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and the purple mixture became dark brown. The reaction was 
stirred at room temperature for several hours. Cracked ice 
was added, and the mixture was stirred until the excess acetic 
anhydride hydrolyzed. The resulting 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 
yellow solid, mp 195-200°. This material was used in the next 
step without further purification. 

A stirred mixture of 2.053 g (5 mmoles) of the above solid in 
107 ml of water and 15.7 ml of 25% NaOH was heated at reflux 
under 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 HC1. 
The resulting orange solution was extracted with CH2CI2 and 
the extracts were washed with water. The dried extracts were 
evaporated, and the residue was recrystallized from CH2CI2-
petroleum ether to give 410 mg (33%) of red crytals: mp 172-, 
175°; Xma* 227, 298, 338 mM (e 19,050, 13,700, 4950); X 3.01, 
5.99, 6.05, 6.21, 8 .9 M-

Anal. Calcd for Ci4H15N04: C, 64.36; H, 5.79; N, 5.36. 
Found: C, 63.08; H, 5.58; N, 5.43. 

3-Acetyl-l-ethyl-5-methoxy-2,6-dimethylindole-4,7-dione.—3-
Acetyl-l-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 K2CO3 as described for Ha . The product 
(91 mg, 53%) was obtained from CH2Cl2-petroleum ether as 
orange crystals: mp 126-127°; X„»x 222, 286, 338 mM (e 20,200, 
11,400, 3990); X 5.95, 6.01, 6.07, 6.17, 8.98 n; pmr, 80 (3t, J = 
7.0 cps, CH2Cff3), 118 (3s, 6-Cff8), 144 (3s, COCF3), 159 (3s, 
2-CH3), 241 (3s, CH3O), 265 cps (2q, J = 7.0 cps C# 2CH 3) . 

Anal. Calcd for Ci6H17N04: C, 65.44; H, 6.22; N, 5.09. 
Found: C, 65.77; H, 6.51; N, 5.35. 

l-Ethyl-3-(l-hydroxyethyl)-5-methoxy-2,6-dimethylindole-4,7-
dione.—A stirred solution of 100 mg (0.3 mmole) of 3-acetyl-l-
ethyl-5-methoxy-2,6-dimethylindole-4,7-dione in 10 ml of methanol 
was heated to reflux and 100 mg of NaBH4 was added under nitro­
gen. The resulting mixture was heated for 1-2 min and then 
allowed to stir for 1 hr at room temperature. To the solution was 
added 1 ml of acetone, and after 5 min 1 ml of 1 A' FeCIs in 0.1 
Ar HC1 solution. The resulting mixture was distributed between 
CH2C12 and water. The organic phase was washed with saline, 
dried, and evaporated to give a reddish oil having x"."°H 230, 287, 
358 mM, and X^x

r 2.90, 6.05, 6.16, 6.20, 9.10, 10.00 M- This 
oil was used in the next step without further purification. 

l-EthyI-3-(l-hydroxyethyl)-5-methoxy-2,6-dimethylindole-4,7-
dione Phenylcarbonate.—To an ice-chilled, stirred solution of 
300 mg (1.08 mmoles) of crude l-ethyl-3-(l-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 CH2CI2. 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-dimethylindole-4,7-
dione Carbamate (lb).—Ammonia gas was introduced into a 
solution of 90 mg of crude l-ethyl-3-(l-hydroxyethyl)-5-methoxy-
2,6-dimethylindole-4,7-dione phenylcarbonate in 20 ml of ether, 
chilled in a Dry Ice bath, until an equal volume of NH 3 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 3 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;8 the fraction with peak hold-back volume 2.94 
(Vm/Vs = 2.34) was evaporated to give 15 mg of an orange oil: 
X»ax 232, 285, 348, 460 mM (« 14,350, 11,650, 2720, 1120); Xm„ 
2.82, 2.9, 5.77, 5.99, 6.06 M; pmr, 79 (3t, J = 7.5 cps, CH2CH3), 
94 (3d, / = 7.0 cps, C# 3 CHO), 116 (3s, 6-Ctf3), 141 (3s, 2-CHs), 
239 (3s, Cff30), 259 (2q, / = 7.5 cps, Cff2CH3), 294 (2 broad, 
Ntf2), 373 cps (1 q, J = 7.0 cps, CH3CHO). 

