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Bis-Basic-Substituted Poly cyclic Aromatic Compounds. A New Class of Antiviral 
Agents.1 2 2. Tilorone and Related Bis-Basic Ethers of Fluorenone, Fluorenol, and 
Fluorene 
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Tilorone hydrochloride, 2,7-bis[2-(diethylamino)ethoxy]-9H-fluoren-9-one (11), was found to prolong survival of 
mice infected with lethal challenges of encephalomyocarditis (EMC) virus. It was effective by oral as well as sub
cutaneous administration. It showed broad-spectrum antiviral activity and was later found to induce interferon in 
mice. Tilorone was selected from a series of congeners that was synthesized to determine structure-activity corre
lations. These indicated that fluorenol and fluorene analogs were much less effective than fluorenones, that 
thioethers showed less activity than corresponding ethers, that the 2,6- and 2,5-substituted isomers of tilorone were 
also active, and that elongation of the side chains and increase of molecular weight of the dialkylamine substituent 
led to decreased oral activity. Monoalkamine ethers showed very little or no activity. 

In t he first pape r of th i s series,2 discovery of the antivir
al act ivi ty of b is (3-d ibuty laminopropyl ) 9-oxo-9H-fluo-
rene-2,7-dicarboxylate dihydrochlor ide (I) and re la ted 
b isa lkamine esters of fluorenone-, fluorenol-, and fluo-
renedicarboxylic acids was repor ted . It also conta ins an 
in t roduct ion to th is series of papers wi th a general discus
sion of our extensive synthet ic work on bis-basic-subst i -

Bu,N(CH2)30,C^ ^ ^ A . . XO,(CH,)3NBu,-2HCl 

tu t ed polycyclic a romat i c compounds p repared to deter
mine those s t ruc tu ra l features t h a t give o p t i m u m biologi
cal proper t ies to m e m b e r s of th is new class of ant ivi ra l 
agents . Several p resen ta t ions on th i s subject have been 
given. 1 - 3 ' 4 

In th i s paper , we wish to report t he synthesis and evalu
a t ion of t he ant ivi ra l act ivi ty of a series of bis-basic ethers 
of fluorenone, fluorenol, and fluorene. T h i s series includes 
ti lorone hydrochloride (11), the first m e m b e r of th i s class 
of ant iv i ra l agents to be repor ted. 5 - 6 

Chemistry . Ti lorone and re la ted b i sa lkamine e thers 
(Table I) were p repa red from 2,7-dihydroxy-9H-fluoren-9-
one (VI) as shown in Scheme I. By the me thod of Cour-



T a b l e I . Chemical and Ant ivi ra l Proper t ies of Bis-Basic E t h e r s of Fluorenone, Fluorenol , and F luorene 

Compd 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11* 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

27 
28 

R 

2,7-OCH 2CH 2N(C 2H 5) 2 

2,7-OCH 2 CH 2 CH 2 N (C2H5) 2 

2,7-OCH 2 CH 2 CH 2 N (C 4H 9) 2 

2,7-OCH 2 CH,N(CH 3 ) 2 

2,7-OCH 2CH 2N(C 2H 6) 2 

2,7-OCH 2CH 2N (CH3) C 2 H 5 

2,7-OCH 2 CH 2 N(CH 3 ) 2 

2,7-SCH 2 CH 2 N(CH 3 ) 2 

2,5-OCH 2CH 2N(C 2H 5 ) 2 

2,6-OCH2CH2N(C2H5)2 
2,7-OCH 2CH 2N(C 2H 5) 2 

2,7-SCH 2CH 2N(C 2H 5) 2 

2,7-OCH 2CH 2N(C 3H 7) 2 

2,7-OCH 2CH 2N [CH (CH3) 2 ]2 

2,7-OCH 2 CH 2 N(C 4 H 9 ) 2 

2,7-OCH 2CH 2N (CH3) C 2H 5 

2,7-OCH 2CH 2N (CH3) C 4 H 9 

2,7-OCH 2CH 2N (CH2C6H6) 2 

2,7-Pyrrolidinoethoxy 
2,7-Piperidinoethoxy 
2,7-Morpholinoethoxy 
2 ,7-OCH 2 CH 2 CH 2 N (CH3) 2 

