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Antitumor Structure-Activity Relationships. Nitrosoureas vs. L-1210 Leukemia'
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A quantitative structure-activity relationship (QSAR) for 90 nitrosoureas acting against L-1210 leukemia in mice
has been formulated. This QSAR is compared with one correlating the LD, of 96 nitrosoureas. The results indicate
that neutral nitrosoureas with octanol/water partition coefficients in the range of —1.5 to —2.5 might have better

therapeutic indices than those currently in use.

The nitrosoureas are an extremely active class of anti-
tumor agents which are effective against solid tumors as
well as leukemias. They are particularly interesting to
those who are working with QSAR, since it has been shown
that they yield satisfactory QSAR.? Enough experience
has now accumulated in the area of cancer QSAR to pro-
vide some guidelines for the design of new antitumor
agents.® One of the most useful parameters which comes
from correlation analysis is log P,, the ideal lipophilic
character for a set of congeners acting under uniform
conditions in a given biological system.

In a first analysis of nitrosoureas (I) acting against L-

O=N
X—CHCHoNCONHR
I

1210 leukemia in BDF; mice inoculated intracerebrally
with 104 cells of leukemia and with drugs administered
intraperitoneally, eq 1 was obtained.®® InI, X = halogen

log 1/C = —0.057 (£0.04) (log P)% -
0.069 (£0.17) log P + 4.53 (£0.17) (1)

n=22;r=0.922; s = 0.163; log P, =
-0.60 (-7.6 to 0.5)

(usually Cl), while R has been varied greatly (see Table
I for examples). C in eq 1 is the molar concentration
(mol/kg) required to produce a T/C of 175 (i.e., a 75%
increase in life span of the mice), P is the octanol/water
partition coefficient, and the figures in parentheses are the
95% cofidence limits. The number of data points is given
by n, r is the correlation coefficient, and s is the standard
deviation.

Equation 2 was formulated for the LD of I in mice.

log 1/C = -0.069 (£0.05) (log P)? +
0.059 (£0.02) log P + 4.07 (£0.21) (2)

n = 28; r = 0.809; s = 0.206; log P, =
0.43 (-3.7 to 1.18)

Although the confidence limits on log P, are large, the
values from eq 1 and 2 suggest that there might be a sig-
nificant difference between the log P optima for T/C 175
and LD,g; from this one would expect hydrophilic drugs
to be somewhat less toxic.
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In a subsequent study of nitrosoureas on ip-injected
L-1210 leukemia and ip-injected drug using an expanded
set of about 80 compounds, log P, for EDg, for L-1210
leukemia was found to be 0.63 and log P, for LD,, was
0.75.2¢ The correlations were rather poor, and from an
inspection of the data it seemed that the use of indicator
variables might sharpen the analysis and produce better
defined values for log P;. Also, more test data are now in
hand, and it is of interest to see how well our early results
predict the activity of the new congeners.

Since hydrophobicity is the most important variable in
correlating the activity of the nitrosoureas, we have mea-
sured more P values so that 43 of the compounds of Table
I have experimentally determined log P. These new values
also mean that we have a better basis set for the calculation
of other log P for nitrosoureas. The calculated values in
Table I have been obtained using the improved technique
employing fragment constants.*

Results and Discussion
We have formulated eq 3 and 4 from the data in Table
log 1/C = —0.13 (£0.07) log P -
0.014 (£0.015) (log P), - 0.76 (£0.15) I, + 0.33
(£0.17) I, - 0.24 (£0.11) I; + 1.78 (£0.09) (3)

n = 90; r = 0.868; s = 0.206; log P, = -4.4 (=)

log 1/C = —0.17 (£0.04) log P - 0.66 (+0.18) I, +
0.38 (£0.21) I, - 0.26 (£0.14) I; + 1.76 (£0.11) (4)

n=95;r=0.791; s = 0.260

I for the action of congeners I on ip-implanted L-1210
leukemia in mice. Equation 4 is based on all of the data
points in Table I, while eq 3 is based on five less. Dropping
these five points, whose predicted activity is off by more
than 3 standard deviations, gives an equation similar to
eq 4, except that eq 3 contains a marginal term in (log P)?
(note development of eq 3 in Table II). However, we
cannot place confidence limits on log P,, These two
equations suggest that making more hydrophilic congeners
should yield more active drugs.