3-Chloromethyl-l-ethyl-5-methoxy-2,6-dimethylindole-4,7-
dione (IX).—A solution of 100 mg (0.38 mmole) of l-ethyl-3-
hydroxymethyl-o-methoxy-2,6-dimethylindole-4,7-dione (VIII)2 

and 5 ml of SOCI2 was stirred a t 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. .7. Coscia, Tetrahedron, 20, 357 (1964). 

The excess SOCl2 was evaporated, and the product was isolated 
with CH2CI2. The residue was recrystallized from ether-petro­
leum ether to give 75 mg (70%) of yellow crystals: mp 141-142° ; 
X,„»x 232, 285, 348, 455 mM ('« 17,050, 14,050, 5630, 1270): X 
6 . 0 3 , 6 . 0 9 , 6 . 2 M. 

Anal. Calcd for C14HI6C1N03: C, 59.68; H, 5.72; N, 4.97; 
CI, 12.58. Found: C, 59.79; H, 5.87; N, 4.45; CI, 12.56. 

3-Acetylthiomethyl-l-ethyI-5-methoxy-2,6-dimethyIindole-4,7-
dione (X).—A solution of 50 mg (0.17 mmole) of 3-ehloromethyl-
l-ethyl-5-methoxy-2,6-dimethylindole-4,7-dione (IX) and 20.3 
mg (0.17 mmole) of potassium thioacetate in 10 ml 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^CVpetroleum ether had mp 
111-112°; Xma"x 230, 286, 355, 465 m^ (t 21,000, 13,650, 3210, 
1670); X 5.95, 6.10, 6.25 y.. 

Anal Calcd for Ci6H19N04S: C, 59.80; H, 5.96; X, 4.36; 
S, 9.97. Found: C, 59.47; H, 6.12; N, 4.28; S, 9.87. 

l-Ethyl-5-methoxy-3-methoxymethyl-2,6-dimethylindole-4,7-
dione (XII).—A solution of 100 mg (0.38 mmole) of l-ethyl-3-
hydroxymethyl-5-methoxy-2,6-dimethylindole-4,7-dione phenyl­
carbonate (XI)2 in 10 ml 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 crvstals: 
mp 90-91°; Xma* 231, 285, 345, 462 mM (« 15,900, 12,700,^3040, 
1105); X 6.01, 6.13, 6.25, 9.02, 9.24 M; pmr, 79.5 (3t, J = 7.0 
cps, CH2CH3), 117 (3s, 6-Cff3), 137.5 (3s, 2-Cff3), 204 (3s, CH2-
OC#3) , 239.5 (3s, 5-Ctf30), 260 (2q, J = 7.0 cps, Cff2CH3), 
276 cps (2s, Ctf2OCH3). 

Anal. Calcd for G 6 H 1 9 N0 4 . C, 64.96; H, 6.91; N, 5.05. 
Found: C, 65.51; H, 7.20; N, 5.07. 
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R e c e n t l y s o m e a t t e m p t s h a v e b e e n r e p o r t e d t o o b ­
t a i n p o l y m e r s possess ing p h a r m a c o l o g i c a l a c t i v i t y . 
B e s i d e s s t u d i e s i n v o l v i n g t h e p r e p a r a t i o n of p o l y m e r i c 
m o d e l s of n a t u r a l m a c r o m o l e c u l e s ( w i t h m o r e or less 
k n o w n p h a r m a c o l o g i c a l a c t i v i t y ) , p o l y m e r s h a v e b e e n 
s o u g h t , w h o s e m o n o m e r i c u n i t s w e r e e n d o w e d per se 
w i t h s o m e p h a r m a c o l o g i c a l a c t i v i t y , b e c a u s e of t h e 
g r o u p i n g s p r e s e n t in t h e m . T h e gene ra l a i m w a s t o 
o b t a i n m a c r o m o l e c u l e s w h i c h wou ld , a t l eas t pa r t i a l l y , 
r e t a i n t h e a c t i v i t y of t h e m o n o m e r . A slow l i b e r a t i o n 
of m o n o m e r i c u n i t s in vivo m i g h t l ead t o a p r o l o n g a t i o n 
of ac t ion , a n d t h e r e b y a t t a i n d r u g l a t e n t i a t i o n . 2 

