
4-CH2CON(Me)C6H5 

4-(CHj)2CONMe2 

3-Cl, 4-(CHj)4C6H3-
5'-Cl, 2'-SO2F 

3-Cl, 4-0(CH2),-
OC6H4-4'-S02F 

3-NO2 

3-(CH2)2COCH2Cl 
3-(CH2)4COCH2Cl 
4-OCHjCO-N(CH2)5 

4-CHjCO-
N(CH2CH2)20 

4-(CH2)6C6H4-4'-SOjF 
3-Cl, 4-OCH(CH3)-

CONHC6H4-4'-S02F 
4-CH2CH(Ph)CONH-

C6H4-4'-S02F 
3-Cl, 4-0(CHj)2-

0 ( C H J ) 2 O C 6 H 4 -

4'-SO2F 
3-Cl, 4-0(CHj)3-

CONHC6H4-4'-SO,F 
3-Cl, 4-OCHjCONMe2 

3-Cl, 4-0(CHj)3-
CONHC6H4-3'-SOjF 

4-Cl, 3-0(CHj)4-
OC6H4-4'-SOjF 

4-CH2CH(Ph-3"-Me)-
C0NHC6H4-4'-S0jF 

3-(CHj)2CONHC6H4-
4'-SO2F 

4-CH2CH(Ph-T-Me)-
C0NHC6H4-4'-S0jF 

4-CHjCH(Ph-2"-CH3)-
C0NHC6H4-4'-S0jF 

3-Cl, 4-0CHjC6H4-3'-
CONHC6H4-3"-SOjF 

3-Cl, 4-OCH,C6H4-2'-
CONHC6H4-4"-S02F 

3-Cl, 4-0(CHj)4-
CONHC6H4-4'-SOjF 

3-Cl, 4-OCHjC6H3-S'-
Cl, 2'-SO2F 

4-Cl, 3-0(CHj)2-
0C6H4-4'-S0jF 

3-SOjF 
3-Cl, 4-0(CHj)3NH-

CONHC6H4-3'-SO,F 
4-(CH2),CONEtj 
3-Cl, 4-OCHjCO-

N(CHj)4 

4-OCHjCO-
N(CH2CHj)jO 

4-CH(CH3)CHj-
CONHC6H4-4'-SOjF 

4-CH2CON(Me)-
CH2C6H5 

4-(CHj)2CON(Me)-
CH2C6H5 

Log 1/C 

Obsda 

6.85 
6.89 

6.92 

6.92 

6.92 

6.92 
6.92 
6.92 

7.00 
7.05 
7.06 

7.07 

7.07 
7.10 
7.10 
7.12 
7.12 

7.12 
7.13 

7.13 

7.14 

7.15 

7.16 
7.17 

7.17 

7.17 

7.19 

7.24 

7.24 

7.24 

7.24 

7.24 

7.27 

7.27 

7.27 
7.28 

7.28 
7.29 

7.29 

7.29 

7.30 

7.31 

Calcd& 

5.638 
6.832 

7.288 

7.288 

7.301 

6.934 
6.75 
7.431 

7.265 
7.181 
8.119 

7.451 

6.550 
6.881 
7.396 
7.247 
7.217 

7.672 
7.444 

7.069 

7.426 

7.424 

7.581 
7.424 

7.47 

7.000 

8.287 

7.000 

7.000 

7.288 

7.288 

7.394 

7.453 

7.596 

6.783 
7.403 

7.246 
7.644 

7.231 

7.249 

7.268 

7.261 

|A log 
1/CI 

1.21 
0.06 

0.37 

0.37 

0.38 

0.01 
0.17 
0.51 

0.27 
0.13 
1.06 

0.38 

0.52 
0.22 
0.30 
0.13 
0.10 

0.55 
0.31 

0.06 

0.29 

0.27 

0.42 
0.25 

0.30 

0.17 

1.10 

0.24 

0.24 

0.05 

0.05 

0.15 

0.18 

0.33 

0.49 
0.12 

0.03 
0.35 

0.06 

0.04 

0.03 

0.05 

w-3« 

1.96 
0.00 

0.71 

0.71 

1.61 

0.00 
0.00 
1.29 

0.00 
0.00 
0.71 

0.71 

-0 .28 
0.20 
1.20 
0.00 
0.00 

0.00 
0.71 

0.00 

0.71 

0.71 

0.71 
0.71 

3.92 

0.00 

1.77 

0.00 

0.00 

0.71 

0.71 

0.71 

0.71 

3.00 

0.05 
0.71 

0.00 
0.71 

0.00 

0.00 

0.00 

0.00 

JT-4« 

0.00 
3.53 

3.16 

3.16 

0.00 

-0 .57 
0.00 
0.00 

-0 .19 
-1 .20 

4.72 

4.21 

0.00 
0.00 
0.00 

-0 .32 
-1 .70 

5.01 
1.91 

3.53 

3.38 

2.38 

-1 .36 
2.38 

0.71 

4.09 

0.00 

4.09 

4.09 

3.16 

3.16 

2.88 

2.42 

0.71 

0.00 
2.72 

-0 .21 
-0 .72 

-1 .39 

2.07 

0.43 

0.93 

MR-4« 

0.10 
7.56 

7.34 

7.34 

0.10 

1.01 
0.10 
0.10 

4.34 
2.83 
5.66 

5.13 

0.10 
0.10 
0.10 
3.78 
3.27 

6.09 
5.37 

7.59 

5.80 

5.84 

2.58 
5.84 

0.60 

8.05 

0.10 

8.05 

8.05 

7.34 

7.34 

6.30 

4.48 

0.60 

0.10 
6.18 

3.76 
3.31 

3.49 

5.62 

4.80 

5.27 

1-1« 

1.00 
0.00 

0.00 

0.00 

0.00 

1.00 
1.00 
1.00 

1.00 
1.00 
0.00 

0.00 

1.00 
1.00 
1.00 
1.00 
1.00 

0.00 
0.00 

1.00 

0.00 

0.00 

1.00 
0.00 

0.00 

1.00 

1.00 

1.00 

1.00 

0.00 

0.00 

0.00 

0.00 

0.00 

1.00 
0.00 

1.00 
1.00 

1.00 

1.00 

1.00 

1.00 

1-2« 

0.00 
0.00 

0.00 

0.00 

0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 

0.00 

0.00 

0.00 

0.00 
0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 
0.00 

0.00 
0.00 

0.00 

0.00 

0.00 

0.00 

1-3« 

1.00 
0.00 

0.00 

0.00 

0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 

0.00 

0.00 

0.00 

0.00 
0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 
0.00 

0.00 
0.00 

0.00 

0.00 

0.00 

0.00 

1-4« 

0.00 
0.00 

0.00 

0.00 

0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 

0.00 

0.00 

0.00 

0.00 
0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 
0.00 

0.00 
0.00 

0.00 

0.00 

0.00 

0.00 

1-5« 

0.00 
0.00 

0.00 

0.00 

0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
1.00 

0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

1.00 
0.00 

0.00 

0.00 

0.00 

0.00 
0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 
0.00 

0.00 
0.00 

0.00 

0.00 

0.00 

0.00 

1-6« 

0.00 
0.00 

0.00 

0.00 

0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 

0.00 

0.00 

0.00 

0.00 
0.00 

0.00 

0.00 

1.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 
0.00 

0.00 
0.00 

0.00 

0.00 

0.00 

0.00 

% 
inac-
tiva-
tion<* 

0 

100 

96 

10 

99 

81 

66 
23 

80 

76 

57 

48 

51 

100 

0 

0 

80 

41 

12 

89 

73 

29 

0 
8 

50 

Ref 

14e 
14i 

14s 

14s 

14s 

14u 
14e 
14b 

14u 
14u 
14z 

14j 

14e 
14b 
14b 
14u 
14u 

14z 
14s 

14g 

14s 

14u 
14s 

14q 

14g 

14a 

14g 

14g 

14s 

14s 

14s 

14r 

14q 

14d 
14o 

14u 
14u 

14u 

14g 

14u 

14u 
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Table 1. (Continued) 

