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SUMMARY

Lucanthone (1-diethylaminoethylamino-4-methylthioxannthone) is a bacteriostatic and

carcinostatic agent and readily combines with DNA. N”-Methyl substitution results in
virtual deletion of these activities. Studies of electronic spectra, vibrational spectra, and
ionization constants indicate that N”-methyl substitutioni precludes coplanarity of the

amine side chain and the thioxanthone ring system. The possible relationship of this change
in molecular configuration to the strikingly reduced biological and biochemical activities of
tine N-methyl derivative is discussed.

INTRODUCTION

N”-i\Iethyl substitution of 1-dialkylami-

noalkylamino-4-methylthioxanthones (Fig.

1) is generally associated with a marked
reduction in bacteriostatic (1) and carcino-

static (2) activity. In addition, the above
compositional change is accompanied by a
complete loss of the capacities to inhibit

RNA polymerase, to stabilize DNA against
heat denaturation, and to increase the
viscosity of DNA solutions (1, 3). In view

of these striking differences in cytotoxic and
biochemical action, a detailed comparison

of the physicochemical properties of lucan-
thone (compound I, Fig. 1) and its N”-

methyl derivative (compound II, Fig. 1) was
undertaken.

Stuart-Briegleb molecular models suggest

that the replacement of H by CH on N-li
of lucanthone results in steric interference

between the N-methyl group arid the oxygen
atom on C-9, necessitating a rotation of the
amine side chain on the C-i--N-il bond axis

to permit these substituents to attain their

approximate van der Waals separation. This
rotation implies a chairge inn the orientation

of the 2p orbital of N-li relative to those of

the ring system, resulting in reduced con-
jugation across the C-i-N-il bond and an
increased electron density on N-li.

Materials

MATERIALS AND METHODS

The synthesis and properties of lucanthone
(Burroughs Wellcome & Company, Inc.)
have been described by Mauss (4), and those

of the N-methyl derivative, by Elslager,�

Cavalla, Closson, and Worth (5).
The stable hydrochiorides were recrys-

tallized to constant melting point from

appropriate solvents. The melting points
obtained agreed closely with the published
figures. The free diamines’ were obtained
from alkaline solutions of their hydro-
chlorides. The hydrochlorides and the
corresponding bases were shown to be chro-

‘The following descriptive terms are used

(superscripts refer to circled numbers in Fig. 1):
free diarnine, neither N” - nor N’#{176}-protonated;

monohydrochloride, N’4-protonated; dihydrochlo-

ride, both N”- and N’4-protonated.
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FIG. 1. Structures of lucanthone (compound I;
R = H) and its N”-methyl derivative (compound II;
B = CH,)

matographically pure on thin layer chro-
matograms (neutral silica gel with fluore-
scent indicator) developed in the following
solvent systems : methanol; absolute ethanol-
n-hexane, 1:1; butanol-acetic acid, 9:1;

dioxane-acetone-water, 7:7:1; ethanol-am-
monia, 9:1-20:1.

Methods

Electronic spectra were determined on a
Cary model 15 recording spectrophotometer

calibrated for wavelength by the emission

spectrum of a mercury arc and for absorb-

ance with standard filters used singly and in
combination. Band resolution was confirmed

by methods described in “Optimum Spectro-
photometer Parameters,” Application Re-
port AR 14-2 (Applied Physics Corporation,
1964). Samples were dried at room tempera-
ture in a vacuum desiccator over anhydrous
calcium chloride and dry paraffin shavings

for at least 24 hr prior to spectrophotometry.
Spectra were measured in the following

solvents: free diamines, in n-hexane (spec-
troscopic quality); monohydrochlorides, in

0.01 n�i sodium phosphate buffer, pH 6.70;

dihydrochiorides, in HC1 (H0 -2.5 and
-3.5). In view of the spectral differences

described below, the electronic spectrum of
the base of N”-methyllucanthone was re-

determined following chromatography on
silica gel (solvelnt, ethanol-ammonia, 20:1);
the spectral characteristics were unchanged.

Infrared spectra were determined on a
Perkin-Elmer model 137 recording spectro-

photometer with NaC1 optics. Despite the
low dispersion of NaC1 over the high-
frequency portion of the infrared spectrum,

satisfactory resolution and reproducibility
were attained. Instrument error was held to
a minimum by allowing the spectropirotom-
eter to warm up for at least 1 hr prior to
each set of determinations (to permit the
monrochromator to achieve thermal equilib-

rium), and by calibrating each spectrum
with a polystyrene standard.

The ionization constant of lucantlione was

determined by a spectrophotometric adapta-
tionn of the indicator method of Hammett
et a!. (6-8). Three sets of determiinations
were made at sample compartment tempera-

tures of 24#{176}± 1#{176},25.5#{176}± 1.5#{176},and 27.5#{176}

± 1.5#{176},using sample concentrations of 1.2-
1.5 X l0� �n. The spectra of the monohydro-
chloride were measured in water and 0.01

M sodium phosphate buffer (pH 6.70), and
those of the dihydrochloride, in HCI (H0

- 2.5 to -4.5). Sets of determinations were
obtained at fixed wavelengths at the absorp-
tionn maxima of the mono- and dihydrochlo-
rides over the following acidity function2
range: H0 +0.20 to -0.52. Solvents were
prepared from standardized HC1 solutions.

