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Hyperchromicity (Table II).—Alkaline digestion could not be
used for those compounds with a 3-methyluracil residue since
this moiety undergoes degradation in alkali.’® Hyperchromicity
was determined by measuring the optical density at the Apm,x of a
solution of the diribonucleoside phosphate at pH 6.0 before and
after digestion with purified snake venom diesterase (Worthing-
ton Biochemicals). The digestion was carried out as follows.
To 2 nil. of an aqueous solution of the diribonucleoside phosphate
was added 0.2 ml. of 0.1 M Tris buffer (pH 8.2), 0.025 ml. of 0.1
M Mg30, solution, and 0.1 ml. of a freshly prepared enzyme
solution (5 mg./ml.). Incubation was carried out at 37° in a
jacketed compartment of a Cary Model 14 spectrophotometer
and was judged complete when the optical density at Amax re-
mained steady for several hours. In one experiment 5-methyl-
tiridylyl-(3’—5’)-5-methyluridine was hydrolyzed with 0.5 N
NaOH and the hyperchromicity measured at pH 6.0 was similar
to that obtained by use of the enzyme. In separate experiments
the effectiveness of the enzyme treatment was tested on more
concetttrated samples of each of the diribonucleoside phosphates
under similar conditions. The products of the digestion were
=eparated by electrophoresis and in no ease conld the unchanged
diribonucleoside phosphate be detected.

Ribonuclease Treatment.—To the diribonucleoside phosphate
(0.2 mg.) in 100 X of water was added 25 X of 0.1 M Tris buffer
solution pH 7.0 and 25 X of pancreatic ribonuclease solution (1
mg./ml. of Worthington crystalline, Code R), and the solution
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was incubated at 37° for 15 hr. The reaction mixture was exam-
ined by means of electrophoresis.

The following compounds were not hydrolyzed: 3-methyl-
uridylyl-(3’—5")-3-methyluridine, 3-methyluridylyl-(3’'—5")-
uridine, and 5-methyluridylyl-(2’—5")-5-methyluridine. The
following compounds were completely hydroyzed to the 3’
nucleotide and nucleoside: uridylyl-(3’—35’)-3-methyluridine
and 5-methyluridylyl-(3’—5’)-5-methyluridine.

When a mixture of equal parts of 5-methyluridylyl-(2’'—5")-5-
methyluridine and 5-methyluridylyl-(3’—5’)-5-methyluridine
was subjected to these hydrolytic conditions, no breakdown prod-
ucts were detected.
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Further polyhalofluorene derivatives have been found effective against certain tuniors in mice, and data are
presented for some of the compounds reported earlier.’* On the basis of present data, the most active com-
pounds in this group are: N-2-(1,3-dichloro-7-nitrofluorenyl)acetamide (Adenocarcinoma 755), N-2-(7-bromo-
1,3,4-trichlorofluorenyl)acetamide (Sarcoma 180), N-2-(1,3,7-trichlorofluorenyl)acetamide (Cloudman melan-
oma), 1,3-dibromo-7-unitro-2-fluorenamine (Adencarcinoma and Sarcoma), 1,3,7-tribromo-2-fluorenamine
(Adenocarcinoma), and N-2-(1,3,4,6,7-pentachlorofluorenyl)acetamide (Sarcoma). The position of the chloriie
atom, desiguated earlier’® as 4(?) on the basis of infrared absorption, is confirmed by synthesis. Some com-
pounds we described as 2,3,7-trisubstituted fluorenes are shown to be 2,4,7-derivatives, in agreement with recent
reports, 23 but still in marked disagreement with an earlier paper.* 2,7-Dibronio-, -dichloro-, and -difluorofluo-
renes and the three corresponding 9-oxofluorenes are all nitrated at the 4-position. Chlorination of N-2-(4-
chlorofluorenyl)acetanide, N-2-fluorenylformamide, and ethyl N-2-fluorenylcarbamate, as found earlier’® with
N-2-fluorenylacetamide, leads to the 1,3,4,7-tetrachloro compounds. 2,3,7-Trichlorofluorene is prepared by three
routes, Acetylation of some relatively weak amines by merely shaking at room temperature with glacial acetic
acid is described. Bromination of N-2-(7-bromofluorenyl)acetamide with N-bromosuccinimide in dimethyl-

formamide gives the 3-bromo derivative.

Our previous report in this series'® included a number
of polyhalogenated fluorene derivatives which show
antitumor activity in animals. In expanding this area,
in a search for further compounds with biological activ-
ity, we have first confirmed the supposed 4-position for
a number of these substances. Iu all cases in the pre-
vious paper'® the position designation 4(?) is, in fact,
4. Iu addition to this minor poiut, we wish, in the
present paper, to clarify a discrepancy in the literature
aud, in so doing, correct a position designation in the
names of a number of the reported compounds in the
previous paper. In brief, eight di- and trichlorofluo-

(1) ¢a) For Halogenofluorenes. I, see H.-L. Pan and T. L. Fletcher, .J.
Med. Chen., T, 31 (1964). (b) Rupported in part by a grant (Ca-01744)
frone the National Cancer Institute, National Institutes of Healtl, and in
part by Research Career Development Award 5-K3-GM-14,991 (1. L. F.).

(2) W. Schidlo and A. Sieglitz, Chem. Ber., 96, 2595 (1963).

(3) A. Sieglitz, tbid., 97, 3392 (1964).

(4) In particular see paragrapl 2 and footnotes 68 in ref, la.

