January 1967

and the purple mixtnre became dark browi. The reaction was
stirred at room temperature for several hours. Cracked ice
was added, and the mixture was stirred until the excess acetic
atthydride hydrolyzed. The resuiting solid was collected by
filtration and washed with water to give 888 mg of a brown solid.
This solid was washed with cold methanol to give 467 mg of a
vellow solid, mp 195-200°. This material was used in the next
step withont further purification.

A stirred mixture of 2.053 g (5 nimoles) of the above solid in
107 ml of water and 15.7 ml of 25¢7. NaOH was heated at reflux
nnder nitrogen until solution occurred. The solution was filtered
and a stream of air was introduced into the filtrate for 40 min.
The resulting purple solution was acidified by addition of HCI.
The resulting orange solution was extracted with CH.Cl, and
the extracts were washed with water. The dried extracts were
evaporated, and the residue was recrystallized from CH.Cl,-
petroleum ether to give 410 mg (339%) of red crytals: mp 172-,
175°; hoax 227, 298, 338 mu (e 19,050, 13,700, 4950); A 3.01,
5.99, 6.05, 6.21, 8.9 u.

Anal. Caled for C.HizNOs: C, 64.36; H, 5.79; N, 5.36.
Found: C, 63.08; H, 5.58; N, 5.43.

3-Acetyl-1-ethyl-5-methoxy-2,6-dimethylindole-4,7-dione.—3-
Acetyl-1-ethyl-5-hydroxy-2,6-dimethylindole-4,7-dione (163 mg,
0.625 mmole) was alkylated with 4 ml of methyl sulfate in the
presence of 1.6 mg of K,COs as described for IIa. The product
(91 mg, 539%) was obtained from CH.Cl,-petroleum ether as
orange crystals: mp 126-127°; Angax 222, 286, 338 mu (e 20,200,
11,400, 3990): X 5.95, 6.01, 6.07, 6.17, 8.98 »; pmr, 80 (3t, J =
7.0 cps, CH,CH;), 118 (3s, 6-CH3), 144 (35, COCHjy), 159 (3s,
2-CHs;), 241 (3s, CH;0), 265 cps (2q, J = 7.0 cps CH,CH;).

Anal. Caled for C,HzNOs: C, 65.44; H, 6.22; N, 5.00.
Found: C, 65.77; H, 6.51; N, 5.35.

1-Ethyl-3-(1-hydroxyethyi)-5-methoxy-2,6-dimethylindole-4,7-
dione.—A stirred solution of 100 mg (0.3 mmole) of 3-acetyl-1-
ethyl-5-methoxy-2,6-dimethylindole-4,7-dione in 10 ml of methanol
was heated to reflux and 100 mg of NaBH, was added under nitro-
gen. The resulting mixture was heated for 1-2 min and then
allowed to stirfor 1 hr at room temperature. To the solution was
added 1 ml of acetone, and after 5 min 1 ml of 1 N FeCl; it 0.1
N HClsolution. The resuiting mixture was distributed between
CH.Cl, and water. The organic phase was washed with saline,
dried, and evaporated to give a reddish oil having ae™ 230, 287,
358 mgu, and A5 2.90, 6.05, 6.16, 6.20, 9.10, 10.00 u. This
oil was used in the next step without further purification.

