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After thawing, the volume was measured, and theu the urine was
filtered through a Seitz filter immediately before determination.
This was effected with the twofold dilution method, in broth,
using a strain of Bacillus lateosporus particularly seusitive to ui-
trofuran drugs. Excretion was recorded as cumulative per cent
of administered substance.

Results

Tor in vitro antibacterial activity, MIC data are ve-
ported in Table I. By comparison of the various MIC
of I and II, it appears that the activity of the two ma-
terials is of the same order of magnitude, although for
some bacterial strains IT is superior to the polymer.

ED;o values for in vivo antibacterial activity of I and
III are 840 and 345 mg/ kg, respectively (confidence
limits for 959, probability are 515-1369 mg/kg for I
and 272-438 mg/kg for III); this clearly shows a
systemic action of the polymer much lower than that of
the reference compound.

TUrinary excretion of molecular species endowed with
antibacterial activity after injections of I and II is
showi in Table II.  An obvious delay of elimination is
observed in the case of the polymer: antibacterial
power is observed in urine also at 72 hr, whereas for
IT it stops at 24 hr.?®* When a similar experinent was
tried by oral administration, it showed that I was
completely unabsorbed and no antibacterial activity
was found in urine.

Acknowledgments.—We thank Professor G. Giaco-
nello for suggestions and help during the execution of
this work. We also thank Mr, D. Tricoli for technical
aid in the experimental work.

(23) H. K. Reckendorf, R. G. Castringius, and H. K. Spingler, Antimicro-
bial Agents Chemotherapy, 1562, 531 (1963).

Fluorene Derivatives for Antitumor Activity'®

Krisuna C, AGrRawAL!®

Pharmaceutical Chemistry Research Laboralory,
University of Florida, Gainesville, Florida

Received July 5, 1966

Two compounds 2,7-di{methanesulfonyloxy)fluorenc
(V) and dimethyl 2,7-fluorenedisulfonate (VII), were
prepared for antitumor screening.  Methanesulfonyl es-
ters have been reported? to be active cancer chemothera-
peutic agents. Busulfan, 1,4-di(methanesulfonyloxy)-
butane, is a well-known representative of this type of
alkylating agent. In order to determine if replacement
of the alkane chain of four carbon atoms by a ring sys-
tem such as fluorene would produce compounds with
antineoplastic activity, compound V was made. Com-
pound VII was made to determine the effect of revers-
ing the ester group (S linked to the ring instead of to O).

Compound V was synthesized by the action of meth-
anesulfonyl chloride on 2,7-dihydroxyfluorene (IV) in
pyridine solution (Scheme I). The synthesis of IV
was attemipted by diazotization of 27-diaminofluor-
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ene followed by hydrolysis; colored condensation prod-
ucts resulted, The synthesis, therefore, was carried
out from dipotassium 2,7-fluorenedisulfonate (I), of
proved structure.* During alkali fusion of I, the ring
was broken at C-9 to give 4,4’-dihydroxybiphenyl-2-
carboxylic acid (IT) which on dehydration with zinc
chloride gave 2,7-dihydroxy-9-fluorenone (I11).®? Proof
of structure of II was obtained by deearboxylation
(heating with lime) to the known 4,4’-dihydroxybi-
phenyl.* Compound III, on reduction by hydrazine
hydrate and potassium hydroxide, gave IV.

Compound VII was prepared from I which was first
converted to its dichloride (VI) using phosphorus pen-
tachloride. By the action of sodium and methanol, VI
gave the corresponding dimethyl ester (VII),

Biological Results.—Compound VII was adminis-
tered at a dosage of 50 mg/kg each alternate day to
three tumor-bearing, CAY¥,/Jax mice. The tumor-
curves for these mice are shown in Figure 1A. 1In the
case of two mice there was quite rapid regression of
the tumor. The tumor areas of 106 and 128 mm? were
reduced to 57 and 72 mm? on the 9th and 11th day of
the administration, respectively, when both the mice
died. In the third, the mouse-tumor area of 137 was
reduced to 90 mm? on the 21st day which was followed
by death. The death of all three mice indicated that
the toxicity of the compound was high; the dose was
reduced to 25 mg/kg. Figure 1B shows the tumor-
growth curves on administration of 25 mg/kg of VII,
During the time of drug administration the tumor
growth seemed to be inhibited. When the drug was
stopped, the tumor size increased rapidly, compar-
able to the controls (Figure 2). After a period of 2
weeks, the tumors of treated mice tended to ulcerate
and to expel a core of necrotic tissue, after which, re-
gression of the tumors occurred.

Compound V, at a dosage of 500 nig/kg, also showed
inhibited growth patterns (see Figure 3) when com-
pared with controls. These mice also survived with
ulceration and expulsion of necrotic tissue. In contrast
to these results, two of the control mice died within 21
days due to excessive tumor growth. The third control
mouse, however, survived by expelling the core of ne-
crotic tissue. The number of animals in these experi-
ments is too small for conclusive results, but they do in-
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dicate that there i an inerease in the lite span of treated
mice.  Weight~response curves of the control mwnd the
treated mice arve shown in IMigure 4. There scems to
be no detinite effect on the weight of the mice.
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These results indieate that VII had a greater toxieity
than V and muy have earcinostatic properties in CAF; -
Jax mice.  Compound V was relatively nontoxie. The
substitution of the fluorene molecule for the alkaue
(four-carbony chain of busulfan has reduced activity
considerably.