Tasre 1

No.* Correct name
XIX 9-Bromo-2,4,7-trichlorofluorene
XX 2,4,7-Trichlorofluoren-9-o0l
XXI 9-0Ox0-2,4,7-trichlorofluorene
LII 4-Amino-2,7-dichlorofluoren-9-0l
LIIT 2,7-Dichloro-9-oxo-4-fluorenamine
LXXIII 2,4,7-Trichlorofluorene

In text only 2,7-Dichloro-4-nitrofluorene
In text only 2,7-Dichloro-4-fluorenamine
* See ref. 1a, Table II, or text.

rene derivatives (shown in Table I), named 2,3,7-
substituted fluorenes, are 2,4,7-substituted fluorenes.
As noted,'™ there are discrepancies apparent in com-
paring sonie of our compounds with those of the same
name deseribed by Kretov, et al.* The latter clainied
to have obtained the 3-nitro derivative, by nitrating
2,7-dichlorofluorene, and from this 2,3,7-trichloro-
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fluorene were cach chlorinated to give a 2,4,7-trisub-
stituted fluorene. The corrections in Table T and the
structures (Scheme 1) deseribed in this paper are now
cousistent aud in full agreement with those of Schidlo
and Sieglitz® and Sieglitz.? We arve still in substantial
however, with Iretov’s work, and, on
the basis of the details we have seen, we are unable o
clarify his results.*

2,3 7-trichlorofluorene was prepared in
Both  2,7-dichloro-9-ox0-2-fluorenamine
and 6.7-dichloro-9-oxo-2-fluorenamine were converted
to 2.3,7-trichloro-9-oxofluoreue,® through a Sandmeycr
reaction, and 3-chloro-9-oxofluorene was chlorinated to
the same trichloro compound (melting point and in-
frared spectra) (see Scheme IT).
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.Cl
== L 3
X \ _/~NHCOCH; X O O NHCOCH;
Ci
X=CLF
NHCOY
Y == M, Chia, O€,H,
fluorene.  We find, however, that not only 2,7-dichloro-

fluorene but also the 2,7-dibromo and -difluoro deriva-
tives as well as the corresponding 2,7-dihalo-9-oxo-
fluorenes nitrate in the 4-position. While this work
was in progress, further confirnation of the above ap-
peared?: in the latter, 4-carboxyfluorene and 4-chloro-

We leaned heavily on infrared spectra!® to support
our belief that many of our tri-, tetra-, and peutachloro-
fluorene derivatives were substituted in the 4-position
by one of the chlorine atoms,  In this report we present,
chemiical evidence that proves this to be true as shown
in Scheme III. Synthesis of 2-acctamido-4-chloro-
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fluorene and 2-acetamido-4-chloro-~7-fluorofluorene fol-
lowed by chlorination gave the same compounds as we
described earlier made by a different route.

Chlorination of 2-formamidofluorene and ethyl N-2-
fluorenylcarbamate gives tetrachloro derivatives with
the chlorines most likely in the 1-, 3-, 4-, and 7-positions
as in the chlorination of 2-acetamidofluorene.’* In-
frared spectra of these compounds show similar ab-
sorptions in the 800-900-cm. ! region, indicating that
two adjacent hydrogeus are present in these molecules
studied.™

Antitumor activities of some of the polyhalogenated
fluorenes are shown in Table II. The most active
compounds are substituted with chlorine or bromine
at the 1-and 3-, or 1-, 3-, and 4-positions and with halo,
icluding fluoro, or nitro at the 7-position of 2-amino-
or 2-acetamidofluorene. Whether blocking at both
positious ortho to the 2-amino group is necessary for
activity or for lowering toxicity is not yet known, but
we are preparing compounds with ouly one of the ortho
positions blocked so that this question can be ex-
plored. The first of these compounds, soon to be
tested, was made from N-2-(7-bromofluorenyl)acetam-
ide by brominating in dimethylformamide with N-
bromosuceiniimide.® An alternate route is also shown
in Scheme IV. Acetylation of two relatively weak
amiues, by merely shaking at room temperature in
glacial acetic acid, 1s deseribed.

ScHEME IV

Br
BrNHZ% BrNHz
0 0
l Br
Br 0.0 NHCOCH; Br O‘O NH,
l

w‘
DMF Br
Br NHCOCH;

One further question worthy of examination, of
greater siguificauce thau for this series of compounds
alone, is the relation between carcinogenicity (a well-
established property of 2-acetamidofluorene and some
of its derivatives) and tumor inhibition.

Experimental®

2,7-Dichioro-4-nitro-9-oxofiuorene. A.—2,7-Dichloro-9-oxo-
fluorene’ (30 g., 0.12 mole) was added portionwise to a stirred
mixture of acetic acid (600 ml.) and 909, HNO; (600 ml.). The

(3) Ng. Plh. Buu-Hoi, Rec. trav. chim., T8, 197 (1954); T. H. Chao and
L. P. Cipriani, J. Org. Chem., 26, 1079 (1961); we are indebted to M. J.
Nautkung for pointing out this reaction.

(6) All melting points below 250° were taken on a Fislier-Jolns block and
are corrected to standards. Melting points above 250° were taken with a
Hoover capillary melting point apparatus and are uncorrected. Analyses
were performed by Schwarzkopf Microanalytical Laboratory, Woodside,
N. Y., and by A. Bernhardt, Miilheim (Ruhr). The interpretation of in-
frared absorption spectra (obtained on a Beckman IR-5., 1.5-2 wg. of sub-
stance/300 mg. of KBr) is based on L. J. Bellamy, ' The Infrared Spectra of
Complex Molecules.’* 2nd Ed., John Wiley and Sons, Inc.. New York, N. Y.,
1958. All clilorinations were carried out using a Matheson 620 BMYV flow-
meter.

