916 L FrrreHer, M. J. NaMKUNG, aNxn Ho-1o Pay

onsly. The =alvent was removed under reduced pressure nmit
the vohime was redueed to 1=2 mb, and the mixture was dilnted
with 10 mb of water,  After coaling at 3° for several hanrs the
vellow erystalline solid which separated wus filtered off and dried
in air, 124 mg (85%), mp 120-121°.

7-A cetoxymethyl-12-methylbenz [« |anthracene (XIIT). Method
A.--Awmixture of X (3.0 g), pyridine (30 ), fused sodinni acetate
(i), ad AeO (13 ml), was refluxed for 1 hr and stirred overnight
at oo temperatnre. Tt was poured iniee water (300 mb) ad
1he solid was removed by fittration,  Crystatlized Trom benzene
cthunol it formed feather-like crvstals (3 g, 8400), mp HA-146°,

Method B.-—A mixture of X (0.25 g), AgoCOy(0.23 g), and Ae,O
(1.5 ml) was refluxed 0.4 hr.  After evaparation mnder redneed
pressire, the mixtiure was dilnted with 30 mb of ice water and
allowed 1o =tand overnight in the retrigerator.  The pradiet
was filtered off and crystallized from henzene-methanol, mp
145-146°, 0.15 g (80000 of vellow needles.

7,12-Dihydroxymethylbenz|a[anthracene wus prepared by the
method of Badger and Coak,'* and 7,12-epidioxy-7,12-dimethyl-
benz[a]anthracene by the method of Cook aud Martin,13

Experiments with Rat-Liver Homogenates.—Femuale Sprague-
Dawley rats, age 30 days, were nsed. Liver homogeuates were
prepared ax described by Boyland and St

A 10Y7 homogenate was prepaved in dee-cold 11359 (w/v:
KCL  The homogenate was centrifnged for 20 min at 1475y
(0°) and the =npernatant was dilited with an equal volinne of
1.1 M =adimu phosphate hotfer, pH 7.4, To 120 ml of the dilnted
snpernatant was added niacinamide 1450 mg), NADP* (10 mgi,
ghicase 6-phosphate (G0 mg), and DIMBA (2 mg), dissolved in
I ml of ¢thanol. The mixture was inenbated | hr at 37° under
O, in a Diudmol metabolie shaker, then cooled, acidified with |

(1) (. ML Badger anl J. W, Cook, J. Chem. Soc., 802 711939,
(15) J. W, Cook and R, H. Maniin, 760!, 1125 (1940).
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N CHCHto p 3, and extracted with three J0-ml portions of ether,
The ether extriet was dried (Na.SOQy4) and evapoarated ander N
to a =l vobime and chramwatographed by tlec Fhe chrommao-
granl was divided into zones nder nhiraviolet light. The zores
were retmoved from the plate, and the compands adzorhed 10
rhe silica gel were ehited with cthanol and rechromatagrphed.

Identification of Metabolites.---Metahalites and Their deriva
tives, prepivred hy microchenieal renctions ciaried ont e paraticl
with anthentic compamds, were identified by then mabilive e
thin Inyer chromatagrans,

Microchemical Reactions.-—Metabolites, purified by chin
Liver chromaography, were seraped from the rhind lnyver plates
and ehited from the <sihien gel with ethanol.

1. Acetylation. The metabolite, dissolved in U1 ml ot pyri-
dine, was added teoan equal vohune of Aca0) and the mixtine was
heated av 60 70 B 1 hee The sobvent was evaporated with N,
il the residne was dissolved in henzem: and chromatographed
(e

2. Oxidation with CrOw.-—The =mnple, dissolved in 13 ml of
AcOH, waz treated with 0.23 ml of CrOy (297) and allowed 1o
stand Fohrs o Water (10 mb) was added and the mixture was
extriacted with two J-ml portians of ether, washed (NaltCCOy,
HL0), aud dried (NaeS04). The produet was examined an tle.

Methylation with Dimethy! Suifate. - The zone corresponding
ta 4-hvdroxy-DMBA was zeraped from the plite and cluted
with ethanol. To this ethanolic solution (0.1 wl) was added di-
wethyvl sulfaie 10.1 mb) and 2067 NaOIT (0.7 mb. After standiez
i the water bath 150°) far 20 min, 0.05 ml of diwethyl sulfae
and 0.1l of 2097 NaOI were added with stirring and the mis-
ture was retirned ro the hath for 13 wing The mixiure wax
caoled, 200 NaOT1l (0.3 ml) was added and, after a1 few mimnes,
extracted with CILCL (3 wml). The extract wis washed with
o 0.5-ml portions of water, I drap of AcOH was added, and the
solution was concentrated under Nu and exanmined on e,

New Thiofluorenes Related to

Metabolism of the Carcinogen N-2-Fluorenylacetamide
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Synthesis of N-2-(3-methylthiofluorenyl)acetamide (I) by two rontes is deseribed. This componnd is identie:
with one which has been isolated by alkaline degradation of the in vitro reaction product of N-acetoxy-N-2

fluorenylacetamide, a highly potent carcinogen, and methiouine or methionylglyeine ar proteins. 1 is also identi-

cal with a compouud isolated from rat liver tissue after the rat has been fed N-2-fluorenylacetamide.

For com-

parative stindies, N-2-(7-fluoro-3-methylthioflnorenyl)acetamide was prepared and its stricture was confirmed by

i alternate route.

In the initial preparation of this compound, we first used alcoholic sadinm methyl sulfide

which had been standiug for saume time, and a series of 3-ethoxyflnorene derivatives resnlted instead of the ex-

pected 3-methylthioflnorenes.
presented and discussed.

N-Hydroxy-N-2-fluorenylacetannde  (N-HO-1"AA)
has been ghown by the Millers and their associates? to
be both a metabolite of the carcinogen N-2-fluorenyl-
acetamide (IF'AA) and a more potent carcinogen than
the latter. In addition, higher levels of hepatic pro-
tein and nucleie acid bound derivatives were found after
administration of the N-hydroxy compound than after
the parent amide or amine.® This pointed to the likeli-

(1) (a) Paper XX11: T. L. Fletcher, W. H, Wetzel, and M. J. Namkung,
J. Med. Chem., 9, 593 (1966), (b) Supported in part by a grant (CA-01744)
from 1he National Cancer Institute, National Institutes of Health, and in
part by Research Career Development Award 5-K3-CA-14,991 (T. L. F.).

(2) 1. W, Crawer, I, A. Miller, and E. C. Miller, J. Biol, Chem.. 286, 885
19601; .. . Miller, J, A. Milter, and 1. A. Hartmann, Cancer Res., 21, 815
t1961).

