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Using Gossypol (GOS) extracted from cotton seeds, a series of its Schiff bases (1-18) and hydrazones (19-
27) have been synthesized and evaluated for their antimicrobial activities against Gram-positive bacteria,
Gram-negative bacteria and yeast-like organisms. Of the 27 aza-derivatives of gossypol, 11 have been
found active against the microorganisms tested, similar to gossypol. Crystal structures of the new Schiff
base (compound 7) and hydrazone (compound 25) of gossypol reveal the presence of two different
tautomers within two types of the aza-derivatives studied. The newly synthesized aza-derivatives of
gossypol are characterized by the FT-IR, NMR and MS methods.
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1. Introduction

Gossypol (Scheme 1), bissesquiterpene from cotton seeds [1], is
mainly known as prospective component of contraceptive pill for
man [2]. Furthermore, this compound is characterized by wide
antiviral [3-6], anticancer [7-9] and antifungal [10,11] properties.
However, the relatively high toxicity of gossypol [12], evoked by the
presence of two aldehyde groups, precludes its application in
medical therapy. For this reason the syntheses and tests of gossypol
derivatives, in which both aldehyde groups are blocked, are desired
to enable their application as drugs. Up to now many gossypol
derivatives including its Schiff bases, periacetylated gossylic
nitriles, periacetylated gossylic imino-lactones, azo-derivatives,
hydrazones, thioderivatives of gossypol have been obtained [13-19]
and tested for their antipsoriatic [20], antimalarial [21], anticancer
[22,23], interferon-inducing [24] as well as anti-HIV [25] activity.
Earlier studies have shown that the activity of gossypol is rather
bacteriostatic than antibacterial [26-28] although gossypol struc-
tural analogues like hemigossypol, 2,7-dihydroxycadalene, lacini-
lene and their respective 7-methyl esters have shown very
promising antibacterial activity [29,30]. The limited antibacterial
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activity of gossypol can be probably concerned with the relatively
poor ability to form complexes with the monovalent cations such as
Na' or K [31]. In our earlier papers we have reported the synthesis
and the physicochemical properties of some Schiff bases or
hydrazones of gossypol [14,19,32,33]. The complexation of biolog-
ically important monovalent metal cations such as Na™ and K™, by
aza-derivatives of gossypol has been proved and described in detail
[34,35]. Up to now, however, no antibacterial activity studies of the
Schiff bases or hydrazones of gossypol have been performed. Dao
et al. suggested that the cytotoxicity of gossypol derivatives
depends on the availability of the phenolic oxygen atoms of
gossypol derivatives [36]. The aza-derivatives of gossypol in the
solution can be present in the various tautomeric forms (Scheme 1)
which differ from each other by the number of phenolic groups
[33,37,38]. Taking into account the enormous number of Schiff
bases of gossypol synthesized, only several of them have been
studied by the X-ray methods [31,39-43]. No crystal structures of
any gossypol hydrazones have been reported till now despite the
fact that many crystal structures of other groups of hydrazones, e.g.
hydrazones containing heterocyclic moieties are well known [44].
In this paper the structures of a new Schiff base and new hydrazone
of gossypol (7 and 25) are reported. The main aim of the paper is
the discussion of the relationship between antibacterial activity
and the structure of the gossypol Schiff bases and hydrazones
(Scheme 2) with substituents of different bulk and polarity.
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Gossypol (GOS)

KETOL-KETOL

LACTOL-LACTOL

Schiff bases of gossypol

IMINE-IMINE

ENAMINE-ENAMINE

Hydrazones of gossypol

N-IMINE-N-IMINE

N-ENAMINE-N-ENAMINE

Scheme 1. Tautomeric forms of gossypol and its aza-derivatives.

2. Chemistry
2.1. X-ray studies

The atom numbering applied for X-ray studies is given in Figs. 1
and 2. The crystal structures of compounds 7 and 25 differ signif-
icantly in symmetry, molecular arrangement and molecular struc-
ture (Table 1). The main difference in the molecular structure is
associated with the proton position in the intramolecular O(2)---
H---N(16) hydrogen bridges (Figs. 1 and 2). In 7 the proton resides at
N(16) while in 25 it resides at O(2). This result indicates that in the
solid state within the structures of 7 and 25 two different tauto-
meric forms, i.e. the enamine-enamine and N-imine-N-imine are
realized, respectively. Despite the proton positions in the

intramolecular hydrogen bonds the length of these bonds are
comparable (Tables 3 and 4). Furthermore, the values of the C-0, C-
N and C-C bond lengths (Table 2) demonstrate that the intra-
molecular hydrogen bonds formed within the two different
tautomers are assisted by the resonance within the m electron
aromatic system [45-48]. Significant difference in the C(7)-0(2)
bond lengths in the crystal structures of 7 and 25 indicates clearly
that the former structure includes - a carbonyl group, whereas the
latter structure - a hydroxyl group in the naphthalene rings. The
parameters of the intramolecular hydrogen bonds in the two parts
of Schiff base molecule (7) are more similar than those in the
analogues two parts of the hydrazone molecule (25) (Tables 3 and
4). In the structure of 25 the distortion in symmetry is related to the
various conformations of the piperazine rings within the two parts



P. Przybylski et al. / European Journal of Medicinal Chemistry 44 (2009) 4393-4403

a Schiff bases of gossypol

a3

(14)

16)

a7

/m\j“(\)o a0 S

20 22 21 22
1719 20 5 20(\0/\|23
o,
2}322 190 024 as)
18 an
N 23 o o
T7/\19/20 A 17 k/o\)
- 20a 23a
0/20 2la  22a
18 1
T 12
\/\/S\r \”l a»
17 19 /0
22
b Hydrazones of gossypol

B N 19
IEIINE NN 19) N/\ 25
5 20 K/Nzo
18a
1718 521 2 (20) R
\NH/\/ \/\O/
v %0 17 18
B a2 ‘N/\‘Q
N Yy 0y % 18 k/NZU S @6
a
5 ) Y Sy on
17 18 1 2
SN N O 2 30
(22) 22\ 2
22 . 29
NN 28 N3l
2a 0,19 53
N 57 @7
9 9 SN 24
21 23 SnH18%0
d7 (23) NH 265
NH18 2007 22 17
o

Scheme 2. Chemical structure and atom numbering (applied for spectroscopic
studies) of gossypol and its Schiff bases and hydrazones.

of the molecule as well as to the involvement of N(22) and N(22/)
nitrogen atoms of the piperazine rings in the intermolecular
hydrogen bonds of different strength and geometry. This is also the
reason for different availability of the electron lone pairs at the
N(17) and N(17’) atoms in the resonance of the 7 electron system,
which is reflected in different N(16)-N(17) and N(16')-N(17') bond
lengths.

Table 1

4395

Crystal data and structure refinement for 7 and 25 derivatives.

Compound

Empirical formula

Formula weight

Temperature (K)

Wavelength

Crystal system, space
group

Unit cell dimensions

Angles

Volume

VA

Calculated density

Absorption
coefficient

F(000)

Crystal size

f range for data
collection

Limiting indices

Reflections collected/
unique

Completeness

Refinement method

Data/restraints/
parameters

Goodness-of-fit on F?