(7) J. Schmidt and H, Wagner, dnn., 387, 147 (1912).
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mixture was heated to 50°, then concentrated H,SO,4 (120 ml.)
was introduced at such a rate that the temperature reniained
below 55°. After all the sulfuric acid had been added, the
mixture was stirred at 50-55° for 10 min. and cooled. Water
dilution, filtration, and recrystallization from acetone gave 29
g. (829,); m.p. 187-187.5° (lit.2 m.p. 187°); wmax 1724 (ketone
C=0), 840 (two adjacent hydrogens) cm. L

Anal. Caled. for C1aH5012NOaZ Cl 5309, H, 1.71,
C,53.25; H, 1.57.

B.—2,7-Dichloro-4-nitrofluorene was oxidized in acetic acid
with sodiuni dichromate giving 98 of material, ni.p. 186-187°,
The melting point was not depressed when mixed with the
product obtained in A.

2,7-Difluoro-4-nitro-9-oxofluorene. A.—2,7-Difluoro-9-oxo-
fluorene®* was nitrated as desecribed above giving a 779, vield;
n.p. 168.5-169° (acetone); wmax 1724 (ketone C=0), 835 (two
adjacent hydrogens) cm. 1.

Anal. Caled. for C,H:F.NO;: C, 59.78; H, 1.93; N, 5.36.
Found: C, 60.01; H, 1.82; N, 5.69, 5.49.

B.—2,7-Difluoro-4-nitrofluorene was oxidized with dichromate
to give a 959 yield of the product in A.

2,7-Difluoro-9-oxo-4-fluorenamine.—The nitro compound was
reduced with SnCl,-2H,0 and concentrated HCI giving an 809,
vield, m.p. 220-221° (toluene).

Anal. Caled. for C;H:F;NO: C, 67.53; H, 3.05.
C, 67.79; H, 2.99.

9-0x0-2,4,7-trifluorofluorene.—The preceding aniine was
converted to the trifluoro compound by a Schiemann reaction.
The melting point and mixture melting point with an authentic
sample® were the same and infrared spectra were identical.

2,7-Dibromo-4-nitro-9-oxofluorene. A.—2,7-Dibromo-9-oxo-
fluorene was nitrated in the same manner as the 2,7-dichloro
and 2,7-difluoro analogs giving a 105 yield; m.p. and m.n.p.
(with the following product) 196-197°; v, 1724 (ketone C=0),
838 (two adjacent hydrogens) cm. 7L

B.—2,7-Dibromo-4-nitrofluorene was oxidized as described
for the preceding analogs giving a 989 vield, ni.p. 196-197°
(toluene—ethanol).

Anal. Caled. for C3H;BraNO;: N, 3.66. Found: N, 3.52.

N-4-(2,7-Dichloro-9-oxofluorenyl)acetamide.—2,7-Dichloro-9-
oxo-4-fluorenamine!* (see Table I) was acetylated in the usual
nianner, m.p. 312-313° (acetic acid).

Anal. Caled. for CitH,CLNO,: C, 58.85; H, 2.96; N, 4.58.
Found: C,58.82; H, 2.94; N, 4.69.

2,7-Dichloro-4-nitrofluorene.—2,7-Dichlorofluorene!’® (25.5 ¢.,
0.11 mole) was suspended in acetic acid (450 ml.). To the
stirred suspension, heated at 35°, a nixture of concentrated
H,S0, (25 ml.) and HNO; (d 1.42) (25 ml.) was added dropwise
over a period of 20 min. The suspension was stirred for 5 niore
min., then heated at 70° for 15 min. and cooled. The product
was filtered, washed, and dried giving 28 g. (949;), m.p. 180-
181°. Recrystallization from acetic acid gave an analytical
sample, m.p. 180.5-181° (lit.2m.p. 179-180°).

Anal. Caled. for C3H:CLNO»: N, 5.00. Found: N, 4.76.

2,7-Difluoro-4-nitrofluorene.—2,7-Difluorofluorene® was ni-
trated as described above giving 87-92¢ yields, m.p. 136-137°
(methanol).

Anal. Caled. for CH:F.NQO.: C, 63.16; H, 2.85; N, 5.67.

Found: C,63.01; H,2.93; N, 5.61.
2,7-Dibromo-4-nitrofluorene.—2,7-Dibromofluorene!® was
also nitrated (779;), m.p. 194.5-195.5° (toluene—ethanol).

Anal. Caled. for CsH:Br:NO,: C, 42.31; H, 1.90; Br, 43.31;
N, 3.80. Found: C,42.17; H, 1.90; Br, 43.28; N, 3.96.

2,7-Difluoro-4-fluorenamine.—2,7-Difluoro-4-nitrofluorene
(2.5 g.) was dissolved in a mixture of toluene (100 ml.) and 959,
ethanol (250 ml.) and reduced with 859, hydrazine hydrate (5

Found:

Found:

(8) (a) Made by M. J, Namnkung of this laboratory by sodiuai dielaroate
oxidation of 2,7-diflucrofiuorene? to give 709 of pure compound, mn.p. 205—
206°. Anal. Caled. for CisHeF20: C, 72.22; H, 2.80. Found: C, 72.51:
H, 2.89. (b) M. J. Nawkung, T. L. Fletcher, and W. H. Wetzel, J. Med.
Chem.. 8, 551 (1965).

