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QSAR analyses of rifamycin B amides and hydrazides were carried out, and the follow-
ing equations containing the substltuent entropy constant, os°, were obtained (the subscripts
I, 2 and 3 denote the substituent groups on the nitrogen atom).

log (1/C)=—6.69(£4.89)(205°)12+9.33(£3.37)(S05°)1,,+5.54
where n=23, r=0.929, F=62.6,** SD=0.34.

log (1/ C)=—6.00(£1.70) (205°)i23+6.71(F 1.47) (£05°)1.2,3 +6.93
where n=17, r=0.950, F=64.4** SD=0.16.
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The biological activities of 44 rifamycin B amide congeners (I) and 26 hydrazide congeners
(11) against five kinds of gram-positive bacteria were reported by Sensi es g/, and by Quinn ez
al.? The results of QSAR analyses of (I) for activity against M. aureus could be expressed by
a linear combination of three kinds of descriptors, namely, a quadratic term of the partition
coefficient in the n-octanol/ H,O system, log P and a dummy parameter D of the substituent
groups R; and R,, and gave a correlation coefficient r=0.920 and standard deviation

SD=0.324 for 42 congeners.

For (1I), by using the aliphatic substituent constant o*,> r=0.937 and SD=0.189 were
obtained for 24 congeners. However, in these cases, the constant terms were not in agreement
with the values for reference compounds.

In addition, for 44 congeners of rifamycin B amides, a component PR, given by the
successful principal component analysis of Lukovits ez al.¥ does not appear to have an explicit
chemical meaning. '

Our QSAR analyses were carried out by using the Hammett type substituent constant o;
and o5,” representing an enthalpy term, in addition to the novel substituent entropy constant
0s°® defined by os°=log (Sx°/Su°), ‘where S° denotes the standard entropy of the 3rd law of
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thermodynamics, and the subscripts R and H mean the substituted compound and the reference,
CHs. Thermodynamically, the necessary and sufficient conditions are fulfilled when the
biological responses are expressed by a linear combination of the enthalpy and entropy
parameters (c¢f. Eq.1),

BR= a(os0)'+boso+cotdor+e (N

where the combination of (i o) or (| ail, | ox|) represents strong or weak drug-site interaction,
respectively.

Methods

Reported biological activities of the rifamycin B amides and hydrazides® are summarized in Tables I and I1.

Numerical Treatment QSAR analyses were carried out by using an ACOS 900 system computer at
Osaka University Computer Center and a PC-8001 personal computer utilizing a library program, NEC TSS -
Library TSS/LIB-6, and our original program written in BASIC. The standard deviation SD is given by
SD=[S«/(n—k—1)]"?, where n and k denote the number of observations and variables, and S,. denotes the
sum of squares of the residuals. ** and * (F test) denote 99 and 95% confidence limits of the statistical
hypothesis.

TABLE I. Biological Activities of Rifamycin B Amides

tog (1/C)
R; R. 1 2 3 Sos° o
H H 570 491 478 0 0
H Me 6.68 589 509  0.091 —0.033
H Et 699 620 540  0.16] —0.033
H n-Pr 6.50 582 541 0222  —0.033
H iso-Pr 670 590 541 0199  —0.039
H tert-Bu 6.73 583 542 0216  —0.044
H Ph 6.92 604 543 0236 0.081
Me Me 712 602 572  0.182  —0.067
Et Et 791 701 603 0322  —0.067
n-Pr n-Pr 815 7.5 653 0444  —0.067
n-Bu n-Bu 846 746 7.6 0544  —0.067
iso-Bu iso-Bu 8.86 7.86 7.28 0.532 —0.067
n-CsHy  n-CsHpy 865 765  7.05  0.638  —0.067
Bzl Bzl 849 749 689 0574  —0.067
Me Et 795 706  6.03 0252  —0.067
Me n-Pr 791 731 665 0313  —0.067
Me n-Bu 844 722 635 0363  —0.067
Et n-Pr 801 722 635 0383  —0.067
Et n-Bu 862 762 727 0433  —0.067
Me cyclo-CsHy 814 722 636 0352  —0.073
Me cyclo-C¢Hyy 815 753 6.68 0357  —0.073
Me Bzl 824 709 637 0378  —0.067
Et Ph 846 733 637  0.397 0.048
1, M. aureus. = 2,S. faecalis. 3, B. subtilis.