The acidity functions of the dilutions used
were confirmed spectrophotometricahly, us-

ing o-nitroaniline as the indicator. The

acidity funictions thus obtained agreed
closely with published figures (7).

The ionization constant of N”-metliyl-

lucanthone was measured by standard spec-
trophotometric methods (10). Determina-

tions were made at sample compartment

temperatures of 22#{176}± 2#{176},using sample
concentrationns of approximately l0� �n. The
spectra of the monohydrochiorides were
obtained in 0.01 �n potassium phosphate and
potassium borate buffers, pH 5.98-9.13, and
those of the dihydrochloride, mr 0.04, 0.08,
and 0.80 N HC1, pH 1.4, pH 1.1, and H0

-0.07, respectively. A slight medium effect
(see below) was noted at Hc� -0.07. Isosbestic
points were found at 374.0 anrd 425.5 nm.
The degree of ionization was determined at

fixed wavelength at the absorption maximum

of the dihydrochloride inn 0.010 �n sodium

formate buffer over a pH range of 3.11-4.11.

pH was measured on a Beckman model G
pH meter standardized witir Beckman and

2 The acidity function, H0, is defined mi refer-

ence 9; see also references 6 and 7.
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FIG. 2. Electronic spectra of lucanthone (-) and its N”-methyl derivative (- - -).

X = wavelenigth; � = wave number; o = molar absorptivity.

Harleco pH reference buffer solutions: pH

(at 25#{176})3.00, 3.33, 4.00, 6.56, 7.00, 9.18, arid

10.00. Eacir measur�mennt was immediately

preceded by standardization with the ap-
propriate buffer. A minimum of three deter-

minations rv’t� made on each test solution.

Electron ic Spectra

RESULTS

Electronic spectra of the free diamines of
lucanrthonne anid its N”-methvl derivative
are depicted iii Fig. 2. T he introduction of a

methyl group on N-il results in a marked
hypocir romic effect, Irypsochromic spectral

shifts, increased bandwidth, and the ap-

pearance of a new bamnd at approximately
374 nm. Inn additioni, tirere is degradation of
fine structure in the middle- and high-
frequency bannd complexes. The hypochromic
effect and hypsocliromic shifts, particularly
of tire low-frequency bannd system, are en-
tirely consistent with steric inhibition of
resonance (11-19). Broadening of tire con-

jugation bands of sterically hindered com-
pounds has been attributed to a redistribu-
tion of the total inntensity among various

vibrationral levels of the electronic excited
state (20-22), and to channges inn the distribu-
tion of molecular conformations inn the

grounrd electronic state (20, 21). The above
�onsideratiorns may account for increased

bandwidth, small frequency shifts (23),
blurring of fine structure (20, 21), and that
portion of the reduced absorptivity at the
band maxima which is independent of
changes in oscillator strength (22).

The electronic spectra of compound II and
other N”-methyl-substituted analogues of
lucanthone manifest ann absorption band at

approximately 374 rim (solvent, n-hexane)
whichr is riot discernible in spectra of corn-

pounds in whicir the base linked to C-i is a
secondary amine. Inn the spectrum of the
monohydrochloride of compound II the 374

nnm band merges with the high-wavelength

band complex. Spectra of the dihydrochlo-
rides of the two thioxantironnes reveal but a

single band, of identical intensity and band-
width, in the visible portion of the spectrum.
However, the absorption maximum of N”-

methyllucanthonre appears at somewhat

lower frequency (� � 350 cm’). The simi-

larity of the spectra of tine dihydrochiorides

is nrot unexpected inn view of the virtual ab-
sence of conjugation between the thioxan-
throne niucleus and the amine side chain,
concomitant with protonation of N-li.

It is not uncommon for steric inhibition of

resonranrce to be associated with the appear-

ance of an absorptiorn band which is not seen

in tire spectrum of the fully conjugated corn-

pound. Examples inrclude sterically hindered
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derivatives of biphennyl (12, 24), and 1 ,2’-
acetylvinylcyclohexene (25, 26) . In the

former case a possible explarration, based on
a consideration of localized self-consistent
field orbitals, has been adduced by Murrell

(24). In the second example, the band is

thought to corresponrd to anr electronic tran-
sition in the enone side chain. In such ca.ses
it is postulated that conjugationn is reduced

to such a degree that the parts of tire
molecule linked by the distorted bonrd act as

separate chromophores. In general, such

bands need not represent added electronic
transitions. Rather, they may indicate a
separation of distinct electronic excitations

which comprise a single, unresolved band
complex in the spectrum of the unhindered
compound. This concept may also serve to
explain the presence of the shoulders in the
low-frequency portions of tine 335 and 253

nrn band envelopes of N”-methyllucanthone.
It should be noted that the effects of N”-

methyl substitution may be due in part to

loss of an intramolecular (N-H . . . 0) hy-
drogen bond. This applies particularly to

the frequency shifts. However, the composite

spectral changes are fully consistent with

steric inihibition of resonranice. (The presenta-

tion arid discussion of findings pertinent to

the possible presernce of an intramolecular
hydrogen bond in lucanthone are deferred to

a subsequent report.)