Final R indices
[I>2a(D)]

R indices (all data)

Largest diff. peak

7
C42H44N706S2
736.91

293(2)
0.71073 A
Triclinic, P-1

a=10.7717(5) A
b=14.2310(5) A
c=15.0623(7) A
a=112.031(4)
6=104.377(4)
v =101.687(3)°
1957.66(15) A®
2

1.250 gcm 3
0.185 mm™"

780
0.35 x 0.15 x 0.125 mm
2.10-29.68°

—-14<h<11,-18<k<19,

-19<1<20
23,491/9708, Rinc = 0.0984

to §=29.68, 87.6%
Full-matrix least-squares
on P

9708/0/468

0.998
Ry =0.0787, wRy = 0.1719

Ry =0.3233, WR, = 0.2123
0.537 and —0.506 e A3

25

C40H52N606

712.88

293(2)

0.71073 A
Orthorhombic, Pccn

a=34.934(9)A
b=16.025(3) A
c=14917(3) A
a=90°

8=90°

v =90°
8350(3) A3

8

1.134gcm 3
0.077 mm~!

3056
0.25 x 0.10 x 0.075 mm
2.20-22.50°

—-36<h<37,-17<k<17,
-16<1<9
50,164/5459, Rine = 0.5645

to 6 =29.85, 99.9%
Full-matrix least-squares
on P

5459/1/474

0.681
Ry = 0.0694, wR, = 0.1238

Ry =0.3880, WR, = 0.1815
0.213 and —0.183 e A3

and hole
Table 2
Comparison of selected bond lengths (A) and angles (°) in the X-ray structures of 7
and 25.
Bond length (A) 7 7 25 25’
0(1)-C(1) 1.374(5) 1.379(5) 1.396(9) 1.341(11)
0(2)-C(7) 1.295(5) 1.293(5) 1.334(12) 1.393(10)
0(3)-C(6) 1.376(5) 1.381(5) 1.428(12) 1.446(15)
C(2)-C(2") 1.497(6) - 1.461(12) -
C(8)-C(11) 1.416(6) 1.406(6) 1.470(11) 1.457(13)
C(11)-N(16) 1.312(5) 1.304(6) 1.276(9) 1.322(10)
C(5)-C(6) 1.346(6) 1.353(6) 1.328(11) 1.287(17)
C(6)-C(7) 1.434(6) 1.440(6) 1.359(13) 1.426(15)
C(7)-C(8) 1.420(5) 1.429(6) 1.390(12) 1.369(13)
N(16)-N(17) - - 1.382(10) 1.462(10)
Bond angle (°) 7 7 25 25’
H(3)-0(3)-0(6) 109.5 109.5 94.8 93.8
C(5)-C(6)-0(3) 121.4(5) 121.0(4) 116.4(14) 125.3(15)
C(5)-C(6)-C(7) 124.3(5) 124.7(5) 125.0(14) 126.3(17)
0(3)-C(6)-C(7) 113.8(4) 114.2(5) 118.3(13) 108.3(17)
0(2)-C(7)-C(8) 124.5(5) 124.6(5) 123.6(13) 118.8(15)
0(2)-C(7)-C(6) 116.1(4) 117.6(5) 114.4(15) 119.1(15)
C(8)-C(7)-C(6) 119.4(5) 117.7(5) 122.0(13) 122.1(13)
C(11)-C(8)-C(7) 117.2(4) 117.0(5) 117.1(12) 120.8(15)
C(11)-C(8)-C(9) 124.0(4) 123.9(4) 128.3(13) 123.0(13)
C(7)-C(8)-C(9) 118.7(4) 119.0(4) 114.5(12) 116.2(13)
N(16)-C(11)-C(8) 122.4(5) 126.0(5) 120.0(11) 120.3(12)
C(11)-N(16)-H(16) 110(3) 109(3) - -
C(7)-0(2)-H(2) - - 103.0 109.4
C(1)-C(2)-C(2)-C(1") 97.2(5) - 107.9(13) -
C(9)-C(8)-C(11)-N(16) 179.9(4) 179.0(5) -175.4(10) 166.8(11)
C(10)-C(5)-C(13)-C(15) —93.6(6) —121.7(6) —130.1(10) 106(2)
C(10)-C(5)-C(13)-C(14) 138.1(5) 103.4(6) 106.1(11) —115.5(17)
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Fig. 1. A perspective view of 7 in the crystal structure. Intramolecular hydrogen bonds
have been indicated by dashed lines.

Furthermore, in 7 only O(1’)-H and not O(1)-H group is
involved in a relatively short intermolecular hydrogen bond to O(2)
carbonyl group of the molecule transformed via an inversion center.
The intermolecular O(1’)-H---0(2)=C(7) hydrogen bond links the
molecules into helixes along the [100] direction (Table 3). In both
crystals the sesquiterpene systems are only slightly stacked, as
illustrated in Figs. 3 and 4.

2.2. FI-IR studies

The atom numbering applied for FT-IR and NMR spectroscopic
studies is given in Scheme 2. The exemplary FT-IR spectra of 7 and 25
and for comparison the spectrum of gossypol in the KBr pellets, are
compared in Fig. 5a.

Table 3
Dimensions of the hydrogen bonds (A and °) within gossypol Schiff base (7) crystal
structure.

D-H---A d(D-H) d(H---A) d(D---A) £ (DHA)
0(3)-H(3)---0(2) 0.82 2.07 2.560(5) 118
0(3')-H(3")---0(2') 0.82 2.13 2.607(4) 117
N(16)-H(16)---0(2) 1.16(6) 1.50(6) 2.516(5) 142
N(16')-H(16')---0(2") 0.93(4) 1.78(5) 2.597(5) 145
0(1")-H(1")---0(2)! 0.82 2.00 2.635(4) 134
0(3')-H(3")---0(2")it 0.82 2.46 3.126(5) 139
0(3)-H(3)---S(23)i 0.82 3.13 3.223(4) 89

Symmetry codes: (i): 1—-x,1-y,1—2z; (ii):3—-x,1-y,2—z (iii): x-1,y, z.

Table 4
Dimensions of the hydrogen bonds (A and °) within gossypol hydrazone (25) crystal
structure.

D-H---A d(D-H) d(H---A) d(D---A) Z(DHA)
0(2)-H(2)---N(16) 0.77 1.802 2.458(12) 143
0(2)-H(2'A)---N(16') 0.82 1.725 2.474(12) 151
0(3)-H(3):--0(2) 1.00 1.866 2.589(10) 126
0(3')-H(3'A)---0(2") 0.85 1.904 2.568(9) 134
0(1)-H(1A)--N(22')! 0.82 2.341 2.966(11) 134
0(1')-H(1")---N(22) 1.11 1.868 2.827(11) 142

Symmetry codes: (i): x, 0.5 —y, 0.5 +z; (ii): x, 0.5 -y, —-0.5+z.

The same spectra with extended scale representing the region of the
y(C=0, C=N) stretching vibrations are shown in Fig. 5b.

The spectra of 7 and 25 (Fig. 5a, blue and red lines, respectively)
show two bands assigned to the »(OH) vibrations at ca. 3484 and
3307 cm~ L. According to X-ray results, the position of the band at
higher wavenumbers indicates very weak intramolecular interac-
tions of the OH groups at position 1 with the 7 electron system,
whereas the other band suggests that the hydrogen-bonded OH
groups at positions 1’ and 6,6’ form slightly stronger inter- and
intramolecular hydrogen bonds. The proton vibrations of the
strongest hydrogen-bonded proton in the intramolecular O---H---N
hydrogen bond should be observed in the FT-IR spectra in the
region below 3000 cm™'. This absorption is, however, not well
visible in the respective spectra taken for solids. This observation

Fig. 2. A perspective view of 25 in the crystal structure. Intramolecular hydrogen
bonds have been indicated by dashed lines.