6853 

Log 1/C 

No. 
IA log 

Obsd" Calcd* 1/CI ir-V TT-4C MR-4<? I-K i-2<? 1.3c 1.4c 1.5c 

inac-
tiva-

I-6C tion^ Ref 

93 4-(CHj)2CO- 7.32 7.245 0.08 0.00 
N(CH2CHj)2O 

94 4-0(CH2) 3NHCONH- 7.32 6.979 0.34 0.00 
C6H4-3'-S02F 

95 3-Cl, 4-0(CH2)3- 7.34 7.424 0.08 0.71 
NHCOC6H4-4'-S02F 

96 3-CH2CONHC6H4- 7.34 7.438 0.10 1.31 
4'-SO2F 

97 4-CH2NHCONHC6H4- 7.35 7.732 0.38 0.00 
4'-SO2F 

98 4-(CH2)2CON(C3H7)2 7.35 7.269 0.08 0.00 
99 3-Cl, 4-OCH2C6H3-6'- 7.38 7.453 0.07 0.71 

Cl, 3'-SO2F 
100 3-Cl, 4-OCH2C6H3-2'- 7.38 7.453 0.07 0.71 

CH3, 4'-SO2F 
101 3-Cl, 4-S(CH2)2- 7.39 7.417 0.03 0.71 

CONHC6H4-4'-S02F 
102 4-(CHj)2C6H4-4'-S02F 7.41 7.711 0.30 0.00 
103 3-Cl, 4-OCH2C6H4-4'- 7.41 7.288 0.12 0.71 

CONHC6H4-3"-SOjF 
104 4-(CHj)2NHSO2C6H4- 7.41 7.255 0.16 0.00 

4'-SO2F 
105 3-Cl, 4-SCHjCONH- 7.42 7.440 0.02 0.71 

C6H„-4'-S02F 
106 3-Cl, 4-OCHjC6H3-3'- 7.42 7.453 0.03 0.71 

Cl, 2'-SO,F 
107 3-Cl, 4-OCH2CONH- 7.43 7.454 0.02 0.71 

C6H„-4'-S02F 
108 3-Cl, 4-OCH2C6H4-2'- 7.43 7.441 0.01 0.71 

SO2F 
109 3-Cl, 4-OCH2C6H3-3'- 7.43 7.453 0.02 0.71 

Cl 4'-SO F 
110 3-Cl,'4-OCHjC5H3^'- 7.44 7.453 0.01 0.71 

Cl 4'-SO F 
111 3-Cl,'4-0(CHj)2- 7.44 7.454 0.01 0.71 

OC6H4-4'-S02F 
112 3-(CH2)4C6H3-2',4'-Cl2 7.45 7.843 0.39 5.08 
113 3-Cl, 4-0(CHj)6- 7.46 7.376 0.08 0.71 

OC6H4-4'-S02F 
114 4-(CH2)2CONHC6H3- 7.46 7.942 0.48 0.00 

3'-OMe, 4'-SO2F 
115 3-Cl, 4-OCH2CON- 7.47 7.444 0.03 0.71 

(CH3)C 6H4-4'-S02F 
116 3-Cl, 4-OCH2CO- 7.47 7.670 0.20 0.71 

N(CH2)S 

117 3-Cl, 4-OCH2C6H4-4'- 7.48 7.685 0.21 0.71 
SO2NMe2 

118 3-Cl, 4-OCHjC6H3-2'- 7.49 7.453 0.04 0.71 
Cl, 3'-SO2F 

119 3-0(CH2)4OC6H4-4'- 7.49 7.344 0.15 4.00 
SO2F 

120 4-Cl, 3-0(CH2),- 7.51 7.553 0.04 3.50 
OC6H4-4'-SO,F 

121 3-Cl, 4-OCHjC6H4- 7.51 7.669 0.16 0.71 
3'-CN 

122 3-Cl, 4-OCHjC6H5 7.52 7.637 0.12 0.71 
123 4-SCH,CONHC6H4- 7.52 7.016 0.50 0.00 

4'-SO2F 
124 3-CL 4-OCHjC6H3-

4'-Cl, 2'SO2F 
125 3-CH2NHCONHC6Hs 7.52 7.699 0.18 0.83 
126 4-CH2CH(Me)CONH- 7.55 7.249 0.30 0.00 

C,H„-4'-S02F 
127 3-0(CH2)3OC6H4-4'- 7.55 7.584 0.03 1.77 

NHCOCH2Br 
128 4-(CH2)2CON(Me)- 7.56 7.972 0.41 0.00 

C4H5 

129 3-Cl, 4-0(CH2)4- 7.57 7.436 0.13 0.71 
OC6H4-4'-S02F 

130 3-Cl, 4-0(CH2)5- 7.57 7.412 0.16 0.71 
OC6H,-4'-S02F 

131 3-Cl, 4-OCH2C6H4- 7.58 7.441 0.14 0.71 
4'-SO2F 

-1 .20 3.74 1.00 0.00 0.00 0.00 0.00 0.00 14u 

2.72 6.18 0.00 0.00 0.00 0.00 0.00 0.00 23 14o 

1.42 5.84 0.00 0.00 0.00 0.00 0.00 0.00 69 14o 

0.00 0.10 1.00 0.00 0.00 0.00 0.00 0.00 0 14a 

1.84 5.08 0.00 0.00 0.00 0.00 0.00 1.00 42 14n 

0.80 4.69 1.00 0.00 0.00 0.00 0.00 0.00 14u 

2.42 4.48 0.00 0.00 0.00 0.00 0.00 0.00 87 14r 

2.27 4.44 0.00 0.00 0.00 0.00 0.00 0.00 16 14r 

2.74 5.97 0.00 0.00 0.00 0.00 0.00 0.00 74 14s 

2.71 4.23 0.00 0.00 0.00 0.00 1.00 0.00 0 14v 

3.16 7.34 0.00 0.00 0.00 0.00 0.00 0.00 100 14s 

1.01 5.48 1.00 0.00 0.00 0.00 0.00 0.00 

2.24 5.51 0.00 0.00 0.00 0.00 0.00 0.00 

2.42 4.48 0.00 0.00 0.00 0.00 0.00 0.00 

1.61 4.91 0.00 0.00 0.00 0.00 0.00 0.00 

1.71 3.98 0.00 0.00 0.00 0,00 0.00 0.00 

2.42 4.48 0.00 0.00 0.00 0.00 0.00 0.00 

2.42 4.48 0.00 0.00 0.00 0.00 0.00 0.00 

3.00 4.66 0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.10 1.00 0.00 0.00 0.00 1.00 0.00 

5.00 6.52 0.00 0.00 0.00 0.00 0.00 0.00 

1.75 5.84 1.00 0.00 0.00 0.00 0.00 1.00 

1.13 5.37 0.00 0.00 0.00 0.00 0.00 0.00 

-0 .32 3.78 1.00 0.00 0.00 0.00 0.00 0.00 

0.88 5.27 1.00 0.00 0.00 0.00 0.00 0.00 

2.42 4.48 0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.10 0.00 0.00 0.00 0.00 0.00 0.00 

0.71 0.60 0.00 0.00 0.00 0.00 0.00 0.00 

1.09 3.75 1.00 0.00 0.00 0.00 0.00 0.00 

1.66 3.22 1.00 0.00 0.00 0.00 0.00 0.00 

2.24 5.51 0.00 0.00 0.00 0.00 0.00 0.00 

7.52 7.453 0.07 0.71 2.42 4.48 0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.10 0.00 0.00 0.00 0.00 0.00 1.00 

2.07 5.62 1.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.10 1.00 0.00 0.00 0.00 0.00 0.00 

0.31 4.80 1.00 0.00 0.00 0.00 0.00 1.00 

4.00 5.59 0.00 0.00 0.00 0.00 0.00 0.00 

4.50 6.05 0.00 0.00 0.00 0.00 0.00 0.00 

1.71 3.98 0.00 0.00 0.00 0.00 0.00 0.00 

38 

86 

19 

76 

36 

97 

75 

97 

96 

95 

47 

79 

48 

26 

31 

60 

32 

90 

25 

91 

14f 

14s 

14r 

14y 

14t 

14r 

14r 

14y 

14e 
14q 

14h 

14) 

14u 

14u 

14r 

14q 

14q 

14u 

14u 
14s 

14r 

14m 
14g 

14b 

14u 

14q 

14q 

14r 
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Table I. (Continued) 

No. 