2,7-OCH 2 CH 2 CH 2 N (C2H5) 2 

2,7-OCH 2 CH 2 CH 2 N (C4H9) 2 

2,7-Piperidinopropoxy 
2,7-OCH2CH (CH3) C H 2 N -

(CH3)2 

2-OCH 2 CH 2 N(C 2 H 6 ) 2 

4-OCH 2 CH 2 N(C 2 H 5 ) 2 

X 

H 2 

H 2 

H 2 

H , O H 
H , O H 
H , O H 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 
O 

O 
O 

M p , °C° 

213 216 
217-220 
170 172 
264 266 
196 197 
201 204 
278-280 dec 
272-274 dec 
238-240 
247-249 
235-236 dec 
228-229 dec 
194 197 
238-239 
165-167 
245-247 
240-243 
87-92 
275-278 
304 306 
291-293 
282-283 
256-257 
176 179 
2 7 9 . 5 - 2 8 0 . 5 
263 265 

207-210 
217-220 

Yield, 
% 

52 
61 
36 
74 
27 
67 
43 
47 
43 
38 
72 
70 
58 
20 
10 
54 
39 

8 
15 
28 
43 
65 
36 
51 
57 

8 

76 
58 

Re-
crys tn 

* sol
v e n t ' 

A 
A 
A 
B 
B 
B 
C 
C 
B 
B 
B 
B 
A 
D 
A 
A 
D 
E 
C 
C 
F 
C 
A 
A 
A 
G 

A 
A 

F o r m u l a <* 

C 2 5H 3 6N 20 2-2HC1 
C2 7H4oN202-2HCl 
C 3 5H 3 6N 20 2-2HC1 
C 2 1H 2 8N 20 3-2HC1 
C 2 5H 3 6N 20 3-2HC1 
C 2 3H 3 2N 20 3 2HC1 
C 2 1H 2 6N 20 3 2HC1 
C2 1H2 6N2OS2-2HCl 
C 2 5H 3 1N 20 3 • 2HC1 • 0 . 5 H 2 0 
C 2 5 H 3 1 N 2 0 3 - 2 H C 1 H 2 0 
C 2 6H 3 4N 20 3 -2HC1 
C2 5H3 4N2OS2-2HCl 
C 2 9H 4 2N 20 3 -2HC1 
C 2 9 H 4 2 N 2 0 3 2HC1' 
C3 3H6 0N2O3-2HCl 
C2 3H3 0N2O3-2HCl 
C 2 ,H 3 8 N 2 0 3 -2HC1 
C 4 5H 4 2N 20 3 

C2 5H3 0N2O3-2HCl 
C 2 7H 3 4N 20 3-2HC1 
C2 6H3 0N2O3-2HCl 
C 2 3 H 3 „N 2 O r 2HCl 
C2 7H3 SN203-2HC1 
C3 5H5 4N203-2HC1 
C 2 9 H 3 8 N 2 0 . r 2HCl 
C 2 5H 3 4N 20 3-2HC1 

C 1 9 H 2 1 N 0 2 H C 1 
C 1 9 H 2 ,N0 2 H C l 

S T R vs. E M C 

250 

Le tha l 
Le tha l 
1.21" 
Le tha l 
Le tha l 

2 . 1 5 
1.70" 
Le tha l 

1.38» 
2.02» 
1.43 

1.30» 
1.05 
Le tha l 

0 .77" 
1.70 
Le tha l 
1.44 
Le tha l 
1.21» 