3) L. C. Miller, ¢, W, Cooke, P. D, Lotlikar, and J. A, Miller. Proc, A w.
Assoe. Caveer Res,, 5, 45 (1964); F. Marrognin and E, Farber, Cancer Res..
25, 1262 11965); R. F, Williard and C. C. Irving, Federation I'roc., 23, 167
(1164).

A munmber of new fluorene derivatives are reparted and infrared spectral data are

hood that N-HO-I'AA or a derivative ix invalved 1o
the binding reaction; indeed. it has now bheen shown
that certain esters of N-HO-1"A A react with methionine
and its peptides at physiological pHs.* N-HO-I'AA
itself has not been observed to react with proteins or
nucleic acids in witro, although N-hydroxyfluoren-2-
amine (N-HO-I"A) reacts with guanine in nucleic acids
at an acid pH.  More recently, the Millers, ef al..%7
have observed a reaction between N-acetoxy-N-2-
fluorenylacetamide (N-AcO-1"AA) and nucleic acid
guanine at pH 7. Certain metabolic esters of N-HO-

14) 1. D. Lotlikar, J. 10, Seribuer, J. A, Miler, and E, €, Miller, L S5,
5, 1263 (1966).

(3) Y. Kriek, Biocheru. Binphys. Res. Commun., 20, 793 (19G5),

(61 To. C. Mitler, U. Jabl, awl J. A. Miller, Science, 168, 1125 (106G6),

«7) K. Kriek, 1. A. Mdler, T, Jubl, and E. C. Miller, Bioshewssicy, 6, 177
L1967,
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T'AA, therefore, are probable tn vizo precursors of the
niuch-studied bound derivatives of this carcinogen.
Fvidence ax to the nature of at least a part of the pro-
tein-bound material is now available since the reaction
product of N-AcO(BzO)-FAA and methionine or
methionylglveine, prepared under physiological condi-
tions, breaks down to yield N-2-(3-methyvlthiofluorenyl)-
acetamide (1), identified* from spectral data.  Tlike-
wise, I can be obtained in microgram guantities from
alkaline digests of the liver protein of rats fed FAA or
N-HO-1"'AA 2

It was felt highly desirable to confirm the proposed
structure of I by unambiguous synthesis and also to
obtain enough of this compound for additional biological
tests. We also wished to prepare N-2-(7-fluoro-3-
methylthiofluorenyl)acetamide for comparative studies
since N-2-(7-fluorofluorenyl)acetamide, with the princi-
pal metabolic ring-hydroxylation site blocked, is a more
potent hver carcinogen in the male rat than T"AA
itself.10

Since 9-oxo-3-fluorenamine was readily available,!!
we decided to make 3-methylthio-9-oxofluorene by way
of the xanthate, hoping that a mild nitration would
give a substantial amount of the 2-nitro derivative.
Instead, the initial reaction was oxidation to the sulfox-
ide; more drastic conditions then led to mononitration.
The latter reaction was soon found to have taken place
on the 7 position (Scheme I) and subsequent steps

ScHEME I
S
1
NH, SCOEt
1. NaNO, HBF, 1. NaOH
Q‘Q 2 KSCSOR 2.CH1
0 0 (0]
)
SCH, SCH;,
O HNO, O Q HBr
—— —_—
(0] (6]
SCH, SCH,
NHHO O (CF,CON0
ox ——nm =
(0]
1 HNO.
SCH3 2. HBr
Q Q _3NaOH
4. NaNO, HCl
F,CCOHN () t (ijoz |
see text
SCH; 1. g HO SCH,
Pd—C
LI )0 NHCOCHJ
I

(8) J. R. De Bawnn, F.. C, Miller, and J. A. Miller. Proc. Am. Assoc. Cancer
Res., 8, 12 (1967).

(9) Personal communication from J. A. Miller and E. C. Miller. De Baun,
et al. 8 find that 1 is identical, by thin layer and gas-liquid partition chroma-
tography, with the metabolite of FAA released by alkali from the liver pro-
tein of rats fed FAA.

(10) J. A. Miller, R. B. Sandin, E. C. Miller, and H. P. Rusch, Cancer
Res., 16, 188 (1955).

(11) N. Ishikawa, M. Okazaki, and M. Hayashi, Yuki Gosei Kagnku Kyo-
ket Ski 18, 34 (1958): Chem. Abstr., 52, 5349 (1958),
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were based on our previous finding!? that the trifluoro-
acetamido group (7 position) directs nitration to the
2 position.

After deamination and reduction of the sulfoxide,
nitro, and 9-oxo groups, we obtained an extremely
small yield of 3-methylthio-2-fluorenamine and its
N-acetyl derivative (I) which had the same melting
point and infrared spectrum as the compound, men-
tioned above, obtained by Lotlikar, ef al.# In addition,
deamination of the compound obtained by hydrolysis
of T (as recovered from the interaction of methionine
and N-acetoxy-1"A A by Lotlikar, ef al.*) gave anthentic
3-methylthiofluorene. The metabolic experiments of
De Baun, ef al. started with a known 2-substituted
fluorene nucleus. This laboratory synthesis began
with a known 3-substituted compound. The structure
is therefore confirmed.

In addition to the fact that I was obtained in very
low yield, several of the intermediates following tri-
fluoroacetylation of 2-amino-6-methylthiofluorene were
very difficult to purify. We, therefore, devised the
following alternate route (Scheme II).

Scueve I

Br “aged” ale. OC.H;
NaS8CH, |
O‘Q N0 —hso 0.0 NO,
0 0
ale NaSCH,
DMSO
SCH;  snCl,2H,0
’ c:nci.chl SCH,
S [
(0] (0]
NH.HO N,H, HO
O(CH,CH,0H), Ochz}éngOH);
SCH, SCH,

Or o

¢ These same steps were used in the analogous series of com-
pounds with a fluorine atom in the 7 position.

O.Q NHCOCH,
I

Peracetic acid oxidation of 3-bromo-9-oxo-fluoren-2-
amine'? gave the 2-nitro derivative!* which was treated
with ethanolic sodium thiomethylate in dimethyl
sulfoxide to give 3-methylthio-2-nitro-9-oxofluorene.
Subsequent reductions to the desired metabolite are
described in the Experimental Section.

Synthesis of the 7-fluoro analog of I, by the same
steps as shown in Scheme II, appeared at first to go as
expected. However, we soon found that we had ob-
tained a series of compounds, with no sulfur and with
one more carbon than expected, which proved to be
3-ethoxyfluorenes (Scheme II). We had used the same

(12) M. J. Namkung and T. L. Fletcher, J. Org. Ckem., 28, 740 (1960).

(13) T. L. Fletclier and H.-L. Pan, J. Am. Chem. Soc., T8, 4812 (1956);
T. L. Fletcher, M. J. Namkung, and H.-1.. Pan, Chem. Ind, (London), 660
(1957).