1-Ethyl-3-(1-hydroxyethyl)-5-methoxy-2,6-dimethylindole-4,7-
dione Phenylcarbonate.—To an ice-chilled, stirred solution of
300 mg (1.08 mmoles) of crude 1-ethyl-3-(1-hydroxyethyl)-5-
methoxy-2,6-dimethylindole-4,7-dione in 6 ml of pyridine was
added 0.3 ml of phenyl chloroformate. The resulting mixture
was stirred and warmed intermittently on the steam bath over a
3-hr period. The mixture was poured into water and extracted
with CH,Cl;. The combined extracts were washed with saline,
dried, and evaporated to give 290 mg of an orange oil which was
used for the subsequent step without purification.
1-Ethyl-3-(1-hydroxyethyl)-5-methoxy-2,6-dimethylindoie-4,7-
dione Carbamate (Ib).—Ammonia gas was introduced into a
solution of 90 mg of crude 1-ethyl-3-(1-hydroxyethyl)-5-methoxy-
2,6-dimethylindole-4,7-dione phenylcarbonate in 20 mi of ether,
chilled in a Dry Ice bath, until an equal volume of NH; had
condensed, The Dry Ice bath was removed, and reaction was
allowed to stand under a Dry Ice condenser for 4 hr. The excess
NH; was allowed to evaporate, and the reaction was diluted with
ether, washed with saline, dried, and evaporated to give an orange
oil. The oil was chromatographed on Celite (diatomaceous
silica) using a heptane-ethyl acetate-methanol-water (70:30:
17:4) system# the fraction with peak hold-back volume 2.94
(Vw/Vs = 2.34) was evaporated to give 15 mg of an orange oil:
Amax 232, 285, 348, 460 mu (e 14,350, 11,650, 2720, 1120); Amux
2.82, 2.9, 5.77, 5.99, 6.06 u; pmr, 79 (3t, J = 7.5 cps, CH.CH3),
94 (3d, J = 7.0 cps, CH;CHO), 116 (3s, 6-CH3), 141 (3s, 2-CHj),
239 (3s, CH30), 259 (2q, J = 7.5 cps, CH,CH;), 294 (2 broad,
NH,), 373 cps (1 q, J = 7.0 cps, CH;CHO).
3-Chioromethyl-1-ethyl-5-methoxy-2,6-dimethylindole-4,7-
dione (IX).—A solution of 100 mg (0.38 mmole) of 1-ethyl-3-
hydroxymethyl-5-methoxy-2,6-dimethylindole-4,7-dione (VIII)2
and 5 ml of SOCI, was stirred at room temperature for 40 min.

(8) For a complete description of this technique as developed by C. Pid-
acks see M. J. Weiss, R. E. Schaub, G. R. Allen, Jr., J. F. Poletto, C. Pid-
acks, R. B, Conrow, and C. J. Coscia, Tetrahedron, 20, 357 (1964),
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The excess SOCl; was evaporated, and the product was isolated
with CH;Cl,.  The residue was recrystallized from ether-petro-
leum ether to give 73 mg (709%) of yellow crystals: mp 141-142°;
Muax 232, 285, 348, 455 mu (e 17,050, 14,050, 5630, 1270); A
6.03, 6.09, 6.2 .

Anal. Caled for CuHigCINO;s: C, 59.68; H, 5.72; N, 4.97;
Cl, 12.58. Found: C, 59.79; H, 5.87; N, 4.45; CI, 12.56.

3-Acetyithiomethyl-1-ethyl-5-methoxy-2,6-dimethyliindole-4,7-
dione (X).—A solution of 50 mg (0.17 mmole) of 3-chloromethyl-
1-ethyl-5-methoxy-2,6-dimethylindole-4,7-dione (IX) and 20.3
mg (0.17 mmole) of potassium thioacetate in 10 mi of acetone
was stirred at room temperature for 1 hr. The solution was
diluted with water to give 46.7 mg (81%) of solid, mp 109-111°.
A sample recrystallized from CH,Cl,—petroleum ether had mp
111-112°; Amax 230, 286, 353, 465 mu (e 21,000, 13,650, 3210,
1670); X 5.93, 6.10, 6.25 u.

Anal. Caled for CisH 1 oeNOSS: C, 59.80; H, 5.96; N, 4.36;
S, 9.97. Found: C, 59.47; H, 6.12; N, 4.28; S, 9.87.