S u c h m a c r o m o l e c u l a r d r u g s m a y , of course , show in­
h e r e n t n e w phys io log i ca l ac t i v i t i e s a n d a c h a r a c t e r i s t i c 
t o x i c i t y of t h e i r own . T h i s h a s b e e n n o t i c e d for some 
specific p o l y m e r s w h i c h i n d u c e r e n a l les ions . 3 A 

(1) (a) Research supported by funds of Consiglio Nazionale della 
Ricerche, Rome, Italy, (b) To whom inquiries should be addressed. 

(2) N. J. Harper, Progr. Drug Res., 4, 221 (1962). 
(3) C. Vaille, C. Debray, E. Martin, M. Souchard, and C. Roze, Ann. 

Pharm. Franc, 20, 409 (1962); Chem. Abstr., 57, 14381 (1962). 
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TABI.K I 

MINIMUM INHIBITORY CONCENTKATION OF 
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M I C , Mn ml" 
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Staphylococcus aureus 
Streptococcus 0-hemolylicus 
Escherichia coli 
Shigella flexneri 
Proteus vulgaris 
Sarcina liilea 
Mycobacterium phlei 
Salmonella typhosa 
Bacillus cerens 
Klebsiella, pneumoniae 
Bacillus subtilis 
A Icaligenes faecalis 
Pseudomonas aeruginosa 
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100 
12.5 
12 5 
12.5 
12.5 
12.5 
12.5 

24-hr incubation. 

disease, named "macromolecular hypertension," was 
described; it was supposed to be caused by a blockade 
of the glomerular ultrafiltration.4 Nevertheless many 
synthetic polymers are nontoxic, i.e.. polyvinylpyrrol­
idone (PVP), which is used as a plasma substitute. 

Attempts to obtain polymers with pharmacological 
activity have been applied mainly to antibacterial 
monomers. For 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 vitro:' p-Aminosalicylic 
acid (PAS) has been bound to the polyaldehyde ob­
tained by oxidation of starch, giving a tasteless de­
rivative which was better tolerated than PAS. al­
though it was still active and possesses prolonged 
action.6 A group of "Russian workers has further 
developed this concept, mainly by introducing anti­
bacterial units such as PAS or penicillin into macro-
inoleeules7~11 (for a review see ref 12). More recently 
the preparation and the antibacterial activity of a 
polymeric tropolone derivative was reported,13'14 and 
a sulfapyridine-formaldehyde copolymer was described, 
possessing antimalarial activity greater than the parent 
sulfonamide drug.1S 

In our laboratory, initial results have been obtained 
with the preparation of a polymeric nitrofuraii model, 
.l-nitro-2-furaldehyde polyacryloylhydrazone (I), by 
condensing polyacryloylhydrazide with o-nitro-2-fur-
aldehyde. This material shows antibacterial activity 
in rilro (Table I) similar to that of a classic nitrofuraii 
drug, l-[(5-nitrofurfurylidene)amino]hydantoin (II).16 

Although the compound, like most other nitrofuraii 
drugs, is practically devoid of systemic action in vivo, 

( 0 C. E. Ha l l and O. Hal l , Experientia, 17, 5-14 (1961); 18, 38 (19(52). 
(5) D . Haler , Mature, 190, 734 (1961). 
(ID J. A. C a m p b e l l , J. Pharm. Sci., 62, 76 (1962) . 
(7) S. N . Ushakov , L. P>. T r u k h m a n o v a , E . V. D r o z d o v a , and T . M . 