In eq 3 and 4, C is the molar concentration (mol/kg) of
I producing 3 log kill of leukemia cells (i.e., a reduction of
1000-fold in tumor cells).® The indicator variable I, is
assigned the value of 1 for nine cases where « substitution

occurs on R:
O

where X = COOEt, CH;, COOH, or -C(X)HR’ and where
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Table I. Parameters Used for the Formulation of Equations 3-7

X{(CHg)aNCNHR

NO
3 log kill LD,,
A log A log
no. X R obsd®  caledb (1/C) obsd  caled® (1/C) logP I, I, I,
1 Ca H 1.05 (3) 170 0.25  1.43 1.00 043 05794 0 0 0
2 0 -c-CH, 1.25(10) 1.31 0.06  0.613 0.60 008 28 0 0 0
NHCO!\‘J(CHg)gC\
3 Cl CNO 1.50 (3) 1.15 0.35 0.423 0.49 0.07 3.57 0 0 0
4 a @ 0.951(3) 1.33 0.38  0.446 071 026 273 0 0 0
Cl
5 Cl Q 1.16 (1) 113 0.03  0.664 048 0.18 3622 0 0 0
6 F  -cCH, 1.34 (5) 1.18 016  0.806 081 000 225 0 0 1
7 Cl Q 1.34 (4) 1.33 0.01 0.672 0.71 0.04 2,734 0 0 0
Cl
8 cCl \ﬁb 1.21 (4) 1.28 0.07  0.591 0.65 006 298¢ 0 0 0

0.7407 (2) 1.43  0.69 0.2157 0.82 0.60 219¢ 0 0 O

©
Q
1
?
“O
T

+

10 ¢l 0.599 (4) 0.57 0.03 -0.573 -0.36 0.21 5.80 0 0 0
11 F  (CH,,F 1.60 (3) 1.49  0.11 1.37 1.01 0.36 0.38 0 0 1
Me
12 q ~2/C:)> 1.29 (1) 1.36  0.07 0.864 0.74 0.12 257¢ 0 0 O
Me
13 a Q 1.09 (1) 1.19  0.10 0.315 0.55 0.24 3.37 0 0 o0
Me
14  F(Cl) (CH,),CI(F)h 0.6737(3) 141 0.73 0.490 0.98 049 0.95 0o o0 1
NHCON(CH2)2C!
15 Ql O Lo 1.41(2) 1.33  0.08 0.146 0.71  0.56 2.74¢ 0 0 O
16 F \ﬁb 1.25 (2) 1.15  0.10 0.547 0.78 0.23 2.40 0 0 1
17 Q O 0.684 (1) 0.88 0.20 -0.212 0.13  0.34 4.66 0 0 0
CMez
18 O 1.55 (4) 1.21  0.34 0.771 0.57 0.20 3304 0 0 O
Me
19 a E*°2°>C> 0.582(2) 042 016 ~-0.214 -009 012 345 1 0 0
NHCON(CH32)2CI
20 F O Ls 1.37 (3) 1.15  0.22 0.595 0.94 0.35 241¢ 0 0 1
Me
Me
21  Cl 0.2947 (1) 1.08 0.74 -0.434f 0.3¢ 0.78 4.06 0 0 0
Me
0,
22 Cl _zt“;:o 1.80 (2) 1.73  0.07 1.16 1.01 0.15 037¢ 0 0 0

23 Cl  -C,H,-4-CONMe, 1.87 (1) 1.63 0.24 1.27 0.97 0.30 1.07 0 o 0
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Table I (Continued)