0 . 6 3 " 
1.27 

v i rus in mice a t var ious doses, m g / k g 

Subcu taneous admin 
50 

1.22 
1.42 
1.15 
0 .87 
1.11» 
0 .74" 
1.85 
1.41 
1.98 
1.43 
1.95 
1.04 
1.26 
1.55 
0 . 9 8 
1 .47 ' 
1.04 
1.05 
0 .78" 
Le tha l 
1.13 
1.93 
1.89 
1.93 
1.55 
1.25 

1.21 
1.00 

10 

1.02 
1.06 
1.13 
1.09 
1.09" 
0 . 9 4 
1.43 
0 . 9 8 
1.22 
1.04 
1.37 
1.00 
1.06 
1.09 
0 .92 

1.02 
1.02 
1.12 
1.09 
1.02 
1.33 
1.51 
1.24 
1.27 
0 . 9 8 

1.21 
0 . 9 8 

2 

1.06 
0 .94 

1.34 

1.21 

1.06 
1.04 

Oral a d m i n 
250 ' 

0 . 9 8 
0 .96 
1.02 
0 .95" 
1.02" 
1.05 
2 .26 
1.00 
2 .09 
2 . 1 1 
2 .27 
0 .96 
1.09 
1.89 
0 . 8 8 
2 .44 
1.17 
1.05 
1.70 

0 .90 
1.09» 
1.15 
1.02 
1.23 
1.15 

1.05 
0 .92 

50 

1 .00 ' 
0 . 8 9 ' 
1.02 
0 . 9 4 
0 . 9 6 
0 . 9 0 
1.98 
1.26 
1.83 
1.41 
1.83 
0 . 9 8 
0 . 9 8 
1.66 
0 . 9 6 
1 .44 ' 
1.00 
1.05 
1.28 
1.26" 
0 . 8 3 
1.04 
1 .00 ' 
1 .11 
1 .00 ' 
0 .90 

1.00 
1.08 

re 

10 

1.00 

1.14 

1.26 

1.20 

1.00 
1 .00 ' 

"Melting points were determined in a Thomas -Hoove r capil lary mel t ing point a p p a r a t u s and are uncorrected. 'Yields refer to analyt ica l ly pure produc t obta ined in the final s t ep of 
preparat ion of V I I , V I I I , I X , or X I I . N o effort was m a d e to opt imize yields, except for compound 1 1 . CA = 2-butanone M e O H ; B = i - P r O H - M e O H ; C = M e O H ; D = E t O H ; 
E = pentane; F = M e O H E t O H - H 2 0 ; G = j - P r O H E t O H . <<A11 compounds were analyzed for the e lements C, H , and CI (or N ) . Unless otherwise indicated, microanalyt ica l resul ts 
were within ± 0 . 4 % of calculated values. Neut ra l iza t ion equivalents were de termined on all hyd ra t ed compounds and were wi th in 1% of calculated values. Me thod : nonaqueous t i t r a 
t ion with HC10 4 in AcOH wi th Hg(OAc) 2 added a n d Crys ta l Violet or p -naphtho lbenze in as indicator [USP X V I I I , 836(1970)]. ' S T R , survival t ime ra t io , is defined in t he descrip
t ion of the tes t method in the Exper imenta l Section. Unless otherwise indicated, tes t compound was adminis tered in four doses 28, 22, and 2 hr before and 2 h r after inoculation wi th 
virus. 'Single dose adminis tered 22-28 hr before virus inoculation. "Early d ea t h s observed a t specified dose. ' 'Tilorone hydrochlor ide. 'Anal. Calcd: C, 64.55; H , 8.22; CI, 13.14. F o u n d : 
C, 64.00; H, 8.22; CI, 12.86. 
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Scheme I 
KO:,S SO,K 