Fig. 3. Arrangement of 7 in the crystal lattice, projected along the [100] direction.
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Fig. 4. Arrangement of 25 in the crystal lattice, projected along the [100] direction.

can be explained by a strong coupling of the motion of the protons
engaged in the intramolecular hydrogen bond with 7 electrons,
resulting in the vanishing of the proton polarizability [49,50]. In the
spectrum of 25 the presence of the two so-called Bohlmann bands
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[51-53] at 2811 and 2848 cm™~! proves the occurrence of N atoms
within the structure, at which the lone electron pairs are localized.
According to the X-ray data the Bohlmann bands can be assigned to
the vibrations of the lone electron pairs at N(17) and N(17’) atoms.

The most important spectroscopic details concerning the
structures of 7 and 25 are obtained from the spectra in the region
1750-1500 cm~! (Fig. 5b). In the spectrum of 7, the bands assigned
to the »(C;=0) and »(Cg=Cy7) vibrations arise as one broad band
being a superposition of two bands with maxima at about
1629cm™! and 1619 cm™! indicating the formation of the
enamine-enamine form within the structure of the Schiff base.
Furthermore, the formation of enamine-enamine form is also
confirmed by very strong changes in the band assigned to the
y(C=C) vibrations, characteristic of naphthalene ring. In the spec-
trum of GOS, the band assigned to these vibrations is found at
1573 cm~!, whereas in the spectrum of 7, this band vanishes and
new bands arise at about 1528 and 1513 cm™ .

In the spectrum of 25, the band assigned to the »(C;;=0)
aldehyde vibration observed in the spectrum of gossypol at
1622 cm ™! vanishes completely and, in contrast to the spectrum of
7, only one broad band at about 1608 cm~! appears, caused mainly
by the overlaying of the bands assigned to the »(C;1=N) and »(C=C)
vibrations. This spectral feature clearly indicates the formation of
the N-imine-N-imine tautomeric form (analogous to the aldehyde-
aldehyde form of gossypol) within the 25 molecule.

2.3. NMR studies

The formulae of compounds 1-27 studied and the carbon atoms
numbering are shown in Scheme 2. The most important 'H and 3C
NMR data of 1-27 and of gossypol for comparison in three various
solvents are shown in Table 5.
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Fig. 5. The FT-IR spectra of GOS [black line], Schiff base (7) [blue line], hydrazone (25) [red line] in KBr pellet in the ranges: a) 4000-400 cm™’, b) 1700-1500 cm~". (For inter-
pretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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Table 5
Selected 'H and '3C chemical shifts [, ppm] of proton and carbon atom signals of GOS and its aza-derivatives (1-27) in CDCls, CD3CN and DMSO-dg solutions.
Compd. Solvent oy [ppm] dc [ppm]
HO-1 HO-6 HO-7 H-11 HN-16 HN-17 Cc-7 C-11
GOS? CD5CN 5.74(s) 6.48(s) 15.24(s) 11.15(s) = = 1514 201.4
9.79(s)° 7.14(s) 99.2¢
9.77(s)" 7.10(s)" 99.4¢
1 CD5CN 6.70(s) 7.87(bs) = 9.72(m) 2.87(d) = 172.5 163.4
12.62(d)
2 CD3CN 6.29(s) 8.01(s) - 9.64 (d) 13.36(bs) - 172.6 161.6
3 CD5CN 6.32(s) 8.01(s) = 9.68(d) 13.36(m) = 172.8 163.1
4 CD5CN 6.28(s) 8.00(bs) = 9.69(d) 13.32(q) = 172.4 163.0
5 CD5CN 6.28(s) 8.02(bs) = 9.72(d) 13.35(q) = 172.5 163.7
6 CD5CN 6.32(s) 8.04(bs) = 9.53(d) 13.32(m) = 172.9 163.4
7 CDCly 5.48(s) 7.90(s) = 9.48(d) 13.30(m) = 172.9 162.9
8 CD5CN 6.30(s) 8.03(bs) = 9.62(d) 13.25(m) = 172.3 163.1
9 CDCl5 5.57(s) 7.93(s) = 9.71(d) 13.52(dd) = 172.7 160.7
10 CD5CN 6.32(s) 8.05(bs) = 9.68(d) 13.32(m) = 172.5 162.3
11 CD5CN 6.38(s) 8.03(bs) = 9.67(d) 13.33(m) = 172.6 162.7
12 DMSO-dg 8.30(s) 9.00(bs) = 9.79(d) 13.10(m) = 173.2 162.1
13 DMSO-dg 8.28(s) 9.02(bs) - 9.76(d) 13.12(m) - 173.0 162.3
8.32(s) 9.79(d) 173.2
14 CD5CN 6.36(s) 8.06(bs) = 9.64(d) 13.35(m) = 172.1 162.5
6.41(s) 9.67(d) 1723
15 CDCl5 6.47(bs) 7.84(s) = 10.15(d) 14.69(d) = 173.2 152.8
6.56(bs) 10.17(d) 14.75(d) 173.4
16 CDsCN 6.42(bs) 7.86(s) - 10.06(d) 14.63(d) - 173.0 152.9
17 CD5CN 6.44(bs) 7.85(s) = 10.08(d) 14.73(d) = 173.1 152.8
18 DMSO-dg 8.34(s) 8.98(bs) = 9.82(d) 13.08(m) = 173.1 162.2
19 CDsCN 6.22(s) 7.77(s) 14.42(s) 9.57(s) - 6.39(s) 1503 151.4
20 CD5CN 6.25(s) 7.78(bs) 14.46(s) 9.57(s) = 6.39(bs) 150.2 151.7
21 CD5CN 6.28(s) 7.75(bs) 14.49(bs) 9.59(s) = 6.42(bs) 150.3 151.9
22 CDsCN 6.20(s) 7.72(bs) 14.32(s) 9.55(s) - 6.38(bs) 150.5 1513
232 DMSO-dg 8.31(s) 8.50(bs) 14.41(s) 9.97(s) = 12.11(s) 151.6 153.1
24" DMSO-dg 8.27(s) 8.89(bs) 14.63(s) 10.17(s) = 12.44(s) 150.4 152.3
25 CDCl; 5.73(bs) 7.01(bs) 14.62(bs) 9.55(s) = = 156.5 150.7
26° CDCls 5.63(bs) 7.08(bs) 14.65(s) 9.64(s) - - 157.3 151.6
27 CD5CN 6.49(s) 7.79(s) 12.56(bs) 9.58(s) = 6.37(bs) 150.1 155.9

@ Spectra from Ref. [55].
b Spectra from Ref. [38].
¢ Signals of diastereoisomers of the lactol-lactol form of gossypol.