(9) Made by M. J. Nanikung froni 7-fluoro-2-fiuorenaniine by a Schiemann
decomposition of the diazoniuin fluoborate, wliel was prepared in aqueous
tetrahydrofuran jsee T. L. Fletclier and M. J. Namkung, Chem. Ind. (Lon-
don), 179 (1961) 1, in boiling xylene (729, over-all). Sublimmation at 75° (1
mm.) followed by recrystallization from methanol~water gave the product,
m.p. 82-82.5°, 8. Berkovic {Israel J. Chem., 1,1 (1963)| reports mn.p. 83°.

(10) A, Pictet and L. Ramseyer, Ber., 44, 2486 (1911).
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TasrLe I1

ANTITIMOR AcTiviTy oF CERTAIN HOLYHALOGENOFLUORENE )ERIVATIVES?

Tumor
wt.
Daily Tuamor wt.. decrease, Specificity tes®
Tumor dose. ng. % Canfidence,
Iluorene system? me. kg, Survivars (77/C) (1 - 7T/Ct T Tndex
2-Acetamido-1,3-dichloro-7-nitro-1 Ca755 200 4/12 W4/1411 04
100 11/12 113/1411 92
50 11,12 120/1411 91
25 12712 127/1411 01
12.5 12/12 21771411 N5
6.25 12/12 473/1411 67
6.25 10/10 220/706 69
5012 10/10 182/706 7
1.60 10/10 338/706 53
0.80 9/10 227 /706 68
0.8 9/10 140/109H 88
0.40 10/10 349/1095 69
0.20 10/10 2135/1095 79
0.19 10/10 604/1095 45
300 K8/12 85/1251 94
200 0/12 325,/1251 75
0407 Mt
2-Acetamido-7-hromo-1,3 d-trichioro-4 =80 G +/6 346/1034 67
41 3/6 64371034 S
28 6/6 368/1034 65
95.0 2.
g 6/6 413/730 44
13 6/6 342/736 54
9 5/6 514/736 3
0 G/6 ON1/730 (G2
99.7 2
2-Acetamido-1,3,4,7-tetrachloro-* Ca7d5 110 3,10 2507934 i
Hd S/10 291/934 (]
27 1’710 SNE3/934 13
097 5o
2-Ace(amido-1,3,4,6,7-pentachloro-1 S180 375 2/0 2535/1164 S0
250 376 254/11064 70
375 G,/G 821/1742 53
250 6,/6 TA5/1742 57
166 G/6 503/1742 72
110 6/6 045/1742 64
11a 5/6 487 /1670 71
I 6/6 H18/1670 64
49 6/6 675/1670 6O
33 6,6 $19/167 51
166 2/6 228/1042 ™~
P10 1/G 100/1042 00
9a.7 1.7
2-Accetmaido-1,3,7-(richioro- NO§ 2000 10/10 307/11A8 ey
2-Formamido-1,:%,4, 7-teirachloro- SIS0 254 6/6 114/1569 4
2-Amino-1,3-dibromo-7-chloro- =180 62 5/6 1005/1670 40
41 6/6 750/1671) 56
27 6/6 K80/1670 48
09.7 2.4
2-Amino-1,3-dibromo-7-nicro-* 8180 500 6/6 359 /064 46
133 6/6 446 /664 33
022 6/6 429/664 36
148 6/0 373/664 44
99.7 4.3
Ca755 110 10/10 364/1699 79
55 10/10 497 /1699 71
275 10/10 792/1699 o4
200 7/10 112/1392 02
100 9/10 26%/1392 81
50 10/10 173/1392 8s
L

25 10/10 10171392 (i
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Tumor
IFluorene system®
2-Amino-1,3-dibronio-7-phenylazo- S180
2-Amino-1,3,7-tribromo-¢ Ca755
2,7-Diamino-1,3-dibromo- S180
2-Trifluoroacetamido-3-bronio-7-nitro-9-oxo-4 S91
9-0x0-2,4,7-trichloro-4 S180
2-Amino-1,3-dibromo-7-acetamido- S180

ANTITUMOR FLUORENE DERIVATIVES
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Tumor
wt.
Daily Tumor wt., decrease, Rpecifieity test®
dose, mg. % Confidence,
mg./kg. Survivors (r/C) 1 -7/0) A Index
12 7/10 324/1436 78
6 7/10 619/1436 57
3 9/10 907/1436 37
1.5 10/10 1221/1436 15
99.7 2.0
125 6/6 112/520 -
1920 10/10 414/957 57
1920 9/10 195/957 80)
960 10/10 180/957 82
30 10/10 238/957 76
15 10/10 315/957 68
120 10/10 459/957 53
60 10/10 368/957 62
30 10/10 397/957 59
99.7 2.0
960 10/10 502/1596 69
480 10/10 420/1596 74
240 10/10 709/1596 56
120 10/10 900/1596 44
480 10/10 256/1596 84
24() 10/10 265/1596 S4
120 10/10 273/1596 3
60 10/10 394/1596 76
960 9/10 413/1596 75
480 9/10 392/1596 76
240 10/10 377/1596 77
120 9/10 423 /1596 74
95.0 1.6
500 6/6 135/520 75°
200 8/10 121/510 T
500 4/6 175/770 78
33 6/6 197/770 75
222 6/6 238/770 70
333 5/6 458/1395 68
222 6/6 620/1395 h6
149 6/6 828/1395 41
08 6/6 625/1395 56
147 6/6 333,/906 64
98 6/6 454/906 50
66 5/6 591/906 35
43 6/6 692/906 24
09,7 2.2
125 5/6 20/520 97¢

@ The screeiting data in this table were kindly supplied by the Cancer Chemotherapy National Service Center, National Institutes of

Health, Bethesda, Md.
Rept., 25,1 (1962).

