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residues were crystd from isopropyl alcohol or hexane to yield the
p-nitrobenzoates, D-1a-f, listed in Table IV.

Preparation of p-Aminobenzoates D-2a-f. Solns containing
0.05 mole of the p-nitrobenzoates, D-1a~f, in 100 ml of EtOH were
hydrogenated over 0.2 g of platinum oxide catalyst at room tempera-
ture at 15 psi for 30 min. After filtration of the catalyst, the solvent
was removed and the residue recrystd from PhH-hexane or CCl, to
yield the p-aminobenzoates listed in Table IV in over 95% yield.

Biological Results, The biological activities of the compounds
prepared in this study are summarized in Table V. Cholinergic
agonist, cholinergic antagonist, and antihistamine activities were
determined using the cumulative dose-response technique of van
Rossum,'?

Compounds A-7a-f were tested for cholinergic agonist activity
on tat jejunum using acetylcholine as the reference agonist.

Compounds B-2a—f were tested for postganglionic cholinesgic
blocking activity on rat jejunum using furtrethonium as the reference
agonist and atropine as the reference antagonist.

Compounds C-1a-f were tested for antihistamine activity on
guinea pig ileum using histamine as the reference agonist and pap-
averine as the reference antagonist.

Compounds D-2a—f were tested for corneal anesthetic activity
in rabbits. Each compound was tested at 3 different concentrations,
both eyes of a single rabbit being used for each concentration. The
concentration which produced anesthesia of 5-min duration was ob-
tained from a dose-response curve of anesthesia against log concen-
tration. This concentration is the “threshold anesthetic concentration”
or TAC,.'® The cocaine anesthetic ratio is the TAC, of cocaine di-
vided by the TAC, of the compound being tested.

While many of the compounds tested (particularly the antago-
nists) exhibited activities comparable to the reference drugs, we
were unable to detect progressive changes in activity which could
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be related to the nature of the gem-dialkyl substituents. Apparently,
small differences in the distance between the oxygen and nitrogen
functions attributable to the gem-dialkyl effect are not important
in the systems under scrutiny.
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Utilization of Operational Schemes for Analog Synthesis in Drug Design*

John G. Topliss
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Some proposals are presented for the stepwise selection for synthesis of new analogs of an active lead
compound which are designed to maximize the chances of synthesizing the most potent compounds in
the series as early as possible. The schemes are based on a fundamental assumption of the Hansch method
that a particular substituent may modify activity relative to the parent compound by virtue of resulting
changes in hydrophobic, electronic, and steric effects. Some examples of how this approach might have
fared if it had been applied to a number of existing series have been analyzed.

A very common problem in drug design is to find the op-
timum substitution on a benzene ring or on the benzenoid
portion of a fused ring system in an active lead compound
for maximization of drug potency. Since there are many
possible substituents and several different ring positions, the
number of possible compounds to consider containing up to
say two substituents is very large. Thus, it would be highly
advantageous to determine at an early stage which of these
compounds might really be worth synthesizing.

Historically, approaches to this problem have been rather
haphazard, depending for the most part on the particular ex-
perience and intuition of the medicinal chemist involved
and the relative availability of the starting materials required
for synthesis. With the advent! and subsequent develop-
ment? of the Hansch method for structure-activity correla-
tions a more rational approach to this problem became pos-
sible. Thus, a limited group of substituents which will give
good discrimination between 7, 0, and £ can be selected®
and an initial group of 6-12 compounds synthesized. After
performing a regression analysis and assuming a worthwhile

tPresented in part at the Joint Meeting of the American Society
for Pharmacology and Experimental Therapeutics and the Division
of Medicinal Chemistry, American Chemical Society, University of
Vermont, Burlington, Vt., Aug 22-26, 1971.

correlation is obtained, it should be possible to determine
which parameters are influencing activity and to what rel-
ative degree. Knowing this, and having available a compre-
hensive list of possible substituents and their respective
parameters, those compounds can be selected for synthesis
with the highest indicated potency values commensurate
with synthetic accessibility.

Since the regression analysis has been carried out with a
minimum number of observations, the reliability of the cor-
relation will not be high, but nevertheless the analysis will
identify those compounds with the highest probability of
enhanced potency based on the available data. When data
on the second group of compounds become available, they
can be combined with the first group so that the correla-
tions can be continuously refined as new data become
available.