3 log kill LD,,
A log A log
no. X R obsd® caled® (1/C) obsd caled® (1/C) logP I, I, I,
24 Cl ><j 0.576 (1) 0.58 0.00 -0.030 010 013 270 1 0 O
Me
Et02C,
25  Cl 2)@ 0.562(3)  0.54 002  0.072 0.06 001 28 1 0 0
26 Cl Q 1.41 (1) 1.43  0.02  0.786 082 003 220 0 0 O
COzEt
Me
27 Cl @—Me 1.58 (4) 1.25  0.34 0.675 062 006 311 0 0 0
Me
28 ¢l —Q 2.10 (2) 1.79  0.31  1.25 0.84 041 207¢ 0 1 0
29 Cl O 1.51(1) 1.43  0.08  0.967 082 015 220 0 0 O
COzEt
lre
30 Cl _CCHZ_@ 0.787 (1) 1.18 0.44 -0.422f 054 096 34282 0 0 0O
e
31 Cl { 0. 1.93 (1) 1.75  0.18 1.22 1.01 021 019¢ 0 0 0
Me
32 <l pm 0.783 (1) 0.58 0.20 -0.384 -0.33 005 575¢ 0 0 0
Me
33 F < %o 1.92 (1) 1.59 0.33  0.922 101 009 -039 0 0 1
34 «l Q 0.763(1)  0.90 0.13  90.239 015 009 460 0 0 O
Mes
35 «l @gj 1.40 (3) 1.62 0.22  0.585 067 008 291 0 1 0
S
3 F —Cs 1.69 (1) 1.66  0.08  0.827 093 010 143¢ 0 1 1
CHz0AC
37 ™ 1.79 (4) 1.49  0.30 1.87 0 0 O
AcO
38 Cl O 1.55 (1) 1.53 0.02  0.813 090 009 166 0 0 O
OAc
39 «l Ooz 1.82 (1) 170 0.12 1.13 1.00 013 057 0 0 0
40 F O 1.40 (1) 1.35 0.05  0.884 0.94 0.06 1.33¢ 0 0 1
OAc
41 F @j 1.31 (1) 1.50 0.19  0.896 079 010 233 0 1 1
S
"
42 a cwcmwcow—@ 0.353 (1) 0.48 0.12 -0.207 -0.02 0.19 319 1 0 0
NO
43 F D 1.16 (1) .09  0.07  0.720 071 001 272 0 o0 1
Me
4 F \[D] 0.496 -0.10 059 522 0 0 1
S
45 Cl <:> 1.81(2) 1.78  0.03  1.07 0.84 023 2084 0 1 0
S
46 F 0.736 (1) 098 0.24 0515 058 0.07 326 0 0 1

O

"
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Table I (Continued)

3 log kill LD,,
A log A log
no. X R ohsd ? caled? (1/0C) obsd caled® (1/C) log P I, I, I
47 a O 1.27 (1) 1.08 0.19 0445 041 003 384 0 0 O
48 Cl p 0.854(1) 113 0.28 0512 048 003 362 0 0 0
S
49 F <_ ) 1.78 (1) 1.64 014  0.802 092 012 1544 o0 1 1
—S
50 F Q 1.05 (1) 0.88 0.17  0.388 046 0.08 367 0 0 1
CHMe2
51 F p 0.797 (1)  1.02 0.23  0.592 064 004 304 0 0 1
2 F L < 1.09(1)  1.00 009 0674 061 006 313 0 0 1
53 Cl @ 1.16 (1) 1.38 022  0.848 077 008 245¢ 0 0 O
Me
54 Cl O 0.435 057 013 330 0 0 0
s0,
55 F {} 1.69 (1) 1.70 001  0.626 092 029 -148 0 0 1
SC
-
56 Cl <j> 1.90 (1) 1.88  0.02  0.842 098 014 -090° 0 0 O
sC
: NHCON(CHy15C |
57 Cl - " 1.367(1) 049 0.87 0283 -049 077 607 0 0 0
NHCON(CH),C
58 C1 V \9 rlqo 0.660 0.49 0.17 3.57 0 0 o©
o COzH
59 Cl O 1.63 (1) 1.53 010  1.03 090 013 168 0 0 O
60 Cl O 1.47 (2) 1.55 0.08  1.01 092 009 153¢ 0 0 O
COLH
61 Cl O 1.05 087 018 1.89% 0 0 0
CO2Me
62 Cl O 1.44 (1) 1.45 001  0.841 084 000 209 0 0 0
OMe
COzMe
63 Cl O 1.51 (1) 1.49 002  0.733 087 014 18 0 0 O
64 Cl Q 1.47 (1) 149  0.02 0912 087 004 18 0 0 0
COzH
65 Cl O 1.25 (1) 1.34 009  0.738 073 001 266 0 0 O
Cl
66 Cl -CH(COH)(CH,),- 0.870(1)  0.94 007  0.037 0.38 034 060° 1 0 0
Co,
67 Cl D 1.66 (1) 1.40 026  1.02 079 023 235¢ 0 0 O
CHZ0Ac
68 Cl -CH(CH,)CO,H  0.918(1) 0.96 0.04  0.511 038 013 050 1 0 0
69 Cl -C[(CH,),]JCO,H 0591(1) 090 0.31 -0.049 036 041 091 1 0 O
HO,C
70 Cl : ><j 0.605(1) 075 014  0.308 0.26 005 182 1 0 0
71« Q 1.62 (1) 150 012  1.12 087 025 18 0 0 O