(14) K. Snzuki, E. K. Weisburger, and J. H. Weisburger, J. Org. Chkem.,
26, 2236 (1961).
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cthanolic sodinm thiomethylate solution, which had
given  good resalts with  3-bromo-2-nitrofluorenonc
when freshly prepaved. bot which had “aged” i the
refrigerator for several months. Subsequent reaction
of this old =alution with d-bramo-2-nitrofluorenone
led, hkewise, to o good yield of 3-¢cthoxy-2-nitrofluore-
none.  Retmming to the main road, and using fresh
thiomethylate =olitions, we obtained the desired 7-
fhioro-3-S-methyl derivatives as in Scheme I1. Con-
firmation of the structure of 7-flnaro-3-methylthio-2-
nitro-D-oxofluorenc, and thus of the final campound,
wax obtained as shown i Scheme HIL in which all of
the compounds. exeept the first one and 2.6-difluoro-9-
oxofluorenc,” are new to the literature.  The latter
was prepared to confirm the paosition of the initial nitra-
tion <hown i Scheme III.

NcHEME T

g O‘Q NHCOCH,

1. HNO,
2. Na,Cr,0.

*NHCOCH,

N——N BF

NO, 1. Sn€1,.2H0
QA7
[ ) Py

F HBF,

ooy

1. KSCSOFK!

2. NaOH
3.CH,1
SCH, I !
1. HNO,
2. HBr

SCH,

LI o

F :

0

I'rom 3-amino-7-fluorofluorenone, we obtained 3-
hydroxy- (and ethoxy-) 7-fluorofluorenone, thus estab-
lishing the structure of the substance which had been
obtained from aged ethanolic sodium thiomethylate
and 3-bromo-7-fluoro-2-nitro-9-oxofluorene.

Relatively little work has been reported on thio-
fluorenes, and we found 1o such derivatives with sulfur
attached to the 3 position prior to the work eited
ahove.*

(13) T, 1o WVleceber, M. Numlnng, W, 11, Werzel, and 11-L, T'an, J,

Ocp, he ., 28, 13812 (l.%ll).

J.NavKkesa, anvp Ho-1. Pay Vil. 10

Infrared =pcctral data follow each procedure.  Most of
the spectra of compounds with a methylthio or <ualfox-
ide gronp havea weak ahsarpting haud at 683 665 e Y
but thi= can he no more that o tentative assigrnient
for ("8 streteling vibrations,  Bands ot o, 1325
e are assigned to the ¢ H syvonetrie deformation
af the 8 CHy gronp and have significantly lower wave
numbers than are generally assigned to the C 11
OCH; and CCHy (1370 1350 em=). % There are threo
prominent bands, between 1250 and 1036 e ! (COC
and C==8) i the spectra of the two xanthates, agrecing
with hterature report<» =% There 1= <ome confnsion,
however, over the position of the (=8 band, which
generally is given as between 1020 and 1070 em ),
agreeing with our assignment. A band ranging from
1262 to 1143 has alsa been assigned to C==8. but ane
we find it that range, at 12501247 em ~L seems morce
likely ta arize as one of the abhsarption bands of the
COC grouping of these xanthates.

Reviewing omr work on 2-acetamido-e-fluorofluo-
renes"" which were synthesized for an exploration of
the carcinogenic niechanism of 2-acetamidofluorenc, it
18 interesting to note that all monofluoro-2-acetamido-
fluorenes exhibit twa Ar-1" bands which cant be elassi-
fied ax follows: - and S-flnoro at ea. 1320 and 1240
e~ 7-fluaro at el 1265 and 1220 em ™', 3- and -
fluaro at ea. 1300 and 1IN0 em™, 4-fluoro at ea. 1280
and HE30 e and 5-fluoro at ca. 1270 and 1230 e

Experimental Section®

Ethyl 9-Oxofluoren-3-yi Xanthate.—The diazonium fluoro-
harate prepared from 40 g af 9-axo-3-fluorenamine in 504
aqueaus dimethyl sulfaxide (DMSO) was added in portians, with
=tirring, to a warm (70-80°) saluiion of 0 g of parassium ethyl
xanthate (Eastunan, White Lahel) in 200 ml of water covered with
100 1wl of benzene. Rapid decampaosition took place with the
evolution of gas, ufter which the henzene luyer was separated and
the solvent evaporated. The praduct was dissolved in 150 ml of
benzene, chromatographed on ahuning, and elnted with benzene.
The fast-maving vellow band was collected and the salvent
evaporated giving 25 g (419, ), mp INO0-1%1°. Recrvstallization
frout benzene gave an analytical =ample with nmuchanged melting
POint; s 1706 (keto C==0)), 12350, 1111 (COC), 1036 (C===),1¢
762 and/ar 740 (fonr adjacent IH) cm 1,

Anal, Caled for CuHwOu3: €, G347
Found: C, 64.07; 11, 4.12; 8, 2104,
3-Methylthio-9-oxofluorene.--- A mixture of the uhove xanthatc

H, 4.05: 8, 2135

(23 g), H00 ml of ethauaol, and 1) g of NaOIT was refinxed for 1o

min and caaled, and A0 mlt of CH,l was added with stiring, the
calor chauging fram dark red to light vellow. The mixture was
hoiled down to near dryness and the product was extracted with
heuzene aud chromatographed on alumina (benzene),  Upon
evaporation, a yellow praduet caime ont giving 16 g (SH00), mp
117-118°. One reerystallization from benzene did war change
the mieltiug point: v, 1698 (keto C==0), 1203 (C-11 defarma-

(16) L. J. Bellarsy, " The Infrared Specira of Cemplex Moleenles,” 2nd ¢d,
John Wiley and Sons, Ine., New York, N. Y., 1958; particidarly K. Naka-
nishi, *'Infrared Ahsorption Specrroseopy-—DPractical,’’ Holden-Day, Ine., Nan
Francisco, Calif., 1962, and Quaet, Rept. Sulfur Clere., 1, 189 (1866), »\lm 1y
deals enlirely with (be specira of oruanic solfur (Hmpmmds (Jan 1961-Dec
1964).

(17) M.
(1961).

(18) L. 11. Linte, G. W, Poling, and J. Leja, ihid., 839, 745 (1961).