This procedure is suitable when the compounds are rel-
atively easy to synthesize and a considerable time lag is en-
countered in obtaining activity data. However, it is less
satisfactory under circumstances where synthesis is more
difficult and test results are more readily forthcoming. In
the latter case it would be desirable to proceed with every
compound synthesized in the most probable direction
toward greater potency. This maximizes the chances of
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Scheme I. Operational Scheme. Aromatic Substitution
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M = More active, E = equiactive, L = less active. Descending lines indicate sequence. Square brackets indicate alternates. 1Compared to 4-H

compound.

finding the most potent compounds as early as possible.

Another problem in the utilization of the standard
Hansch method is the reluctance on the part of some
medicinal chemists to become involved with mathematics,
statistical procedures, and computers. For. these individuals
a nonmathematical utilization of the Hansch approach
might be of considerable interest.

In the context of the foregoing discussion the following
operational scheme for aromatic substitution may be con-
sidered (Scheme I). The , ¢ (¢ *), and E values of the
substituents mentioned are listed in Table I.¥ The assump-
tion is made that the starting compound is the unsubstituted
phenyl compound and that its biological activity has been
measured. Since many systems are +m dependent, i.e., activ-
ity increases with increasing 7 values, the p-chloro analog is
a good first choice, particularly since the ease of synthesis,
relative to other substituted phenyl compounds, is gen-
erally favorable.

For the purposes of this analysis the potency of the 4-
chloro compound can be classified as greater than, equal
to, or less than the activity of the parent compound. If the
potency is increased, this can be attributed most probably
to a +m effect, a +o effect (activity increases with increasing
o values), or to a combination of +7 and +0. In this event
the 3,4-dichloro compound would be selected for synthesis
next since this would result in both larger +m and +o values
when summed for the two substituents, Again this particular
substituent combination should be highly favorable from a
synthetic standpoint. Moving to the stage where the com-
pound has been synthesized and tested, the compound can
be classified as more potent, equipotent, or less potent than
the 4-chloro analog. If, as seemed most probable, potency
did increase, then the 3-CF3,4-Cl analog would be the next
choice for synthesis since again both Zr and Z¢ would be

IThe o values relate to an electronic effect at the point of attach-
ment of the phenyl group to some other moiety. It is possible that
in some situations the electronic effect of a substituent may be im-
portant with respect to another position on the phenyl group. How-
ever, for the most part the arguments presented will not be ma-
terially affected.

larger. Assuming again a favorable outcome it would be de-
sirable at this stage to proceed to the 3-CF34-NO, com-
pound since if activity was principally +¢ controlled a
further substantial enhancement of potency should result.

If, however, the potency of the 3,4-dichloro compound
turned out to be about the same as that of the 4-chloro
compound, this might be ascribed to either an unfavorable
steric effect of meta substitution or to exceeding the op-
timum lipophilic value of the substituents. In either event,
the 4-CF; analog would then be a good candidate since
there is no meta substitution and it would be less lipophilic
than the 3,4-dichloro compound but more lipophilic than
the 4-Cl compound.

Essentially the same arguments can be applied when the
3,4-dichloro analog is less potent than the 4-chloro analog.
The 4-bromo and 4-iodo compounds represent alternates to
the 4-CF; compound. The 2,4-Cl, analog might prove inter-
esting particularly if a meta steric effect adversely affected
the activity of the 3,4-dichloro analog. The 2,4 isomer
should also be slightly less lipophilic than the 3,4 isomer.
At the next stage in the sequence the 4-NO, should be
checked since this could enhance potency if there is an im-
portant +¢ dependency and an optimum 7 value less than
that for the CF; group.

Returning now to the first analog synthesized, the 4-
chloro compound, in the event this was found to be about
equipotent with the parent compound it could be reasoned
that this most probably results from a favorable +7 effect
counterbalanced by an unfavorable —¢ dependency. If this
is correct, then the 4-CHj analog should show enhanced
potency since this is a +7—¢ type substituent. Assuming a
favorable result the next selection would be the 4-C(CH;);
compound with increased +m and —o values. An alternate
here would be the 3,4-(CH3), analog which might prove ad-
vantageous if the high steric requirement of the C(CHj;),
proved to be a significant negative factor.