In the 'H NMR spectra measured in various solvents the signals
of the protons of OH and those of N-H groups are separated and
their chemical shifts are independent of the concentration used.
This result demonstrates that all protons of these groups are
involved in intramolecular hydrogen bonds and that both Schiff
bases and hydrazones exist as monomers in solutions. After the
addition of CD30D these signals vanish completely. The highest 'H
NMR chemical shifts are observed for the protons involved in the
strongest N(16)-H---O(7) and N(16)---H-O(7) intramolecular
hydrogen bonds in Schiff bases and hydrazones, respectively. A
comparison of 'H NMR data of gossypol aza-derivatives in CDCl3,

Table 6

CD3CN and DMSO-dg demonstrates that the positions of the O(7)-H
and N(16)-H resonances seem to be dependent on the structure of
the substituent at N(16) atom within gossypol aza-derivative rather
than on the solvent polarity used for NMR measurements. If the
gossypol aza-derivatives contain aromatic ring attached to the
N(16) atom (compounds 15-17), strong coupling of the m-electrons
between aromatic gossypol and amine parts occurs. In this case, the
strong delocalisation of the m-electrons within structures 15-17 is
the main reason why the N(16)-H proton signals are deshielded if
compared to those N(16)-H proton signals from the spectra of
gossypol Schiff bases with alkyl substituents (1-14, 18). In contrast,

Antimicrobial activity of gossypol Schiff bases 1, 4, 7, 8, 14 and 18 as well as Gossypol (GOS); diameter of the growth inhibition zone (giz, mm) and Minimal Inhibitory

Concentration (MIC, pg/ml).

Compound 1 4 7 8 14 18 GOS CIP

Tested strain giz MIC giz MIC giz MIC giz MIC giz MIC giz MIC giz MIC giz MIC
S. aureus NCTC 4163 15 100 14 100 18 50 16 100 15 50 - 100 16 50 26 0.5
S. aureus ATCC 25923 13 100 14 100 18 50 15 100 15 50 11 100 15 25 26 0.5
S. aureus ATCC 6538 14 100 14 100 17 50 16 100 15 50 11 100 14 25 28 0.5
S. aureus ATCC 29213 13 100 13 200 18 50 15 100 13 50 11 100 15 50 22 0.5
S. epidermidis ATCC 12228 12 100 12 100 21 25 15 100 14 50 12 100 16 25 30 0.5
B. subtilis ATCC 6633 11 50 12 50 16 25 15 50 13 25 11 100 15 12.5 40 <0.125
B. cereus ATCC 11778 11 50 12 50 15 25 15 50 14 25 11 100 15 12.5 20 0.5
E. hirae ATCC 10541 - >400 12 >400 14 100 14 200 12 200 - >400 14 100 - 4
M. luteus ATCC 9341 11 100 - 200 12 100 11 200 - 200 - 200 12 100 22 2
M. luteus ATCC 10240 14 50 12 100 19 50 15 100 16 50 14 100 16 25 24 1

-: denotes lack of the growth inhibition zone.
CIP - ciprofloxacin (standard antimicrobial drug, 5 pug per disc).
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Table 7
Antimicrobial activity of gossypol hydrazones: 19-22, 26 and Gossypol (GOS), diameter of the growth inhibition zone (giz, mm) and Minimal Inhibitory Concentration (MIC,
pg/ml).
Compound 19 20 21 22 26 GOS CIp
Tested strain giz MIC giz MIC giz MIC giz MIC giz MIC giz MIC giz MIC
S. aureus NCTC 4163 14 100 12 200 11 200 11 400 13 50 16 50 26 0.5
S. aureus ATCC 25923 15 100 12 200 12 200 12 400 13 50 15 25 26 0.5
S. aureus ATCC 6538 13 50 12 200 11 400 11 400 12 50 14 25 28 0.5
S. aureus ATCC 29213 14 100 13 200 12 400 11 400 12 50 15 50 22 0.5
S. epidermidis ATCC 12228 15 50 12 200 14 200 13 400 14 50 16 25 30 0.5
B. subtilis ATCC 6633 13 50 11 100 11 200 12 400 12 25 15 125 40 <0.125
B. cereus ATCC 11778 13 50 11 100 12 200 12 400 12 25 15 12.5 20 0.5
E. hirae ATCC 10541 11 400 - >400 - >400 - >400 - 200 14 100 - 4
M. luteus ATCC 9341 - 400 - 400 - >400 - >400 - 100 12 100 22 2
M. luteus ATCC 10240 14 50 11 100 13 100 14 400 15 25 16 25 24 1

—: denotes lack of the growth inhibition zone.
CIP - ciprofloxacin (standard antimicrobial drug, 5 pug per disc).

the chemical shifts of the O(1)-H protons depend on the kind of the
solvent used. In DMSO-dg solution the chemical shifts of the O(1)-H
signals are in the range 8.27-8.34 ppm, whereas in CD3CN and
CDCl3 they are in the ranges 6.49-6.70 ppm and 5.48-6.56 ppm,
respectively. It is understandable because O(1)-H protons of the
aza-derivatives of gossypol in CDCl3 and CD3CN solution rather
weakly interact with the m-electrons of the naphthalene rings,
whereas in more polar DMSO-dg, the O(1)-H and O(1’)-H hydroxyl
groups preferentially form intermolecular hydrogen bonds with the
solvent molecules.

The signal of C(11)-H proton in the 'H NMR spectra of the Schiff
bases appears as a doublet for compounds 2-18 or multiplet for
compound 1 which is explained by the spin-spin coupling of C(11)-
H proton with the respective ones at N(16) atom. This result indi-
cates clearly that the Schiff bases studied occur in the enamine-
enamine tautomeric form irrespectively of the kind of solvent and
substituent they have. The appearance of a singlet at about 10 ppm
in all spectra of gossypol hydrazones (19-27) assigned to the C(11)-
H protons is the evidence of formation of a tautomeric form
different than that observed for the gossypol Schiff bases, i.e. the N-
imine-N-imine form. Further important information about the
tautomeric forms of gossypol aza-derivatives can be obtained from
the position of the C-7 carbon atom signals in the '>C NMR spectra.
In the spectrum of GOS the signal of C(7) carbon atom was found at
155.6 ppm in CDCls [54] and at 151.4 ppm in CD3CN [55], whereas
the signal of C(7) carbon atom in the spectra of 19-27 was in the
range 150.1-157.3 ppm (Table 5). The chemical shift of the C(7)
signals of gossypol hydrazones (19-27), similar to those of GOS, are
in the range characteristic of the C-OH carbon atoms of phenols
[46,56-59]. This result shows clearly that gossypol hydrazones are
present in the N-imine-N-imine tautomeric form, which is analo-
gous to the aldehyde-aldehyde form of GOS (Scheme 1). In the
corresponding spectra of gossypol Schiff bases the C(7) carbon
atom resonances appear in the range 172.1-173.4 ppm, indi-
cating the double C(7)-0O bond character and the appearance of
compounds 1-18 in the enamine-enamine tautomeric form.
Similar chemical shift of the carbon atom of the carbonyl group
in the aromatic system has been observed previously for the
other class of compounds [59-61].