(19) M..J. Namknug, T. L. Flercher, and W. 11, Wetzel, .J, Wed. Ckene., 8,
551 (1965), iz the latest of our five Finoroflhorene papers,

(20) Melting points 1o 2H0° were taken on a Fisher-Johns block and are
corrected to standards; abewve 250° they were taken in a capillary on 1k
Hoover apparatns and ave not correcled, nnless noted. Infrared speciva
were vhn in KBr disks wil o Beckman 1R-5 (c«. 1.5 mg/300 mg of K.
Bond assignimen) s were s le wirhh the help of the veferences Listed in ref L.
Ynalyses were van by Selnencezkopf Labsoraceries, Wesdside, N Y,

L. Shankavauarayvina and O C, T'arel, (s, J. Chew., 39, 1633
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tion of SCHj), 921 (isolated H), 813 (two adjacent H), 762 or
731 {four adjacent H) em L

Anal. Caled for Clp0S: C, 74.30; 11, 4.46; S, 14.17.
Found: C, 74.56; 1I, 4.33; &, 14.45,

Methyl 9-Oxofluoren-3-yl Sulfoxide.—To a wmixture of 26 ml of
AcOH and 13 ml of yellow funiing HNO; at roam temperature, 13
g of 3-methylthio-9-oxofluorene was added in small portions,  An
exothermic reaction took place with evolution of reddish brown
fumes, and the temperature rose to 50°. The mixture was then
caoled aud stirred into 200 ml of cold water. Upon trituration, a
light vellow precipitate salidified which wax filtered off, washed
with water, and dried, giving 11 g (79¢{), mp 148-170°. le-
crystallization from benzene gave an analytical sample: mp 149~
130°; vpax 1701 (keta C=0), 1207 (C-H defornmation of SCIHy),
1041 broad (snlfaxide), 763, ra. 740 (forr adjacent H) em~L

Anal. Caled for CuH,O-8: C, 69.41; H, 4.16; S, 13.22,
Fouud: C, 69.36; H, 3.97; S, 13.06.

Methyl 7-Nitro-9-oxofluoren-3-yl Sulfoxide. A. Nitration of
Methyl 9-Oxofluoren-3-yl Sulfoxide.—The sulfoxide (1 g) was
added to 5 ml of yellow fuming HNO; (d 1.50) at 10°. The re-
action was coutrolled by holding the temperature under 30°.
After 10 min the mixture was stirred iuto 50 ml of cold water.
The yellow precipitate was filtered off and dried giving 1.2 g,
mp 197-205°. Recrystallization from benzene (Darco) vielded
(0.7 g of the nitro compound, mp 209-210°. Another recrystal-
lization from the same solvent gave an aualytical sample with
nnchanged melting point; vpax 1718 (keto C=0), 1524, 1344
(NOy), 1055-1038 (sulfoxide) em L

Anal. Caled for CiHoNO,S: C, 58.533; H, 3.16; N, 4.88;
S, 11.16. Found: C, 58.46; H, 3.15; N, 5.00; S, 11.31.

B. Nitration of 3-Methylthio-9-oxofluorene.—The procedure
in A was applied to 3-methylthio-9-oxofluorene yielding the same
compound (609%;), mp 209-2160°.

6-Methylthio-2-nitro-9-oxofluorene.—The nitro sulfoxide (11.3
g) was dissolved in 34 ml of warm glacial acetic acid and cooled
to room temperature, aud 4.5 ml of 489 HBr was added with
stirring. A yellow precipitate came out, which was allowed to
stand for 24 hr and then filtered off giving 9.7 g (909%) of the prod-
uct, mp 215-217°. Oue recrystallization from AcOH gave an
analytical sample: mp 218-219°; wvpax 1704 (keto C=0), 1517,
1340 (NO.), 1340 (C-H deformation of SCHj) em ™.

Anal. Caled for ClsH¢NOsS: C, 61.98; H, 3.34; N, 5.16; S,
11.81. Found: C, 61.89; H, 3.28: N, 4.95; 8, 12.27.

6-Methylthio-9-oxofluoren-2-amine.—A mixture of 12 g of
methyl 7-nitro-9-oxofluoren-3-y! sulfoxide, 70 g of SuCly-2H:0,
240 ml of concentrated HCl, and 120 ml of ethanol was boiled
for 15 min and cooled to room temperature. The yellow precipi-
tate was filtered off and stirred with dilute NH,OH releasing the
deep purple amino compound which was filtered off and washed
to obtain 8 g (799,), mp 156-158°. This was dissolved in boiling
toluene and filtered. The resulting crystals melted at 157-138°;
Ymax 1608 (keto C=0), 1314 (C-H deformation of SCHj3), 878 or
866 (isolated H), 832, 820 (two adjacent H) em~L

Anal. Caled for C:H,NOS: C, 69.69; H, 4.39; N, i.80;
8, 13.27. Found: C, 69.74; H, 4.44; N, 5.70; S, 13.16.

N-2-(6-Methylthio-9-oxofluorenyl)acetamide.—Acetylation of
the amine and recrystallization from alcohol gave the amide:
mp 252-233°; vmex 1695-1672, broad band (keto C=0 and amide
C=0), 1305 (C-H deformation of SCHj), 867 (isolated H), 835
(two adjacent H) em L

Anal. Caled for CisHiNOoS: N, 4.95. Found: N, 5.23.

6-Methylthiofluoren-2-amine,—A mixture of 8.2 g of 6-
methylthio-2-nitro-9-oxofluorene, 100 ml of diethylene glycol,
and 50 ml of 859, hydrazine hydrate was boiled under reflux for
1.5 hr without a condenser until the temperature of the solution
rose to 205° and under reflux again for 2.5 hr. The straw-
colored mixture was theu cooled and poured into 300 ml of water.
The white precipitate was filtered off, washed, aud dried, giving
6.5 g (95%), mp 105-107°, Oue recrystallization from alcohol
(Darco) gave an analytical sample: mp 107-107.5°; vmax 1445
(CH,), 1314 (C-H deformation of SCHj), 849 (isolated H), 819,
801 and (two adjacent H) em 1

Anal. Caled for Ci.Hi3NS: C, 73.98; H, 5.77; N, 6.16; S,
14.08. Found: C, 73.80; H, 6.13; N, 6.27; S, 13.92.

Acetylation gave N-2-(6-methylthiofluorenyl)acetamide, mp
190-191.5°. Recrystallization from alcchol (Dareo) raised this
to 191-192°; vmex 1667 (amide C=0), 1429 (CH>), 1305 (C-11
defarmation of SCH;), 801 (two adjacent H) em ™1

Anal, Caled for CsH;NOS: N, .20, Faund: N, 5.12,
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N-2-(6-Methylthiofluorenyl)-2’,2",2'-trifluoroacetamide.—To a
stirred solution of 3 g of 6-methylthiofluoren-2-amine in 100 mt
of benzene, 4 g of trifluoroacetic anhydride was added dropwise.
The precipitate was filtered off and dried giving 6.9 g (999,) of
the product, mp 193-194°. Two recrystallizations from aleohol
gave an analytical saniple, with unchanged melting polut;
voax 1730 (CF,C—=0), 1497 (Clly), 1304 (C-1I deformation of
SCIHy), 11635 broad (CFy), 836 (two adjacent H) em 1,

Anal. Caled for CHpF,NOS: C, 59.43; H, 3.74; N, 4.33.
Fouud: C, 39.63; H, 3.97; N, 4.22.