In the situation where the 4-CH3 compound is equi- or
less potent than the 4-C1 compound it would seem reason-
able to assume either an unfavorable steric effect from para
substitution or a —m effect. Since — effects, i.e., decreasing
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activity with increasing m values are uncommon, the steric
explanation seems more probable, hence the next move to
3-Cl in the operational scheme.

Assuming that activity increases with this substituent then
a sequence is followed, essentially analogous in choice of
substituents and reasoning with that commencing with the
4-CF; compound (already discussed) and located on the
right-hand side of the scheme. On the other hand, if there is
no change in activity with the 3-Cl substituent this could
be ascribed to a +m—g effect which points to 3-methyl as
the next substituent choice. If there is still no potency en-
hancement the next step would be to examine 2 substituents,
chloro, methyl, and methoxy.

Lack of success in this direction now would prompt the
synthesis of the 4-NO, analog on the premise that a +o
effect is operating but that something less than the 7 value
for Cl is optimal. It will be noted that this is a basically op-
posite premise from the +7—¢ concept with which the
analysis of this central part of the chart commenced. The
relative orders of these in the sequence represents a judg-
ment of relative probabilities. Alternatives to 4-NO, are
4-CN, COCHg, CH3802, CONHg, and SO;NHg Assuming
that this direction proves favorable there is a good chance
that one of these substituents will provide the optimal
+0—m balance.

The remaining choice in the sequence for this branch of
the scheme is the 4-F analog which provides the minimal
change in 7 and o effects compared to the unsubstituted
compound. This should prove advantageous in the event
that the latter is essentially optimal in terms of 7 and ¢ but
is subject to rather rapid metabolic transformation by 4-
hydroxylation.

Returning at this point to the 3-Cl analog, if the potency
of this is less than the 4-CH3 compound, which would be
consistent with a dominant —o effect, the next substituent
choice would be 3-N(CHj), (with 3-NH, and 3-CHj; ds
alternatives). Lack of success in this direction would then
lead to an examination of 2-substituents as shown in
Scheme I.

The remaining segment of the scheme is concerned with
the synthetic sequence to be followed in the case where
the 4-chloro analog was found to be significantly less potent
than the parent compound. One may conclude that either
there is an unfavorable effect from any kind of para substi-
tution for steric reasons, or activity is —¢ or —m controlled.
Assuming that the —o effect is the most probable explana-
tion the 4-OCH; analog ought to be a favorable selection
for synthesis. Confirmation of this in the form of increased
activity for the 4-OCH; compound would lead to the next
choice of the 4-N(CH3), analog where there would be an

Scheme II. Operational Scheme. Side Chain
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even greater —o effect. A further trend in the right direc-
tion would prompt the synthesis of the 3-CH;,4-N(CH3),
compound where the —c effect would be further rein-
forced.

No improvement or a drop in activity for the N(CH;),
analog would perhaps signal some —n effect which would
suggest synthesis of the 4-NH, and 4-OH compounds. The
synthesis of the 3-CH 3,4-OCHj; analog would be desirable
at this stage in the event that the basic character of the
4-N(CHs), function proved to be a negative factor either
through ionization or a change in receptor site interaction,

Returning to the 4-OCH; compound, if this has the same
or less activity than the 4-Cl analog, this would indicate un-
favorable prospects for para substitution in general and
would suggest the synthesis of the 3-Cl compound as the
next step. Subsequently, the sequence would proceed as
for the 3-Cl compound in the center branch of the chart.

A similar operational scheme may be drawn up for side-
chain problems (Scheme II). This type of situation arises
when groups adjacent to a carbonyl, amino, or amide func-
tion, for example, are varied. Such situations may be repre-

O 0 0

sented by -CR, -NHR, ~-CNHR, -NHCR where R is the
variable substituent. Many other types may, of course, be
described. By and large the cases covered are all those other
than direct substitution on an aromatic nucleus.