132 

133 

134 

135 

136 
137 

138 

139 

140 

141 

142 

143 

144 

145 

146 

147 
148 

149 

150 

151 

152 

153 

154 

155 

156 

157 

158 

159 
160 
161 

162 

163 

164 

165 

166 

167 

168 

169 

X 

4-(CHj)2CONC6H,-
4'-SO2F 

3-Cl, 4-(CHj)2CONH-
C6H4-4'-SOjF 

3-CH2NHCONHC6H4-
3'-SO2F 

4-(CH2)2NHS02C6H4-
3'-SO2F 

3-Cl, 4-OCH2CONEt2 

3-0(CH2),OC6H4-3'-
NHCOCH2Br 

3-0(CH2)2OC6H,-2'-
NHCOCH2Br 

3-0(CH2)2OC6H4-3'-
NHCOCH2Br 

3-Cl, 4-SCH2CONH-
C6H4-3'-S02F 

3-Cl, 4-0(CH2),-
NHCOC6H,-4'-S02F 

4-(CH2)3CONHC6H,-
4'-SO2F 

3-Cl, 4-0(CHj)3NH-
C0NHC6H,4'-S02F 

3-Cl, 4-0(CH2),NH-
CONHC6H,-3'-SOjF 

3-(CH2),C6H3-3'-Cl, 
4'-SO2F 

3-Cl, 4-(CH2J4C6H3-
3'-Cl, 4'-SO2F 

4-(CH2),C6H,-4'-SO,F 
4-CH2-CONHC6H,-4'-

SO2F 
4-0(CHj)20C6H44'-

NHCOCH2Br 
3-Cl, 4-OCH2C6H4-

3'-CONMe2 

3-Cl, 4-OCH2C6H4-4'-
S03C6H4-3"-Cl 

4-OCH2CONHC6H4-
4'-SO2F 

3-Cl, 4-OCH2CONH-
C6H4-3'-S02F 

3-Cl, 4-OCH2C6H4-
3'-SO2F 

3-Cl, 4-OCH2C6H3-
6'-Cl, 2'-SO2F 

4-CH2NHCONHC6H3-
3'-Me, 4'-SO2F 

4-(CHj)2CONHC6H4-
3'-SO2F 

3,5-Cl2, 4-OCHj-
CONHC6H4-4'-S02F 

3-Cl 
3-CF3 

3-Cl, 4-OCH2C6H4-4'-
S03C6H4-4"-Cl 

3-CH2NHCONHC6H4-
3'-CON(Me)2 

3-Cl, 4-(CHj)4C6H4-
2'-SO2F 

3-Cl, 4-(CHj)4C6H3-
2'-Cl, 4'-SO2F 

3-Cl, 4-CHjNHCONH-
C6H3-3'-Me, 4'-SO2F 

4-O(CH2)20C6H4-4'-
SO2F 

4-(CHj)3CONHC6H4-
2'-SO2F 

3-Cl, 4-0(CH2),-
NHCONHC6H 3-3'-
Me, 4'-SO2F 

3-0(CH2)2OC6H4-4'-
SO2F 

Log 1/C 

Obsd<* 

7.60 

7.62 

7.62 

7.64 

7.64 
7.64 

7.66 

7.66 

7.66 

7.66 

7.66 

7.68 

7.70 

7.70 

7.70 

7.70 
7.70 

7.70 

7.72 

7.72 

7.72 

7.72 

7.72 

7.72 

7.72 

7.74 

7.74 

7.76 
7.76 
7.77 

7.77 

7.77 

7.77 

7.80 

7.80 

7.80 

7.82 

7.82 

Calcd* 

7.730 

8.154 

8.305 

7.255 

7.656 
7.584 

7.423 

7.423 

7.440 

7.401 

7.953 

7.403 

7.365 

7.897 

8.119 

7.712 
7.269 

7.223 

7.690 

8.409 

7.268 

7.454 

7.441 

7.453 

7.718 

7.730 

7.454 

7.173 
7.257 
8.409 

6.699 

8.136 

8.119 

8.142 

7.268 

7.953 

7.403 

7.490 

IA log 
1/CI 

0.13 

0.53 

0.69 

0.39 

0.02 
0.06 

0.24 

0.24 

0.22 

0.26 

0.29 

0.28 

0.34 

0.20 

0.42 

0.12 
0.43 

0.48 

0.03 

0.69 

0.45 

0.27 

0.28 

0.27 

0.00 

0.01 

0.29 

0.59 
0.50 
0.64 

1.07 

0.37 

0.35 

0.34 

0.53 

0.15 

0.42 

0.33 

n-3c 

0.00 

0.71 

1.84 

0.00 

0.71 
1.77 

1.27 

1.27 

0.71 

0.71 

0.00 

0.71 

0.71 

4.42 

0.71 

0.00 
0.00 

0.00 

0.71 

0.71 

0.00 

0.71 

0.71 

0.71 

0.00 

0.00 

0.71 

0.71 
0.88 
0.71 

-0 .68 

0.71 

0.71 

0.71 

0.00 

0.00 

0.71 

3.00 

1T-4C 

1.77 

1.77 

0.00 

1.01 

-0 .36 
0.00 

0.00 

0.00 

2.24 

1.92 

2.27 

2.72 

3.22 

0.00 

4.42 

3.71 
1.31 

1.27 

0.15 

3.92 

1.61 

1.61 

1.71 

2.42 

2.40 

1.77 

1.62 

0.00 
0.00 
3.92 

0.00 

3.71 

4.42 

2.40 

3.00 

2.27 

2.78 

0.00 

MR-4^ 

5.16 

5.16 

0.10 

5.48 

3.51 
0.10 

0.10 

0.10 

5.51 

6.21 

5.62 

6.18 

6.65 

0.10 

5.66 

5.16 
4.69 

6.09 

5.02 

7.29 

4.91 

4.91 

3.98 

4.48 

5.54 

5.16 

4.91 

0.10 
0.10 
7.29 

0.10 

5.16 

5.66 

5.54 

4.67 

5.62 

6.18 

0.10 

I-K 

0.00 

0.00 

1.00 

1.00 

1.00 
1.00 

1.00 

1.00 

0.00 

0.00 

1.00 

0.00 

0.00 

0.00 

0.00 

0.00 
1.00 

1.00 

1.00 

1.00 

1.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

1.00 
1.00 
1.00 

0.00 

0.00 

0.00 

0.00 

1.00 

1.00 

0.00 

0.00 

I-2C 

0.00 

0.00 

0.00 

0.00 

0.00 
0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 
0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 
0.00 
0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

I-3c 

0.00 

0.00 

0.00 

0.00 

0.00 
0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 
0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 
0.00 
0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

M c 

0.00 

0.00 

0.00 

0.00 

0.00 
0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 
0.00 

0.00 

0.00 

1.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 
0.00 
1.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

l-Sc 

0.00 

0.00 

0.00 

0.00 

0.00 
0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

1.00 

1.00 

1.00 
0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 
0.00 
0.00 

0.00 

1.00 

1.00 

0.00 

0.00 

0.00 

0.00 

0.00 

I-6<? 

1.00 

1.00 

1.00 

0.00 

0.00 
0.00 

0.00 

0.00 

0.00 

0.00 

1.00 

0.00 

0.00 

0.00 

0.00 

0.00 
0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

1.00 

1.00 

0.00 

0.00 
0.00 
0.00 

1.00 

0.00 

0.00 

1.00 

0.00 

1.00 

0.00 

0.00 

% 
inac

tion'' 

73 

95 

0 

0 

27 

100 

22 

93 

98 

33 

35 

75 
0 

41 

0 

61 

59 

30 

70 

49 

65 

39 

46 

94 

57 

0 

0 

90 

25 

Ref 

14y 

14y 

14d 

14f 

14u 
14b 

14b 

14b 

14s 

14o 

14d 

14o 

14o 

14z 

14z 

14z 
14a 

14b 

14u 

14t 

14f 

14j 

14r 

14r 

14k 

14i 

14y 

14e 
14b 
14t 

14m 

14z 

14z 

14k 

14f 

14d 

14o 

14q 
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No. 