M a r k e l o v a , Dokl. Akad. Nauk SSSR. 141 , 1117 (1961) ; Chem. Abstr., 56, 
12795 (1962). 

(8) S. N . C s h a k o v and E. F. P a n a i i n , Dokl. Akad. Xnulr SSSR. 147, 1102 
(1962): Chem. Abstr., 58 , 11168 (1963). 

(9) S. N. U s h a k o v and E . F . P a n a r i n , Dokl. Akad. Xavk SSSR, 149, 331 
(1963): Chem. Abstr., 89, 6201 (1963). 

(10) L. H. T r u k h m a n o v a , S. N . U s h a k o v , a n d T. I I . M a r k e l o v a , Vijsoka-
moUkul. Soedin., 6, 1346 (1964) ; Chem. Ahstr., 6 1 , 12107 (1964). 

i l l ) V. H r b a k , Collection. Czech. Chem.. Commun., 29, 1966 (1961). 
(12) K. P . K o m y a k o v , A. D , Vi rn ik , and Z. A. Rogovin , Csp. Khim.. 33 , 

1051 (1964). 
(13) R. ,1. Corne l l and L. G. D o n a r u m a , J . Polymer Sci., A 3 , 827 (1965). 
(14) R. ,1. Corne l l and I.. G. D o n a r u m a , ./. Med. Chem., 8, 388 (19651. 
(15) I.. G. D o n n r a m i and J . R a z z a n o . ibid., 9, 258 (1966). 
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25.0 

;:4 >i 
" Alter 100 mg/kg ira. Urinary levels were biologically meas­

ured and averaged on live animals, 

it is interesting to note that the antibacterial activity 
found in the urine after a single parenteral dosage, 
is much longer lasting than that observable after II, 
and can still be demonstrated 72 hr after administra­
tion (Table II). The substance is completely nil-
absorbed by the oral route, so that a practical usefulness 
of the polymer prepared by us is unlikely. Our findings 
have, however, shown the possibility of inducing latcn-
tiation in the nitrofuraii drugs. 

Experimental Section 

5-Nitro-2-furaldehyde Polyacryloylhydrazone (I).—Polyacryl­
oylhydrazide (2 g, 0.023 mole) was dissolved in water (MO ml) 
and added to a solution of 5-nitro-2-furaldehyde (4.95 g, 0.035 
mole) in 5(.K6 aqueous ethanol (100 ml) containing acetic acid 
(' 1.5 ml). Immediate precipil ation of a yellow solid was observed; 
the reaction flask was shaken occasionally and, after 1 hr, the 
yellow solid was collected on a filter and washed with small 
amounts of water. The product was purified by dissolving in 
dimethylformamide (D.YIF) and reprecipitating by adding water 
containing liltle methanol. The treatment was repeated twice 
and the purified product was vacuum dried at 100°, mp 2:10° 
dec, X™F 372 mp. (log c 4.089). The product was soluble in 
1 ).MF, slightly soluble in chloroform, xylene, acetone, dioxane, 
and ethyl acetate, and insoluble in cyclohexane, petroleum ether 
!bp 30-70°), methanol, ethanol, and water. 

Anal. Calcd for (CJI7N3(V)„: C, 45.94; H, 3.37; N, 20.09. 
Found: C, 45.01: 11,3.83: N, 19.75. 

The polyacryloylhydrazide used as starting material was pre­
pared following Kern and co-workers'7 from methyl polyacrviate 
and hydrazine; it showed rjsp 0.26 (c 0.1, water). 