III 

R -(CH2)2_3NR2 

tot,7 fluorene (II) was sulfonated with hot concentrated 
sulfuric acid and the resulting 9H-fluorene-2,7-disulfonic 
acid was neutralized to the dipotassium salt III, which 
was oxidized with potassium permanganate to 9-oxo-9H-
fluorene-2,7-disulfonic acid dipotassium salt (IV). Sodium 
hydroxide fusion of IV at 300° gave 4,4-dihydroxybiphe-
nyl-2-carboxylic acid (V), which was cyclized to VI with 
ZnCl2 as described by Agrawal.8 Reaction of VI with ap
propriate dialkylaminoalkyl halides in the presence of 
base gave tilorone and related compounds VII. Catalytic 
hydrogenation of VII over palladium-on-charcoal catalyst 
gave the fluorenol analogs VIII. The fluorene analogs IX 
were prepared from 2,7-dihydroxy-9.rY-fluorene obtained 
by Wolff-Kishner reduction of VI . 8 9 2,6- and 2,5-Dihy-
droxy-9H-fluoren-9-one were obtained from the corre
sponding dinitro compounds by reduction, diazotation, 
and hydrolytic displacement as described by Barker and 
Barker for the 3,6 isomer.10 The thioethers XII were ob
tained via 2,7-bis(dimethylcarbamoylthio)-9H-fluoren-9-
one (XI) obtained by pyrolysis of the dimethylthiocarba-
moyl derivative X by the method of Newman and 
Karnes.11 Examples of these syntheses are given in the 
Experimental Section. 

Biological Activity. The compounds listed in Table I 
were evaluated for their effectiveness in protecting mice 
against encephalomyocarditis (EMC) virus infections. As 
defined in the Experimental Section, antiviral activity is 
expressed as survival time ratio (STR). By our definition, 
an STR of 1.30 or greater indicates high activity. 

Several bis(dialkylaminoalkoxy)fluorenones were highly 
effective by subcutaneous administration. These included 
compounds 7, 9, 11, 14, 22, 23, and 24. Each had a high 

degree of activity, gave a good dose-response effect, and 
showed little or no evidence of lethal effects at higher dose 
levels. 

These seven bisethers are all fluorenones. The corre
sponding fluorenes 1-3 were less active and the fluorenols 
4-6 showed little or no activity in this test system. Of the 
three position isomers 9-11, in which the two side chains 
are attached at the 2,5, 2,6, and 2,7 positions, the 2,6 iso
mer 10 had the lowest and the 2,7 isomer 11 (tilorone) the 
highest activity at the lower doses. The two thioether ana
logs 8 and 12 showed much less activity than the corre
sponding ethers 7 and 11, respectively. The length of the 
alkylene chain separating 0 and N atoms appears to have 
less effect on parenteral activity than the nature of the 
amine function. However, both of these features have a 
marked effect on oral activity. 

Oral activity was determined by the same dosage regi
men used with subcutaneous administration; the test 
compound was administered 28, 22, and 2 hr before and 2 
hr after virus inoculation. In addition, the effect of a sin
gle oral dose of 250 mg/kg, administered 22-28 hr prior to 
infection, was evaluated. Of the seven compounds that 
showed high activity on subcutaneous administration, 
only 7, 9, 11, and 14 showed correspondingly high oral ac
tivity. Compounds 10, 16, and 19 were also orally active. 
All of these compounds have two-carbon side chains with 
low molecular weight dialkylamino (Me2N to i-Pr^N) or 
pyrrolidino terminal groups. Compounds with higher mo
lecular weight dialkylamino, dibenzylamino, and hetero
cyclic amino substituents, and those compounds with 
three-carbon side chains, lacked oral activity. Monoalk-
amine ethers (27 and 28) showed very little or no activity. 

Compound 11 (tilorone hydrochloride) was selected from 
this series for extended biological, toxicological, and clini
cal evaluation. 