170 

171 

172 

173 

174 

175 

176 

177 

178 
179 
180 

181 

182 

183 

184 
185 

186 
187 
188 
189 

190 

191 

192 

193 

194 

195 

196 
197 
198 

199 

200 

201 

202 
203 

204 

205 

206 
207 

208 

209 

210 

X 

3-Cl, 4-(CHj)4C6H3-
4'-Cl, 2'-SO2F 

3-Cl, 4-(CHj)2C6H4-
4'-SO2F 

3-Cl, 4-(CHj)2C6H3-
5'-Cl, 2'-SO2F 

3-Cl, 4-(CH2)jC6H3-
3'-Cl, 4'-SO2F 

3-Cl, 4-OCH2CO-
N(CH2CHj)2O 

3-Cl, 4-OCH2C6H4-
3'-CON(CHjCH2)20 

3-Cl, 4-OCH2C6H4-
3'-CO-N(CHj)4 

3-Cl, 4-OCH2CON-
(Me)C6H5 

4-OCH2CONHC6H5 

4-(CHj)2C6H5 

4-(CHj)2CONHC6H3-
3'-Me, 4'-SO2F 

3-Cl, 4-CH2NHCONH-
C6H4-4'-S02F 

3-Cl, 4-0(CHj)2NH-
CONHC6H4-4'-S02F 

4-(CHj)3CONHC6H4-
3'-SO2F 

4-(CH2)2COCH2Cl 
3-OC6H4-4'-

NHCOCH2Br 
3-Cl, 4-(CH2)4C6H5 

4-(CH2)4C6H3-2',4'-Cl2 

3-Cl, 4-(CH2)4C6Hs 

3-0(CHj)3OC6H4-
4'-SO2F 

3-(CH2)4C6H3-5'-Cl, 
2'-SO2F 

4-(CH2)4C6H3-2'-Cl, 
4'-SO2F 

3-Cl, 4-OCH2C6H3-
4'-Cl, 3'-SO2F 

3-(CH2) 4C6H3-2'-Cl, 
4'-SO2F 

4-OCH2CONHC6H4' 
3'-SO2F 

3-Cl, 4-OCH2C6H4-
3'-CONHC6H5 

3-CH2C6H5 

4-(CH2)4C6Hs 

3-Cl, 4-OCH2C6H4-3'-
CO-N(CH2), 

3 - C H J N H C O N H C 6 H 4 -

3'-0CH3 

4-(CHj)2CONHC6H3-
4'-Me, 3'-SO2F 

3-Cl, 4-(CHj)4C6H4-
3'-SO2F 

3-(CH2)4C6H3-2',4'-Cl2 

4-CH2NHCONHC6H4-
3'-SO2F 

4-(CHj)2CON(Me)-
C6H4-4'-S02F 

3-Cl, 4-(CH2)2C6H3-
4'-Cl, 2'-SO2F 

4-CH2C6H5 
3-CH2NHCONHC6H4-

3'-Cl 
3-Cl, 4-0(CH2)3NH-

CONHC6H3-4'-Me, 
3'-SO2F 

4-CHjCONHC6H4-
3'-SO2F 

4-(CHj)jCONHC6H3-
6'-OMe, 3'-SOjF 

Log 

Obsds 

7.82 

7.85 

7.85 

7.85 

7.85 

7.85 

7.85 

7.89 

7.89 
7.89 
7.89 

7.92 

7.92 

7.92 

7.92 
7.92 

7.92 
7.92 
7.96 
7.96 

7.96 

7.96 

8.00 

8.00 

8.00 

8.00 

8.00 
8.00 
8.02 

8.02 

8.02 

8.03 

8.03 
8.04 

8.04 

8.05 

8.05 
8.05 

8.06 

8.06 

8.08 

•lie 

Calcd* 

8.119 

8.134 

8.140 

8.140 

7.655 

7.657 

7.666 

7.691 

7.259 
7.678 
7.953 

8.155 

7.665 

7.953 

7.145 
7.568 

8.138 
7.706 
8.375 
7.446 

7.897 

7.696 

7.453 

7.897 

7.268 

7.613 

8.325 
7.714 
7.638 

7.689 

7.953 

8.136 

7.606 
7.969 

7.953 

8.140 

7.882 
7.983 

7.365 

7.269 

7.942 

IA log 
1/CI 

0.30 

0.28 

0.29 

0.29 

0.20 

0.19 

0.18 

0.20 

0.63 
0.21 
0.06 

0.24 

0.26 

0.03 

0.78 
0.35 

0.22 
0.21 
0.42 
0.51 

0.06 

0.26 

0.55 

0.10 

0.73 

0.39 

0.33 
0.29 
0,38 

0.33 

0.07 

0.11 

0.42 
0.07 

0.09 

0.09 

0.17 
0.07 

0.70 

0.79 

0.14 

7T-3 C 

0.71 

0.71 

0.71 

0.71 

0.71 

0.71 

0.71 

0.71 

0.00 
0.00 
0.00 

0.71 

0.71 

0.00 

0.00 
1.71 

0.71 
0.00 
0.71 
3.50 

"4.42 

0.00 

0.71 

4.42 

0.00 

0.71 

2.01 
0.00 
0.71 

0.81 

0.00 

0.71 

5.08 
0.00 

0.00 

0.71 

0.00 
1.54 

0.71 

0.00 

0.00 

7T-4C 

4.42 

2.71 

3.42 

3.42 

-1 .39 

0.13 

0.80 

0.12 

0.60 
2.66 
2.33 

1.84 

2.22 

2.27 

0.20 
0.00 

3.66 
5.08 
4.13 
0.00 

0.00 

4.42 

2.42 

0.00 

1.61 

2.15 

0.00 
3.66 
1.20 

0.00 

2.33 

3.71 

0.00 
1.84 

1.28 

3.42 

2.01 
0.00 

3.28 

1.31 

1.75 

MR4c 

5.66 

4.23 

4.73 

4.73 

3.49 

5.93 

5.75 

4.55 

4.09 
3.47 
5.62 

5.08 

5.77 

5.62 

2.47 
0.10 

4.39 
5.39 
4.39 
0.10 

0.10 

5.66 

4.48 

0.10 

4.91 

6.53 

0.10 
4.39 
6.21 

0.10 

5.62 

5.16 

0.10 
5.08 

5.62 

4.73 

3.00 
0.10 

6.64 

4.69 

5.84 

I-K 

0.00 

0.00 

0.00 

0.00 

1.00 

1.00 

1.00 

1.00 

1.00 
0.00 
1.00 

0.00 

1.00 

1.00 

1.00 
1.00 

0.00 
0.00 
1.00 
0.00 

0.00 

0.00 

0.00 

0.00 

1.00 

1.00 

1.00 
0.00 
1.00 

0.00 

1.00 

0.00 

0.00 
1.00 

1.00 

0.00 

1.00 
0.00 

0.00 

1.00 

1.00 

I-2c 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 
0.00 
0.00 

0.00 

0.00 

0.00 

0.00 
0.00 

0.00 
0.00 
0.00 
0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 
0.00 
0.00 

0.00 

0.00 

0.00 

0.00 
0.00 

0.00 

0.00 

0.00 
0.00 

0.00 

0.00 

0.00 

I-3<? 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 
0.00 

0.00 

0.00 

0.00 

0.00 
0.00 

0.00 
0.00 
0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 
0.00 
0.00 

0.00 

0.00 

0.00 

0.00 
0.00 

0.00 

0.00 

0.00 
0.00 

0.00 

0.00 

0.00 

I-4c 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 
0.00 
0.00 

0.00 

0.00 

0.00 

0.00 
0.00 

0.00 
0.00 
0.00 
0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 
0.00 
0.00 

0.00 

0.00 

0.00 

0.00 
0.00 

0.00 

0.00 

0.00 
0.00 

0.00 

0.00 

0.00 

1-5 c 

1.00 

1.00 

1.00 

1.00 

0.00 

0.00 

0.00 

0.00 

0.00 
1.00 
0.00 

0.00 

0.00 

0.00 

0.00 
0.00 

1.00 
1.00 
1.00 
0.00 

1.00 

1.00 

0.00 

1.00 

0.00 

0.00 

1.00 
1.00 
0.00 

0.00 

0.00 

1.00 

1.00 
0.00 

0.00 

1.00 

1.00 
0.00 

0.00 

0.00 

0.00 

I-6<? 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

1.00 

1.00 

0.00 

1.00 

0.00 
0.00 

0.00 
0.00 
0.00 
0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 
0.00 
0.00 

1.00 

1.00 

0.00 

0.00 
1.00 

1.00 

0.00 

0.00 
1.00 

0.00 

0.00 

1.00 

% 
inac-
tiva-
tiontf 

93 

93 

31 

83 

100 

85 

77 

0 

18 

16 

69 

19 

100 

0 

55 

100 

0 

0 

65 

87 

0 

20 

Ref 

14z 

14z 

14z 

14z 

14u 

14u 

14u 

14u 

14u 
14v 
14h 

14y 

14y 

14d 

14b 
14b 

14v 
14v 
14e 
14q 

14z 

14z 

14r 

14z 

14f 

14u 

14e 
14v 
14u 

14m 

14h 

14z 

14v 
14f 

14g 

14z 

14e 
14m 

14o 

14d 

14h 
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Table I. (Continued) 

No. X 

L o g l / C | A 1 IA log 
Obsd" Calcd* 1/CI 7T-3C 

% 
inac
tiva

t e MR-4C I-lc i.2c 1.3c 1.4c 1.5c i_6c t i o n d Ref 

211 3-Cl, 4-OCH2C6H4-4'- 8.09 8.422 0.33 0.71 
S03C6H4-3"-CF3 

212 3-CH2NHCONHC6H4- 8.10 7.554 0.55 0.55 
3'-NO2 

213 3-(CH2)4C6H4-4'-S02F 8.10 8.096 0.00 3.71 
214 3-(CH2)4C6H4-3'-S02F 8.10 8.096 0.00 3.71 
215 3-(CH2)2C6H4-4'-S02F 8.10 8.174 0.07 2.71 
216 4-(CH2)2NHCOC6H4- 8.11 7.968 0.14 0.00 