The appearance of the enamine and imine moieties within
respective gossypol aza-derivatives is also reflected in the chemical
shift of the O(6)-H protons in 'H NMR spectra as well as by the
position of C(11) resonances in the '>C NMR spectra. The signals of
the O(6)-H protons in the spectra of 1-18 are found in the ranges:
7.84-793 ppm in CDCl3, 7.85-8.06 ppm in CD3CN and 8.98-
9.02 ppm in DMSO-dg, whereas in the spectra of 19-27 in the
ranges: 7.01-7.08 ppm in CDCls, 7.72-7.79 ppm in CD3CN and 8.50-
8.89 ppm in DMSO-dg. Higher chemical shifts of O(6)-H proton

Fig. 6. Disc-diffusion method: a) the growth inhibition zone obtained on S. aureus
ATCC 29213 for compounds 13-16 and DMSO [R]; b) the growth inhibition zone
obtained on S. aureus ATCC 6538 for compounds 7, 19-21 and GOS.
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Table 8

Antimicrobial activity of gossypol and its aza-derivatives against hospital MSSA and MRSA strains of Staphylococcus aureus: Minimal Inhibitory Concentration (MIC, pug/ml).
Strain 1 4 7 8 14 18 19 20 21 22 26 GOS CIP
206/07 MSSA 100 50 25 100 50 100 50 100 200 400 25 25 2
207/07 200 100 50 200 100 200 50 400 400 >400 50 50 0.5
208/07 100 100 50 100 100 200 50 400 400 >400 50 50 0.5
212/07 200 200 25 100 100 100 100 400 400 >400 50 50 0.5
213/07 100 100 25 100 100 100 50 200 400 400 50 50 0.5
237/07 100 100 50 100 50 100 100 200 400 400 25 25 4
238/07 100 100 50 100 50 100 50 100 400 400 25 25 0.5
239/07 100 100 50 100 100 100 100 400 400 400 25 25 0.5
242/07 50 50 12.5 50 25 100 50 50 100 200 12.5 12.5 0.5
243/07 100 100 50 100 100 200 100 400 400 >400 25 25 0.5
136/06 MRSA 100 50 50 100 25 100 100 100 200 400 50 50 >8
140/06 100 100 50 100 100 100 50 200 200 400 50 50 >8
141/06 100 200 50 100 100 100 100 200 400 400 50 50 >8
143/06 100 100 50 100 100 100 50 400 400 >400 50 50 >8
144/06 100 200 50 200 100 100 100 200 400 400 50 50 >8
146/06 100 100 50 100 50 100 100 200 200 400 50 50 >8
200/07 100 100 50 100 100 200 50 200 400 >400 50 50 > 8
217/07 200 200 100 200 100 200 100 400 200 >400 50 50 >8
218/07 100 100 50 100 100 100 100 200 400 >400 50 50 4
236/07 100 50 50 100 50 100 100 100 100 400 25 50 1

CIP - ciprofloxacin (standard antimicrobial drug).

signals in the spectra of 1-18 in comparison to those of 19-27
demonstrate that in the former the hydroxyl groups are involved in
stronger intramolecular hydrogen bonds than in the latter ones.
This fact can be explained by the presence of the C(7)=0 carbonyl
group and C(7)-OH hydroxyl group in the naphthalene ring of
Schiff bases 1-18 and hydrazones 19-27, respectively. The C(11)
carbon atom is connected by the N(16)=(C11) double bond in the
imine and C(11)=C(8) double bond in the enamine moieties. The
13C NMR spectra show the C(11) carbon atom signals in ranges:
160.7-163.7 ppm for 1-18 /except of 15-17/ and 150.7-155.9 ppm
for 19-27. These different chemical shift ranges noted for the Schiff
bases and hydrazones containing at N(16) and N(17) atoms alkyl
substituents can be a result of different electron density distribu-
tion within two different enamine and imine moieties. However,
the C(11) carbon atom signals in the spectra of 15-17 Schiff bases
containing aromatic substituents are at 152.8 and 152.9 ppm, in the
range characteristic of 19-27 gossypol hydrazones. The explanation
of this fact is the strong m-electron coupling between the amine
and gossypol parts in the gossypol Schiff bases with aniline
derivatives.

3. Antimicrobial activity

Gossypol and a series of its derivatives (Schiff bases and
hydrazones) were tested in vitro for antibacterial and antifungal
activity. The results collected in Tables 6 and 7 demonstrate that
gossypol and its 11 aza-derivatives are active against Gram-positive
bacteria. Good activity was observed for GOS (MICs values of
standard strains were 12.5-100 pg/ml) and derivatives 7, 14,19 and
26 (MICs 25-200 pg/ml). Compounds 1, 4, 8, 18 and 20 showed
moderate activity (MICs values between 100 and 200 pg/ml).
Derivatives 21 and 22 exhibit low antibacterial activity (MICs 200 to
>400 pg/ml). The antimicrobial test results on Staphylococcus
aureus ATCC 29213 and ATCC 6538, shown in Fig. 6a and b, prove
that compounds 7, 14 and 19 have activity comparable with that of
GOS. A comparison of the antimicrobial activity of gossypol
hydrazones (19-22) and gossypol Schiff bases (3-5) containing
oxaalkyl chains has shown that generally the former are more
active against strains tested than the latter ones. This result can be
also related with the presence of different tautomeric forms within
gossypol hydrazones and Schiff bases because the length of the
oxaalkyl chains in both types of compounds is comparable.
Generally, for the active hydrazones 19-21 their antibacterial

activity is correlated with the oxaalkyl chain length, i.e. the longer
the oxaalkyl chain the lower the antibacterial activity (Scheme 2,
Table 7). The only one active gossypol Schiff base among those
containing oxaalkyl chains is compound 4. The activity of
compound 4 can be probably a result of the presence in its structure
of non-polar terminal n-butyl groups, which probably enable better
interaction of this derivative with the lipid bilayers of bacteria. The
relatively higher antibacterial activity of derivative 7 can be a result
of the presence in its structure of a thiophene alkyl derivative. It is
well known that many alkyl derivatives of thiophene have great
antibacterial activity i.e. are inhibitors of bacterial fatty acid
synthetase (Type II) [62,63]. The results of the biological activity
tests indicate also that Schiff bases containing heterocyclic
aromatic rings in their structures like thiophene (7), indol (8),
imidazol (14) have greater antibacterial activity than those con-
taining aliphatic heterocyclic systems (6, 9,10, 11,17). The exception
is compound 18, whose antibacterial activity can be related to the
enhanced ability of Na™ or K cation complexation in comparison
to the other ones [35,64]. It is interesting to note that for hydrazone
24 containing a heterocyclic aromatic ring - thiophene, no activity
was noted against bacteria, whereas the activity of hydrazone 26,
containing aliphatic piperazine ring, was significant.

The modification of the gossypol molecule by the amines con-
taining boron or silicon atoms in their structures give compounds (12,
16) inactive against microorganisms tested. All compounds examined
were inactive against Gram-negative rods and yeast-like organisms.

S. aureus is one of the most significant human pathogens
responsible for nosocomial infections. Methicillin-resistant strains
(MRSA) are resistant to all beta-lactams and they are often resistant
to some other widely used antibiotics. It is well known that defence
mechanism of S. aureus against simple naphthalene derivatives
containing carbonyl groups is based on the enzymatic reduction
process of C=C bonds [65]. Despite this fact the preliminary test by
disc-diffusion method show the activity of GOS and 11, its aza-
derivatives containing naphthalene moieties, against standard
S. aureus strains. The next step of biological tests was the evaluation
of active compounds GOS, 1, 4, 7, 8, 14, 18-22, 26 for clinical isolates
of methicillin-susceptible (10 strains MSSA) and methicillin-resis-
tant (10 strains MRSA). According to Table 8 results, the compounds
tested show a broad spectrum of activity with MIC values 12.5-400
(and higher) pg/ml. The best activity against both MSSA and MRSA
strains of S. aureus (MICs values 12.5-50 pg/ml), among gossypol
aza-derivatives studied, shows derivative 26. It is interesting to
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note that only one from among MSSA and MRSA strains tested, is
the least resistant to all compounds (242/07 strain, MICs = 12.5-
200 pg/ml).