CH202CH

72 Cl k ) 1.65 (1) 1.44 0.21 0.863 0.82 0.04 2.16 0 0 o

CH2COzk
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Table I (Continued)
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3 log kill LD,
A log A log
no. X R obsd® caled® (1/C)  obsd  caled® (1/C) logP I, I, I,
73 Cl -CH(CO,H)CH,- 1.10(1) 0.60 0.50  0.563 012 044 259 1 0 0
CGHS
OMe
74 Q (y 1.38 (1) 145 0.07  0.819 0.84 002 209 0 0 0
CH,0H
75 Cl o N 1.76 (2) 1.89 013  1.03 0.97 006 -1.02¢ 0 0 0
HO
Me
76  Cl (Sy 1.61 (1) 171 010  1.00 076 024 249 0 1 0
S
Sone
M a (} 1.89 (2) 1.84 0.05  1.04 .00 004 -053 0 0 O
SC5
CHzCO2H
78 Cl O 1.35 (2) 1.43  0.08  0.701 081 011 222 0 0 0
79 Cl @ 1.24 (1) 148 024  0.776 0.86 008 19626 0 0 0
OAc
80 1.65 (1) 1.36  0.29  0.910 0.75 0.16 256¢ 0 0 0
OAc
50,
81 Cl Soﬁ 1.89 (1) 1.84 005  0.801 100 020 -053 0 0 0
2 Me
82 cCl O—chcozH 1.23 (1) 0.54 0.69  0.602 0.06 055 289 1 0 0
83 Cl CH(CH,)(CH,),CH, 0.853(1) 1.15 030 o0.6427 -0.12 076 355 0 0 0
84 Cl O 1.27 (1) 1.27  0.00  0.658 064 002 301 0 0 0
CHaCI
85 O -c-CH,-Brp 1.24 (1) 1.3¢ 010  0.571 072 015 267 0 0 0
86 F O 1.21 (1) 138 0.17 110 0 0 1
COH '
COgH
87 F O 1.06 (1) 1.38  0.32 110 0 0 1
88 F O 0.984 (1)  1.27 0.29  0.705 089 018 177 0 0 1
CHa0Ac
89 Cl Q 1.09 (1) 1.21 012  0.352 057 022 330 0 0 O
Me
90 Cl O 0.774 096 019 1108 0 0 0
OH
OH
91 «Ql O 1.36 (1) 1.62  0.26  0.735 096 023 111 0 0 0
CAO
92 a ,} 1.91 (1) 1.67 0.24  1.25 099 026 05828 0 0 0
OAc
CHz0AC
o]
93 al oac 1.41 0.97 044 1042 0 0 0
AcO
OAc
OH
94 Cl @ 1.28 (1) 1.62 0.34  0.698 096 026 111 0 0 0
OH
95 1.32 (1) 1.51  0.19  0.698 0.89 019 1752 0 0 0

¥
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3 log kill LD,,
A log A log
no. X R obsd? caled® (1/C) obsd caled® (1/C) logP I, I, 1,
96 Cl 1.82(2) 1.58 0.24 1.10 0.94 0.16 1.34%¢ 0 (U
97 w 1.44 (1) l.64 0.20 0.795 0.96 0.17 1.00 0o o0 0
CHz0Me
98 Cl e oh 1.48 (1) 1.67 0.19 0.682 0.99 031 0.80¢ 0 0 O
MeO 1
99 Cl @ 1.17 1.01 0.16 0166 0 0 0
Ok
CHpOA
O?Ne
100 <l 1.06 1.00 0.06 067¢ 0 0 O
AcD
OAc
i
101 Cl Cac 1.93 (1) 1.59 0.34 1.21 0.94 0.27 1.32¢ 0 0 0
AcC Ohc
102 ¢l H1 1.12 1.00 0.12 0.69 0o 0 0
o
HO o
(Ers0n o
103 <l 1.46 (2) 1.86  0.40 0.928 1.00 007 -0668 0 0 O
40
104 Cl (CH,),C1 1.59 (5) 1.55 0.04 0.718 0.92 0.20 1.53¢ 0 0 0

2 Number of individual experiments used in the determination of 3 log kill given in
d Measured value; see ref 2a. ¢ Measured value; see ref 4.