Starting with methyl (Scheme II) as the base compound,
the isopropyl substituent would be a good first choice on
the premise that a + effect is most probable. Assuming an
increase of activity is obtained, cyclopentyl would be the
next selection on account of its larger 7 value with minimal
change in £, the steric factor (Table I). Specific regional
hydrophobic bonding is often a positive factor in drug activ-
ity while steric requirements if exceeded may prove to be
a negative factor. Cycloalkyl groups have the advantage of
maximizing the possibility of hydrophobic bonding while
minimizing unfavorable steric influences. If enhanced po-
tency is noted with the cyclopentyl compound, the cyclo-
hexyl, benzyl, and phenethyl analogs, in sequence, would
be prime candidates for synthesis with their progressively
larger 7 values and moderate £ values.

The failure of cyclopentyl to show a potency increase
would indicate that the optimum 7 value had been exceeded
thus suggesting cyclobutyl which has the advantage of a very
low £ value in addition to having about the right 7 value. A
suitable alternative choice would be cyclopropylmethyl. A
second possibility is that activity is increasing with increas-
ing —o* values and 7 is not as important, in which case zer-
butyl should be a favorable substituent,

CH,
E E | M
i-C,H, i-CH, iCH,
H; CH,0CH,; CH,SO,CH, 1 L E Ll L I3 ] M

C,H; C,H; C,H; cyclo-C,H, cyclo-C,H, cyclo-C,H,

cyclcla-C oHii

CHCY, ; CF,; CH,CF,; CH,SCH, cyclo-C,H,[CH,-cyclo-C,H, ] CH,C,H,

CH,; CH,CH, tert.C,H, (CH,),CH,

M = More active, E = equiactive, L = less active. Descending lines indicate sequence. Square brackets indicate alternates.
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Table I, Substituent Constant Values

Aromatic
Substituent nd ob ESE

H 0.00 0.00 1.28
4-Cl 0.70 0.23 0.27
3-C1 0.76 0.37 0.27
3-CF, 1.21 0.43 -0.98
4-NO, 0.24 0.78 -1.28
4-CF, 1.07 0.54 -0.98
4-Br 1.19 0.23 0.08
4-1 1.43 0.28 -0.16
2-C1 0.76 0.23 0.27
4-CH, 0.60 -0.17 -0.14
4-C(CH;), 1.68 -0.20 —1.65
3-CH, 0.54 -0.07 -0.14
3-Br 0.94 0.39 0.08
3-1 1.15 0.35 -0.16
3-NO, 0.11 0.71 -1.28
2-CH, 0.68 -0.17 -0.14
2-OCH; -0.33 -0.27 0.69
4-CN -0.32 0.66

4-COCH; -0.37 0.38

4-SO,CH; -1.26 0.72

4-CONH, -1.49 0.40

4-SO,NH, -1.82 0.57

4-F 0.15 0.06 0.78
3-N(CHs). 0.18 -0.21

3-NH, -1.23 -0.16 0.63
4-OCH,3 -0.04 -0.27 0.69
4-NH ., -1.23 -0.66 0.63
4-OH -0.61 -0.37 0.69

Side chain
Substituent R ord E&

CH, 0.50 0.00 0.00
i-CH, 1.30 -0.19 -0.47
cyclo-CsH,y 2.14 -0.20 -0.51
cyclo-C¢Hyy 2.51 -0.15 -0.79
CH,C¢H; 2.63 0.22 -0.38
(CH )L Hs 3.13 0.08 -0.38
cyclo-C H, 1.80¢ -0.20¢ -0.06
CH,-cyclo-CsHs 1.80¢ -0.13¢

tert-C4H, 1.987 -0.30 -1.54
C.H; 1.00 -0.10 -0.07
CHCl, 1.15¢ 1.92 -1.54
CF; 1.07¢ 2.76¢ -1.16
CH,CF; 1.57¢ 0.92

CH,SCHs; 0.77¢ 0.44¢ -0.34
CesH; 2.13 0.60

H 0.00 0.49 1.24
CH,OCHs 0.02¢ 0.64 -0.19
CH,S0,CH, -0.76¢ 1.32

aRef 8. PRef 9. Ref 10. 9Ref 11. ®Estimated. fRef 12.

Returning now to further consideration of the isopropyl
substituent, if there is no potency increase over methyl, it
is likely that the m value for maximum activity corresponds
to ethyl so that synthesis of the ethyl analog is prompted.
If potency decreases or stays the same with ethyl, it could
result from an adverse electronic effect which suggests
examination of the dichloromethyl, trifluoromethyl, tri-
fluoroethyl, and methylthiomethyl substituents which all
have +o* values. As a subsequent step it would be desirable
to check the phenyl and benzyl substituents which have
higher 7 values and electronic effects in the desired direc-
tion of electron withdrawal relative to ethyl.