4'-SO2F 
217 3-Cl, 4-(CHJ4C6H3- 8.11 8.119 0.01 0.71 

4'-Cl, 3'-SO2F 
218 3-Cl, 4-OCH2C6H4-3'- 8.12 7.567 0.55 0.71 

CON(Me)C6H5 

219 3-0(CH2)2OC6H4-4'- 8.13 7.423 0.71 1.27 
NHCOCH2Br 

220 3-Cl, 4-OCH2C6H4-3'- 8.14 7.655 0.49 0.71 
CONEt2 

221 3-Cl, 4-(CHj)4C6H4- 8.14 8.136 0.00 0.71 
4'-SO2F 

222 3-Br, 4-OCH2CONH- 8.14 7.528 0.61 0.86 
C6H4-4'-S02F 

223 4-(CH2)4OC6H4-4'- 8.14 7.944 0.20 0.00 
SO2F 

224 3-(CH2)jC6H5 8.19 8.172 0.02 2.66 
225 3-CH2NHCONHC6H4- 8.19 7.385 0.81 0.26 

3'-CN 
226 3-Cl, 4-OCH2C6H4-4'- 8.20 8.465 0.27 0.71 

SO2OC6H5 

227 3-Cl, 4-(CHj)4C6H3- 8.20 8.119 0.08 0.71 
3'-Cl, 2'-SO2F 

228 4-(CH2)2CONHC6H3- 8.24 7.953 0.29 0.00 
2'-Me, 4'-SO2F 

229 4-(CH2)2CONHC6H3- 8.24 7.942 0.30 0.00 
4'-OMe, 3'-SO2F 

230 3-Cl, 4-OCHjC6H4-4'- 8.24 8.405 0.17 0.71 
S03C6H4-3"-CN 

231 4-(CHj)4OC6H5 8.24 7.717 0.52 0.00 
232 3-Cl, 4-OCH2C6H4-4'- 8.25 8.341 0.09 0.71 

S03C6H3-3",4"-Cl2 

233 3-(CH2)2C6H4-4'- 8.26 8.374 0.11 2.29 
NHCOCH2Br 

234 3-Cl, 4-(CHj)2C6H3- 8.27 8.140 0.13 0.71 
4'-Cl, 3'-SO2F 

235 3-Cl, 4-(CHj)2C6H3- 8.30 8.140 0.16 0.71 
3'-Cl, 2'-SO2F 

236 3-Cl, 4-(CHj)2C6H3- 8.33 8.140 0.19 0.71 
2'-Cl 4'-SO F 

237 3-Cl, 4-OCH2C6H4-4'- 8.33 8.422 0.09 0.71 
S03C6H4-2"-CF3 

238 3-(CH2)4OC6H5 8.35 8.115 0.24 3.61 
239 3-(CH2J4C6H5 8.35 8.106 0.24 3.66 
240 3-(CH2)4C6H3-4'-Cl, 8.37 7.897 0.47 4.42 

3'-SO2F 
241 3-(CH2)4C6H4-4'- 8.38 8.400 0.02 3.24 

NHCOCH2Br 
242 3-Cl, 4-OCHjC6H4-4'- 8.39 8.405 0.02 0.71 

SO C H -4"-CN 
243 3-Cl,4-6cH2C6H4-4'- 8.40 8.385 0.02 0.71 

S03C6H4-4"-OCH3 

244 3-Cl, 4-OCH2C6H4-4'- 8.40 8.466 0.07 0.71 
S03C6H4-4"-F 

245 3-Cl, 4-OCH2C6H4-4'- 8.40 8.385 0.02 0.71 
SO,C6H4-2"-OCH3 

24o 3-(CH2)4C„H4-3'- 8.41 8.400 0.01 3.24 
NHCOCH2Br 

247 3-Cl, 4-OCH2C6H4-4'- 8.44 8.414 0.03 0.71 
S03C6H4-3"-CH3 

248 3-Cl, 4-OCH2C6H4-4'- 8.46 8.466 0.01 0.71 
S03C6H4-3"-F 

249 3-Cl, 4-0CHjC6H4-4'- 8.52 8.385 0.14 0.71 
S03C6H4-3"-OCH3 

250^ 3,4-Cl, 8.54 7.279 1.26 0.71 
251 3-Cl, 4-OCH2C6H4-4'- 8.62 8.409 0.21 0.71 

S03C6H4-2-'-Cl 

4.09 7.19 1.00 0.00 0.00 1.00 0.00 0.00 

0.00 0.10 0.00 0.00 0.00 0.00 0.00 1.00 

0.00 0.10 0.00 0.00 0.00 0.00 1.00 0.00 
0.00 0.10 0.00 0.00 0.00 0.00 1.00 0.00 
0.00 0.10 0.00 0.00 0.00 0.00 1.00 0.00 
1.11 5.16 1.00 0.00 0.00 0.00 0.00 1.00 

4.42 5.66 0.00 0.00 0.00 0.00 1.00 0.00 

2.15 6.99 1.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.10 1.00 0.00 0.00 0.00 0.00 0.00 

1.15 5.95 1.00 0.00 0.00 0.00 0.00 0.00 

3.71 5.16 0.00 0.00 0.00 0.00 1.00 0.00 

1.61 4.91 0.00 0.00 0.00 0.00 0.00 0.00 

4.62 5.37 1.00 0.00 0.00 0.00 1.00 0.00 

22 14t 

14m 

0.00 0.10 0.00 0.00 0.00 0.00 1.00 
0.00 0.10 0.00 0.00 0.00 0.00 0.00 

0.00 
1.00 

3.21 6.79 1.00 0.00 0.00 1.00 0.00 0.00 

4.42 5.66 0.00 0.00 0.00 0.00 1.00 0.00 

2.33 5.62 1.00 0.00 0.00 0.00 0.00 1.00 

1.75 5.84 1.00 0.00 0.00 0.00 0.00 1.00 

2.64 7.32 1.00 0.00 0.00 1.00 0.00 0.00 

3.61 4.61 0.00 0.00 0.00 
4.63 7.79 1.00 0.00 0.00 

0.00 1.00 0.00 
1.00 0.00 0.00 

0.00 0.10 1.00 0.00 0.00 0.00 1.00 0.00 

3.42 4.73 0.00 0.00 0.00 0.00 1.00 0.00 

3.42 4.73 0.00 0.00 0.00 0.00 1.00 0.00 

3.42 4.73 0.00 0.00 0.00 0.00 1.00 0.00 

4.09 7.19 1.00 0.00 0.00 1.00 0.00 0.00 

86 14z 
94 14z 
53 14v 
27 14f 

97 14z 

14u 

14b 

14u 

100 14z 

64 14p 

66 14z 

14v 
14m 

54 14t 

0 14z 

90 14h 

0 14h 

59 14t 

14v 
22 14t 

14b 

76 14z 

0 14z 

76 14z 

37 14t 

0.00 0.10 0.00 0.00 0.00 0.00 1.00 0.00 
0.00 0.10 0.00 0.00 0.00 0.00 1.00 0.00 
0.00 0.10 0.00 0.00 0.00 0.00 1.00 0.00 100 

0.00 0.10 

2.64 7.32 

3.19 7.47 

3.35 6.78 

3.19 7.47 

0.00 0.10 

3.77 7.25 

3.35 6.78 

3.19 7.47 

1.00 0.00 0.00 

1.00 0.00 0.00 

1.00 0.00 0.00 

1.00 0.00 0.00 

0.00 1.00 0.00 

1.00 0.00 0.00 

1.00 0.00 0.00 

1.00 0.00 0.00 

1.00 0.00 0.00 1.00 0.00 0.00 

1.00 0.00 0.00 0.00 1.00 0.00 

1.00 0.00 0.00 1.00 0.00 0.00 

1.00 0.00 0.00 1.00 0.00 0.00 

1.00 0.00 0.00 1.00 0.00 0.00 

71 

75 

45 

55 

14v 
14v 
14z 

14b 

14t 

14t 

14t 

14t 

14b 

26 14t 

46 14t 

38 14t 

0.71 0.60 1.00 0.00 0.00 0.00 0.00 0.00 
3.92 7.29 1.00 0.00 0.00 1.00 0.00 0.00 48 

14e 
14t 
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Log 1/C 

No. 
IA log 

Obsd" CiXcAb \jc\ ir-lc TT-4C MR-4̂  I-K I-2<? I-3<? l-4c 1-5̂  

% 
inac
tiva

t e tion^ Ref 

252 3-Cl, 4-OCH2C6H4-4'-
S03C6H4-4"-
CON(CH3), 

253 3-Cl, 4-OCH2C6H4-4'-
S03C6H4-2"-
CON(CH J2 

254 3-Cl, 4-OCH2C6H4-4'-
S03C6H4-2"-CN 

255 3-Cl, 4-OCHjC4H4-4'-
SO3C6H4^-F 

256 3-Cl, 4-OCH2C6H4-4'-
S03C6H4-3"-
CON(CH3), 

:.62 8.206 0.41 1.71 1.70 8.59 1.00 0.00 0.00 1.00 0.00 0.00 58 14t 

1.63 8.206 0.42 0.71 1.70 8.59 1.00 0.00 0.00 1.00 0.00 0.00 71 14t 

!.70 8.405 0.30 0.71 2.64 7.32 1.00 0.00 0.00 1.00 0.00 0.00 54 14t 

!.74 8.466 0.27 0.71 3.35 6.78 1.00 0.00 0.00 1.00 0.00 0.00 56 14t 

1.76 8.206 0.55 0.71 1.70 8.59 1.00 0.00 0.00 1.00 0.00 0.00 55 14t 

a See ref 14. b Calculated using eq 2. cSee section on Methods for sources of these constants. ''Percent irreversible inhibition. e These points 
not used in deriving eq 2-11. 