4. Conclusion

Gossypol Schiff bases 1-18 and gossypol hydrazones 19-27 have
been synthesized and tested for antimicrobial activity. For the first
time the crystal structure of gossypol hydrazone (25) has been
determined and compared to the respective one of gossypol Schiff
base (7). The structures of 7 and 25, determined by the X-ray
method, reveal the presence of two different tautomeric forms of
gossypol aza-derivatives i.e. for gossypol Schiff base (7) the
enamine-enamine and for gossypol hydrazone (25) the imine-
imine form. The structural parameters of 7 and 25 in the solid state
indicate that the structures of both tautomers are strongly stabi-
lized by the intra- and intermolecular hydrogen bonds assisted by
the resonance of the w-electrons in the aromatic system. The FT-IR
spectra of the crystals of 7 and 25 indicate the presence of two
different tautomers of the aza-derivatives in solid, which is in
agreement with the X-ray results. NMR studies of 1-27 gossypol
derivatives have proved that in solutions, the respective tautomeric
forms are conserved. Analysis of the 'H and *C NMR chemical
shifts of the two series of gossypol aza-derivatives indicated the 'H
and '3C chemical shift ranges, characteristic of the enamine-
enamine and imine-imine tautomers, which can be used for
qualitative distinction between them. In less polar solvent such as
CDCl3, the tautomeric forms of gossypol derivatives are mainly
stabilized by the intramolecular hydrogen bonds, whereas in more
polar ones, such as DMSO-dg, by the inter- and intramolecular
hydrogen bonds. GOS and its derivatives 1-27 were tested for their
antimicrobial activities against Gram-positive bacteria, Gram-
negative bacteria and yeast-like organisms. Preliminary test by
disc-diffusion method evidenced the activity of GOS and 11, its aza-
derivatives against standard S. aureus strains and therefore, they
were further evaluated for activity against clinical isolates of
methicillin-susceptible (10 strains MSSA) and methicillin-resistant
strains (10 strains MRSA). It is interesting to note that compounds 7,
14 and 26 proved to be even more active than gossypol against
some MSSA and MRSA strains. If we take into account the results of
biological tests on two series MSSA and MRSA strains, compound
26 reveals the activity comparable and in one case higher than that
of GOS. The antimicrobial tests of various gossypol aza-derivatives
suggested that especially heterocyclic derivatives of gossypol
should be considered as candidates for new and effective antibac-
terial agents based on gossypol.

5. Experimental
5.1. General

DMSO-dg, CDCl3 and CHCl3 for spectroscopic measurements
as well as ammonia, allylamine, (R)-tetrahydrofurfurylamine,
2-thiopheneethyl-amine, 5-methoxytryptamine, ethyl 4-amino-1-
piperidine carboxylate, 3-morpholinopropylamine, 1-(3-aminopro
pyl)-2-pyrrolidinone, (3-aminopropyl)-trimethoxysilane, L-arginine
methyl ester, L-carnosine, N-(4-Aminobenzoyl)-i-glutamic acid
diethyl ester, 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-anil-
ine, 4/-aminobenzo-15-crown-5, 2-(aminomethyl)-18-crown-6,
hydrazine, ethyl 3-hydrazino-3-oxopropionate, N-amino-N’-
hydroxyethylpiperazine used for synthesis of gossypol derivatives
were purchased from Aldrich. GOS was extracted from cotton seeds of
Gossypium herbaceum following the procedure given in Ref. [66].
5-Hydroxy-3-oxa-pentylamine; 3,6-dioxa-decylamine; 3,6,9-trioxa-
decylamine were synthesized following our procedure given in

Ref. [14]. Schiff bases of gossypol 1-6, 8, 10, 11, 13, 14, 16-18 were
synthesized following our procedures given in Refs.
[31-35,38,43,67,68], whereas hydrazones of gossypol 19-24, 26, 27 -
following our procedures given in Refs. [19,38,69,70].

For 7 and 25 monocrystals suitable to X-ray study were
obtained. The samples selected for the single-crystal X-ray
diffraction measurement were dark-brown (7) and brightly yellow
(25) parallelepipeds without well-developed faces. They were
stable under normal conditions and X-ray diffraction data were
measured on a Kuma KM-4 CCD diffractometer at room tempera-
ture. Their structures were solved by direct methods [71] and
refined by full-matrix least-squares [72]. Five H-atoms at N(16) and
N(16’) in 7 molecule and at O(2), O(3) and O(1’) in 25 molecule
were found in difference Fourier maps and all other H-atoms were
located from the molecular geometry (C-H 0.93-0.98 and C-O
0.82-0.85 A) and their Uisos were related to the thermal vibrations
of their carriers. The details of the measurements, crystals data,
structures’ solution and refinement are given in Table 1. The crys-
tallographic-information-files (CIF) have been deposited with the
Cambridge Crystallographic Database Center as a supplementary
publication: for (7) No. CCDC 705280 and for (25) No. CCDC 705281.

The 'H and >C measurements were performed in CDCl3, CD3CN
and DMSO-dg using Bruker Avance 600 MHz spectrometer. The
operating frequency for 'H measurements was 600.08 MHz; pulse
width corresponding to the flip angle of 45°; spectral width,
swh=9842.5Hz; acquisition time at=0.2s; relaxation delay
di1=1.0s; T=293.0K, TMS as the internal standard was used. No
window function or zero filling were used. Digital resolution was
0.2 Hz/point. *C NMR spectra were recorded at the operating
frequency 150.454 MHz; pulse width corresponding to the flip angle
of 60°; sw= 19,000 Hz; at=1.8 s; d{ =1.0 s; T=293.0 K and TMS as
the internal standard. Line broadening parameters of 0.5 or 1 Hz were
applied. 'H and '3C resonances were unambiguously assigned on the
basis of the HMBC, HSQC, COSY and NOESY correlation spectra.

The FT-IR spectra of gossypol and its aza-derivatives were
recorded in the KBr pellet (1.5 mg/200 mg). The FT-IR spectra were
taken with an IFS 113v FT-IR spectrophotometer (Bruker, Karlsruhe)
equipped with a DTGS detector; resolution 2 cm™!, NSS =125,
range 4000-400 cm™~ L. The Happ-Genzel apodization function was
used. All manipulations with the substances were performed in
a carefully dried and CO,-free glove box.

The ESI (Electrospray lonisation) mass spectra were recorded on
a Waters/Micromass (Manchester, UK) ZQ mass spectrometer
equipped with a Harvard Apparatus syringe pump. All samples of
aza-derivatives of gossypol and gossypol were prepared in aceto-
nitrile. The measurements were performed for the solutions of each
gossypol aza-derivative (1 x 10~ moldm—3) mixed with HCOOH
(1 x 107> mol dm~3). The samples were infused into the ESI source
using a Harvard pump at a flow rate of 20 ul min~. The ESI source
potentials were: capillary 3 kV, lens 0.5 kV, extractor 4V. The
standard ESI mass spectra were recorded at 30V. The source
temperature was 120 °C and the dessolvation temperature was
300 °C. Nitrogen was used as the nebulizing and dessolvation gas at
flow-rates of 100 and 300 dm> h™, respectively. Mass spectra were
acquired in the positive ion detection mode with unit mass reso-
lution at a step of 1 m/z unit. The mass range for ESI experiments
was from m/z =100 to m/z=2000.