N-2-(3-Methylthiofluorenyl )acetamide.—The steps iucluded
hetween brackets (Schenie 1) gave campounds which proved
tedious ta purify. After obtaining a few milligrams of the de-
sired compound (I), we pursued the alternate route (Scheme ).
[Tawever, sinice the reactions in Scheme I actually gave us com-
pound I, the procedures are briefly indicated here. Nitration of
6 g of N-2-(6-methylthiofluorenyl)-2',2",2-triflucroacetamide in
a mixture of concentrated HNQ; and yellow fuming HNO; (d
1.49-1.50), followed by reduction of the sulfoxide functiou with
509 HBr gave N-2-(6-methylthio-7-nitrofluorofluorenyl)-2’,2",-
2'-trifluoroacetamide, mp >310°. Hydrolysis in aqueous alco-
holic NaOH gave dark red 6-methylthio-7-nitrofluoren-2-amine,
mp >310°.

Anal. Caled for Cqu{mN‘zOgSZ C, 617:), H, 4,44,
C, 61.37; H, 4.44.

Diazotization (NaNQ, and HCI) and deamination (of 0.18 g)
i the usual way with HyPO. gave a crude product which was
dried and sublimed (230°, 1 mm), giving 21 mg, mp 240-242°,
of 3-methylthio-2-nitrofluorene. This was reduced in a little
alcohol with N:H;-HyO and Pd-C in the usual way.!* After
filtration and evaporation of the solvent, the product was dried
it a vacuum and acetylated to obtain a few milligrams of I, mp
162-165°. A mixture with I obtained from the Millers (mp
163-161°) melted at 163-165°, and the infrared spectra were
the same.

3-Methylthiofluorene. A. Reduction of 3-Methylthio-9-
oxofluorene.—Reduction of 2 g of 3-methylthio-9-oxofluorene
in 20 m! of diethylene glycol and 20 ml of 859 hydrazine hydrate,
as above, gave 1.3 g (699%), mp 61-64°. Two recrystallizations
from methanol raised the melting point to 66—67°; vpax 1443
(CHa), 1303 (C-H deformation of SCHj;), 838 (isolated H), 800
(two adjacent H), 766, 730, (four adjacent H) em 1.

Anal. Caled for CsHie8: C, 79.21; H, 5.70; S, 15.09. Found:
C, 79.11; H, 5.91; S, 15.23.

B. Deamination of 3-Methylthiofluoren-2-amine.—To a solu-
tion of 100 mg of 3-methylthiofluoren-2-amine?! in 1 ml of tetra-
hydrofuran, 3 ml of concentrated HCl was added. The mix-
ture was cooled in an ice-salt bath to —3° and 50 mg of NaNO,
was added. After stirriug for 10 miu, 10 mg of sulfamic acid was
added to destroy excess HNQ,, aud the mixture was stirred into
10 ml of cald 309; HsPO,. Gas evolved aud after 10 min a few
crystals of KMuO, were added. Iu 1 hr the evolution of gas had
ceased and the mixture was refrigerated overnight. The light
yellow precipitate was filtered off, washed with water, and dried,
giving 30 mg of crude prodiet, mp 538-64°. One recrystallization
from methanol (Darco) raised the melting point to 63-67°.
The melting point of a mixture of this compound with the oue
obtained in A was not depressed and the infrared spectra were
identical.

3-Bromo-2-nitro-9-oxofluorene.—A mixture of 3-bromo-9-oxo-
2-fluorenamine!? (5.5 g), 409 peracetic acid (70 ml), and AcOH
(50 ml) were refluxed with stirring for 15 min then diluted with
water. The vellow precipitate was separated (5.8 g), recrystal-
lized from benzene, and then from acetone-methanol, mp
236-237° (lit.1* 2373-237°).

3-Methylthio-2-nitro-9-oxofluerene —3-Bromo-2-uitro-9-oxo-
fluorene (1.5 g), DMSO (40 ml), and a freshly made solution of
NaSCH; in absolute ethanol (3.5 ml), coutaining 1 equiv of the
sulfide, were stirred together (CaCl. tube) for 48 hr, heated on
a steam bath for 0.5 hr, then diluted with water containing a
few milliliters of 6 ¥ HCl. The brown precipitate was filtered
off, washed with water, and dried giving 1.3 g (969), mp 288-
291° dec. Chromatography on alumina (benzene) gave an analy-
tical sample: mp 311-312° dec; vmex 1700 (keto C=0), 1570,
1320 (NO»), 675 w (SCH3) em L.

Anal. Caled for CiHNOsS: C, 61.99; H, 3.34: N, 5.16.
Found: C, 61.87; H, 3.39; N, 5.39.

Found:

(21) Olained from Dr, ), A, Miller (see ref 4).
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3-Methylthio-9-oxofluoren-2-amine.—-"'h¢ above nitra com-
ponnd was redneed with ShCl - 21,0 and 11CH giving deep purple
erystals: mp IR4-185°0 e 1700 (keto Co=On, 1300 (C-T1
delormation of SCH,), 670 w (SCH;) em L

Anal. Caled for CHEyNOS: N, 4.800 X, 13,29,
AT N, 12.80.

3-Methylthiofluoren-2-amine. A.--3-Methylthio-0-oxoflioren
2-amine (2.4 g), 2,27-oxydicthanol 1200 mb), 941007, hydrazine
hyvdrate (10 ml), and KOIT (2 g) were mixed, refluxed with oc-
casional <haking for T hr, and diluted with water.  The amine
(1.9 g, 88C4) was recrystallized from wethanol-water giving
an analvtical sample: mp HT-1IS®0 w0 1307 (C-H deforma-
tion of SCHy), 683 w (SCHy) emn—L,

Anad, Caled for CudTp NS C) 73070 H, 3760 N, G =,
.0 Fand: C, 73.82: 11, 4,08, N, 2,000 8, 1397,

B.---3-Methylihio-2-nitro-O-axofluorene (1.4 g), 2,2-oxyvdi-
ethanaol (100 wl), and 99-100¢, hydrazine hyvdrare (10 ml) were
refluxed for 30 hr.  The condenser was then removed and heating
was coutinued until the temperatire of the reaction mixture
reached 210°. The mixture was theu caoled and diluted with
water, and the white crystals were filtered off giving 0.1 g (9¢7),
mp F5-117°,

N-2-(3-Methylthiofluoreny!jacetamide.---"The above amine (A
or B) was acetylated giving the amide (I): mp 164.5-163.3°;
eax 1663 (anmide C=0), 765, 730 (fonr adjacent ), (R0 w
(SCIHyy em~L

dnal. Caled for CelNOS: C) TH34; H, 4610 N, 3.208
S, 1100, Found: €, 7157; H, 3.79:0 N, 148 S, 1140,