1-Ethyi-5-methoxy-3-methoxymethyl-2,6-dimethylindole-4,7-

dione (XII).—A solution of 100 mg (0.38 mmole) of 1-ethyi-3-
hydroxymethyl-5-methoxy-2,6-dimethylindole-4,7-dione phenyl-
carbonate (XI)? in 10 mi of methanol was heated on the steam
bath for 10 min. The solvent was evaporated, and the residue
was recrystallized from dilute methanol to give red crystals:
mp 90-91°; Amax 231, 285, 345, 462 mu (e 13,900, 12,700, 3040,
1103); X 6.01, 6.13, 6.25, 9.02, 9.24 »: pmr, 79.5 (3t, J = 7.0
cps, CHCH3), 117 (3s, 6-CHj), 137.5 (3s, 2-CHjy), 204 (3s, CHe-
OCHz3), 239.5 (3s, 3-CH;0), 260 (2q, J = 7.0 cps, CH,.CHjy),
276 cps (28, CHzOCHs)

Anal. Caled for 015H19N04. C, 64961 H, 691, N, 5.05.
Found: C, 65.51; H, 7.20; N, 5.07.
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Recently some attempts have been reported to ob-
tain polymers possessing pharmacological activity.
Besides studies involving the preparation of polymeric
models of natural macromolecules (with more or less
known pharmacological activity), polymers have been
sought, whose monomeric units were endowed per se
with some pharmacological activity, because of the
groupings present in them. The general aim was to
obtain macromolecules which would, at least partially,
retain the activity of the monomer. A slow liberation
of monomeric units ¢n vivo might lead to a prolongation
of action, and thereby attain drug latentiation.?

Such macromolecular drugs may, of course, show in-
herent new physiological activities and a characteristic
toxicity of their own. This has been noticed for some
specific polymers which induce renal lesions.? A
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Tapry I
Mintvum INHIBITORY CONCENTRATION OF
S=-NITRO-2-FURALDEHYDE POLY ACRYLOYLHYDUAZONE ()
ann 1-[-N1trortvsrr ey LinENg paMiNoldypantorx (1)
MIC, g "

Alleryrgirisut 1 11
Staphylococeus aurcus 25 12.5
Streptococcus B-hemolylicis 0,19

Escherichia coli
Shigella flexneri

— e
| B R

Protews vulgaris 5

Sarcina lutea 3
Mycobacterium phlel 100

Salmonella typhosa 12.5 )
Bacillus cereus 25 b
Klebsiellu pnewmoniae 12.5 D
Bacillus subtilis 25 5
Alcaligenes faecalts 205 A
Pseudomonas aeruginosa 12.5 )

v 24-hr incnbation.

disease, named “macromolecular hypertension,” was
described; 1t was supposed to be caused by a blockade
of the glomerular ultrafiltration.* Nevertheless many
synthetic polymers are nontoxie, i.e., polyvinylpyrrol-
idone (PVDP), which is used as a plasma substitute.

Attenipts to obtain polymers with pharmacologieal
activity have been applied mainly to antibacterial
mononters,  Ior instance, a urea-formaldehyde poly-
condensate has been described, which possessed anti-
bacterial activity not exclusively due to a slow libera-
tion of formaldehyde in  witra.” p-Aminosalieylic
acid (PAS) has been bound to the polyvaldehyde ob-
tained by oxidation of starch, giving a tasteless de-
rivative which was better tolerated than PAS, al-
though 1t was xtill active and possesses prolonged
action. A group of Russian workers has further
developed thig concept, mainly by ntroducing anti-
bacterial units such as PAS or penicillin into niacro-
molecules™™ ! (for a review see ref 12).  More recently
the preparation and the antibacterial activity of »
polymerie tropolone derivative was reported,!®1* and
a sulfapyridine-formaldehyde copolymer was described,
possessing antimalarial activity greater than the parent
sulfonamide drug.

T our laboratory, initial results have been obtained
with the preparation of a polymeric nitrofuran model,
S-nitro-2-furaldehyde  polyacryloylhydrazone (I), by
condensing polyacryloylhydrazide with 5-nitro-2-fur-
aldehyde.  This material shows antibacterial activity
in ritro (Table T) similar to that of a classic nitrofuran
drug, 1-{(G-nitrofurfurylidene)aminohydantoin (IT).1
Although the compound, like most other nitrofuran
drugs, is practically devoid of systentic aetion n vivo,

1y C. E. Hall and O. Hall, Experientia, 17, 314 (1961); 18, 8 (1b62),

() 1. Haler, Nature, 180, 734 (1961).

() J. A. Campbell, J. Pharm. Sci., 62, 76 (1962).