The elemental analysis of new gossypol aza-derivatives was
carried out on Vario ELIII (Elementar, Germany).

5.2. General procedure for the preparation of a new Schiff bases
and hydrazones of gossypol (7, 9, 12, 15, 25)

Aza-derivatives of gossypol were synthesized by addition of
2.00 mmol of the respective amine or hydrazine dissolved in 50 mL
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of absolute ethanol to a 1 mmol of gossypol solution in 180 mL of
absolute ethanol. The mixture was stirred under reflux for 3 h under
argon atmosphere. The progress of the reaction was monitored by
the ESIT™ MS spectra (decreasing intensity of the peak m/z=519
[GOS + H]™). After cooling of the mixture, the products precipitated
and were filtered off and dried under reduced pressure. Crude
precipitates were recrystallised from 1:1 CH,Cl,/MeOH (7, 25), EtOH
(12, 15) or CH3CN (9) solutions. Hydrazones and Schiff bases of
gossypol were obtained as yellow, orange or orange-brown solids.

TH NMR of (7) (600 MHz, CDCl3), 0y values in ppm: HO-1 (2H,
5.48,s); H-4 (2H, 7.50, s); HO-6 (2H, 7.90, s); H-11 (2H, 9.48, d, 3Ji116-
w11 =9.8 Hz); H-12 (6H, 2.02, s); H-13 (2H, 3.65, sept, 3Juis-
H1415 = 6.8 Hz); H-14 and H-15 (12H, 1.45 and 1.44, d, 3] = 6.8 Hz);
HN-16 (2H, 13.30, m); H-17 (4H, ~3.65, m); H-18 (4H, 3.13, t, *Ju1s-
17 = 6.9 Hz); H-20 (2H, 6.77, d, *Ju20-n21 = 3.4 Hz); H-21 (2H, 6.83,
t, 3Jho1-H22 = 4.9 Hz and 3Jiyp1-1p0 = 3.4 Hz); H-22 (2H, 7.05, d, 3Ji01-
t22 = 4.9 Hz). 3C NMR of (7) (150 MHz, CDCl3), é¢ values in ppm: C-
1 (148.9); C-2 (115.8); C-3 (131.8); C-4 (118.2); C-5 (127.4); C-6
(147.1); C-7 (172.9); C-8 (103.3); C-9 (114.6); C-10 (129.0); C-11
(162.9); C-12 (20.0); C-13 (27.4); C-14 and C-15 (20.4 and 20.5); C-
17 (52.2), C-18 (31.3); C-19 (139.3); C-20 (126.0); C-21 (127.2); C-22
(124.4). ESI* MS m/z =737 [M + H]", m.p. =198-202 °C, Elemental
Analysis Calcd.: C=6845% H=6.02%, N=3.80%; Found:
C=68.42%, H=6.00%, N =3.81%.

'H NMR of (9) (600 MHz, CDCl3), 6y values in ppm: HO-1 (2H,
5.57, s); H-4 (2H, 7.59, s); HO-6 (2H, 7.93, s); H-11 (2H, 9.71, d,
3Ju11-m16 = 12.0 Hz); H-12 (6H, 2.11, s); H-13 (2H, 3.72, sept, 3Jy13-
H1415=7.0Hz); H-14 and H-15 (12H, 153 and 152, d,
3J413-H14.15 = 7.0 Hz); HN-16 (2H, 13.52, dd, *J16_111 =12.0 Hz and
3Ju16-u17 = 7.1 Hz); H-17 (2H, ~4.10, m); H-184xia1 and H-18aayial
(2H, 1.74, m); H-18cquatorial and H-18a equatorial (2H, 2.04, m); H-19
equatorial (1H, ~4.10, m); H-19a equatoriat (1H, 3.56, m); H-19 axjal
and H-19a axial (2H, 3.03, m); H-22 (4H, 4.13, q, }Ji22_n23 = 7.1 Hz);
H-23 (6H, 1.25, t, 3Juz2-t23 =7.1 Hz). 13C NMR of (9) (150 MHz,
CDCl3), dc values in ppm: C-1 (148.8); C-2 (115.7); C-3 (131.9); C-4
(118.3); C-5 (127.6); C-6 (147.1); C-7 (172.7); C-8 (103.3); C-9
(114.5); C-10 (129.0); C-11 (160.7); C-12 (20.1); C-13 (27.4); C-14
and C-15 (20.3); C-17 (56.9); C-18 (32.5); C-19 (42.0); C-21 (155.3);
C-22 (61.6); C-23 (14.7). ESI* MS m/z =827 [M + H]*, m.p.=179-
184 °C, Elemental Analysis Calcd.: C=66.81%, H=7.07%,N = 6.77%;
Found: C=66.82%, H=7.04%, N = 6.75%.

TH NMR of (12) (600 MHz, DMSO-dg), dy values in ppm: HO-1
(2H, ~8.3, bs); H-4 (2H, 7.42, s); HO-6 (2H, ~9.00, bs); H-11 (2H,
9.79, d, 3}Ju11-m16 = 13.6 Hz); H-12 (6H, 1.94, s); H-13 (2H, 3.70, sept,
3Ju13-H1415 = 6.9 Hz); H-14 and H-15 (12H, 1.43 and 141, d, 3Jy3-
H14,]5:6-9 HZ); HN-16 (ZH, 13.10, m, 3]]-[1]_]-[16:13.6 Hz and
3Ji16-r17 = 7.2 Hz); H-17 (4H, 2.93, dt, 3Jy17-m16 = 13.6 Hz and 3Jiy17-
H18 = 6.8 HZ); H-18 (4H, 1.69, m, 3]]-[17_]-[]3 =6.8Hz and
3Ju1s_n19 = 7.1 Hz); H-19 (4H, 0.72, t, 3Ju1s_t19 = 7.1 Hz); H-20-22
(18H, 4.42, s). 13C NMR of (12) (150 MHz, DMSO-dg), o¢ values in
ppm: C-1 (150.2), C-2 (120.6); C-3 (131.4); C-4 (116.9); C-5 (126.7);
C-6 (146.9); C-7 (173.2); C-8 (103.7); C-9 (115.9); C-10 (128.1); C-11
(162.1); C-12 (20.5); C-13 (26.8); C-14 and C-15 (20.8); C-17 (47.2);
C-18 (28.6); C-19 (12.8); C-20-22 (42.1). ESI" MS m/z=841
[M + H] ", m.p. = 149-153 °C, Elemental Analysis Calcd.: C = 59.98%,
H=7.19%, N =3.33%; Found: C=59.96%, H=7.18%, N = 3.30%.