Tilorone Hydrochloride. Tilorone hydrochloride 
showed oral antiviral activity also against Semliki Forest 
virus, an RNA virus of the arbovirus group (STR 1.70); 
vesicular stomatitis virus (STR 1.80); Mengo virus (STR 
1.82); herpes simplex, a DNA virus (STR 1.18); and the 
RNA myxoviruses, influenza B (Massachusetts, STR 
1.22), influenza A/equine-1 (Prague, STR 1.22), and in
fluenza A2 (Jap/305, STR 1.25). It also reduced tail le
sions induced in mice by nonlethal doses of vaccinia, a 
DNA virus.5 This broad spectrum of antiviral activity has 
been confirmed in other laboratories.12-13 Optimum oral 
activity against subcutaneous challenges of encephalomy
ocarditis (EMC) or Semliki Forest virus was found when 
tilorone was given 24 hr before virus inoculation.514 

Tilorone hydrochloride was found to induce high blood 
titers of interferon in mice.8 This finding has been con
firmed in other laboratories.1215-16 A good correlation of 
interferon induction and antiviral activity has been estab
lished in mice against encephalomyocarditis and vesicular 
stomatitis viruses.6 1 2 In other species (rats, rabbits), no 
serum interferon levels were observed at doses that still 
afforded protection against viral infection.15-t 

Tilorone hydrochloride has been reported to have anti
tumor activity17 '19 and to ameliorate Friend virus leuke
mia.19-20 It has been proposed that tilorone hydrochloride 
inhibits nucleic acid transcriptases associated with onco
genic viruses.21-J Tilorone hydrochloride was found to 
stimulate the primary immune response induced in mice 
by sheep red blood cells19-22 but to inhibit the cell-me
diated immune response induced in rats by allergic en-

tG. D. Mayer, Merrell-National Laboratories. Cincinnati. Ohio, personal 
communication, 1973. 

1M. Green, Institute for Molecular Virology, St, Louis University. St. 
Louis. Mo., personal communication. 1973. 
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cephalomyel i t i s . 2 3 Mycobacterium butyricum induced ad
juvan t a r thr i t i s in r a t s was complete ly inhib i ted after 14 
consecutive days of t r e a t m e n t wi th 100 m g / k g po of tilo
rone hydrochlor ide . 2 3 Pathologic- toxicologic evaluat ions of 
t i lorone hydrochloride have been r epo r t ed . 2 4 - 2 6 Clinical 
evaluat ion of t i lorone hydrochloride is in progress. 

Exper imenta l Sect ion 

Antiviral Evaluation Method. The anti-EMC activity of com
pounds in this study was determined in CF-1 male mice, 15-17 g 
each, at the several dose levels indicated in Table I. Ten mice 
were used for each dose level of a compound, and the control 
group for each compound was 20-30 untreated mice. The test 
compound was dissolved or suspended in 0.15% hydroxyethylcel-
lulose in H2O and injected subcutaneously in the nape of the 
neck or administered orally by gavage. For each dose level, the 
indicated dose was given 28, 22, and 2 hr before and 2 hr after in
oculation with virus. In oral evaluations, the 250 mg/kg dose was 
a single dose administered 22-28 hr prior to virus infection. The 
EMC virus was administered subcutaneously in the groin at in
fective doses in the range of 4-62 LD5o. In each test, treated and 
control mice were infected with the same viral challenge. The 
mice were observed for 10 days after inoculation. Deaths were re
corded twice daily and the mean day of death of each group was 
determined. A score of 11 was assigned to each survivor and used 
in determining the mean. A survival time ratio (STR), which is 
the mean day of death of the treated group divided by the mean 
day of death of the control group, was calculated for each dose 
level. 

The mean day of death (MDD) of control mice infected with 
EMC virus varies little between 4 LD50 (MDD 4.7-5.0) and 100 
LD5o (MDD 4.1-4.3). Since the viral challenge in each test is the 
same for treated and control mice, the effect of the challenge on 
the STR is not significant for active compounds. In tests with ti
lorone hydrochloride (250 mg/kg orally), the following results 
were obtained. 