In Vitro Antibacterial Activity. -Minimum inhibitory concen­
tration (MIC) measurements were effected by the twofold dilu­
tion method according to Braude and Dockrill.18 

In Vivo Antibacterial Activity. Experimental infection was 
effected following Sackmann and Xeipp,19 using a culture broth 
of Staphylococcus aureus (Smith ATCC 13709) containing \c

0 

(w/v) of sodium glycocolate and tauroeholate.20 Protection was 
effected 1 hr after infection, injecting subcutaneously suspensions 
of I and of 5-morpholinomethyl-3-[(5-nitrofurfurylidene)aminol-
2-oxazolidinone (I I I ) (a svstemic nitrofuraii)21 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) in water containing Tween 80. ED50 values were calcu­
lated by the method of Litchfield and Wilcoxon.22 

Urinary Excretion.--Male 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 I I . For both groups of deter­
minations the same animals were used, after a 15-day rest. 
Urine was collected in Dry Ice refrigerated erlenmeyer flasks. 

(16) K. Hayes ( to t i a ton Labora to r i e s , I nc . ) , U . S. P a t e n t 2,610,181 
(Sep t 9, 1952); Chem. Ahslr., 47, 0980 (19.53). 

117) \Y. Kern , T. I I . I lucke , H. Hol lander , and R . Schneider , Makromol. 
Chem.. 22, 31 , 39 (19.57). 

(18) A. I . K r a u d e and .M. Dockri l l , J. Lab. Clin. Med., 40, 149 (1952). 
(19) \V. S a c k m a n n and L. Xe ipp . Pathol. Microbiol., 28 , 26 (1965). 
(20) D . A m s t e r d a m and S. S. Sehneierson, Proc. Soc. Exptl. Biol. Med., 

101, 396 (1959). 
!21) G. ( l eve r (to Norwich P h a r m a c a l C o . ] , V. S. P a t e n t 2,802,002 (Aug 

6, 1957.1; Chem. Abstr., 5 1 , 18007 (1957) 
(22) J . T . Litchfield. .Ir.. and 1". Wilcoxon, ./. Pharm. Exptl. Therap., 96, 

99 (19191. 
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After thawing, the volume was measured, and 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. 

SCHEME I 

dQ^XJT^sOiCi _ ^ CH3O3S/XYASO3CH3 

vn 

Results 

For in 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. 

ED50 values for in vivo antibacterial activity of I and 
III are 840 and 345 mg/kg, respectively (confidence 
limits for 95% 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. 

Urinary 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 
II it stops at 24 hr.23 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)fluorene 
(V) and dimethyl 2,7-fluorenedisulfonate (VII), were 
prepared for antitumor screening. ]\I ethanesulfonyl es­
ters have been reported2 to be active cancer chemothera-
peutic agents. Busulfan, l,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 0) . 

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 attempted by diazotization of 2,7-diaminofluor-

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

(2) T. H. Goodridge, M. T. Flather, R. E. Harmon, and R. P. Bratzel, 
Cancer Chemotherapy Kept., 9, 78 (1960). 

.COOH 
K 0 3 S ^ ^ _ j r ^ S 0 3 K KOH t Ko/yjTSoB. 

i n 

l.N ;H,-K0H 
2. MeS02Cl 

IV,R=H 
V,R = S02Me 

ene followed by hydrolysis; colored condensation prod­
ucts resulted. The synthesis, therefore, was carried 
out from dipotassium 2,7-fluorenedisulfonate (I), of 
proved structure.3 During alkali fusion of I, the ring 
was broken at C-9 to give 4,4'-dihydroxybiphenyl-2-
carboxylic acid (II) which on dehydration with zinc 
chloride gave 2,7-dihydroxy-9-fluorenone (III).3 Proof 
of structure of II was obtained by decarboxylation 
(heating with lime) to the known 4,4'-dihydroxybi-
phenyl.4 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, CAFi/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 mm2 were 
reduced to 57 and 72 mm2 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 mm2 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 IB 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 mg/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-

(3) C. Courtot, Ann. Chim., 14, 5 (1930). 
(4) V. I. Sevaslyanov, Zh. l'rikl. Khim., 30, 1858 (1957). 


