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gave the amide, mp 268-270°. Recrvstallization (EtOH) raised 
the melting point to 271-272°. Anal. (Ci6H13>

T04S) C, IT, X. 
6-Mesyl-2-fluorenamine (VI).—A mixture of 3 g of 6-mesyl-

2-nitro-Q-oxofluorene, 20 ml diethylene glycol, and JO ml of So'V 
N2H4 • H20 was heated under reflux for 2 hr and then without a con
denser until the temperature of the mixture rose to 20.")°, after 
which remixing was resumed for 2 more hr. When the mixture 
had cooled, it was poured into 100 ml of water to form a white 
precipitate, nip 181-1X4°. Two recrystallizaions (EtOH) gave 
an analytical sample, mp 184-185°. Anal. I'CHHKIXOJS.) C, II, 

N-2-(6-Mesylfluorenyl)acetamide (VIII).—Acetylation of the 
foregoing amine, followed by crystallization (EtOH), gave an 
analytical sample, mp 237-238°. Anal. (0IBH I ; .NO3S) X, S. 
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The formation of A"-2-(3-methy]thiofluoreriyl)aeet-
amide as it product of the in vitro reaction of esters of 
the carcinogen X-hydroxy-X-2-fluorenylacetamidc 
with methionine under physiological conditions,2 and 
the liberation of this methylthio derivative from the 
liver protein of rats administered the same carcinogen,3* 
led to our investigation of the syntheses of methylthio-
fluorene derivatives.10 The synthesis of the 3-
methylthio derivative has been reported.10 This paper 
reports the syntheses of 1-, ,">-, and 7-methylthio-2-
acetamidofluorene (1, 2, 3.) and their corresponding 

SCH, 

H;,CS NHC0CH3 

amines. These compounds were synthesized to facili
tate the search for these derivatives as possible addi
tional products of the reaction of these biologically im
portant esters of X-hydroxy-X-2-fluorenylacetamide 
with methionine derivatives in vitro and in vivo. With 
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these compounds as reference standards, DeBaun, Mil
ler, and Miller (cited in ref 3b) have now identified X-
2-( l-me1hylthiofluoreny])acetamide as one of (he prod
ucts of the in vitro and in vivo reactions of cslers ui X-
hydroxy-X-2-fluorenylacetamide with methionine; the 
•V anil 7-methylthio derivatives have not been detected 
in these reaction^ 

In the synthesis of 1, l-bromofiuoren-2-amine4 was 
oxidized with 4 0 r

c peracetic acid to l-bromo-2-nitro-9-
oxofluorene (4). This was converted to the 1-mclhyl-
thio derivative by treating 4 with XaSCH s in I.)MS(). 
Reduction of the l-methylthio-2-nitro compound in two 
steps gave l-methylthio-9-oxofluoren-2-amine (5) and 
l-methylthiofluoren-2-amiiie (6). The latter was acet-
ylated to give 1 (Scheme I). 

SCHEME I 
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Attempts to prepare 2 and 3 by starting with 2-nitro-
fiuoren-5-amine and 7-nitrofluoren-2-amine, respec
tively, were unsuccessful. However, 2 was successfully 
synthesized by starting with 2-nitro-9-oxofluoren-,">-
amine."' A diazonium fluoroborate was prepared from 
this amine and the diazonium salt was converted into a 
xanthate which, upon hydrolysis and methylation. gave 
")-methylthio-2-nitro-9-oxofluorene. This nitro com
pound was first reduced to o-methylthio-D-oxofluoren-
2-amine (7) then to o-methylthiofluoren-2-amine (8). 
Acetylation of the latter gave 2 (Scheme II). 
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Preparation of 3 was accomplished in a similar man
ner from X i-2-(7-aminofluorenyl)acetamide,6 with the 
X*HCOCH3 group already in place. Acid hydrolysis of 
3 gave us the amine 9. 
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Experimental Section7 

