
Notes 

alosporins). Washkuhn and Robinson found that the re- 
activity of 3-monosubstituted @-lactams 1 correlates with 
the polar u* values of the 3  substituent^.^ However, Hol- 
ley and Holley found that disubstitution in isolated 8-lac- 
tams (3,3-dimethyl) resulted in a 25-fold decrease in p- 
lactam reactivity relative to the monosubstituted (3- 
methyl) analogs6 Thus, when both faces of a @-lactam are 
unhindered, monosubstitution affects reactivity in a man- 
ner predictable from linear free energy substituent values. 
In contrast, when one face of a 8-lactam is already hin- 
dered, the introduction of a substituent on the unhindered 
face results in a 8-lactam that is hindered on both faces to 
nucleophilic attack, and steric effects override polar ef- 
fects. Penicillins are sterically similar to the case of the 
isolated p-lactam which has one face hindered. At the 8 
face a penicillin p-lactam carbonyl is a t  an interatomic 
distance of only 2.79 A from the C-3 proton (in the crys- 
talline phase) and therefore is severely hindered to nu- 
cleophilic attack.? Thus, the addition of any a substituent 
results in a 8-lactam hindered a t  both faces and lowers 
overall reactivity.§ 

/ 
a . A T T A C K  

1 

In contrast, 7-a-methoxy substitution in cephalosporins 
has no pronounced effect upon the p-lactam reactivity 
(Table I). We believe that the difference in response to 
7-a substitution in cephalosporins compared with the re- 
sponse to 6-a substitution in penicillins is the result of the 
availability of the p face of the cephalosporin to nucleo- 
philic attack.' Cephalosporins are sterically similar to iso- 
lated 8-lactams where both faces of the ring are unhin- 
dered. The addition of the 7-a-methoxy substituent there- 
fore does not totally hinder the 8-tactam and the polar 
substituent effect on the overall reactivity can be ob- 
served. 

Thus, we have shown that the differences in antibacte- 
rial activity as a result of 6-a and 7-a substitution in peni- 
cillins and cephalosporins, respectively, are paralleled by 
differences in chemical reactivity of their corresponding 8- 
lactams. We attribute these differences in chemical reac- 
tivity to steric factors resulting from a substitution. 

Experimental Section 
0-Lactams. The penicillins and cephalosporins used in this 

study were synthesized by colleagues a t  Lilly Research Laborato- 
ries. Synthetic procedures for all these compounds are referenced 
in Table I. 

Kinetic Methods. The hydrolysis rates of the penicillins and 
cephalosporins were measured by constant pH titration and uv 
methods, respectively, as described in the accompanying paper; 
see ref 7. The pseudo-first-order rates of 0-lactam hydrolysis a t  
pH 10.0,35", are listed in Table I. 

Acknowledgment. The authors acknowledge with 
thanks M. Gorman, P. P .  K. Ho, G. A. Koppel, R. Nagar- 
ajan, and W. A. Spitzer for supplies of penicillins and ceph- 
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§In apparent contradiction to this argument the hydrolysis of B-a-acetyl- 
6-phenoxyacetamidopenicillanic acid methyl ester has been found to he 2.4 
times as reactive as phenox);acetamidopenicillanic acid methyl ester in 
aqueous glyme.8 
i Reports of intramolecular nucleophilic attack of the a-amino moiety on 

the &lactam of ~ e p h r a d i n e , ~  cephalexin esters, and cephaloglycin lactone 
(ref 7 )  demonstrate the availability of the 0 face of cephalosporins to nu- 
cleophilic attack. 
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In the last decade, numerous compounds have been 
synthesized in an effort to find a drug possessing more 
specific adrenergic 8-receptor blocking potency or more 
significant activity without cardiac contraction. Such a 
compound is expected to have an aromatic or heterocyclic 
nucleus attached to a 1-hydroxy-2-substituted aminoethyl 
or 2-hydroxy-3-substituted aminopropoxy substituent.l 
The present paper deals with the effects of using 3,4-dihy- 
drocarbostyril as nucleus and 2-hydroxy-3-substituted am- 
inopropoxy as substituent. 