'H NMR of (15) (600 MHz, CDCl3), 6y values in ppm: HO-1 (2H,
6.47, bs and 6.56, bs); H-4 (2H, 7.56, s and 7.60, s); HO-6 (2H, 7.84,
s); H-11 (2H, 10.15, d and 10.17, d, *Ju11-n16=8.5Hz, 3Ju11-
uis =77 Hz); H-12 (6H, 218, s); H-13 (2H, 3.68, sept, 3Juyis_
H14,15 = 59 HZ); H-14 and H-15 (121‘[, 1.54, d, 3]]-[13,}-[14‘15 =59 HZ):
HN-17 (2H, 14.69, d and 14.75, d, 3Jy11_m16=8.5Hz, 3Jui1-
16 =77 Hz); H-18 and H-19 (4H, 7.27 dd and 729 dd, *Jy-
H22 = 8.0 Hz and 4]1—[13_]-[19:2.5 HZ): H-20 and H-21 (4H, 7.73 dd
and 7.76 dd, 3]]-[13_]-[20 =8.0Hz and 4JH18—H19 =25 HZ); HN-24 (ZH,

709, d and 716, d , *Juza_ps=7.1Hz); H-25 (2H, 4.69, m,
3]]-[24-1—[25 =7.1Hz, 3_]]-125_]-[29 =44 HZ); H-27 (4H, 4.24, m, 3]]-[27_
H28 = 7.2 HZ); H-28 (GH, 132, m, 3]]-[27,]-[23 =72 HZ); H-29 (4H,
~2.2, M, 3Ji25-t29 = 4.4 Hz, 3Ji29-130 = 7.9 Hz); H-30 (4H, ~2.5, m,
3Ju30-t20 = 7.9 Hz); H-32 (4H, 4.08, m, >Jy32_n33 = 7.1 Hz); H-33 (6H,
121, m, 3Ju32-m33 = 7.1 Hz). >C NMR of (15) (150 MHz, CDCl3), ¢
values in ppm: C-1 (149.9), C-2 (117.2*); C-3 (130.0 and 130.2); C-4
(118.6); C-5(128.5); C-6 (146.7); C-7 (173.2 and 173.4); C-8 (106.0);
C-9 (114.4); C-10 (129.7); C-11 (152.7); C-12 (20.2); C-13 (27.6); C-
14 and C-15(20.3); C-17 (133.6); C-18 and C-19 (117.4*); C-20 and C-
21 (128.9); C-22 (142.2); C-23 (165.8 and 166.0); C-25 (52.5); C-26
(175.3); C-27 (61.8); C-28 (14.2**); C-29 (27.1); C-30 (30.5); C-31
(171.9); C-32(60.9); C-33 (14.1**); *,** - overlapped signals. ESI™ MS
mjz=1127 [M +H]", m.p. = 214-216 °C, Elemental Analysis Calcd.:
C=66.06%, H=6.26%, N=4.97%; Found: C=66.04%, H=6.25%,
N =4.93%.

'H NMR of (25) (600 MHz, CDCl3), 6y values in ppm: HO-1 (2H,
5.73, bs); H-4 (2H, 7.59, s); HO-6 (2H, 7.01, bs); HO-7 (2H, 14.62, bs);
H-11 (2H, 9.55, s); H-12 (6H, 2.03, s); H-13 (2H, 3.76, sept, 3Ju13-
H14,15 = 7.0 HZ): H-14 and H-15 (]ZH, 1.45 and 1.47, Cl, 3]]-[13,
H14,15 = 7.0 HZ); H-18 and H18a (SH, 3.02, m); H-19 and H19a (8H,
2.43, m); H-21 (6H, 2.20, s). 3C NMR of (25) (150 MHz, CDCl3), é¢
values in ppm: C-1(148.9), C-2 (116.0); C-3 (131.3); C-4 (117.7); C-5
(126.6); C-6 (141.6); C-7 (156.5); C-8 (105.9); C-9 (114.6); C-10
(129.6); C-11 (150.7); C-12 (20.2); C-13 (27.3); C-14 and C-15 (20.4);
C-18 and C18a (53.1); C-19 and C-19a (54.0); C-21 (45.6). ESI" MS
mjz=713 [M+H]", m.p.=163-166 °C, Elemental Analysis Calcd.:
C=67.39%, H=735% N=11.79%; Found: C=67.37%, H=732%,
N =11.73%.

5.3. Antimicrobial tests

Microorganisms used in this study were as follows: Gram-posi-
tive bacteria: S. aureus NCTC 4163, S. aureus ATCC 25923, S. aureus
ATCC 6538, S. aureus ATCC 29213, S. epidermidis ATCC 12228, Bacillus
subtilis ATCC 6633, Bacillus cereus ATCC 11778, Enterococcus hirae
ATCC 10541, Micrococcus luteus ATCC 9341, M. luteus ATCC 10240 as
well as various clinical isolates of S. aureus (MSSA and MRSA strains),
Gram-negative rods: Escherichia coli ATCC 10538, E. coli ATCC 25922,
E. coli NCTC 8196, Proteus vulgaris NCTC 4635, Pseudomonas aeru-
ginosa ATCC 15442, P. aeruginosa NCTC 6749, P. aeruginosa ATCC
27853, Bordetella bronchiseptica ATCC 4617 and yeast-like organ-
isms: Candida albicans ATCC 10231, C. albicans ATCC 90028, Candida
parapsilosis ATCC 22019.

Antimicrobial activity was examined by the disc-diffusion and
MIC method under standard conditions using Mueller-Hinton II
agar medium (Becton Dickinson) for bacteria and RPMI agar with
2% glucose (Sigma) for yeasts, according to CLSI (previously NCCLS)
guidelines. The compounds giving some growth inhibition zone in
disc-diffusion assay were tested by the twofold serial agar dilution
technique to determine their minimal inhibitory concentration
(MIC) values. For the disc-diffusion method, sterile filter paper discs
(9 mm diameter, Whatman No 3 chromatography paper) were
dripped with the compound solutions tested (in DMSO) to load
400 pg of a given compound per disc. Dry discs were placed on the
surface of an appropriate agar medium. The results (diameter of the
growth inhibition zone) were read after 18 h (for bacteria) or 24 h
(for yeasts) of incubation at 35°C. For MICs determination,
gossypol and its aza-derivatives were dissolved in DMSO.
Concentrations of the agents tested in solid medium ranged from
3.125 to 400 pg/ml. The final inoculum of all microorganisms
studied was 10* CFU mL~! (colony forming units per ml), except the
final inoculums for E. hirae ATCC 10541, which was 10° CFUmL" 1. A
control test was also performed containing inoculated broth sup-
plemented with DMSO which was found inactive against tested
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strains. Minimal inhibitory concentrations were read after 18 h of
incubation at 35 °C. Ciprofloxacin was used as a standard antibac-
terial drug. The results are summarized in Tables 6-8. Hospital
strains of S. aureus were isolated from different biological materials
of patients hospitalized in one of the Warsaw hospitals. All
microorganisms used were obtained from the collection of the
Department of Pharmaceutical Microbiology, Medical University of
Warsaw, Poland.

Clinical and Laboratory Standards Institute, Performance Stan-
dards for Antimicrobial Disc Susceptibility Tests; Approved Stan-
dard M2-A9. Clinical and Laboratory Standards Institute, Wayne,
PA, USA, 2006; Clinical and Laboratory Standards Institute,
Methods for Dilution Antimicrobial Susceptibility Tests for Bacteria
That Grow Aerobically; Approved Standard M7-A7. Clinical and
Laboratory Standards Institute, Wayne, PA. USA, 2006.
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