l-Bromo-2-nitro-9-oxofluorene (4).—l-Bromofluoren-2-amine4 

(15 g, 0.057 mole) was added in small amounts to rapidly stirred 
cold 40% Ac02H (300 ml) over a period of 20 min. The resulting 
suspension was slowly heated (cautionl) to refluxing, refluxed 
continuously with stirring for 3 hr, and cooled. After water dilu
tion the precipitate was dissolved in boiling AcOH. To the stirred 
boiling solution Na2Cr207'2H20 (50 g) was added portionwise 
within 15 min. Boiling was continued for 30 min and the mixture 
was cooled. The product was triturated in H20 and isolated giv
ing 8.5 g (49%). Sublimation at 145-155° (bath) (0.01 mm) 
gave a sample melting at 221-222°. Anal. (C13H6BrN03) C, H, 
Br, N. 

l-Methylthio-9-oxofluoren-2-amine (5).—To a stirred suspen
sion of 4 (1.4 g) in IXMSO (75 ml) a fresh1" 10% solution of 
NaSCH3 in absolute EtOH (3.4 ml, 1 equiv) was added dropwise 
over a 45-min period. The mixture was continuously stirred at 
ambient temperature for 46 hr then poured into water containing 
a few milliliters of concentrated HC1. The product, 1-methyl-
thio-2-nitro-9-oxofluorene, was ehromatographed in C6H6 (alu
mina), giving 0.65 g, mp 155-159°. Reduction with SnCl2-2H20 
(6 g) and concentrated HC1 (30 ml) gave a product which was 
ehromatographed twice (alumina, C6H6) giving 0.3 g of 5, mp 
171-172°. Anal. (CuHuNOS) N, S. 

l-Methylthiofluoren-2-amine (6).—A mixture of 5 (0.24 g, 1 
mmole), 99-100% hydrazine hydrate (2 ml), KOH (0.5 g), and 
2,2'-oxydiethauol (25 ml) was gently refluxed for 0.5 hr, diluted 
(H20), and refrigerated overnight. The product was isolated 
giving 0.2 g (89%), mp 78-79°. Anal. ( C H H , 3 N S ) N. 

N-2-(l-Methylthiofluorenyl)acetamide (1).—Acetylation of 6 
in AcOH with Ac20 gave the product, mp 175-176°. Anal. (CieHu-
NOS) C, H, N, S. 

5-Methylthio-9-oxofluoren-2-amine (7).—2-Nitro-9-oxofiuo-
rene-5-amine5 (7.5 g) was diazotized in 32% H2S04 (150 ml) at 
5-10° with NaN0 2 (3.5 g); 50% HBF4 (50 ml) was then added 
and the diazonium fluoroborate was collected, dried, and added in 
one portion to astirred solution of potassium ethyl xanthate(50 g) 
in H 2 0 (100 ml). The mixture was heated gradually, with stir
ring, to 100° and cooled. The organic material was extracted 
(C6H6), washed (H 20), dried (Drierite), and evaporated to a 
solid mass. This was mixed with a hot solution of KOH (1.7 g) 
in 9 5 % EtOH (100 ml) and stirred at ambient temperature for 27 
hr then filtered into 3 A" HC1 (1 1.). The solid residue was ex
tracted three times with a hot solution of KOH (3 g) in 9 5 % 
EtOH (50 ml) and filtered into the same 3 N HC1. The pre
cipitated 5-mercapto-2-nitro-9-oxofluorene, mp 123-126°, 3.6 g, 
was mixed with NaOH (2 g), H 2 0 (30 ml), and Me2S04 (1.9 g). 
The mixture was shaken for 10 min and refluxed for 3 hi. After 
water dilution the methylthio derivative was mixed with SnCl2-
2H20 (20 g) and concentrated HC1 (80 ml). The mixture was 
boiled with stirring for 45 min and poured into 2 N NaOH (0.5 1.). 
The crude product (1.3 g) was ehromatographed through alumina 
(C6H6) giving pure 7 as deep purple crystals, mp 124-126°. Anal. 
( C H H U N O S ) C, H, N. 