Chemistry. The compounds were prepared by reaction 
of derivatives of 5-, 6-, 7- ,  and 8-(2,3-epoxy)propoxy-3,4- 
dihydrocarbostyril (I) or 5 - ,  6-, 7-, and 8-(3-chloro-2-hy- 
droxy)propoxy-3,4-dihydrocarbostyril (11) with the appro- 
priate amine I11 in the usual manner (Scheme I ) .  Formu- 
las and physical properties of compounds IV are sho<n in 
Table I. 

Scheme I 
OCH,CHCH2 

Pharmacology. Adrenergic 8-receptor blocking activity 
was evaluated by inhibition of the depressor and the posi- 
tive chronotropic responses to isoproterenol. It was gener- 



530 Journal of Medicinal Chemistry, 1974, Vol. 17, No. 5 Notes 

1 .s 
E js 

K '  pit' v c F 9  c c U c c c a x a e 
5, i 

I B  3 
3; 

5 x 
e u 
m 
M 

e 

u 
M 
iil 

0 0 % 
N 

u ir 

- 
4 
B 

F9 
d '  

I G  
h 

h 3 

, Y  

3; 3; 3; 3; x x 31 z x 



Notes Journal of M e d i c i d  Chemistry, 1974, Vol. 17, No. 5 531 

o m w m o m *  . .  . . . .  g g m r i  m m  o m 0  w * m  

4 c c 4 4 c c  

G G  x x  "u x x  
a 
5 
g 
u" u u u u  

O O x  2 2 0 ,  
E Z w  

m m 
00 * 
3 
N 

I I m t - c . 1  
2 

x x x  x x x x x x x  E 

m m m m m m m  m m m  m m m  



532 Journal of Medicinal Chemistry, 1974, Vol. 17, .Vo. .5 s o  tc>r 

Table 11. Antagonistic Activity against  Isoproterenol (% Inhib i t ion  of Changes  in BPI and HR") 

Time, min - - -- ~~ ~~ 
Dose, 

C o m p d  bg/kg 10 30 60 120 180 240 300 360 4%) $80 

6 10 BP 83 3 76 3 70 0 
4 61 15 8) (4 0) 

HH. 85 9 80 2 75 6 
3 2)  2 4'1 13 8) 

Pindolol 10 BP 69 8 55 4 51 5 
12 0) 1 7  3) 4 4'1 

HR 65 5 55 5 46 3 
4 2) 1 1) 2 3) 

Propranolol 100 BP 80 1 63 7 57 9 
7 6) i12 5) i8 5) 

HR 75 3 57 1 42 6 
(4 2) ( 8  1) 10 9'1 

61 5 
4 6'1 
67 8 
4 2'1 
51 7 
16 9) 
41 0 

1 9'1 
44 3 

110 1) 
25 6 
11 2 )  

55 9 
13 9'1 
60 6 
15 1' 
43 4 
4 6) 
39 0 

5 1 
31 1 
14 9) 
20 4 
8 9'1 

45 2 
5 1) 

17 9 
,i 0 I 
39 4 
5 6) 

35 9 
2 91 

'<Blood pressure. "Hea r t  ra te .  S t anda rd  error is  given in parentheses.  

ally observed that blood pressure (BP) and heart rate 
(HR) were in parallel with each other. This was indeed 
the case of any of the compounds tested, as is shown in 
Table I. The blocking potencies of the compounds obeyed 
the following order: 6 > 2 > 18 > 17 > 20 > 24 > 34. 6 
proved to be most effective. These compounds had signifi- 
cant adrenergic P-receptor blocking activity. 

In Table I1 6 was compared to pindolol and propranolol. 
The potency of 6 was almost the same as pindolol and ap- 
proximately ten times that of propranolol. It is notewor- 
thy that 6 was characterized not only by the most effec- 
tive potency but also by the longest duration of activity. 