A loss of potency with the isopropyl relative to the
methyl substituent would suggest that either the 7 or o*
or perhaps both of these values were trending in the wrong
direction. In this event the hydrogen, methoxymethyl, and
methylsulfonylmethyl analogs would be favored selections
for further synthetic effort.
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Table I1. Antiinflammatory Activity of Some
5-Aryltetrazolylpropionic Acids

N=I|\I

A:<N

-N
\(CH,),CO,H

No.2 No.b Ar A€
1 5 C.H, 8.2
2 8 4-CIC H, 5.9
3 23 4-CH,OCH, 4.9
4 9 3-CICH, 11.2
5 10 3-CF,CH, 7.9
6 14 3-BrCH, 11.2
7 16 3-ICH, 8.4
8 12 3,5-CL,C,H, 11.1

20rder of compound synthesis according to operational scheme
(Scheme I). bCompound no. as given in tabulation by Buckler, ez
al.* CActivity index as defined by Buckler, et al.*

Table III. Natriuretic Activity of Some Substituted

Benzenesulfonamides
R

Nod No.b R Log 1/¢C¢
1 6 H 0.155
2 7 4-C1 0.301
3 14 3,4-Cl, 0.267
4 8 4-Br 0.267
5 13 4-NO, 0.845
6 11 4-CN 1.020

2Qrder of compound synthesis according to operational scheme
(Scheme I). bCompound number as given in tabulation by Kakeya,
etal® €Activity value as reported by Kakeya, et al.®

Table IV, Inhibition of Monoamine Oxidase by
N-(Phenoxyethyl)cyclopropylamines

R
@-OCH,CH,NH—Q
No4 R Log 1/C?
1 H 5.93
2 4-Br 6.64
3 3,4-CL, 6.30
4 4-CF, 6.99¢
5 4-N=N-C,H, 1.56
6 4-S0,CF, 7.56¢

2Qrder of compound synthesis according to operational scheme
(Scheme I). PActivity value as reported by Fuller, ef al.¢ ¢Calcu-
lated from equation based on Table II as reported in ref 6.

It is interesting to examine how these operational schemes
might have worked out in practice. The first example is based
on the work of Buckler, et al.,* concerning the antiinflam-
matory activity of a series of substituted aryltetrazolyl-
alkanoic acids. Of some 28 compounds synthesized which
differed only in the type of substitution of the 5-aryl func-
tion, 8 are listed in Table II in the order indicated for syn-
thesis by following the operational scheme given in Scheme
L. The fourth, sixth, and eighth compounds in the sequence
constitute three of the four most active of the 28 com-
pounds.

Another example comes from the publication of Kakeya,
et al.,’ on the natriuretic activity of some substituted
benzenesulfonamides (Table III). Of the 19 compounds
which were actually synthesized in this series the two most
active would be the fifth and sixth to be synthesized follow-
ing the sequence indicated by Scheme I. By use of regres-
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Table V. Effect of Substituted Benzothiadiazines on Vascular
Reactivity of Rat Aorta

3 E R
T
7 /N
8 801
No.2 X R Activity?
1 H CH, 0.41
2 7-Cl CH, 1.79
3 6,7-Cl, CH, 2.64
4 6-CF,,7-Ct CH, 2.80
5 6-CF,,7-Ci CH(CH,), 3.96¢
6 6-CF,,7-Cl cyclo-C,H, 4.07¢

40rder of compound synthesis according to operational schemes
(Schemes I and II). P Activity value as reported by Topliss and
Yudis.” ¢Topliss and Wohl, unpublished data.

sion analysis on 16 of the 19 compounds (3 ortho com-
pounds were omitted) Kakeya, et al., obtained an excellent
correlation between activity and a combination of —, —n?,
and +o terms. The +¢ term was dominant; the optimum 7
value was —0.303.