Table II. Squared Correlation Matrix for Parameters Used in the Correlation Study2 

7T-3 77-4 MR-3 MR-4 1-1 1-2 1-3 1-4 1-6 

77-3 

7T-4 

MR-3 
MR-4 
a-sum 
1-1 
1-2 
1-3 
1-4 
1-5 
1-6 

1.00 0.05 
1.00 

0.54 
0.20 
1.00 

0.06 
0.58 
0.48 
1.00 

0.00 
0.00 
0.00 
0.05 
1.00 

0.09 
0.12 
0.01 
0.01 
0.00 
1.00 

0.02 
0.02 
0.02 
0.07 
0.29 
0.03 
1.00 

0.01 
0.00 
0.00 
0.00 
0.00 
0.02 
0.00 
1.00 

0.14 
0.07 
0.01 
0.14 
0.00 
0.07 
0.00 
0.00 
1.00 

0.02 
0.04 
0.04 
0.02 
0.01 
0.11 
0.00 
0.01 
0.02 
1.00 

0.00 
0.00 
0.00 
0.00 
0.06 
0.00 
0.01 
0.00 
0.01 
0.03 
1.00 

a Numbers in Table Il (XlOO) show the percent correlation (r2) between each of the variables. 

Except for compound 38, these derivatives are about eight 
times as active as the continuous variables alone would pre
dict. Only one of these compounds (38) has a long bridge 
and this congener does not show this special activity. Rather 
than drop it, we have given 1-4 a value of 0 and find that it 
is well fit. This suggests that this leaving group must be 
properly placed for I-4-type activity. It seems likely that 
Baker was not able to separate reversible from irreversible 
activity for these sulfonate functions. 

No special activity could be found for the nucleophilic 
function SO2F. Indicator variables for SO2F in the 3 and 4 
positions were explored separately and combined but no sig
nificant reduction in the variance was observed when such 
terms were used. Other nucleophilically active groups, 
NHCOCH 2 Br and COCH2Cl, with which Baker hoped to 
covalently bond inhibitors to the enzyme also showed no 
special activity. 

1-5 takes a value of 1 for flexible bridges such as - C H 2 - , 
- C H 2 C H 2 - , - ( C H 2 ) 4 - , - (CH 2 ) 6 - , and - ( C H 2 ) 4 0 - be
tween the ./V-phenyl moiety and a second phenyl ring. This 
variable does not apply to those examples where the attach
ment to TV-phenyl is through oxygen. 

1-6 takes the value of 1 for bridges of the type 
C H 2 N H C O N H C 6 H 4 - X , - C H 2 C H 2 C ( = 0 ) N ( R ) C 6 H 4 - X , 
and - C H 2 C H 2 C H 2 C ( = 0 ) N ( R ) C 6 H 4 - X (R = H or Me) 
when these groups are attached to either the 3 or 4 position 
of the TV-phenyl ring. 

The search for meaningful constellations or patterns of 
atoms is as old as organic chemistry itself. New efforts are 
now underway to use computerized techniques to find 
groups which have special meaning in bio- and medicinal 
chemical processes.10 '" The use of indicator variables can 
be a powerful tool in this search.2215'0'25 

Our general approach to the formulation of indicator 

variables has been to first formulate the best possible corre
lation equations using the established parameters x, MR, a, 
and Es- When further reduction in variance cannot be 
made, a study of the residuals at this point often uncovers 
certain groupings of atoms with special activity. One can 
also factor a large data set into subsets and study these in
dependently. From a comparison of the correlations one can 
determine which sets can be merged and what kind of indi
cator variables will be necessary. 

In the present study two continuous variables (x-3 and 
MR-4) account for four terms; one indicator is necessary 
for the two enzyme systems so that five terms are used to 
account for special structural features. A number of other 
indicator variables were examined. Baker was impressed 
with the value of Cl in the 3 position. Testing this idea for 
the complete set of congeners revealed no special effect for 
this atom. In the few cases where a 4-Cl was present, it 
seemed to be less active than expected; however, the results 
are too few and too scattered to justify an additional term. 
The possibility that a single group in the 3 or 4 position 
might have significance was considered but none was found. 
The positional importance of SO2F in the second or third 
ring was tested for differences between the 3 and 4 posi
tions. No difference was found despite the fact that it is 
quite clear in Table I that such positional effects are very 
important for irreversible reaction of this function with the 
enzyme. Thus it would seem that Baker was successful in 
separating reversible from irreversible inhibition. The SO2F 
function in the 2 position of the last ring is, with one excep
tion, well fit by eq 2. The cross product terms 3-C1-MR-4 
and X-3-MR-4 were examined and found to be without in
fluence. Also, the use of <x or a+ did not uncover any elec
tronic effects of substituents on inhibition. 

There are three examples in Table I (compounds 1, 7, 
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Table III. Correlation Equations for the Inhibition of Dihydrofolate Reductase by Triazines 

1-2 1-3 1-4 1-5 1-6 TT-3 (TT-3)2 MR-4 (MR-4)2 1-1 Pn,k Eq. no. 
3.15 
3.22 
3.15 
3.07 
2.99 
2.90 
2.77 
2.63 
2.52 
2.53 

-2.32 
-2.25 
-2.11 
-2.01 
-2.01 
-1.88 
-1.87 
-1.90 
-1.99 

0.88 
1.02 
1.11 
0.88 
0.98 
0.86 
1.05 
0.88 

0.67 
0.76 
0.63 
0.72 
0.70 
0.62 
0.69 

0.58 

0.68 
0.69 
0.68 
0.70 

0.51 
0.57 
0.59 
0.60 
0.68 

-0.11 
-0.13 
-0.12 
-0.11 
-0.12 

0.04 
0.21 
0.23 

0.727 
0.615 
0.568 
0.508 
0.476 
0.465 
0.416 
0.410 
0.388 

0.654 
0.769 
0.809 
0.851 
0.871 
0.878 
0.904 
0.907 
0.918 

180 
174 
162 
157 
149 
130 
150 
137 
139 

180 
97 
43.4 
60.9 
33.6 

64 
8.49 

27.7 

3 
4 
5 
6 
7 
8 
9 
10 
11 -0.024 

0.12 0.23 -0.024 0.24 0.377 0.923 134 15.3 

158) where a Cl atom is in the 5 position. Without any pa
rameter for 5-substituents, two of these are reasonably well 
fit and one is poorly fit. Two explanations for the well-fit 
points are possible. Cl could project into the surrounding so
lution from the 5 position so that it does not contact the en
zyme or, if it does contact the enzyme, the interaction may 
be of the type modeled by MR-4. MR-4 for Cl is 0.6 but H 
is already present; hence, the increment which 5-Cl would 
add is 0.5 X 0.23 = 0.11. This is too small to detect with 
three data points and our present level of resolution. 

In Table I, 12 congeners marked by the footnote e have 
not been employed in formulating eq 2-11. Ten of these de
rivatives are mispredicted by a factor of about 10, one by a 
factor of 50, and one by a factor of 250. We have taken the 
factor of 10 as the point of failure even though this is not so 
bad when it is considered that the concentration range of 
1/C in Table I is over 200000-fold. However, these 12 
points were not used in the derivation of eq 2-11. Ten of 
them can be included without greatly affecting r or the 
values of the parameters of eq 2. 

Baker found that dihydrofolate reductase could be irre
versibly inhibited by some, but by no means all, of the con
geners which contained the SChF or -C6H4SO2OC6H4X 
functions. The derivatives in Table I are marked with the 
degree of irreversible inhibition they produce. It is of inter
est to note that the congeners capable of irreversible inhibi
tion are as well fit by eq 2 as the strictly reversible inhibi
tors. 

In all, eq 2 contains six indicator variables. Actually, it is 
possible to fit n discrete changes with n — 1 indicator vari
ables. However, for simplicity we have elected to use one 
variable for each discrete property of the system. 

Results 

Equations 2-11 were generated via the method of least 
squares (see Table II) 

log 1/C = 0.680 (±0.12) (TT-3) - 0.118 (±0.03) (TT-3)2 + 

0.230 (±0.07) (MR-4) - 0.0243 (±0.009) (MR-4)2 + 
0.238 (±0.12) (1-1) - 2.530 (±0.27) (1-2) -

1.991 (±0.29) (1-3) + 0.877 (±0.23) (1-4) + 
0.686 (±0.14) (1-5) + 0.704 (±0.16) (1-6) + 

6.489 (±0.16) (2) 

n 

244 

r 

0.923 

s 

0.377 

ideal MR-4 = 4.7 (4.2-5.6) 

ideal TT-3 = 2.9 (2.6-3.3) 

from the data in Table I. The figures in parentheses in this 
equation are the 95% confidence limits. The optimum 
values for MR-4 and ir-3 are obtained from the partial de
rivatives of eq 2. We did not employ an automatic stepwise 
regression program; instead, we developed eq 2 by trial and 
error. After no further reduction in the variance could be 

obtained by indicator variables or cross product terms (see 
Method), all possible equations were generated from the 
linear combination of 11 variables; that is, the ten variables 
of eq 2 plus an indicator variable for the presence or ab
sence of SO2F were used. This yielded the theoretical num
ber (2n — 1 or 2047) of regression equations. 