Structure-Activity Relationships. The initial study of 
@-adrenergic blocking agents involved a systematic evalu- 
ation of the positional isomers in the 3,4-dihydrocarbosty- 
ril series. Results showed that when the side chain substi- 
tution was maintained as 3-tert-butylamino-2-hydroxypro- 
poxy, the 5 isomer 6 exhibited the greatest potency as a 
@-adrenergic blocking agent, and the 8 isomer 18 was a lit- 
tle less active, while the 6 and 7 isomers 14 and 16 were 
much less active. 

Therefore, most comparisons of the effects of substitu- 
tion on the amino function and on the 1 position were 
made within the 5 isomers series. The observed potency 
order for the amino substituents was tert-Bu (6)  > i-Pr 
(2) > sec-Bu (5) > Et (1) for the 5-(3-substituted amino- 
2-hydroxy)propoxy-3,4-dihydrocarbostyril series. Introduc- 
tion of larger functional groups on N such as cyclohexyl (8) ,  
piperidino (9), morpholino ( lo) ,  or aralkyls such as benzyl 
(7) or difunctional groups such as Me,Me (36), i-Pr,i-Pr 
(39) led only to weakly active or inactive compounds. And 
the 1-substituted 5-(3-tert-butylamino)propoxy-3,4-dihy- 
drocarbostyril series (20, 24, 29, and 34) was less active 
than the nonsubstituted isomer 6. 

Experimental Section 
The general experimental methods A and B are representative 

for the compounds reported in Table I .  All melting points were 
determined in an open capillary tube in a bath and are uncor- 
rected. 
B-(2,3-Epoxy)propoxy-3,4-dihydrocarbostyril, To a solution of 

0.23 g (0.01 mol) of Na in 30 ml of MeOH were added 1.63 g (0.01 
mol) of 5-hydroxy-3,4-dihydro~arbostyril~ and 2.79 g (0.03 mol) of 
epichlorohydrin. The mixture was warmed with stirring at  50-55" 
for 4 hr and filtered to remove insoluble NaC1. The filtrate was 
evaporated to dryness in uacuo. MezCO (10 mlj was added to the 
residue and the mixture was allowed to stand a t  room tempera- 
ture for 24 hr. The crystals were filtered and recrystallized 
(EtOH): yield 1.2 g (54.8%); mp 172-173". Anal. ( C ~ Z H ~ ~ N O ~ )  C, 
H, E. 
8-(3-Chloro-2-hydroxy)propoxy-3,4-dihydrocarbostyril. A 

mixture of 1.63 g (0.01 mol) of 8-hydro~y-3,4-dihydrocarbostyril,~ 
3.72 g (0.04 molj of epichlorohydrin, and 3 drops of piperidine was 
heated with stirring a t  95-100" for 5 hr and evaporated in uacuo. 
The residue was dissolved in 30 ml of MeZCO and chromato- 

graphed over A1203 employing MezCO as eluent. The eluate was 
evaporated to dryness in uucuo and the residue was recrystallized 
(Me2COj: yield 1.1 g (43.0%); mp 179.5-180.5". Anal. 
(CizHi4ClN03) C, H, N. 
l-Methyl-5-(2,3-epoxy)propoxy-3,4-dihydrocarbostyril. To a 

solution of 0.65 g (0.028 molj of Na in 50 ml of MeOH were added 
5.0 g (0.028 mol) of l-methyl-5-hydroxy-3,4-dihydrocarbostyri14~ t 
and 9.5 g (0.1 mol) of epichlorohydrin. The mixture was warmed 
with stirring at  40-45" for 6 hr and filtered to remove insoluble 
NaC1. The filtrate was evaporated to dryness in uacuo. The resi- 
due was extracted with CHC13, washed with aqueous 5% XaOH 
and HzO, dried ( N a ~ S 0 4 ) ,  and concentrated to dryness. The resi- 
due was dissolved in 30 ml of MeZCO and chromatographed over 
A1203 employing EtzO-MezCO-benzene (1:1:2) mixture as el- 
uent. The eluate was evaporated to dryness in uacuo and the resi- 
due was recrystallized (CC14-hexane): yield 3.5 g (53.2%): mp 