(ested 111 BDF, niice.
sequeinttial testing.

¢ See footnote d in Table III of ref. 1a.
4 Activity confirmed.

uil.) and a small aniount of Raney nickel!! to give a quantitative
vield of amine. Recrystallization from ethanol-water gave an
analytical sample, m.p. 124.5-125.5°.
Adnal. Caled, for C;HFoN: C, 71.88;
Found: C,71.74; H, 4.26; N, 6.64.
2,7-Dibromo-4-fluorenamine.—2,7-Dibromo-4-nitrofluorene
(7.4 g.) was reduced i the same way giving 6.7 g. (999%), ni.p.
189.5-190.5° (ethanol).
Anal. Caled. for CuHBr:N: C, 46.05; H, 2.68; N, 4.13.
Found: C,45.84; H,2.64; N, 4.34.
N-Acetyl derivative had m.p. 267.5-268° (ethanot).
Anal. Caled. for C:HuBr-NO: C, 47.28; H, 2.91; N, 3.68.
Found: C, 46.87; H, 2.94; N, 3.89.
2,7-Dibromo-9-0x0-4-fluorenamine.—2,7-Dibromo-4-nitro-9-
oxofluorene was reduced with SnCl.-2H,O and concentrated
HCl giving a 909 yield, m.p. 253.5-254.5° (toluene).
Anal.  Caled. for C3H-BrNO: C, 44,23: H, 2.00; N, 3.97.

H, 4.18; N, 6.45.

-
{

(11) T. L. Fletcleer and M. J. Namkung, J. Org. Chem., 28, 680 (1958).

Assays were performed according to specifications established by CCNSC as reported in Cancer Chemotherapy
b Sarcoma 180 was tested in random bred Albino mice; Adenocarcinoma 755 and Cloudman Melanoma S91 were
4 This is an extension of data reported earlier.ls
¢ Passed stage 2 of sequential testing.

¢ Pagsed stage 3 of
® Confirmation test.

Found: C,44.42; H, 1.85; N, 4.25.

N-Acetyl derivative had m.p. 332-333° (toluene).

Anal. Caled. for C;H:Br.NO,: C, 45.60; H, 2.30; Br,
40.46; N, 3.55. Found: C, 45.41; H, 2.62; Br, 40.41; N, 3.70.

2,4-Dichloro-7-nitro-9-oxofiuorene. A.—This ketone was
synthesized from methyl 2-bromo-3-nitrobenzoate!? and 2,4-
dichloroiodobenzene by an Ullmaun procedure as described
below, giving a 239, yield; nip. 230-230.5° (benzene);
1724 (ketone C=0), 844 (two adjacent hydrogens) cm, 7!,

Anal. Caled. for C3H;CLNO,: C, 53.09; H, 1.71; Cl, 24.11;
N, 4.76. Found: C, 33.20, 53.19; H, 1.81, 1.66; Cl, 24.04;
N, 4.92.

B.—2,4-Dichloro-9-oxofluorene (1 g.) was added in several
portions to a mixture of 909, HNO; (5 ml.) and acetic acid (5 ml.)
at 35°.  Couecentrated H,80, (1 ml.) was then added slowly
with the temperature held at 40-45°. After 5 min. of stirring

Vmax

(12) A. E. Holleman and B. R. deBruyn, Rec. irav. chim., 20, 206 (1901);
R. E. Buckles, R. Filler, and L. Hilfman, J. Org. Chem., 17, 233 (1952).
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the mixture was cooled and diluted with ice-water, and the prod-
uct was isolated. Recrystallization from toluene gave 0.7 g
(58¢%), m.p. and m.m.p. (with the product in A) 230-230.53°.
The infrared spectra of both saiples were identical.
2,4-Dichloro-9-o0x0-7-fluorenamine —2 4-Dichloro-7-nitro-9-
oxofliorene was redticed with SnCle-2H.() i concentrated
HCI giving o 994 vield of amiue, nm.p. 260.5-261.5° (toluene).

Anal. Caled. for CHsCLNO: ¢, 30.12: H, 2.67: N, 5.30,

Found: C,58.85; H,2.76; N, i.60.

9-0Ox0-2 4,7-trichlorofluorene.!* (sec Table 1) A.--The fore-
going antine (1.3 g.) was diazotized at 0-5° in a mixttre of con-
centrated HCL (100 ml.) and water (50 ml.) with NaNOQ, (0.7
g.). The diazoninm salt was then treated in o hot-water bath
with an excess of CuCl giving 1.4 g. of & crude product which
was chromatographed in benzene throtigh an aluniina colimn and
recrystallized from acetone giving 0.8 g. (57¢7), m.p. 183.5~
184° [HC m.p. 183.5-184° 1 (see Table T}, 17%-179°2),

B.—-2,7-Dichloro-9-oxo-4-flnorenaniine!® (see Table 1) was
converted tu the trichloro compound in the same way in 6847
vield; melting point and mixture meliing poinl were the same,
and infrarved spectra of this prodncer and that obiained in A were
identical.