¢ Calculated using eq 5.

Iparentheses. b Calculated using eq 3.
These points not used in the calcula-

tion of eq 3 or 5. € Measured value, this work; partitioning was done between octanol and distilled water. " The com-
pound contains some of the isomeric product Cl, CH,CH,F.
Table II. Development of Equation 3
no., intercept log P I, I, 1, (log P)? r s Fix
1 1.70 -0.18 0.598 0.325 49.1
2 1.77 -0.17 -0.72 0.805 0.241 71.9
3 1.74 -0.18 -0.69 0.30 0.830 0.228 11.2
4 1.80 -0.18 -0.74 0.36 -0.24 0.861 0.209 17.4
5 1.78 -0.13 -0.76 0.33 -0.24 -0.014 0.868 0.206 3.68
Table III. Squared Correlation Matrix for Variables Used without the use of indicator variables.
in the Formulation of Equation 3 The variable I; takes the value of 1 where X of I is F
log P 1, I, 1, and the value of 0 where X of I is Cl. Its small negative
Tog P 100 0.00 0.00 0.01 i:oelf(‘flm.ent sl}oyvs tlllat Fis 11.1fer10r to C}l1 in Ilfor anti-
1, 1.00 0.01 0.03 eukemia act1v1ty._ n comparing eq 3 with eq , We note
I, 1.00 0.03 a large difference in intercepts; the reason for this is that
I 1.00 C in eq 1 is in mol/kg, while in eq 3 and 4 it is in mmol/kg.

R’ is aliphatic but not alicyclic and one instance where
N(c-C¢H,;)CHj is present. The negative coefficient with
I, shows the detrimental effect of groups in this position
regardless of their type. This would appear to be some
kind of negative steric effect.

The variable I, is given the value of 1 for congeners that
maintain an unoxidized sulfur atom (S but not SO,).
There are seven such examples in Table I. This structural
feature increases activity by about twofold, other factors
being constant. Sulfur is readily oxidized in vivo, yielding
SO and SO, The oxidized forms would have much lower
log P values and hence, in part, I is probably accounting
for a latent hydrophilic property of these nitrosoureas.
Congeners containing one or two SO, moieties are well fit

Adding 3 to the intercept of eq 3 yields a value of 4.78,
which agrees well with 4.53 of eq 1.
The QSAR for LD, of I is given in eq 5-7. There is

log 1/C = —0.041 (£0.007) (log P)? - 0.62 (£0.15) I, +
1.01 (£0.06) (5)

n=96;r = 0.829; s = 0.221; log P, = 0

log 1/C = —0.038 (£0.008) (log P)2 - 0.53 (£0.17) I, +
0.98 (£0.08) (6)

n = 101; r = 0.755; s = 0.276
log 1/C = —0.040 (£0.009) (log P)? + 0.95 (£0.08)
n=96;r =0.670;s = 0.291; log P, = 0
less variance in the LD,, data and more noise so that the

(7
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correlation is poorer in terms of r and s. Only one indicator
variable of the three used in eq 3 was found to be of value
in eq 5 and 6; the coefficient of I; in eq 5 and 6 is essen-
tially the same as that of eq 3, showing that this structural
feature has the same effect on efficacy as on toxicity. The
difference in the intercepts of eq 3 and 5 shows that, on
the average, six times the concentration of I is needed to
produce an LDy, as to cause a 1000-fold decrease in leu-
kemia cells, assuming I, and I, to be constant, which is a
measure of the therapeutic index of the nitrosoureas.

Although we cannot place confidence limits on log P,
of eq 5 and 6 because of the method used in their calcu-
lation,® adding a term of log P to either equation does not
produce a better correlation or yield an equation with a
significant log P term; thus, there appears to be a real
difference in log P, for antitumor activity and toxicity
which parallels the result of eq 1 and 2. In looking for
better antileukemia drugs, one should search among the
more hydrophilic analogues of I.