5 -  ( 3 - t ert  -Bu tylamino-2-hydroxy)propoxy-3,4-dihydrocarbo- 
styril Hydrochloride (6) (Method A). A mixture of 1.8 g (0.008 
mol) of 5-(2,3-epoxy)propoxy-3,4-dihydrocarbostyril, 2.9 g 10.04 
mol) of tert-butylamine, and 30 ml of MeOH was warmed with 
stirring a t  55-60" for 6 hr. The reaction mixture was evaporated 
to dryness in uacuo. A solution of dry HCI gas in i-PrOH was 
added to a solution of the residue in MeZCO. The crystals were 
filtered and recrystallized (EtOH): yield 1.5 g (58.3%): mp 278" 
dec.Anal. ( C ~ C H ~ ~ N Z O ~ . H C I )  C, H, N. 
8-(2-Hydroxy-3-isopropylamino)propoxy-3,4-dihydrocarbo- 

styril Hydrochloride (17) (Method B).  A mixture of 1.5 g (0.006 
mol) of 8-(3-chloro-2-hydroxyjpropoxy-3,4-dihydrocarbostyril, 1.5 
g (0.025 mol) of isopropylamine, and 30 ml of MeOH was refluxed 
for 4 hr. The reaction mixture was evaporated to dryness in 
uacuo. A solution of dry HCI gas in MezCO was added to a solu- 
tion of the residue in Me2CO. The crystals were filtered and re- 
crystallized (EtOH): yield 0.6 g (32.5%); mp 230-232". Anal 

1 -Methyl-5-(3-tert-butylamino-2-hydroxy)propoxy-~,4-dihy- 
drocarbostyril Maleate (20) (Method A). A mixture of 1.7 g 
(0.007 molj of l-methyl-5-(2,3-epoxy)propoxy-3,4-dihydrocarbo- 
styril, 3.0 g (0.04 mol) of tert-butylamine, and 40 ml of EtOH was 
refluxed for 4 hr. The reaction mixture was evaporated to dryness 
in LUCUO. A solution of maleic acid in MezCO was added to a so- 
lution of the residue in Me2CO. The crystals were filtered and re- 
crystallized (EtOH): yield 1.6 g (52.0%); mp 160-163". Ann/. 

Assay of Adrenergic /%Receptor Blocking A ~ t i v i t y . ~  Male 
adult dogs, 8-15 kg, were anesthetized by intravenous adminis- 
tration of sodium pentobarbital (30 mg/kg). The blood pressure 
(BP) was measured at  the right carotid artery with a pressure 
transducer and the heart rate (HR) was determined with a car- 
diotachograph triggered by the R wave of lead I1 of the electrocar- 
diogram, both values being recorded on a two-pen oscillograph. 

An aliquot of 1 m1/10 kg of a drug solution (1000 Wg/ml) of iso- 
proterenol. 0.3 Wg/ml. was injected 15 min before (control) and t 
min ( t  = 5, 10, 20, etc) after the drug was injected. The per cent 
inhibition of BP and HR changes due to the administration of the 
drug was recorded as a measure of its adrenergic 6-receptor 
blocking activity. 

76-78", Anal. (CizH15N03) C, H ,  N. 

(C15HzzN203.HCl) C, H, N. 

(C17H26Nz03*C4H404) C, H, N .  

?Y.  Tamura, M.  Terahashi. Y. Higuchi. K .  Ozaki. and li Sakagawa. .  
unpublished results. 
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Of the many approaches to the problem of drug design, 
those of greatest current utility and application are the 
regression techniques commonly associated with the 
names of Hanschl and Free-Wilson.2 A severe limitation 
shared by these methods is their restriction to structurally 
closely related series of compounds. Thus they are inap- 
propriate for (a )  correlation of data where compounds fall 
into many different structural series or into no series at  
all; (b) prediction of active compounds outside a structur- 
al class of established biological interest. A second major 
limitation of these methods is their weakness in accom- 
modating data represented by inactive compounds. In es- 
sence, existing structure-activity correlation methodolo- 
gies are useful only for optimizing a previously recognized 
“lead” structure and not in generating new “leads.” 