3,7-Dichloro-9-0x0-2-fluorenamine.— N-2-( 3,7-Dichloro-9-oxa-
fhrorenvlacetumide!s was hyvdrolvzed by refluxing for 4 hr.
in a mixture of concentraled HCI and absolute ethanol, m.p.
240-2441.5° (toluene).

Anal. Caled. for CH-CLNO: N, 5.30. Found: N, 5.29,

9-0x0-2,3,7-trichlorofluorene. A.—-3,7-Dichloro-9-oxo-2-
fluorenaming (1.3 g.) was diazotized at room temperature in a
mixtire of acetic acid (20 wl.) and concentrated H-SO; (10 ml.)
with uitrosyl sulfuric acid, prepared from NaNO. (0.8 g.) and
H.80, (5 mb).  After 1 hr. of stirring, the niixture wuas potired
onto tee (30 g.) and treated with a solution of a slight excess of
CuCl in dilnte HCI, stirred at 50-35° for 30 min., and diluted
with NH,OH. The precipitate was chromatographed twice
(henzene) an alnina giving 0.4 g. (30°,).  The product and the
compoind obtained in B were ideulical as shown by meliing
point, mixire melting point, and infrared <pectra.

B.- -6, 7-Dichloro-9-oxo-2-finorenamine™ (2.6 g. 0.01 mole) was
dinzotized a1 0-5° with NaNOs (1.4 g.pin 2590 HCL (150 ml.).
Ta this was added a solution of CuCl (exces¢) in HCL, and the
niixture wag heated on a4 water bath for 0.5 hr. and then diluted
wirth water.  The emnde product was chiromatographed (benzene)
on alnmina giving 1.9 g, (68€7); m.p. 215.5-216.5° (lit.* m.p.
214.5-210°); wyax 1710 (Ketone (=0}, 837 (two adjacent hy-
drogens) em. "1,

Anal. Caled. for CpH;CLO: €, 55.07; H, 1.78; (4, 37.51.
Found: C,55.35; H, 1.81; (], 37.22,

C.--3-Chloro-9-oxofluorene!® (2.2 g., C.01 mole) was chlori-
nated at 95-100° in acetic acid (200 ml.) containing FeCl; (2 g.)
and water (50 ml.), by bubbling chlorine through the solution
first at a rate of 300 ml./min. for 0.5 hr. then at 50 ml./min. for
3 hr. The mixture was cooled and the product was filtered off
and recrystallized from beuzene giving 1.8 g. (63¢%) of product,
identical with those in A and B (infrared spectra, melting poine,
and mixture nielting point).

4-Chloro-2-nitro-9-oxofluorene.—Copper powder (150 g.;
Type 450A, Metals Disintegrating Co., Elizabeth, N. J.) was
added portionwise over a period of 40 min. to a rapidly stirred
nixture of wethyl 2-bromobenzoate (172 g., 0.8 mole) and 3-
chloro-4-iodonitrobenzene* (113.6 g., 0.4 mole) al 210-215°.
After stirring at the saie temperature for 20 min., the reaction
mixture was cooled and extracted with boiling ligroin (d 0.68-
0.70). The oil (174 g.) obtained from the ligroin extract was
refluxed for 14 hr. in a mixture of acetic acid (1 1.), concentrated
H,30, (0.5 1), and water (0.25 1), and diluted with ice-water.
The solid thus obtained was refluxed for 2 hr. in 1567 Na,CO;
(1.2 1), cooled, and filtered. The filtrate was shaken with chloro-
forni, the aqueocus layer wax acidified with concentrated HC1
and the precipitate was filtered off and thoroughly dried (101 g.).
It was then thoroughly mixed with polyphosphoric acid (900
g.) and heated at 150-160° (oven) for 2 hr. and poured onto ice.
The solid was filtered off, washed, and extracted with hot 15¢%
Na,CQO; (1 1.) and the alkali-insoluble product was recrystallized
froni toluene giving 37.8 g. (36 %), m1.p. 209-209.5°,

(13) From deamination of 3-cldoro-49-oxo-2-luorenamine.

(14) Prepared from 2-chloro-4-nitroaniline; m.p. 99~100°. L. M. Lit-
vinenko, A. P. Grekav, N. N. Verkliovod, and V. P. Dzyuba, |Zk. Obsheh.
Khim., 26, 2524 (1956); Chem. Abstr., 81, 5008 (1857) | report m.p. 9Y4-100%,
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Anal. Caled. for CHeCINOs: C, 60.13; H, 2,30 C1, 13.66:
N, 5039, Found: €, 60.36; H, 2.33; Cl, 13.62: N, 5.65.

4-Chloro-7-fluoro-2-nitro-9-oxofluorene. -~This compotind was
svuthesized from  3-chloro-4-iodonitrobenzene and metind 2-
hromo-a-fluorobenzoate,® in the manner desceribed above, giviug
12000 yvield: nip. 222-223° (henzene): uy,. 1724 (ketane (-0,
800 (two adjacent hydrogeus) em. %,

Anal. Caled. for O H;CIFNO,: CL 1277
CL12.89; N, 5.0,

4-Chloro-9-0x0-2-fluorenamine.—A mixturce of 4-chlaro-2-

nitro-9-oxofluorene (13 g, 0.05 mole), SnCl-2H.() (60 g. 1,
concentrated HC1 (100 ml.), and 959 ethanol (30 ml.) was genily
boiled for 30 min., cooled, and stirred into 2 A" NaOH (1 L,
and ¢he amine was isolated, 11.5 g, (10094 m.p. 244-246°
Recrystallization fraan toluene gave an analvtical sample, m.p.
246-247°,

dnal. Caled. for CaHgCINO: €, 67.99; H, 3.51;
Found: C, 68.03; H, 3.68; N, 6.17.