We have summarized the equations which have the low
est standard deviation for each class in Table III; that is, of 
all possible three-variable equations, eq 5 had the lowest 
standard deviation; of all possible four-variable equations, 
eq 6 had the lowest standard deviation, etc. The regression 
coefficients for each equation are listed under the variable 
headings. Standard deviations and correlation coefficients 
are listed under 5 and r. These equations are all based on 
244 data points. The value of the overall F statistic (i.e., for 
eq 2, F„tk = ^10,233) for each equation is shown under F„k-
The F statistic for the addition of each successive term (ex
cept for eq 8 where the F test cannot be applied) is listed 
under Fi,*. AU of the single-term additions are highly sig
nificant. The F value closest to F233 is Fi 20 whose values 
are Fij20(«0.001) = 11.38 and Fi,120 (a0.005) = 8-18. At no 
point in the development in Table III did the indicator vari
able for SO2F appear. Its addition to eq 2 did not reduce 
the standard deviation. 

One sees the relative importance in Table III of the dif
ferent terms in eq 2. Ortho substituents have an extremely 
bad effect on inhibitory power. The coefficient with 1-2 in
dicates that these derivatives are 300 times less active than 
one would expect from the other terms of eq 2 alone; hence, 
1-2 accounts for a very large amount of variance. The same 
applies to 1-3 whose coefficient indicates that the congeners 
with rigid attachment to the /Y-phenyl moiety are, on the 
average, 100 times less active than expected. The coefficient 
with 1-4 indicates that the SO2OC6H4-X function confers a 
special activity on the average eight times more active than 
congeners lacking this group. The flexible carbon side chain 
accounted for by 1-5 contributes five times the activity of 
the less flexible side chains. The special amide moiety 
CH 2 CH 2 CONHC 6 H 4 -X has a special fivefold-activating 
ability. The least significant variable is 1-1 which accounts 
for the difference in the two different types of enzyme used 
in the assay. 

Except for the discontinuity of eq 8, the variables fall into 
place in regular order. The two -K terms displace 1-6 in 
going from eq 7 to eq 8; however, 1-6 comes back in eq 9. 

Equation 2 is essentially an extension of eq 1. The pa
rameters common to the two equations are in quite reason
able agreement even though eq 1 was based on one-third the 
data and on congeners having less complex structural fea
tures. The greatest difference is in MR-4. In our first study 
we did not anticipate the unusual activity of the 
SO2OC6H4X group. The larger coefficient with MR-4 in eq 
1 accounted for this rather well. This effect became clear 
only after we worked with groups having large MR-4 
values. 

Using the two physicochemical parameters ir and MR, eq 
I with 83 derivatives accounted for 82% of the variance in 
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the data. Adding 161 new derivatives of more complex 
structure resulted in a huge increase in variance so that it is 
found in eq 2 that 76% of the variance is now accounted for 
by the indicator variables. This clearly demonstrates the 
importance of this technique in dealing with truly gross 
structural modifications in a parent molecule. 

Discussion 

However one may view eq 2, it is an objective means for 
discussing the structures and activities in Table I. One of 
the greatest values of eq 2 is that it constitutes a means for 
keeping account of the course of an extensive structure-ac
tivity study. One can see what ground has been covered in 
terms of substituent constants and the special features ac
counted for by the indicator variables and plot the course of 
new experiments to explore enzymic space into which sub-
stituents fall. The "substituents" in Table I, which are often 
larger than the parent structure, are so varied and so com
plex that even after long study one finds it impossible to 
hold all structures along with their significant deviations in 
mind. Correlation equations such as eq 2 give one an imme
diate bird's eye view of the general problem and at once 
suggest avenues for exploration. 

Besides structuring the data, correlation equations have 
important predictive value. One of their great values lies in 
suggesting which new derivatives under consideration 
should not be made. For example, if substituent space in 
terms of the x vector has been well covered by substituents 
in a given position having values in, say, the range —1.0 to 
+1.0, then one should avoid derivatives with x in this range 
and instead make new derivatives with values in the unex
plored region. Once xo (ideal x) has been established with 
some confidence, it becomes much less interesting to make 
derivatives with superoptimal x values. This same philoso
phy holds for other continuous variables. 

Sooner or later, a large enough change can be made in 
the properties of a substituent so that the correlation equa
tion will not hold. Correlation equations should not be 
thought of as invariant permanent expressions, but rather 
as developing expressions to follow the mapping of substitu
ent space about the region of a specific site in a macromole-
cule or macromolecular complex. By moving along a vector 
through increasing or decreasing values of a property of 
substituents, one is moving into the complete unknown. One 
cannot be sure what kind of substituent space will turn up 
without knowledge of the complete structure of the macro-
molecule. A correlation equation is the best guide for the 
design of new derivatives; however, one should move with 
some caution along a given vector. Gross changes may lead 
to results which are extremely difficult to incorporate into 
the developing correlation equation. 

In our first analysis of the triazine data (eq 1), congeners 
with groups large enough in the 4 position to test the linear 
limit of MR-4 were not included. It is necessary in the 
present study to introduce the quadratic MR-4 term be
cause of groups having superoptimal MR values. Now, 
from the partial derivative of eq 2 with respect to MR-4, 
the ideal value of 4.7 can be obtained for MR-4. In our first 
study (eq 1) essentially all derivatives having MR-4 values 
significantly greater than 5 contained the SO2OC6H4X 
function. This is still true in Table I. However, when 1-3 is 
introduced to account for the special activity of the sulfo
nate group, these compounds are well predicted. It seems 
likely that Baker's test procedure was not fine enough to 
precisely delineate the boundary between reversible and ir
reversible inhibition by these most active congeners. 

Although the completely reversible inhibitors tend to be 
among the less active derivatives, they are in fact dispersed 
throughout Table I. With the exception of two molecules 

(compounds 227 and 235), no congener having a Cl in the 3 
position and an SO2F function is completely reversible. The 
function of the 3-Cl appears to position the inhibitor on the 
enzyme so that the SO2F function can react more readily 
with a nucleophilic group of the enzyme. 

The dependence of log 1/C on x-3 is the same in eq 2 as 
in eq I within the limits of the precision of the analysis. The 
initial slope with x-3 is much greater than that of MR-4 so 
that although there is considerable collinearity between x-3 
and MR-3 and x-4 and MR-4, substituent space around the 
3 position is significantly different from the 4 position. 

There are two kinds of space which, in a general way, one 
can imagine to exist within and on the surface of an en
zyme. A large amount of experience establishes the exis
tence of hydrophobic pockets or pools more or less com
posed of apolar moieties.26 The rest of enzymic space or 
surface is more or less polar. Our hypothesis is that x mod
els hydrophobic bonding between enzyme and ligand while 
MR models binding in polar space. This inference can only 
be supported by further studies with sets of congeners for 
which care has been taken at the start to design a set of sub
stituents in which x and MR are orthogonal; this is not dif
ficult to accomplish.11,13 It is realized that any section of 
reasonable size in or on an enzyme will not be completely 
homogeneous; we are talking about the predominant char
acteristic of a given volume or area. The many hundreds of 
successful correlations with x and a growing number with 
MR support this rough division of enzymic space. 

It is unfortunate that enough collinearity exists between 
x and MR (see Table II) that we cannot say with certainty 
that three-space is hydrophobic and four-space is otherwise. 
We can say with certainty that three-space is quite different 
from four-space and that since poorer correlations are ob
tained using MR-3 and x-4, 2MR or 2x, three-space is 
probably generally hydrophobic. The situation in four-space 
is more ambivalent, x-4 gives almost as good a correlation 
as MR-4. The high degree of collinearity between these two 
variables precludes a clean decision about four-space. The 
much lower initial slope with MR-4 or x-4 than with x-3 in
dicates that four-space is indeed quite different and substit
uent interactions appear to be less strong. This suggests the 
weaker forces of polarizability and dispersion rather than 
hydrophobic interactions. An alternative explanation is that 
substituents in four-space are interacting hydrophobically, 
but only on a surface; that is, desolvation is occurring on 
only half of a substituent. 

In considering the limits of x-3 space set by (x-3)2 and 
MR-4 space set by (MR-4)2, it seems most likely that it is 
the bulk tolerance of these regions that eventually sets a 
maximum value on the advantage to be gained by placing 
large apolar groups in these positions. Another explanation 
is that such very large molecules are hindered in their 
movement through crude enzyme to the site of inhibition so 
that this random walk process might become rate limiting. 

The variable 1-2 for ortho substituents is of special inter
est. Although Es-2 correlates variance in 2-substituents 
rather well, it is not as good as 1-2. A thorough, but unsuc
cessful, attempt was made to improve the fit of 2-substitu
ents by using Es-2, x-2, MR-2, JF-2, and (R-2. As Baker 
pointed out, something more than a simple steric effect is 
involved. He suspected an electronic contribution but we 
could not substantiate this. It may be that some hydrogen 
bonding interaction with an amino group of the triazine is 
also involved. 

Indicator variables 1-3 and 1-5 for rigid and flexible 
bridges stem from more or less self-evident steric problems. 
If large groups are held too rigidly on the 7V-phenyl ring, 
they do not fit readily into the nearby enzymic space. In the 
case of the very flexible bridges, the bulky end groups have 
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much better opportunity to locate a site for maximum inter
action. 