The continuing need for drug design techniques that 
would be applicable to a broader range of problems led us 
to consider the mental model on which the medicinal 
chemist bases his search for new lead structures. An evi- 
dent truth forming the basis of this model is that the bio- 
logical activity of a molecule, or for that  matter any other 
of its properties, must be accounted for by a combination 
of contributions from its structural components (substruc- 
tures) and their intra- and intermolecular interactions. 
The very large body of information generated by even the 
most modest of screening programs requires the medicinal 
chemist to make additional simplifying assumptions, such 
as (a) the probability of a given biological activity can be 
usefully approximated by a first-order analysis of sub- 
structural contributions ( i . e . ,  one ignoring interactions); 
(b) the contribution of a given substructure to the proba- 
bility of activity can be obtained from data on previously 
tested compounds containing that substructure. The spe- 

cific question we sought to answer empirically was wheth- 
er a significant correlation eould be obtained by systemat- 
ically organizing existing sets of biological and substructu- 
ral data to correspond with this mental model. (A previ- 
ous approach to this problem using the statistical tech- 
nique of cluster analysis appeared to show promise.3) 

Existing schemes for the codification of substructures 
have been created solely in response to a need for selective 
retrieval of compounds from large files.* Most of the sub- 
structures that chemists habitually perceive are far more 
complex than the several-atom “fragments” of these 
codes. These limitations clearly applied even to the rela- 
tively rich “SK&F fragment code,” which recognizes some 
1200 fragments comprising functional groups, rings, 
chains, inorganic moieties, and 110 rather diffusely de- 
fined fragment  combination^.^ For our pilot study we nev- 
ertheless attempted to use this code for the analysis of the 
most structurally diverse testing experience available to 
us, consisting of 850 compounds examined for their an- 
tiarthritic-immunoregulatory effects in an adjuvant-in- 
duced rat model.6 To remove inherent sample bias and to 
ensure that our analyses would not simply regenerate 
known information, compounds which were members of 
already recognized “lead” series were eliminated, leaving 
770 compounds. Of these, 189 (24.5%) were active, pro- 
ducing a statistically significant reduction in hind paw 
volume during the secondary phase of the induced disease 
process. It should be noted that, since such activity is dis- 
played by agents having quite varied pharmacological 
properties, neither the available biological data nor the 
SK&F fragment code were totally appropriate for our ob- 
jective. 

The first step was to prepare a substructure “experience 
table” summarizing the data. A “Substructure Activity 
Frequency” (SAF), defined for each substructure as (A/ 
T) ,  the ratio of the number of actiue compounds (A) con- 
taining that substructure to the number of tested com- 
pounds (T) containing the substructure, represents the 
contribution which that substructure can make to the 
probability of a compound being active. The experience 
table contained 492 SAF’s corresponding to the complete 
set of 492 substructures (fragments) previously recognized 
and coded in the tested compounds. 

We then computed for each compound a “Mean Sub- 
structure Activity Frequency” (MSAF), the arithmetic 
mean of the SAF values of the substructures present in 
that compound. A sample MSAF computation appears in 
Table I. The 770 compounds next were ranked by de- 
scending MSAF value. Since a meaningful correlation 
would be reflected in a tendency for compounds of higher 
MSAF value to be active more frequently, the 770 ranked 
compounds were partitioned into ten sets, each containing 
77 compounds. Those sets with high MSAF values were 
indeed found to be active far more frequently than those 
with low MSAF values (Table 11). 

However, analysis of some individual MSAF computa- 
tions showed that MSAF values could be strongly in- 
fluenced by SAF values for substructures that were poorly 
represented within the total set of tested compounds. For 
example, the SAF for a unique fragment must take either 
of the extreme values of 1.0 or 0.0, depending o n  whether 
the compound in which it occurred was active or not, and 
the MSAF for that compound would thus be biased in a 
direction which would improve the apparent correlation. 
Thus, even though unique fragments contribute less than 
1% of the quantity of information, their impact on the 
overall analysis is substantial. To remove this type of 
bias, and to estimate the predictive value of the method, 
we devised a novel computational approach. 

Groups of ten compounds, selected a t  random, became 