Does this suggestion make sense when one looks at the
most hydrophilic compounds in Table I? Actually, there
are only seven analogues in Table I having negative log P
values; these compounds are reasonably well fit by eq 3,
which inclines one to think that studying nitrosoureas with
log P, in the range of —1.50 to -2.50 would be worthwhile.
In undertaking such a study, one’s initial impulse might
be to introduce moieties which would be charged at
physiological pH (e.g., NH,, COOH, SO;H). This may not
be a good idea; the derivatives in Table I which would be
almost completely ionized at physiological pH are those
containing the COOH function, but here we have found
that log P for the neutral form of the molecule yields a
better correlation. It has been our experience that log P
or = for the ionized form of COOH does not give as good
a correlation as that of the neutral form. This does not
mean that such compounds are not ionized in body fluids;
rather, it is fortuitous that neutral log P values work better.
The higher activity which one might expect from COO~
because of its low log P may be offset by loss of drug
binding to serum albumin (anions are strongly bound by
albumin) or by increased difficulty of charged particles
crossing biomembranes. Log P values for COO™ have been
found using 0.1 N NaOH solution where the counterion
is Na*. What the most probable counterion in biological
tissue is, is not known (Na* would be present in high
concentration but its affinity might be much less than, say,
NH;* of an amino acid). It should be noted that it is well
known from studies in physical organic chemistry that one
usually cannot expect good correlation equations from data
sets containing a mixture of charged and neutral substit-
uents unless the ionic conditions under which the sub-
stituent constants were determined are the same as those
for the system being correlated.®

(6) Hansch, C.; Steward, A. R.; Anderson, S. M.; Bentley, D. J.
Med. Chem. 1968, 11, 1.

(7) Panthananickal, A.; Hansch, C.; Leo, A.; Quinn, F. R. J. Med.
Chem. 1978, 21, 16.
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The only suggestion that comes to mind for making
nitrosoureas which, although un-ionized at pH 7.4, are still
more hydrophilic than those in Table I would be to make
R of I a disaccharide. Such molecules should have log P
about 0.7 to 1.0 lower than the monosaccharides of Table
I. About the same time that this thought occurred to us,
a Japanese group reported® testing three compounds where
R = B-maltosyl, 8-lactosyl, and B-cellubiosyl. The re-
spective ILS for these compounds acting on L-1210 leu-
kemia are 403, 384, and 483 for doses of 20, 10, and 8
(mg/kg)/day. Not only are these highly potent, but the
authors state that the maltosyl analogue appeared to be
less toxic than the monosaccharide derivatives. Since
experimental details differ, a direct comparison with these
data cannot be made.

One of the advantages of formulating correlation equa-
tions is to uncover structural features which confer unusual
biological activity. Those congeners whose activity is
grossly underpredicted by eq 3 merit special consideration.
There are only two such examples in Table I and, although
these congeners (57 and 82) are rather badly underpred-
icted, neither is a very potent molecule with obvious
characteristics for development.

There are three compounds (9, 14, and 21) that are much
less active than expected, but these too afford us no special
insight into the SAR of antitumor activity.

One must remember that eq 3 has been formulated for
nitrosoureas producing 3 log kill of L-1210 leukemia cells.
One would not expect and, in fact, does not find the same
QSAR for nitrosoureas acting against other kinds of tu-
mors. This is easily recognized from a study of the action
of nitrosoureas against the solid Lewis lung tumor. An
entirely different structure-activity pattern occurs in the
Lewis lung tumor which, at the present time, does not seem
to be amenable to QSAR treatment. The results with
Lewis lung tumor incline one to think that the more li-
pophilic nitrosoureas are, in general, more effective.!?

Finally, it should be mentioned that using Kubinyi’s
bilinear model!! instead of log P + log P? in eq 3-6 yielded
a slightly poorer correlation.

In summary, our analysis shows that the lipophilic
character of the nitrosoureas is the most important pa-
rameter determining their antitumor activity. The one
indicator variable in eq 3 with a positive coefficient shows
that slight improvement in activity can be achieved by the
inclusion of sulfur in R. A rather wide range of R groups
has now been studied and no structural features of unusual
significance have been uncovered. The only obvious con-
clusion to draw from eq 3 and 5 is that prospecting among
more hydrophilic neutral congeners of I might yield ana-
logues with a better threapeutic index.
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