3-Bromo-7-fluoro-2-nitro-9-oxofluorene.-—i-Bramo-7-Huara-9)-
oxoflnoren-2-amine?” (12,5 g) wuas added in small portions 1o
rapidly stirred 4097 peracetic acid (250 mb) over o period of 40 min.
The =n=pension was then geutly refluxed with continuons stirring
far 0.3 hr aud cooled.  After water dilution, the product wax ixo-
lated as yellow erystals, 0.7-113 g (TO-8393, mp 212-213.5°.
Chramatography through alimina {henzene) gave an analvtical
sample: mp 214-215°; vyax 1720 (keto C=0), 1330, 1340 (NO.),
1270, 1240 (ArF) em ™,

Anal. Culed Tor CplLBrENO;s: Q) 4548 H, 136, N, 4.35.
Found: C, 48.62; 11, 1.458; N, 4.3%,

3-Ethoxy-7-fluoro-2-nitro-9-oxofluorene.--i-Bromo-7-flnora-2-
nitro~d-axoflitorenc (6.6 g) was mixed with DASO (130 mb) and
a1 solntian of aged sadimm methyvl sulfide in absalute ethanol (13
ml, cantaining 1.3 g of the =ulfide). Thix solution had heen pre-
pared and nsed, and the remainder had been stored in a glass-
stoppered bottle in a refrigerator for 6 months prior to this use.
The reaction mixture was stirred for 1.4 days then heated on a
steam bath for 1 hr, diluted with water, and acidified with HClL
The solid (3.7 g) was separated and chramatographed thraugh
ahimina (benizeue) giving 2.0 g; mp 1T85-170.10°%0 v 1720
tketa C=0), 1320, 1340 (NO:), 12753-1230 (Ar ether, ArF),
1224 (ArF) em L

Anal, Caled for C:HeFNO: C,
Found: C, 62.4%; 11, 3.72; N, 3.00.

3-Ethoxy-7-fluoro-9-oxofluoren-2-amine.---The above nitro
componnd was rediiced with SuCl.-211L.0O and HCLH in the u=nal
manmer giving histeans pirple blades (benzene-ligroin: mp 180
ISES; pex 1700 (keta C==0), 1280, 1263 (Ar cther, ArF), 1210
tATF) em~L

Annl, Caled for CuHpFENO.: ), 700030 L, 4700 F, 7.59; N,
344, Foond: C, 69.91: T, 4.55; F, 7.11; N, 508,

3-Ethoxy-7-fluorofluoren-2-amine.- -A mixture ot 3-ethaxy-7-
fhora-0-oxaflnoren-2-amine (0.2 g), 2,2-oxvdiethanol (24 mb),
90--100¢¢, hydrazine hydrate (2 ml), and KOII (0.3 g) was re-
Huxed far 0.5 hr and dilited with water. The product was tso-
lated and recrvstallized from methanal-warer giving 0.13 g
mp 130-139.0°%; voae 1204, 1240 (Ar ether, ArF), 1215 (ArF)
onr,

Anal. Caled Tor Cll FNO T, 781
701 N, A4.73.

Acetylation of 0.2 g gave 0.2 g of N-2-(3-ethoxy-7-fluoro-
fluorenyl)acetamide: wp 192-195°; »,. 12850, 1235 (Ar ether,
ArF), 1188 (ArF) e

dnal. Caled for G FNO. O THAG: H, 5.65; N, 4.91.
Fonnd: C, 71.23; H, 3.77; N, 4.7%.

3-Ethoxy-7-fluoro-9-oxofluorene . —3-lithoxy-7-fluora-9-oxa-
Huoren-2-amine (0.2 g) was dinzotized in 4 N HCI (13 ml) with
NaNO, (0.1 g) at 0-5° Cold 5077 HzPOy (20 ml) wis slowly

Found: N.