(73 8. N. Ushakov, L., B. Trukbmanova, E. V. Drozlova, and T. M.
Markelova, Dokl. Akad. Nauk SSSR, 141, 1117 (1V61); Chem. Abstr., B8,
12705 (1962).

(8) 8. N. Usliakov and 12, F, Panarin, Dokl. Akad. Nuul SSSR, 147, 1102
(1962); Chem. Ahstr., 88, 11168 (1963).

(9) 3. N. Ushnkov and E. F. Panariu, Dol/. Alad, Nowk SSSRE, 149, 334
(1963): Chem. Abstr., 59, 6201 (1963].

(10) L. B, Trukhmanova, S. N. Ushakov, and T. M. Markelova, Vysoka-
molekul. Soedin., 8, 1346 (1964); Chem. Abstr., 81, 12107 (1964).

(1) Y. Hrhak, Collection. Czech. Chem. Commun., 29, 1966 (1964},

(12) K. P. Komyakov, A. D), Virnik, and Z. A. Rogovin, 'sp. Khim., 33,
1051 (1964).

(13) R.J. Crrnell und L, G. Donaruma, J. Polymer Sci., A3, 827 (1964},

(14) R.J. Coruell and L. G. Donaruma, J. Med. Chem., 8, 388 (1065,
(131 1. . Donuruma and J, Razzano, 1hid., 9, 258 (1066).

Tasre [1
Urin vy EXCRETION® OF 8-NITRO-Z-F URALDEINYDE
PoLyaerRYLOYLHYDRAZONE (F) anb
L[ O=NIETROV CEPURYLIDENEYAMINO] (1Y paNTOIN (115

1, 'y reesny erend 11, ', yeceoveret

Lot 21 18 he 72 Lir 24 Lie
| [2.8 261 HEE 4.4
2 1.5 220 RANS) Hls
) 14,1 252 BHH 256
4 1] 207 ) S
Av 121 240 i HE!

» After 100 mg/kg inm. Urinary levels were biologieally mens-
nred and averaged on five animals.

it is interesting to note that the antibacterial activity
found in the urine after a single parenteral dasage,
1x much longer lasting than that obgervable after IT,
and can #till be demonstrated 72 hr after adminiztra-
tion (Table II). The substance is completely un-
absorbed by the oral route, so that a practical usefulness
of the polymer prepared by us ix unlikely.  Our findings
have, however, shown the possibility of inducing laten-
tiation in the nitrofuran drugs.

Experimental Section

5-Nitro-2-furaldehyde Polyacryloylhydrazone (I).-—Polvacryl-
oyihvdrazide (2 g, 0,023 nwole) was dissolved i water (30 mb
ad added to a solution of S-nitro-2-furaldehyde (4.95 g, 0.035
nwole) in 50¢; aqueous ethanol (100 mi) containing acetic acid
(15 ml). Immediate precipitation of a yellow solid was observal;
the reaetion flask was shaken occasionally and, after 1 hr, the
vellow soltd was collected on a filter and washed with small
amonnts of water. The product was purified by dissolving in
dimethylformamide (DMF) and reprecipitating by adding water
containing little methanol. The (reatment was repeated twice
and (he purified produet was vacnim dried at 100°, mp 230°
dee, AT 372 my (Jog e 4.089). The product was soluble in
DM, slightly zoluble it ehloroform, xylene, acetone, dinxane,
and ethyl acetute, and insoluble in cy clohexane, petrolenm ether
hp 30-70°), methanol, ethanol, and water.

Anal. aled for (CH;N3O, 0,0 G, 45.94; H, 3.37 N, 20.00.
Foamd: C, 45.61; T, 3.83: N, 10.75.