E M C virus Control Trea ted 
(LD50) M D D M D D S T R 

5 4 . 8 10 .4 2 .14 
32 4 . 3 9 .9 2 .30 

100 4 . 1 10 .4 2 .54 

Activity is interpreted on the basis of parameters derived from 
standard deviations of the mean of control groups. An STR of less 
than 0.90 indicates that early deaths were observed; a ratio of 
0.90-1.09 indicates that there was no activity; a ratio of 1.10-1.19 
indicates low or weak activity (p = 0.2-0.05 by Student's t test); 
a ratio of 1.20-1.29 indicates medium activity (p = 0.1 to 
<0.001); and a ratio of 1.30 or greater indicates high activity (p = 
0.05 to <0.001). 

4,4'-Dihydroxybiphenyl-2-carboxylic Acid (V). Fluorene (200 
g) was added to 800 g of concentrated H2SO4 at 100°. After 5 min 
of vigorous stirring, the solution was allowed to cool and ice was 
added until a volume of 2 1. was obtained. The solution was fil
tered and heated, and 400 g of KC1 was added. The potassium 
salt precipitated on cooling was collected and recrystallized from 
7 1. of H 2 0 to which 700 g of K2CO3 was added to neutralize ex
cess acid. 9#-Fluorene-2,7-disulfonic acid dipotassium salt (III) 
was obtained, 398.8 g (82%). It was dissolved in 7 1. of H 2 0 , and a 
hot solution of 208 g of K M n 0 4 in 3.5 1. of H 2 0 was added over 1 
hr while a reaction temperature of 20-30° was maintained. M n 0 2 

that was formed was removed by filtration. The filtrate was con
centrated to about 4.5 1. and cooled (5°). 9-Oxo-9H-fluorene-2,7-
disulfonic acid dipotassium salt (IV) precipitated and was col
lected. A second crop was obtained from the mother liquor con
centrated to 1.51. to give a total of 366.3 g (89%). 

To 210 g of NaOH fused at 300-325° in a stainless steel beaker 
105 g of IV was added in portions during 1 hr with occasional stir
ring with a stainless steel rod. The mixture was then allowed to 
cool, was dissolved in 1.5 1. of H2O, filtered and cooled in an ice 
bath, and then acidified by addition of 0.5 1. of concentrated HCl. 
The resulting product V was collected and dried: 57.9 g (95%); 
mp 270-273° (lit.27 mp 281-282°). This material was sufficiently 
pure for preparation of 2,7-dihydroxy-9i/-fluoren-9-one (VI) by 
the method described by Agrawal.8 

2,7-Bis[2-(diethylamino)ethoxy]-9i/-fluoren-9-one Dihydro-
chloride (11, Tilorone Hydrochloride). To a stirred mixture of 
31.8 g (0.15 mol) of VI, 103.2 g (0.60 mol) of 2-diethylaminoethyl 
chloride hydrochloride, 100 ml of H 2 0 , and 450 ml of toluene, 66.0 

g (1 mol) of KOH pellets in 100 ml of H 2 0 was added. This mix
ture was stirred vigorously at reflux temperature for 20 hr. The 
mixture was allowed to cool; the toluene layer was separated, 
washed with 20% KOH and saturated NaCl solution, and then 
dried (MgSOi). After filtration and evaporation of solvents, the 
residue was dissolved in i-PrOH and acidified with ethanolic HCl. 
The orange product (55.6 g) was recrystallized from t'-PrOH-
MeOH to give 51.6 g (72%) of 11, mp 235-236° dec. 

This procedure was also used for preparation of compounds 14, 
16-21, 25, and 26, while compounds 15, 22-24, 27, and 28 were 
prepared in anhydrous toluene with NaOCHs as base. Yields and 
physical properties are given in Table I. 