N, 5.05,

FFomd:

N, G

N-Acety]l derivative had m.p. 262.5-263.5° {necQe aeid
tohiene,
Apal. Cated. far CpHCINO-: €, 066.31; H, 371 N,

516, Pound: C,66.24; H, 3.76; N, 5.35.
4-(‘hlore-2-fluorenamine .-4-Chloro-2-nitro-O-oxofinorenc i 13
g., 0.05 mole) was reduced®® by refluxing for 22 hr. in & mixture
of 2,2°-0xydiethanol (750 ml.) and 85%; hvdrazine hvdrate (75
ml ), giving 9.9 g. (92¢7), ni.p. 113-114° (ethanol).
Anal. Caled. for CgHpCIN: G, 72.39: H, 4.67: (4, 10.44;
N, 6.4, Found: C,72.61; H, 4.64; Cl, 16.18; N, 6.2
N-Acetyl derivative had ni.p. 243.5--244°,
Anal. Caled. for CHECINO: C, 69.91; H, 4.69: Cl, 13.746;
N.5.44. Fonnd: (4, 69.80; H, 4.59; C], 13.68; N, 5.54.
4-Chloro-7-fluoro-2-fluorenamine.—4-Chloro-7-flnoro-2-nitro-
O-oxofhuorens was reduced as described above' giving a 919
vield, m.p. 142.5-143.5° (methanol).
Anal. Caled, for CHGCIFEN: Q) 66.82: H, 35.88: N, 5.99.
Found: C,67.06; H,3.91; N, 5.94.
N-Acetyl derivative had m.p. 242-243° (methanol ).
dnal. Caled. for CpHCIFNO: ¢, 65.34; H, 4.02:
3.05. Fouad: ¢, 65.24; H, 3.99; N, 5.16.
N-2-(1,3,4,7-Tetrachlorofluorenyl)acetamide.' - N-2-(4-Chlo-
roflnorenybacetamide (2.6 g., 0.01 mole) was suspended in
warm glacial acelic acid (350 ml) containing some anhydrons
FeCli( ~0.5 g.). Chlorine was then bubbled throngh the stirred
suspension al about 150 mb/min. (measured by means of 2
Matheson 620 BMV flowmeter) for 30 min, while the tempert-
(ure was maintained at 55-60°,  After 1 hr. of stirring at this
temperature, 1he solution was cooled and dilnted with water, and
the product wax isolated giving 1.5 g. (4297), m.p. 281.5-282.5°.
The welting poinl was not depressed when mixed with the com-
ponnd prepared previausly”™ and the infrared spectra of the twn
<amples were idenlical; vmey 3247 (amide N-H), 1672 (amide 17,
820 (two adjacent hydrogens) em., %,
N-2.(7-Fluoro-1,3,4-trichlorofiuorenyl)acetamide. ™ - N-2-{4-
chloro-7-fluoroflnorenyl)acetamide (1.38 g.. 5 nunoles) was dis-
solved i glacial acetic acid (65 ml.) containing anhydrous FeCl;
(~0.2 g.). The mixture was stirred at 50-60° while chlorine
was added at about 100 ml. /niin. for 1 hr.  After further stirring
at the same temperalnire for another honr, the reaction mixtnre
wus diluted with water. The solid was recrystallized from 959
elhanol giving 1 g. (59%,), n.p. 276-277°.  The mixture welting
point, with the camponnd prepared from chlorination of N-2-(7-
fluorofluorenybiaceramidels was no1 depressed and the infrared
spectra of the two componnds were identical,
N-2-(1,3,4,7-Tetrachlorofluorenyl)formamide.- - N-2-Flioren-
viformamide (10.5 g., 0.05 mole) [prepared by heating 2-fnaren-
aniine in 981007 formie aeid, nnp. 169-170° (Ht.1? m.p. 172

N.

(13) Prepared frow meibyl 2-krowo-3-uitrobelizoate by reduedau o (he
arqine |which is unf Aisiidled, beeause of violent deconiposition (2 w) | and
a Scliiewann reacticar: ep. 89.5-90.5° (3 rant.), n%n 1.5349. Aval. Caled.
for CsHsBrFO.: ' 11.23; H, 2.60; F, 815, Vaund: (', 41.40; H, 2.83;
P, 8.25.

(160 D, Todd. Ocg. Reactions, 4, 384 (1948); K. Suzuki, E. K. Weis-
taurger, aud J. H. Weisburger, J. Org. Chem., 26, 2236 (1961); ref. la.

{171 T'his compound was reported previously as N-2-(1,3,4(71.7-1e(ra-
cldorafiuorenyliacetamide &

118y This cowteaind  was reported as N-2-(7-fuar-1,21{"1-1tiehloro-
fluorenyl)acetaimide, &

(191 1. ¢ Miller, T 1.
Hes., 22, 1002 (19621

Flecehwer, A, Marvgrei)s, awd LA Miller, Croveer
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173°)] and anhydrous FeCl; (1 g.) were dissolved in acetic acid
(300 ml.), with stirring, and chlorine was bubbled in at a rate
of 200 ml./min. for 2 hr. at 60-70°. After 3 hr. of stirring at this
temperature, the mixture was cooled to room temperature, and
the product was filtered off and recrystallized from acetic acid
and then from toluene giving 9.3 g. (53%,), m.p. 271.5-273.5°.
Another recrystallization from toluene gave an analytical sample:
m.p. 273.5-274.5%; wmax 3205 (amide N-H), 1667 (amide I),
818 (two adjacent hydrogens) cm. ~L

Anal. Caled. for C,(H,.CLNO: C, 48.45; H, 2.03; Cl, 40.87;
N, 4.04. Found: C, 48.69; H, 2.21; Cl, 40.78; N, 4.15.