5-Methylthiofluoren-2-amine (8).—A mixture of 7 (0.15 g), 
99-100% hydrazine hydrate (1 ml), KOH (0.15 g), and 2,2'-
oxydiethanol (5 ml) was gently refluxed for 1 hr and diluted 
(H20). The oily precipitate, after refrigeration, was separated 
and recrvstallized from 9 5 % EtOH giving 0.1 g, mp 124-125°. 
Anal. ( C H H I 3 N S ) N, S. 

N-2-(5-Methylthiofluorenyl)acetamide (2).—Acetylation of 8 
with Ac20 in AcOH gave the product, mp 174-175.5°. Anal. 
(Ci6H16XOS) C, H, N, S. 

N-2-(7-Methylthiofluorenyl)acetamide (3).—Diazotization of 5 
g of N-2-(7-aminofluorenyl)acetamide6 in 50% HBF4 (20 ml) and 
DMSO (10 ml) with NaN0 2 (2.5 g) at <0° gave the diazonium 
fluoroborate, 7 g (98%), mp 148-150° dec. A slurry of the dia
zonium salt in H 2 0 (20 ml) was added with stirring to a solution 
of potassium ethyl xanthate (10 g) in H 2 0 (20 ml) at room tem
perature. The reaction mixture was gradually heated to 80° 
and cooled. The brown precipitate was collected, mixed with 
EtOH (30 ml) and an aqueous solution of KOH (3 g), boiled for 1 
min, and cooled. Mel (5 ml) was added and the mixture was 

(7) All melting points were taken on a Fisher-Johns block and are cor
rected to standards. Where analyses are indicated only by symbols of the 
elements, analytical results obtained for those elements were within =fc0.4% 
of the theoretical values. Ir spectra (KBr) (Beckman IR-5) were as ex
pected. Analyses were done by Schwarzkopf Laboratories, Woodside, N. Y., 
and by A. Bernhardt, Mulheim (Ruhr). 

heated on a steam bath for 3 min and cooled. The precipitate 
was filtered giving 4.6 g (82%), mp 206-210°. This was dissolved 
(Me2CO) and ehromatographed (Me2CO, acid-washed alumina); 
evaporation gave 3.4 g, mp 209-210°. Anal. (Ci6H16NOS) C, H, 
N, S. 

7-Methylthiofluoren-2-amine (9).—A mixture of 3 (2 g), 95'^c 
EtOH (150 ml), and concentrated HC1 (10 ml) was refluxed for 7 
hr and then boiled with the condenser removed until a precipitate 
started to form. I t was cooled, and the precipitate was col
lected, mixed with H 2 0 (50 ml), and basified with concentrated 
XH4OH. The product was recrystallized from 95% EtOH 
(Darco) giving 1.3 g (77%), mp 156-157°. Anal. (CuHuNS) C, 
H, N, S. 
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In our previous communications1 it has been shown 
that 2,4-bis(arylamino)pyrrolidines are potent anti
microbial agents. Encouraged by these findings we 
have prepared a series of 2,4-bis(aryloxy)pyrimidines 
(1). In this note the syntheses of I, Ri = H or CH3, by 
condensation of 2,4-dichloro-2a or 2,4-dichloro-5-methyl-
pyrimidine21' with the appropriate phenolic compounds 
in the presence of anhydrous K2CO3 according to the 
method of Matsukawa and Shirakawa3 are reported. 
These compounds have been tested against gram-posi
tive and gram-negative bacteria and also against a 
pathogenic strain of yeast. 

R R 
1 

The 5-methylbis(arylamino)-ld and 5-unsubstituted 
bis(arylamino)pyrimidineslc were found to be much 
more active than the corresponding bisaryloxypyrimi
dines. In contrast to bisarylaminopyrimidines, the 
biological activity of the bisaryloxypyrimidines is 
almost independent of the nature of the substituent in 
the phenyl ring. Methyl substitution in the 5 position 
of the pyrimidine ring does not alter significantly the 
inhibitory activity. 

Experimental Section 

General Method of Synthesis of 2,4-Bis(aryIoxy)pyrimidines. 
—2,4-Dichloropyrimidine (0.01 mole) and phenol or substituted 
phenol (0.025 mole) were mixed as a melt and subsequently 
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