The polyacryloylhydrazide nsed as starting material was pre-
pared following Kern aud co-workers? from methyl polvacrviate
and hvdrazine; i showed #., 1.26 (¢ 0.1, water),

In Vitro Antibacterial Activity.-—-\ininum inhibitory concen-
tration (MIC) mensurements were effected by the twofold dilu-
tion method aceording to Braude and Dockrill.®

I'n Vizo Antibacterial Activity.-—Jixperimental infection wus
effeeted following Sackmanun and Neipp,!® using a culture broth
uf Staphylococcus qurens (Smith ATCC 13709) containing 197,
{(w/v) of sodium giveocolate amd taurocholate.®  Protection was
cffecred 1 hr after infection, injec(ing subcutaneously suspensiotis
of T and of -merpholinomethyl-3-[(53-nitrofurfurylidene)amino}-
2-oxazolidinone (TII) (a systemic nitrofuran)?! at dosages of
0.500, 0.250, and 0.125 g/kg, in lots of 12 mice each (17-20 g).
Suspensions were prepared from the micronized powder (150
mesh) i water containing Tween 30, 1€D5 values were enlen-
lated by the method of Litchfield and Wilcoxon.2?

Urinary Excretion.---Mule albino Wistar rats (200-250 g) were
divided in lots of five animals each, fasted for 24 hr and then in-
jected with 0.100 g/kg of 1 and 11.  For both groups of deter-
minations the same animals were used, after a 15-day rest.
TUrine was collected in Dry Tce refrigerated erlenmeyer flasks.

(1617 K. Hayves (1 1%uon Lahorataries, Ine.), T, 8. Patent 2,610,181
(Sept 9, 1952); Chen. Ahsir., 47, 6980 (1953},

(173 W, Keru, T. M. lurke, R. Holliinder, and R. Schneider, Makromol.
Chem., 22, 31, 39 (1947).

(181 A, 1. Braude and M. Docknll, J. Lab. Clin. Med., 40, 149 (183,

(19) W. SBackmann and L. Neipp, Pathol. Microbiol., 28, 26 (1965).

(200 D, Amsterdam and R, 8, Schneierson, FProe. Soc. Exptl. Biol. Med.,
101, 3Y6 (1959).

21 G, Gever (to Narwiely Phiurmueal Coot, U. 8. Patent 2,802,012 ¢ Auy
G, 19570 Chem, Abstr., 51, 18007 (1957)

(22y J, T. Litelfiald, Ir,. and 1. Wileaxon, J. Pl Exptl, Thernp., 96,
w (1491,
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After thawing, the volume was measured, aud then 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 sensitive to ni-
trofuran drugs. Excretion was recorded as cumulative per cent
of administered substance.

Results

Tor ¢n vitro antibacterial activity, MIC data are re-
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 II is superior to the polymer.

ED;o values for in vivo antibacterial activity of T and
ITT 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
shown 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.2* When a similar experiment was
tried by oral administration, it showed that I was
completely unabsorbed and no antibacterial activity
was found in urine.
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Two compounds 2,7-di(methanesulfonyloxy)fluorenc
(V) and dimethyl 2,7-fluorenedisulfonate (VII), were
prepared for antitumor screening. M ethanesulfonyl 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-
antesulfonyl chloride on 2,7-dihydroxyfluorene (IV) in
pyridine solution (Scheme I). The synthesis of IV
was attempted by diazotization of 2,7-diaminofluor-

(1) (a) This investigation was supported by Public Healtli Service Re-
search Grant CA-08186 from the National Cancer Institute. (b) Depart-
ment of Pharmacology, Yale University Schiool of Medicine, New Haven,
Connecticut.

(2) T. H. Goodridge, M. 'T. Flatlier, R. E, Harmon, and R. P, Bratzel,
Cancer Chemotherapy Rept., 9, T8 (1960).
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ee 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 IT was obtained by decarboxylation
(heating with lime) to the known 4,4’-dihydroxybi-
phenyl.* Compound III, on reduction by hydrazine
hydrate and potassium hydroxide, gave I'V.

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, CAF,/Jax mice. The tumor-
curves for these mice are shown in Figure 1A. In 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 mim? 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 uecrotic tissue, after which, re-
gression of the tumors occurred.

Compound V, at a dosage of 500 mg,/kg, also showed
inhibited growth patterns (see Iigure 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 1e-
crotic tissue. The number of animalg in these experi-
ments is too small for conclusive results, but they do in-

(3) C. Courtot, Ann. Chim., 14, 5 (1930).
(4) V. 1. Sevastyanov, Zh. Prill. Khim., 30, 1858 (1U37).