1-6 is a more difficult structural feature to understand. It 
is not surprising that an amide moiety should have a strong 
interaction with enzymic space; amides are one of the most 
common functions to turn up in drugs. What is unusual 
about 1-6 is that it is highly specific; it holds for the groups 
-CH2CH2CONHC6H4X, - C H 2 C H 2 C H 2 C O N H C 6 H 4 X , 
and -CH2NHCONHC6H4X but not for the groups 
-0(CH2)„CONHC6H4X, -0(CH2)„NHCONHC6H4X, 
CH2CONHC6H4X, and CH2CH(R)CONHC6H4X. This 
parameter appears to be somewhat arbitrary and, in fact, 
may be covering two kinds of effects which happen to be 
varying in about the same way. The oxygen atom seems to 
offset the effect of the amide moiety in two of the general 
structures. There may not be enough flexibility in the 
bridge in the other two type structures for the amide to 
show its extra effect. 

We have found in approaching a complex biochemical 
correlation problem that a good idea can be obtained as to 
whether the subsets are behaving in the same or different 
fashion by first factoring the data into subsets. It soon be
came clear from such studies that test results from the two 
different types of enzymes were essentially the same. The 
positive coefficient with 1-1 brings out the fact that the 
Walker 256 test is, on the average, 1.7 times as sensitive as 
the L1210/DF8 test system. 

In Table I, 12 points with the footnote e have not been 
used in the formulation of eq 2-11. All but one of these are 
among the less active derivatives. In most of these cases ac
tivity turns out to be less than expected. These congeners 
have little in common and, in general, no ready explanation 
can be offered for their deviant behavior. It is surprising 
that compound 14 with the simple CN group is mispredict
ed by a factor of 50; compound 63 with the strong electron-
withdrawing NO2 is only mispredicted by a factor of 3. It is 
possible that clerical or testing errors could occur in han
dling such a large amount of test data. Compounds with un
usually complex branches positioned in three-space (com
pounds 31, 35, and 45) are also poorly predicted, although 
only one of these was dropped. The variable 1-4 for rigidity 
next to the 7V-phenyl ring works well for 4-substituents but 
not so well for the rather few 3-substituents having this 
character (compounds 40 and 51). 

In our first study, compound 187 was poorly fit. In the 
present instance we have used test data from the L1210 en
zyme instead of Walker enzyme and found this compound 
to be well fit. 

To us, the most difficult example to understand is com
pound 250, the 3,4-(Cl)2 derivative which is almost 20 
times more active than expected. Equation I gives almost 
the same poor result. Compounds 36, 159, and 160 [2,3-
(Cl)2, 3-Cl, and 3-CF3, respectively] are also more active 
than expected. This does suggest that enzymic space near 
the 3 position is quite sensitive to relatively small symmetri
cal groups. Studies of groups such as I and C(CH3)3 in the 
3 position are now in progress. 

The problem of recognizing special structural features in 
a highly complex set of congeners such as those in Table I 
requires a large amount of patient study of the data. Many 
hundreds of equations were examined in the formulation of 
eq 1 and this provided the foundation from which to attack 
the whole problem with the ultimate formulation of eq 2. 

It is generally found that once some kind of reasonable 
correlation is obtained with the relatively nonspecific pa
rameters w and/or MR, it is possible to spot groups of con
geners which show exceptional activity through an exami
nation of the residuals. What general help our experience 
with indicator variables has to offer those interested in com

puterized pattern recognition is not evident. It must be em
phasized that the use of indicator variables in correlation 
equations is of the utmost importance for making progress 
in structure-activity studies. For example, in eq 1 we had 
reached the limit of correlation using continuous functions. 
It is only by the use of indicator variables that we were able 
to see that 161 other congeners were behaving in the same 
way with respect to ir-3 and MR-4. One must approach bio
chemical correlations in a different way from those in the 
homogeneous systems studied by physical organic chemists. 
The heterogeneous character of enzymes means that contin
uous variables are bound to fail sooner or later. The steric 
effects of substituents and bridges constitute the most diffi
cult structural features to model in numerical terms. The 
use of indicator variables226'0,25 opens up an exciting path
way through this difficult jungle. 

It is worth examining our results in the light of Baker's 
philosophy of drug research. It was his thesis27 that one 
should select an enzyme critical for a pathogen and then, by 
making gross changes in the normal substrate, develop po
tent reversible inhibitors. He believed that portions of the 
inhibitor should extend considerably beyond the active site 
and one should next introduce functions such as 
-NHCOCH2Br, SO2F, and SO2OC6H4X on those posi
tions of the most potent reversible inhibitors which could 
covalently anchor the inhibitor to the enzyme. Baker's rea
son for having the covalent bonding occur outside the active 
site was because one might expect to find the greatest dif
ferences between enzyme from host and pathogen in this 
part of enzymic space. One can hope to devise a truly effec
tive drug only by building selectivity in an inhibitor. Baker 
accepted current biochemical thinking which postulates 
that the structure of an active site will be strongly conserved 
in evolutionary processes and that differences in isozymes 
will most likely be found outside the active sites. 

Baker notes in his early work with the triazine inhibitors 
that functions such as NHCOCH2Br and COCH2Cl yield 
reversible inhibitors.I4a He points out that the SO2F func
tion is relatively inert and, for example, does not react with 
pyridine, hot ethanol, or hot acid solution. It does react with 
OH groups in cellulose when attached via a bound dye mol
ecule. It is noteworthy to find in Table I that while many 
congeners with the SO2F function do form irreversible in
hibitors, many do not. Baker is right in that the positioning 
of this group in or on the enzyme has a critical effect on its 
ability to form a covalent bond. It is a surprisingly selective 
reagent for nucleophilic groups. Nevertheless, as used in the 
congeners of Table I, a derivative having this function did 
not eventually reach clinical trials. One reason is that 
serum, especially mouse serum, contains an enzyme which 
hydrolyzes SO2F.28 Although it proved to be possible to 
make inhibitors which showed resistance to the mouse 
serum hydrolases, Baker did not have time to thoroughly 
explore this lead.l4h The fact that a metabolic study of the 
SO2F function showed that none of it was excreted in the 
urine as such (it appeared only in the hydrolyzed form14"), 
coupled with the fact that reversible inhibitors appeared to 
be just as potent in vivo if not more so, dampened Baker's 
zest in the search for an irreversible inhibitor. Later, Baker 
and Ashton14t concluded that SO2OC6H4-X functions were 
too easily hydrolyzed in vivo to be suitable as leaving groups 
for covalent bond formation. 

What lessons does this study offer for the design of better 
antitumor drugs? Many of Baker's compounds, although 
highly active against dihydrofolate reductase in vitro, were 
inactive in vivo. Baker assumed that, to a considerable ex
tent, this was the result of poor penetration of the drugs in 
living systems. This is to be expected with the large very 
lipophilic drugs of Table I. It is now well established29 that 
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each congeneric series of drugs has an optimum degree of 
lipophilic character and large deviations from this (either 
positive or negative) lead to inactive compounds. No sys
tematic attempt has been made to determine this figure for 
the action of these inhibitors in animals. Recently, Skeel et 
al.30 presented evidence to show that the reason triazine II 
is much less effective against L1210 leukemia than against 
Walker 256 in vivo is due to differences in transport. Proper 
modulation of the lipophilic character of Baker's com
pounds will be an easy task because of the great nonspeci-
ficity of the binding site in the enzyme. Our present ap
proach to this problem is to place groups having optimum it 
values in the 3 position and then offset the overall lipophili-
city by placing polar groups in the 4 position. 

In summary, we can say that eq 2 is a highly significant 
correlation from many points of view. It fits very well with 
our first attempt (eq 1) to structure Baker's triazine work. 
All terms are highly significant with respect to the F statis
tic. With the exception of 1-2 and 1-3 which are based on 12 
and 9 data points, respectively, a large number of data 
points support each term, on the average, 24 per term. This 
precludes the possibility of chance correlation.31 Actually, 
one can include all but three data points (compounds 14, 
18, and 36) and derive an equation with essentially the 
same coefficients as eq 2 with r = 0.898 and s = 0.428. 
Equation 2 is a robust expression covering a great range of 
substituent space. 

We believe that correlation analysis using indicator vari
ables will be of enormous assistance to those trying to struc
ture the very large data bases which are resulting from the 
massive efforts in drug research as well as those in homoge
neous physical-organic reaction studies. Correlation equa
tions are not to be thought of as finished products; they are 
a means for structuring a developing area of research. They 
will be most valuable in the complex decision making in
volved in new moves in an ongoing problem. 

It is our belief that Baker's triazine study in Table I will 
remain a classic example for some time because of its exten
sive nature and because eq 2 clearly brings out the large de
gree of self-consistency. This data set is an excellent testing 
ground for further new approaches to structure-activity 
analysis. 
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