A further illustration of the potential operation of the
scheme is provided by an examination of the activities of
16 N-(1-phenoxyethyl)cyclopropylamines as monoamine
oxidase inhibitors reported by Fuller, ez al.® (Table IV).
These authors obtained a good correlation between activity
and +0, +, and +y terms, where 7y is a steric parameter. On
the basis of this equation the activity of a more active com-
pound, the phenyldiazo analog (Table IV, §) was well pre-
dicted. Using the operational scheme (Scheme I) and com-
mencing with the unsubstituted phenyl compound which
has an activity of 5.93, the first target for synthesis is the
4-bromo compound (Fuller did not report a 4-Cl com-
pound) which results in a substantial increase in activity
(6.64). According to the scheme the 3,4-Cl, compound
would be synthesized next which Fuller reports as having
an activity value of 6.30 which is lower than the 4-bromo
compound. This result may be attributed to an adverse
steric effect from meta substitution which then prompts
the synthesis of the 4-CF; compound. This was not actually
synthesized by Fuller but from his equation its activity may
be calculated as 6.99 which represents an improvement in
activity over the 4-bromo analog. The indicated direction,
then, is for other substituents in the 4 position with high
+7 +0 values. One such compound is the 4-phenyldiazo
which was found to be the most active compound in the
series. Another substituent with high +m+c values is tri-
fluoromethylsulfonyl. This compound was not actually syn-
thesized but has a computed activity value of 7.56 based on
Fuller’s equation, the same as the observed value for the
phenyldiazo compound. Thus, using the scheme described,
this simulation shows that one would have very quickly
found the most active compounds in the series. It may be
observed that Fuller, et al., used 16 compounds as the basis
for their calculations and subsequent predictions.

An illustration of the application of both operational
schemes, for aromatic substitution and side chain, is pro-
vided by analyzing some extensive studies reported” for
the effects of substituted benzothiadiazines on the vascular
reactivity of rat aorta (Table V). Starting with the parent
compound 1 and proceeding with benzenoid ring substitu-
tion first, the 6-CF;,7-Cl substituent pattern is arrived at as
the fourth compound in the sequence. Holding this con-
stant and now varying the side-chain group R according to
Scheme II yields sequentially compounds § and 6 with R

Topliss

substituents isopropyl and cyclopentyl, respectively. It can
be seen that in this manner compounds very close to maxi-
mum potency in a very large series have been arrived at in
very short order. In actual experience when this work was
done some years ago, it was only after making many com-
pounds that these extremely potent analogs were found.

Although there are alarge number of compound series
with attendant biological data recorded in the literature
few of these contain a sufficient number of the analogs re-
quired by the operational schemes to achieve complete or
nearly complete simulations of the technique. However, in
addition to the examples cited above a number of other
series allowed partial simulations of the application of the
operational schemes. In most cases the results were favor-
able in that they appeared to chart an efficient course to
the more potent analogs in the series. It is realized that
retrospective testing of this kind has inherent limitations in
assessing the utility of the method. Nevertheless, this test
must be passed before application in a prospective manner
is attempted.

Many possible substituents have not been included in the
operational schemes. These schemes as drawn are not unique
and it is possible to devise others, probably better ones.
Tailor-made schemes may also be constructed for special
situations. Also, some allowance will have to be made in
any scheme used, for the degree of lipophilicity of the
parent compound. The main intent has been to illustrate
the principles involved in this type of approach and this is
facilitated by avoiding a high degree of complexity. When
the most favorable type of substituent has been identified
by working through operational schemes such as those dis-
cussed, a detailed examination of similar substituents, in-
cluding more unusual and difficultly accessible ones, would
be a logical procedure. It should also be pointed out that
when data on enough compounds have been obtained the
option to perform a multiple regression analysis as in the
standard Hansch method is open.

Since the approach is based on the fundamental assump-
tion of the Hansch method that a particular substituent
may modify activity relative to the parent compound by
virtue of resulting changes in hydrophobic, electronic, and
steric effects it would not be advantageous if some other un-
recognized effects were determining with respect to activ-
ity. However, in cases such as these no disadvantage should
be incurred relative to any other way of proceeding; par-
ticularly since the more accessible substituents have been
emphasized. If the objective is to obtain the best compound
more efficiently, the judgment of whether to synthesize 2
particular analog or a different one should be made on the
basis of the twin factors of probability of improved activity
and the resources required for the synthesis. In the current
proposals probabilities have been estimated based on ex-
perience with the Hansch method, and analog sy nthesis has
been concentrated on the simplest analogs commensurate
with estimated probability levels.
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The 16-membered macrolide antibiotics were divided into three types depending on the number and
position of carbonyl groups in the aglycone. The role of the carbonyl groups in the microbial activity

of the macrolides was presented.