These two compounds were submitted to the Sloai-
Kettering Institute for Cuancer Research for further
screening. The results have revealed no significant
tnhibition of timor growth in mouse carcinoma 1029,



January 1967

Experimental Section®

2,7-Dihydroxy-9-fluorenone (111).—4,4’-Dihydroxybiphenyl-2-
carboxylic acid® (5 g) was pulverized with 10 g of anhydrous
ZuCly. The mixture was heated to 200° for 10 miu while stirring
constanutly, cooled, and decomposed in water. The precipitate
was filtered aund dried to vield 4.0 g (87¢;), mp 325-328°. Re-
crystallization from agueons aleohol gave dark red crystals, mp
338° (1it.? mp 338°).

2,7-Dihydroxyfluorene (IV).—Compound III (2 g) was dis-
solved i 40 nil of hot diethylene glycol. Hydrazine hydrate
(85%%, 10 ml) wax added, and the mixture was refluxed at 120°

for 1 hr. KOH (4 g) was then added, and the temperature was
raised to 200-205°. Heating was coutinued without a coudenser
for 2 hr. The reaction mixture was then cooled, treated with

30 ml of cold water, aud acidified with 12 ml of concentrated
HCl to precipitate IV; yield 1.7 g (80.95¢), mp 262-263°. Three
recrystallizations from agueons aleohol gave white flakes, mp 269-
270°8 (lit. mp 233°7 and 249-250°8).

Anal. Caled for CiHO.: C, 78.78; H, 5.05.
C, 78.67; 11, 5.12.

2,7-Di( methanesulfonyloxy fluorene (V).—To compound IV
(1 g) in 15 ml ot pyridine, 2 ml of methanesnlfouyl chloride was
added slowly while stirring at 0°.  After refrigeration overnight,
the contents were poured iito 100 ml of cold water. The re-
sulting precipitate was filtered, washed with cold water, and dried.
Recrystallization from a mixture of CHCls and aleohol gave long,
colorless needles, mp 166-167°, yield 1.5 g (84G,).

dnal. Caled for C;HiO68.: C, 50.85; H, 3.98; S, 18.08.
Found: C, 50.88; H, 3.99; 8, 18.04.

2,7-Fluorenedisulfonyl chloride (VI) was made by mixing I
(20 g) with PCl; (31 g) aud heating over a steam bath for 2 hr.
The mixture was decomposed iu ice, filtered, washed with cold
water, and dried nnder vacuum. It was recrystallized from
ethylene dichloride, mp 227° (lit.? mp 225°).

Dimethyl 2,7-Fluorenedisulfonate (VII).—To sodium (0.9 g,
20 mmoles) i1 100 ml of anhydrous methaunol, VI (7.3 g, 10
mmoles) was added in =mall portions at room temperature.
The precipitate was collected, and the filtrate was evaporated
nnder vacnum. The residue was combined with the original
precipitate, aud the whole was stirred with 25 ml of cold water aud
filtered. Recrystallization from methanol gave white micro-
needles, mp 193-194°, vield 4.2 g (6047 ).

Anal. Caled for CisH068y: C, 50.85; H, 3.98; S, 18.08,
Fouud: C, 50.88; H, 4.12; S, 18.29.

Animal Experiments.—Iale, CAF,/Jax mice were employed in
this study. Three weeks prior to administration of the com-
pounds, the mice received a snbaxially transplant of a keratiniz-
ing sguamons cell carcinoma.’® The mice were divided iuto
groups of three. Oie group consisted of control animals which
received 0.2 ml ip of a 0.5% solution of methyleellulose, the
vehicle for injecton, each alternate day. Compound V, at
doses of 25 and 50 mig/kg aud compound VII, at a dose of 500
mg/kg, were administered to three groups of auimals. The
treatment schednle was eontinned for 21 days by injecting the
compounds on alternate days. Ou the day of drug administra-

Found:

tion, estimates of the size of the tumors were made. Tumor
areas (mm?) were plotted against the number of days. Animal
weights were also recorded ou the same days aud plotted. After

termination of the treatment, tumor sizes were estimated for
another 14 days. The animals were further observed for a period
of 5 weeks to deterniine the unmber of survivals among treated
and control animals.
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cer Research, New York, N. Y., for screening results.
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Several of the best known biological alkylating agents
that were found effective as antineoplastic drugs?
and/or insect chemosterilants* contain aziridine (ethyl-
enimine) rings as their reactive functional groups.
In this laboratory there has been particular interest in
the synthesis and study of a series of ring-substituted
bis(1-aziridinyl)phosphinylurethans  (“dual  antago-
nists’’)® as well as such other ring-substituted aziridine
derivatives® that might be capable of undergoing Sxi-
type reactions under biological conditions.”

Diaziridines (I) were shown recently to undergo acid
hydrolysis by an Sx1 mechanism® which must involve
ring opening with the formation of a carbonium ion

(IT). It was thought that diaziridines might act as
R, NR R, NHR R, NHER,
NS | H* N S s
Cc | — c | — C
7N /N 7N
R2 N1{4 RQ an Iy 1’\_\ N1\4
I II

biological alkylating agents if their ring-opeuing reac-
tion is sufficiently “activated” by electron-attracting
Rs substituents similar to those that were proved
effective in the case of the aziridines (C=0, P—-0,
P—S, etc.). It seemed, therefore, of interest to pre-
pare sonie diaziridinyl analogs of the ring-substituted
bis(1-aziridinyl)phosphinylurethan® and tris(1-aziridi-
nyl)phosphine oxide?® series of known chemotherapeutic
agents.

While on the basis of analogy® and rationale,” the
corresponding derivatives of 3,3-dialkyldiaziridines
would seem to be the most desirable ones; unfortu-
nately, such diaziridine rings (derived from ketones)
are known to be unstable toward acylating reagents,®10
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