a) and b) are estimated as the simple sum of those of the substituents R; and Rj.
The latter is converted to the aliphatic from the aromatic value by multiplication
by a factor of 0.74. :
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TABLE 1. Biological Activities of Rifamycin B Hydrazides

log(l/C)
R, R, R3 T 2 3 Sos° S0
H H H 6.98 6.04 5.40 0 0
Me Me Me 8.13 7.21 6.65 0.273 —0.100
Me Et Et 8.62 7.62 6.96 0.413 —0.100
Me n-Pr n-Pr 8.94 7.76 6.98 0.535 —0.100
Me n-Bu n-Bu 8.87 7.95 7.30 0.635 —0.100
Et Me Me 8.62 7.44 6.62 0.343 —0.100
Et Et Et 8.93 7.63 7.63 0.483 —0.100
Et n-Pr n-Pr 887 777 729  0.605  —0.100
Et n-Bu n-Bu 8.80 7.96 7.31 0.705 —0.100
n-Pr Me Me 8.43 7.60 6.65 0.404 —0.100
n-Pr Et Et 8.94 7.63 7.64 0.544 —0.100
n-Pr n-Pr n-Pr 8.48 7.65 7.17 0.666 —0.100
n-Pr n-Bu n-Bu 8.49 7.66 7.49 0.766 —0.100
n-Bu Me Me 8.93 7.68 7.28 0.454 —0.100
n-Bu Et Et 8.64 7.94 7.64 0.594 —0.100
n-Bu n-Pr n-Pr 8.66 7.66 7.31 0.716 —0.100
n-CsHy Me Me 8.64 7.94 7.28 0.501 —0.100
I, M. aureus. 2, S. faecalis. 3, B. subtilis.

Results and Discussion

In our previous communication,” the result of the cluster analysis of 18 current QSAR
parameters showed that o; and | oi| belong to the same cluster, whereas o, and| o,| are classified
into different ones.

As the sign of osois always positive, we distinguished in the previous report® between the
real and absolute combinations, namely (oi, 0-) and (| ai|, | 04|), for the evaluation of an
enthalpy term, where the former represents a strong drug-site interaction and the latter a weak
one.

In this work, for the polysubstituted compounds summarized in Tables I and II, the values
of os°and those of o; are estimated tentatively as the simple sum of those for the groups R; and
R..

As shown in Table I, values of log(1/C) of rifamycin B amides increase in the order
NH:<NHR;<NR|R3; for the NR;R; group, the congeners having OH, CN, Cl, NEt,, CO,Et
groups on the side chain and rifamycin morpholides are excluded from the regression analyses,
because they are active against both gram-positive and -negative bacteria. As the descriptor
representing the contribution of the enthalpy term due to the alkyl groups R, or R;, the
substituent constant g; is employed. For a set of substituents, Zosc and Xo; are used, where the
latter is converted to the aliphatic system from the aromatic one by multiplication by a factor
“of 0.74.) It was found that | Zoi| gives a better result than Zo; (cf. Table III).

This can probably be ascribed to a weak drug-site interaction. For rifamycin B hydra-
zides, a quadratic equation of osc gives the best result (¢f. Table IV), in contrast with the
Quinn’s result using o*. :

Two factors must be taken into account.

1) In this work, the value of %o of alkyl groups takes a dummy-like 0 or —0.1
value. Under these conditions, the correlations of both ¢* vs. g; and o* vs. D (0 when R=H
and 1 when R=alkyl) gave the same coefficient of r=0.958, SD=0.15.
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TABLE [II. Regression Equations for Activity of Rifamycin B Amides (n=23) against to M. aureus

a(os°)? b3os® ¢ e r F SD
| —5.04 (+6.57) +7.81(£5.24) +5.41(+14.11)  +5.51 0931 41.5** 0.34
—6.69 (+4.89) +9.33(£3.37) : +5.54 0929 62.6** 0.34
+34.09(+13.68) +5.76 0749 26.9** 0.59
2 —6.51 (£4.89) +9.02 (+3.42) —2.04 (+4.06). +552 0933 42.7** 0.33
—6.69 (+4.89) +9.33 (£3.37) +5.54 0929 62.6** 0.34
—9.51 (+8.86) +7.29 0438 5.0  0.80