During the past 15 years, the structures of a number of
macrolide antibiotics have been elucidated. Of particular
interest to us is the group of macrolides containing the 16-
membered lactone ring which include such compounds as
leucomycins,™ YL-704 antibiotics,®® espinomycin,” SF-
837 antibiotics,®® spiramycins,'® niddamycin,'*>'?> magna-
mycins,'®'3 cirramycin,' B-58941, tylosin,!” chalco-
mycin,'® and neutramycin.!® While these antibiotics have
many similar structural features, there are some marked
structural differences which appear, however, to be of little
microbiological consequence. All these antibiotics have
about the same antibacterial spectra exhibiting pronounced
activity against Gram-positive bacteria, Gram-negative cocci,
and some species of mycoplasma. It is for this reason that
we felt it appropriate and timely to ascertain which func-
tional groups are essential for microbiological activity and
which are not.

The 16-membered macrolide antibiotics may be divided
into three classes depending on the number and position of
carbonyl groups in the molecule. The first class represented
by leucomycins, spiramycins, etc. (Figure 1) possesses an
aldehyde group attached to the six position of the ring
structure through a methylene group. The second class in-
cludes the magnamyecins, cirramyecin, tylosin, etc. (Figure 2)
and is similarly characterized by the aldehyde group at-
tached to carbon 6 through a methylene group but also by
a carbonyl group in position 9. The antibiotics of the third
class, illustrated by chalcomycin and neutramycin, have
only one carbonyl group, the keto function at position 9
(Figure 3).

In previous publications it was shown that the aldehyde
group in leucomycins® and spiramycins?! is important for
antibiotic activity. In the case of chalcomycin, it had been
assumed that the carbonyl group at position 9 may be im-
portant for microbial activity but no data were presented.
The present report offers new data which demonstrate
further the importance of the carbonyl groups in the mi-
crobial activity of the 16-membered macrolides and also
summarizes on a broader basis the relationship of microbial
activities of these antibiotics with chemical structures.

Results and Discussion

The importance of the 9-keto group in chalcomycin is
evident from a compatison of the microbial activity of chal-
comyecin with its hexahydro derivative 2 and its octahydro
derivative 3 (Scheme I), both derivatives having been pre-
pared from the parent by catalytic hydrogenation.'® As
seen in Table I, in which is listed our microbial data of com-
pounds discussed in this report, compound 2, which still
possesses the keto group, showed activity close to that of
its parent whereas the octahydro compound 3, with no keto
group, possesses negligible microbial activity. The high
activity of the hexahydro compound 2 also demonstrates
the unimportance of the conjugated double bonds between
carbons 10 and 13 for microbiological activity. The same
conclusion was reached previously for leucomycin A;32°

The 9-keto group does not appear to be important in
those antibiotics of the magnamycin type so long as the
aldehyde group remains intact. While leucomycin Az (4)
and its 9-dehydro derivative, magnamycin B (5), prepared
from 4 by oxidation with MnO, (Scheme II), showed about
the same activity, 18-dihydroleucomycin (6), prepared from
4 by reduction with NaBH,, possesses very little microbial
activity. The contribution of the 9-keto group was noted
further from the microbial activity of 9-dehydro-18-di-
hydroleucomycin (7) prepared from 6 by allylic oxidation.
Compound 7 with its 9-keto group but without the alde-
hyde group shows a low order of microbial activity, al-
though greater than its parent 6.

A similar structure-activity relationship obtains with iso-
leucomycin A; (8), an isomer of 4 prepared by rearrange-
ment? of the 9-hydroxyl group to the C-13 position. While
8 has almost the same activity as 4, its 18-dihydro deriva-
tive (9) has very little or no activity. Similarly, 13-dehydro-
18-dihydroisoleucomycin A3 (10), prepared from 9 by oxi-
dation with MnO,, shows, in contrast to 9, small but definite
activity.

Tylosin (11) which like magnamycins has carbonyl func-
tions at Cg and Cyq also loses its antimicrobial activity by
reduction of these groups with NaBH, to the tetrahydro