6272 11, 3315 N, 4.8%,

N, 5.76. Faund: F,
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sthred Dnto the mixture,  After warnming to ramn temperatine,
the wixtnre was dibited with water and the prodnet was isolated
and pnritied hy ehronuwtography on alnning (henzene! giving
043 gr mp I230.5-126°%0 vy 1700 cketo C=0)), 1267, 1220
iArether, Avl i 1213 ArF), 876 (isoluted 11), 829 (two adjacen
HY em o,
el Culed Tor CoHFOL O T4.57:
IR AL RGN T P
7-Fluoro-3-hydroxy-9-oxofluorene.-— A solition of HLEG g of
7-fhiaro-9-oxofluoren-3-niine, mmade hy way of N-2-(7-fluaro-
flnorenyDacetamide as dexcribed helow (see Scheme TTT), in 100
mt of hot AcO1l was cooled in an iee hath 1o 13° and 1 nitrosyl
sultate <olutione (made hy addition of 4 g of NaNO, in small por-
Hons to 30 ml of coreentmted FLRO,) was added with <tirring m
such o rate hat the temperature of the wixtnre was held below
4370 This was sthrred for 2 e and then potired into 400 ml of
water and hented to 40° for 30 min. When the temperatire
reached 83°, reacticn connenced {gus) and a yellow precipitate
formed. After cooling, the precipitate wus filtered off, wushed,
and dried, giving 1.2 g (02€7), mp 263-270°.  Subliwation fol-
lowed by recrystallizavion {rom aleohol gave 6.7 g, nip 280-281°.
An analytical saniple was prepared hy one more recrystallization
fromt aleohol Onchanged nielting pointi: v 1689 (keta C==0)),
1377 (ArOI), 1269 (AvFy  1220-1211 (ArOML, ArFy, =Ko
(isolated I1), 824, 813 (iwo adjacent H e,
dnal. Caled for CodTFOL 0 72,000 1 3200 1, SK7
Fonnd: C, 72805 L3007, F, 0007,
3-Ethoxy-7-fluoro-9-oxofluorene. --I'reniment oi the foregaing
compamud with ethylt sulfate in alkaline solition yielded 97¢7.
mp 124-126°. Recrysiallization from aleahol gave i analytical
=ample, p 125-123.3° Adixture with the compaund ohtained
from 2-nitra-3-hromo-7-finoro-N-oxofluarene and aged NuSCliy
i aleohol did not depress the melting point. Theinfrared spectin
af the two catpounds were identical.
dnal. Caled tor CoHpFOL C, 74370 11, 4.48; 1, 7.84
Foand: C, 74470 11, 4.55: T, S.12.
7-Fluoro-3-methylthio-2-nitro-9-oxofluorene —-3-Brama-7-
flnoro-Z-nitro-fl-oxaflnorene (6.4 g) was suspended in 130 ml of
DMRO, and o freshly prepared =olition of NaSCH, in ahsolute
ethanol ¢ 14 ml, contaming 1.4 ¢ of the sulfide) was added drop-
wise over aoperiod of T3 min. The reaction mixture was stirred
for 2 o and ponred o an excess of dibied HCL - The produet
was separnted and reeryvstallized from benzene giving 4.2 g
(73000 mp 279=280% Tearii® vy 1710 (keto C==0), 1308, 1323
(NO2), 1282 1(C-H deformation of SCH,1, 1273, 1132 (ArEF), 835
Hwo adjacent FTyvem =Y,
el Caled Tor CLILENORS: F, G078, 1LOS,
B, 6020 8, 1oL
7-Fluoro-3-methylthio-9-oxofluoren-2-amine - 7-I'tuaro-;-
et hyvlthio-2-nitro-9-oxoflnorene (2.8 g) was reduced in a boiling
mixture of *nCL-2H.0 (20 g), concentrated HCLE (S0 mlb), and
ethanol (10 mbi. The amine, 2.3 g M2€0), nmelted at 173.5
F740%0 pa 17000 (kera Ca==0)), 1267, 1217 {ArF) e 2,
Anal. Caled Tor CLILEFNOS: X, 340, Found: N, 5.30.
N-Acetyl derivative had mip 233-233.3°% s 1701 {kelo
C==0) 1 1263, 1200 (AT e,
el Caled Tor CeHeFNOS: €, 63,77
Found: €, 63.96; 11, 4.0h; N, 4.54.
7-Fluoro-3-methylthio-9-oxofluorene.--7-Fluoro-3-methyithio-
O-oxoflnoren-2-amine was deawminated with 30¢ PO, ax de-
scrihed earlier giving @ produet melting at 144-145.5°. Cam-
parizon with the prodnets described below (two niethods starting
with 7-fluorofluoren-3-miine) <hawed that they were ideutical
fuelting point, mixture melting point, and infrared spectra).
7-Fluoro-3-methyithiofluoren-2-amine.—7-Fluoro-3-methyl-
thio-9-oxofluoren-2-amine (0.5 g) was mixed with 2,27-axydi-
ethanal (40 ), 041004 hydrazine hydrate (2 ml), aud KOH
(0.3 g), refluxed {or (1.3 hr, and worked up as usual. Recrystal-
lization from wethanol-water gave 0.3 g mp 107.5-110.5°.
Firther recrystatlization fram the same salvent gave an analyti-
cal smuple: mp TOA-1HLA%0 pue 1272, 1240 (ArF) em L
Anal, Caleld for ColdluFNS: ¢, 68.454; H, 4.93; N, 3.71;, =
13,07, Fad: O, 68238, H, 4.85; N, 3.54; 8, 12.76.
N-2-(7-Fluoro-3-methylthiofluorenyl)acetamide.—The acet-
viated amine melted a1 200-210%; p,..x 1665 (anide C==0)), 1274,
1240 (ArF) can—¢
dnad. Caled for il FNOS: , 66.88; H, 4.91; F, 6.61:
NOESTD SO THI Fonnd: ¢ 66.73; H, 4.67; F, 6.26: N, 4.01;
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Famnd:

I, 4.01: N, 4.G5.
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N-2-(7-Fluoro-3-nitrofluorenyl )acetamide.—To a mixture of
9.3 g of N-2-(7-flucrofluorenyl)acetamide and 70 ml of AcOH at
40° in a beaker, 3 ml of HNO; (d 1.42) was added. All
the solids dissolved as the temperature rose to 53°, and a
vellow precipitate came out. After cooling and filtration, the
precipitate was washed with 20 ml of acetic acid and with water
and dried, giving 9.1 g (809) of the crude product, mp 225-228°.
Crystallization from toluene gave an analytical sample: mp 227-
228°; vmax 1689 (amide C=0), 1577, 1333 (NO,), 1439 (CH,),
1266-1250, 1247 (ArF) em L

Anal. Caled for C;H,FN2Os: N, 9.79. Found: N, 10.00.

N-2-(7-Fluoro-3-nitro-9-oxofluorenyl)acetamide.—To a hot
solution of 8.6 g of the foregoing compound in 200 ml of AcOH,
25 g of NasCr;07-2H,0 was added. The mixture was boiled for
30 min with stirring and cooled. The bright red precipitate was
filtered off, washed with water, and dried, giving 8 g (899) of
the product, mp 310-313°. Recrystallization from o-dichloro-
benzene raised the melting point to 311-313°; wymax 1718-1705
(keto C=0, amide C=0), 1497, 1330 (NO»), 1272, 1235 (ArF)
em~L

dnal. Caled for CsHoFN2Oy: N, 9.33. Found: N, 9.47.

7-Fluoro-3-nitro-9-oxofluorene,—A mixture of 7 g of the fore-
going compound and 35 ml of concentrated H.SO, was heated on
a steam bath for 1 hr aud cooled to room temperature, and a
nitrosyl sulfate solution, prepared by stirring 3 g of NaNQ; in
small portions into 20 ml of coneentrated H.80,;, was added.
After stauding for 4 hr, this was stirred with 50 g of eracked ice.
Upon addition of 30 m! of 509, H;PO., there was vigorous
evolution of gas. After 2 hr the precipitate was filtered off,
washed, dried, and sublimed (240°, 1 mm), giving 4.2 g (749,) of
the product, mp 228-229°. Recrystallization from toluene gave
mp 228.5-229°%; wmex 1712 (keto C=0), 1524, 1348 (NO.),
1274, 1230 (ArF), 826 (two adjacent H) em~1.

Anal. Caled for CHFNO;: C, 64.20; H, 248; F, 7.81;
N, 5.76. Found: C, 64.35; H, 2.50; F, 7.51; N, 5.92.

7-Fluoro-9-oxofluoren-3-amine.—The foregoing compound was
reduced with SnCl,.2H,0 and HCl and worked up in the usual
way to obtain 3.2 g (919;), mp 169-170°. Recrystallization from
alcohol did not raise the melting point; vp.x 1689 (keto C=0),
1267, 1218 (ArF), 878 (isolated H), 815 (two adjacent H) em 1.

Anal. Caled for C:HsFNO: C, 72.23; H, 3.78; N, 6.57.
Found: C, 72.03; H, 3.51; N, 6.66.

N-3-(7-Fluoro-9-oxofluorenyl)acetamide.—The acetyl deriva-
tive, recrystallized from alcohol, melted at 259-260°; vmax 1695
(keto C=0), 1681 (amide C==0), 1269, 1215 (ArF), 883 (iso-
lated H), 820 (two adjacent H) em 1,

Anal. Caled for C:H oFNO:: C, 70.58; H, 3.95; N, 5.49.
Found: C, 70.79; H, 3.85; N, 5.64.