2,7-Bis[2-(dimethylamino)ethoxy]-9H-fluoren-9-one Dihy-
drochloride (7). A mixture of 21.2 g (0.10 mol) of VI, 16.0 g (0.296 
mol) of NaOMe, 350 ml of C6H5C1, and 60 ml of MeOH was 
stirred and heated in such a way as to allow the MeOH to distill 
off until the reaction mixture reached a temperature of 130°. The 
mixture was then cooled below 100° and a solution of 32.6 g (0.30 
mol) of 2-dimethylaminoethyl chloride in 100 ml of CeHsCl was 
added. The mixture was heated to reflux for 18 hr. The C6H5C1 
layer was separated, washed (H20), and dried (MgS04), and the 
solvent was evaporated. The residue was dissolved in MeOH and 
acidified with ethanolic HCl. The resulting product was recrystal
lized twice from MeOH to give 18.5 g (43%) of 7 (Table I). Com
pounds 9, 10, and 13 were also prepared by this procedure. 

2,7-Bis[2-(diethylamino)ethoxy]-9i/-fluorene Dihydrochlo-
ride (1). To 4.9 g (0.025 mol) of 2,7-dihydroxy-9H-fluorene [ob
tained by Wolff-Kishner reduction of VI as described by Agraw
al,8 mp 261-269° (lit.8 mp 269-270°)] and 2.7 g (0.05 mol) of 
NaOMe in 200 ml of toluene (dried over molecular sieves) was 
added 2-diethylaminoethyl chloride, obtained from 12.9 g (0.075 
mol) of its hydrochloride salt, in dry toluene. The mixture was 
stirred at the reflux temperature for 3 hr and cooled, and the 
NaCl that had precipitated was collected by filtration. The fil
trate was washed (H2O), dried (MgS04), and acidified with eth
ereal HCl. The resulting precipitate was recrystallized once from 
2-butanone-MeOH to give 5.8 g (52%) of 1 (Table I). Compounds 
2 and 3 were prepared by the same procedure. 

2,7-Bis[2-(dimethylamino)ethoxy]-9H-fluoren-9-ol Dihydro-
chloride (4). A solution of 8.6 g (0.02 mol) of 7 in 105 ml of MeOH 
and 45 ml of H2O over 2.0 g of 10% palladium-on-charcoal cata
lyst was hydrogenated in a Parr shaker at room temperature for 
30 min. The catalyst was removed by filtration and the filtrate 
evaporated to dryness. The residue was recrystallized twice from 
i-PrOH-MeOH to give 6.4 g (74%) of 4 (Table I). Compounds 5 
and 6 were prepared in a similar manner. 

2,7-Bis(2-dimethylthiocarbamoyl)-9rY-fluoren-9-one (X). By 
the general procedure of Newman and Karnes,11 32.0 g (0.80 mol) 
of a 60% dispersion of NaH in mineral oil was added in small por
tions to a cooled solution of 84.9 g (0.40 mol) of VI in 450 ml of 
HC0NMe2. After hydrogen evolution had ceased, the solution 
was cooled to 10° in an ice bath and 100.0 g (0.80 mol) of dimeth-
ylthiocarbamoyl chloride was added. The ice bath was removed 
and the mixture was heated to 80° for 5 hr. The mixture was then 
poured onto 1.5 kg of ice. The product was collected and recrys
tallized three times from HC0NMe2-H20 to give 83.5 g of mate
rial of mp 202-205°. This material was finely pulverized and 
washed with MeOH to give 50.3 g (33%) of X, mp 235-237°. Anal. 
(C19H18N203S2) C, H, N. 

2,7-Bis(dimethylcarbamoylthio)-9rY-fluoren-9-one (XI). The 
dimethylthiocarbamoyl derivative X (50.3 g) was pyrolyzed in a 
round-bottom flask submerged and rotated in an oil bath heated 
to 240° for 45 min. The melt was cooled, dissolved in HCONMe2, 
and precipitated by addition of H2O to give 46.1 g (92%) of XI, 
mp 222-224°. Anal. (Ci9Hi8N203S2) C, H, N. 