Ionization Constants

When hydrogen chloride is added to

ethereal solutions of the free diamines, stable

hydrochlorides are obtained. Quantitative

analysis indicates that the salt of lucannthonie

is a mono- and that of its N”-methvl deriva-

tive a dihydrochloride (4, 5). The infrared

spectrum of the stable hydrochloride of

lucanthone (Fig. 3) manifests the N-H

stretching vibration (3250 cm’) inn the

presence of the typical ammonium band of a

tertiary amine (2650-2490 cm-’): it is

clearly separated from the various C- H

stretching frequencies at 3060-2870 cm-’

(27). It may be inferred that only the ter-

minal, tertiary amine is protonated. The

findings are consistent with an increase inn

the basicity of the proximal amine sub-

stituent concomitant with N”-methyl sub-

FIG. 3. Infrared spectra of the hydrochloride
(left) and free diamine of lucanthone (KBr disc8)

x = wavelength; r = wave number; T = tranis-

mittance. Note the persistemice of the N--H
stretching banid at 3.08 � (3250 cm’) in the spec-

trum of the stable hydrochloride. This clearly

indicates that only the terminial, tertiary amine

substituent is protonated (see the text).

stitution. Tine (luanntitative definitioni of this

difference is described below.

lonizationi constanrts of the two tiniox-
anthones were deternninned by spectropho-

tometric methods. Spectra were determinned
over a wide range of acidity, extending at
least 4.3 H, units below mmd 5.7 pH units

above the estimated pK�, of the N-li amine
group. Aside from a distinict medium effect
(see below) inn strongly acid solutions, mo
spectral ciranges occurred other than tirose
attributable to changes in the degree of

ionnization of a single substituent. The attain-
ment of precise, monrophasic titration curves

indicates the absence of extraneous influences

anrd attests to tine validity of the methods

employed.
Lucanthone. Anralysis of recorded spectra

revealed a definite medium effect: as the

acidity of the solvent increased, the absorp-
tion maxima manrifested progressive batho-

chromic shifts witirout significant changes inn
bandwidth or inrtennsity. The findings are

identical witir those described by other

investigators (6, 7). Shifts due to tire medium

effect preclude the existence of true isosbestic
points and result in a false relationship

between the absorptivity of a ba.se arid its
conjugate acid at any given wavelength.

Satisfactory correction of the results was
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obtained by solving each set of equations by
the method of least squares, as suggested by
Flexser, Hammett, and Dingwall (6).

Two sets of five determinations each were

obtained at the absorption maximum of the
dihydrochloride, and onre set of five deter-
minations, at tire maximum of the mono-
hydrochloride. The mean of all 15 deter-
minations was P’�a 0.20, \Vith a
maximum deviation of ±0.05 and an average

deviation of ±0.02.
N”-Methyllucanthone. The mean pK�,

based on 15 determinations at the absorption
maximum of the diinydrochloride, was 3.41,

with a maximum deviation of ±0.04 and an
average deviation of ±0.02.

Differences in the chloride composition of
the stable salts of the two thioxanthones were
first noted by Elslager, Cavalla, Closson,
and Worth (5), who attributed the lower

basicity of tire secondary amine of lucan-

thone to hydrogen bonding (sic). In this

regard, the data of Peters and Sumner (28)

are pertinent. Tirese investigators deter-
mined the influence of N-H. . .0 hydrogen

bonds onn the basic ionization constants
(Kb) of a series of amino, methylamino, and
dinnethylamino anthraquinones. Their re-

sults indicate that intramolecular hydrogen

bonds affect Kb by a factor of 10 or less. By
contrast, the basic ionization constant of 1-

dimethylaminoanthraquinone, in which the

steric configuration is virtually identical

with that of N”-rnethyllucanthone, mani-

fests a 1000-fold increase over that of

unhindered derivatives. Consequently, the
magnitude of the difference between the

ionization constants of the two thioxan-
thones implies that steric inhibition of
resonance is the dominant factor in effecting
the enhanced basicity of the N”-methyl
derivative.

DISCUSSION

The present study suggests several hy-
potheses which may serve as bases for further

investigation. (a) Coplanarity of the thiox-
anthone ring and amine side chain may be
required for optimum biological activity. (b)

Changes in physical properties concomitant
with steric inhibition of resonance may

account for the observed differences in cyto-

toxic and biochemical effects ; this possibility

is currently under investigation.

An alternative hypothesis has been
proposed by Blanz and French (2), who sug-
gest that diminished hydrogen-bonding ca-
pacity may be responsible for the reduced
carcinostatic activity of the N”-methyl

derivatives. Studies on this aspect of the

problem have been completed and will be
reported in a separate communication.
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