2,6-Difluorofluorenone.—7-Fluoro-9-oxofluoren-3-amine, di.
azotized with 509, HBF, aud NaNO; in the presence of DMSO
in the usual way,?® gave a diazonium salt, dec pt 160°. Decompo-
sition in boiling o-dichlorobenzene yielded 709 of 2,6-diflucro~
fluorenone. Sublimation (170°, 1 mm) gave the pure compound,
mp 184-185°. A mixture with the authentic compound® melted
without depression.

7-Fluoro-3-methylthio-9-oxofluorene. A, —Diazotization of 6-
niethylthio-9-oxofluoren-2-amine with 509 HBF, and NaNQO; in
the presence of DMSOY in the usual way gave the diazonium
fluoroborate, dec pt 160°. Upon decomposition of the above salt
i boiling o-dichlorobenzene, followed by chromatography on
ahnuina and elution with benzeue, the product (mp 143.5-145°)
was obtained in 656 yield. Crystallizatiou from aleohol followed
by suiblimation at 143° (1 mm) gave an analytical sample: mp
146-146.5°; vy 1700 (keto C=0), 1294 (C-H deformation of
SCHs), 1263, 1224 (ArF), 864 (isolated H), 822 (two adjacent H)
cm-1,

Anal. Caled for C,H,FOS: C, 68.84; H, 3.71. Found: C,
69.04; H, 3.73.

B.—The diazonium salt prepared from 10.65 g of 7-fluoro-9-
oxofluoren-3-amine, as described for the synthesis of 7-fluoro-3-
hydroxy-9-oxofluorene, was added to u solution of 30 g of potas-
sium ethyl xanthate in 400 ml of water with stirring, and the
mixtire was heated to 90° for 20 min. Reaction commenced at
70° (gas). The precipitate was filtered off and dissolved in 40 ml
of benzene and, after drying (Na,S0,), the solution was percolated
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through alimina (benzene). The first (yellow) band was collected
atd the solvent evaporated giving 3.7 g (23%) of the xauthate,
mp 175-177°. Two recrystallizatious from aleohol raised the
melting point to 176-177°; vmax 1704 (keto C=0), 1259, 1233
(ArF), 1247, 1111 (COC), 1038 (C=S),'® 877 (isolated H), 838
(two adjacent H) em 1

Anal. Caled for C,sHuFO:S:: C, 60.36; H, 3.48; S, 20.14.
Found: C, 60.49; H, 3.45; S, 19.98.

A mixtinre of 1.4 g of the above xanthate, 20 ml of ethanol,
and 1.5 g of NaOH was refluxed for 10 min and cooled, and 15 ml
of CHsl was added. After boiliug for 10 min, a white precipitate
of inorganic material was filtered off and the filtrate was evapo-
rated to near dryness. Beuzene (10 ml) was added and the solu-
tion was chromatographed on alimina. A rapidly descending
yellow band was collected and the solvent evaporated, giving 0.95
g (88¢), mp 145-146°. One recrystallization from aleohol raised
the melting poiut to 146-146.5°. A mixture of this compound
with the aue prepared it A melted without depression aud the
infrared spectra were ideutical.

Methyl 7-Fluoroe-2-nitro-9-oxofluoren-3-yl Sulfexide.—To 1)
ml of yellow fuming HNO; (4 1.30) in a beaker, 2 g of 2-fluoro-6-
methylthio-9-oxofluorene was added in small portions. The
temperature rose to 40°. The resulting solution was cooled to 20°
and 40 g of crushed ice was added. An oily gum formed which
solidified upon trituration. This was filtered off, washed with
water, aud dried giving 1.5 g (609), mp 207-217°. Two re-
crystallizations from toliene (1Jarco) raised the melting point
to 218-210°: puax 1724 (keto C=0), 1524, 1333 (NO,), 1269,
1235 (ArF), 1055 (S=0).

Anal. Caled for C.HsFNO,S: C, 55.08; H, 2.64; N, 4.59.
Found: C, 55.10; H, 2.49; N, 4.71.

7-Fluoro-3-methylthio-2-nitro-9-oxofluorene.—To a warm
(40°) solution of 1.3 g of the sulfoxide in 40 ml of glacial acetic
acid 10 ml of 489, HBr was added with stirring. After 2 hr the
mixture was poured iuto 100 ml of water. The yellow precipitate
was filtered off. washed, and dried, giviug 1 g (819;) of crude
product, mp 273-275°. Sublimation (265°, 1 mm) followed by
recrystallization from toluene gave an analytical sample, mp 279-
280° (cor).® This proved to be identical with the eompound
made from the corresponding 3-bromo derivative by reaction
with NaSCH; (mixture melting point, infrared spectra).

Anal. Caled for Ci,H;FNO,S: C, 58.12; H, 2.79; N, 4.84:
F, 6.57; 8, 11.08. Found: C, 57.89; H, 2.76; N, 4.86; F, 6.82;
8, 11.32.

3-Ethoxy-2-nitro-9-oxofluorene.—3-Bromo-2-uitro-2-oxofluo-
rene (3.1 g), “aged” ethanolic NaSCH; (109, 6.5 ml), and
DMSO (75 ml) were mixed and stirred at room temperature for
5.5 days then heated on a steam bath for 1 hr. Upon addition
of dilute HCI, there was obtaiued 2.8 g of the product which
was purified by chromatography on alumina (beuzene) giving
1.6 g (609%); mp 235-235.5°; vmax 1700 (keto C=0), 1515, 1330
(NO,), 1250 (Ar ether), 762, 732 (four adjacent H) ¢m~L

Anal. Caled for Cu;HuLNOs: C, 66.91; H, 4.12; N, 5.20.
Fouud: C, 66.82; H, 4.04; N, 5.43.

3-Ethoxy-9-oxofluoren-2-amine.—The above nitro compound
was reduced with SuCly-2H,0 in concentrated HCl. The amiue
melted at 153-154°; vmax 1690 (keto C=0), 1215 (Ar ether) cm 1,

Anal. Caled for C;H;3NO,: N, 5.85. Found: N, 6.07.

3-Ethoxyfluoren-2-amine.—The 9-oxo derivative was reduced
by refluxing it for (.3 hr with 99-100¢; hydrazine hydrate and
KOH iu 2,2%oxydiethanol. The product melted at 111-112°;
vax 1200 cm ! (Arv ether).

Anal. Caled for C;HsNO: N, 6.22. Found: N, 6.18.

N-Acetyl derivative had nip 168.5-169.5°; wpax 1240 cmi—!
(Ar ether).

Anal. Caled for CO;HiNO2: C, 76.38; H, 6.41. Found: C,
76.31; H, 6.15.
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