2,7-Bis[2-(diethylamino)ethylthio]-9H-fluoren-9-one Dihy-
drochloride (12). A mixture of 2,7-bis(2-dimethylcarbamoylthio)-
9H-fluoren-9-one (XI) (18.0 g, 0.047 mol), MeOH (100 ml), 50% 
NaOH (50 ml), and H 2 0 (100 ml) was refluxed for 24 hr. C6H5C1 
(350 ml) was added and the mixture was heated and stirred in 
such a way as to allow the MeOH and H2O to distill off until the 
reaction mixture reached a temperature of 125°. The mixture was 
then cooled below 100° and a solution of 2-diethylaminoethyl 
chloride (20.1 g, 0.149 mol) in C6H5C1 (450 ml) was added. This 
mixture was stirred at reflux temperature for 24 hr. Water (300 
ml) and 2 JV NaOH (200 ml) were added, the C6H5C1 layer was 
separated, washed (H2O), and dried (MgS04>, and the solvent 
was evaporated. The residue was dissolved in i-PrOH, ethereal 
HCl was added, and the resulting precipitate was recrystallized 
twice from i-PrOH-MeOH to give 16.9 g (70%) of 12 (Table I). 
Compound 8 was prepared by the same method. 
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2,6-Dihydroxy-9H-fluoren-9-one. Following the procedure of 
Barker and Barker,10 nitrosylsulfuric acid, prepared from 60.0 g 
(0.086 mol) of N a N 0 2 and 120 ml of H 2 S0 4 , was added dropwise 
to a cooled (0-5°) H 2 S 0 4 solution of 9.0 g (0.043 mol) of 2,6-di-
amino-9#-fluoren-9-one, mp 203-204° (lit.28 mp 202-203°), pre
pared by SnCl2-HCl-AcOH reduction of 2,6-dinitro-9ff-fluoren-9-
one. The mixture was stirred at 0-5° for 45 min and then poured 
onto 600 g of ice. Excess H N 0 2 was destroyed by addition of 8.4 g of 
sulfamic acid and the solution was warmed slowly to boiling. The 
solution was cooled and the precipitate that separated was col
lected. It was dissolved in aqueous alkali, filtered, and reprecipi-
tated by addition of dilute H O . The product was recrystallized 
from aqueous EtOH to give 6.5 g (71%) of 2,6-dihydroxy-9K-fluo-
ren-9-one, mp 247-249°. Anal. Calcd for CisHgOa: C, 73.58; H, 
3.80. Found: C, 73.03; H, 3.79. 

This sample was used to prepare 10. 2,5-Dihydroxy-9ff-fluoren-
9-one was similarly prepared from 2,5-dinitro-9ff-fluoren-9-one; 
the crude material, mp 299-301°, was used to prepare 9. 
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chains are l inked to the fluorene moiety by ca rbon-ca rbon 
bonds . Of these, 2,7-bis(aminoacyl)f luorenes and -fluo
renones (III, Y = O) showed favorable ant iv i ra l propert ies 
and several m e m b e r s were found to be active on oral ad
minis t ra t ion . 

I, X = - C ( = 0 ) 0 ( C H 2 ) „ N R 2 Z = O; H, OH; H, H 
II, X = -CXCH^NRj Z = O; H, OH; H, H 

III, X = -C(==Y)(CH2)„NR2 Z = O; H, H 
Y = O: H, OH; H, H; NOH 
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The synthesis and antiviral activity of a number of 2,7-bis(aminoacyl)fluorenes and -fluorenones are described. The 
structural features investigated include the alkylene chain, the terminal amine function of fluorene and fluorenone 
bis-basic ketones, and reduction of the carbonyl function in the side chain. Several compounds have broad spec
trum antiviral activity, induce interferon, and are effective by oral as well as parenteral administration. 1,1'-(9H-
Fluorene-2,7-diyl)bis[2-(diethylamino)ethanone]dihydrochloride (2, RMI11002 DA) was selected for clinical trial. 