Lo lail. 2, i

TABLE IV. Regression Equations for Activity of Rifamycin B Hydrazides (n=17) against M. aureus

a(3os)? b3 o5 cl3eoil e r F SD
—8.23(+£4.24) +9.16 (+4.52) — 6.89(+12.01) +6.98 0.955 45.1** 0.16
—6.00 (+1.70) +6.71 (£ 1.47) +6.93 0950 64.4** 0.16
+17.07 (£5.07) +698 0.880 S51.6*¥* 0.23
+1.76 (+£0.96) +7.69 0709 152** 0.34
+1.39 (+1.38) +8.18 0.485 4.6* 043

TABLE V. QSAR Analyses of Biological Activities of Rifamycin B Amides (n=23)
a(Zes°)? bZos’ c| 3ol e’ r F SD
1 —504(4+6.57) +7.81 (£5.24) 5.41 (£ 14.11) +5.51 0931 41.5** 034
—6.69 (+4.89) +9.33(£3.37) +5.54 0929 62.6** 0.34
2 —5.29(+6.37) +7.61 (£5.09) +4.58 (+13.69) +4.75 0924 37.1** 0.33
—6.70 (+£4.70) +8.90 (+3.24) +4.77 0922 56.8** 0.32
3 —1.69(+548) +5.13(£4.37) +326(+11.77) +4.52 0933 42.8** 0.28
—2.69 (£4.03) +6.05(£2.78) +4.54 0932 66.2** 0.28
+4.27 (£0.79) +4.77 0.925 124.8** 0.28

1, M. aureus. 2, S. faecalis. 3, B. subtilis.

TABLE VI. QSAR Analyses of Biological Activities of Rifamycin B Hydrazides (n=17)
a(Sos’)? bSos® ¢|Zail e r F SD
1 —8.23(44.24) +9.16 (+4.52) —6.89 (+12.01) +6.98 0955 45.1** 0.16
—6.00 (+£1.70) +6.71 (+£1.47) +693 0950 64.4** 0.16
2 —5.43 (£3.21) +6.62 (+3.42) —2.35(+ 9.08) +6.04 0972 72.9** 0.12
—4.67 (+1.23) +5.78 (£ 1.07) +6.02 0971 114.8** 0.11
3 —6.26 (£ 6.66) +8.20(£7.10) —6.84 (+18.86) +5.40 0917 22.9** 0.24
—4.05(£2.59) +5.76 (£2.24) +5.35 0913 35.0** 0.24
1, M. aureus. 2, S. faecalis. 3, B. subtilis.
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2) Among alkyl substituent groups, the correlation of ¢; against (o0 )*+as is excellent,
namely, r=0.979, SD=0.06.

Thus, from the statistical viewpoint, Quinn’s result and ours are comparable.

The values of log(1/ C) of rifamycin B hydrazides can be expressed by a quadratic equation
of Zgso (¢f. Table IV); this equation gives log(l/C)max at Zos0=0.56 for M. aureus, and
reproduces the biological responses summarized in Table Il.  Consequently, the QSAR equa-
tion with the quadratic term of Xoseo is preferable to that with o*. As shown in Table V,
regression analyses of the log(1/C) values of rifamycin B amides for M. aureus, S. faecalis and
B. subtilis with three kinds of parameters ---(Sas0)’, Soso, and So;-- can be reduced to a linear
combination of (Zos°)’ and Soso.

The log(1/ C)max of rifamycin B amides are expected at o0 =0.70, 0.66, but for B. subtilis,
the observed values are distributed in a narrow range, and a linear equation in Zoseo is
obtained.

As summarized in Table VI, the values of 10g(1/ C)max of rifamycin B hydrazides for three
kinds of bacteria can be expressed by a quadratic equation in Zosc, which leads to Sosc =0.56,
0.62 and 0.71 (¢f. Table II).

In their principal component analysis of rifamycin B amides, Lukovits et al. could not
assign an explicit chemical meaning to PR;,. A comparison of their result and ours suggests
that PR, corresponds to the contribution of the entropy term.

In conclusion, our approach is superior in the following respects to that reported by Quinn
et al? or by Lukovits er al.?

. The chemical meaning of the QSAR parameters is explicit.
2. A linear combination of the four kinds of QSAR parameters --(gs°)?, 50, 6; and gz-—-
satisfies the necessary and sufficient conditions thermodynamically.
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