Ethyl N-2-Fluorenylcarbamate.—2-Fluorenamine (36.2 g.,
0.2 mole) was dissolved in dimethyl sulfoxide (250 ml.), and
Na,CO; (21.2 g., 0.2 mole) in water (100 ml.) was added. The
mixture was cooled to <35° and ethyl chloroformate (24 g., 0.22
mole) was added dropwise with rapid stirring over a period of 1
hr. The reaction mixture was stirred 1 hr. more at 0-5° and a
third hotir at room temperature, and diluted with water. The
produet was recrystallized from methanol-water giving 46.7
g. (929,), m.p. 119-120.5°. Recrystallization from niethanol
gave an analytical sample, ni.p. 120-121°.

Anal. Caled. for CgHi:NO,: N, 5.53. Found: N, 5.46.

Ethyl N-2-(1,3,4,7-Tetrachlorofiuorenyl)carbamate.—Ethyl
N-2-fluorenylcarbamate (12.7 g., 0.05 mole) was chlorinated by
a procedure similar to the one described for the fluorenylform-
amide. The product was filtered off, after dilution with water,
and reecrystallized from ethanol giving 12 g. (61%,), m.p. 203.5-
205°, After recrystallizations from ethanol, acetic acid, benzene,
and finally methanol, the product melted at 193°, resolidified,
and remelted at 206-208.5°; vmax 3226 (amide N-H), 1700 (ester
C=0), 820 (two adjacent hydrogens) cm, L.

Anal. Caled. for C HuCLNO,: C, 49.14; H, 2.84; Cl,
36.26; N, 3.538. Found: C, 49.15; H, 2.90; Cl, 36.03; N, 3.67.

3,7-Dibromo-9-ox0-2-fluorenamine.—To 7-bromo-9-oxo-2-
fluorenamine® (2.7 g., 0.01 mole) in dimethyl sulfoxide (50 ml.)
48¢7 HBr (1.8 ml. excess) was added.?! The mixture was heated
under reflux at 95-100° for 1 hr. and cooled. After water dilu-
tion the mixture was made alkaline with NHOH, and the
product was isolated and recrystallized from toluene giving
2.6 g. (749); m.p. 254-255°; vmax 1709 (ketone C=0), 818
(two adjacent hydrogens) em. ~L.

Anal. Caled. for C;H:Br.NO: C, 44.23; H, 2.00; N, 3.97.
Found: C,44.46; H, 2.13; N, 4.14.

3,7-Dibromo-2-fluorenamine.—3,7-Dibromo-9-oxo-2-fluoren-
amine (0.9 g.) was refluxed for 6.5 hr. in a mixture of 2,2'-
oxydiethanol (60 ml.) and 859, hydrazine hydrate (10 ml.)!® and
diluted with water. The product, 0.7 g. (889%), m.p. 144.5-
146.5°, was recrystallized from ethanol-water giving an analytical
sample, m.p. 146.5-147.5°,

Anal. Caled. for CHeBreN: C, 46.05; H, 2.68. Found:
C,46.22; H, 2.97.

N-2-(3,7-Dibromofiuorenyl)acetamide. A.—3,7-Dibromo-2-
fluorenamine (0.2 g.) and acetic acid (15 ml.) were shaken at
room temperature?? until crystallization of the produect took place.
The excess acetic acid was removed by evaporation and the

(20) C. Courtot, Ann. Chim. (Paris), 14, 5 (1930).
(21) T. L, Fletclier, M. J. Namkung, and H.-L. Pan, Ckem. I'nd. (Loudou),
660 (1957).
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product, 0.2 g., was recrystallized from ethanol; m.p. 276.5-
277.5°; vmax 3245 (amide N-H), 1656 (amide 1), 824 (two adja-
cent hydrogens) cm. 1,

Anal. Caled. for CsH; BruNO: Br, 41.94; N, 3.68. Found:
Br, 41.84; N, 3.81.

B.—N-2-(7-Bromofluorenyl)acetamnide (3 g., 0.01 mole) and N-
bromosuecinimide (2 g., 0.011 mole) were dissolved in dimethyl
formaniide’ (20 ml.) by warming. The solution was set aside
in the dark for 2 hr. and then the precipitated product was
filtered off and recrystallized from acetic acid giving 2.7 g. (71%).
There was no nielting point depression when the product was
mixed with the compound obtained in A.

2,4-Dichloro-9-oxofluorene.—4-Chloro-9-oxo-2-fluorenamine
(2 g.) was diazotized in concentrated HCl (100 ml.) at 0-5°
with NaNQ; (1 g.). The diazonium chloride was treated with a
solution of CuCl (excess) in concentrated HCl (20 ml.). The
product was chromatographed in benzene (alumina) and re-
crystallized from benvene-ligroin (d 0.68-0.70) giving 1.6 g.
(73%%); m.p. 152-153°; wmax 1718 (ketone C=0), 731 (four
adjacent hvdrogens) cm.~L

Anal.  Caled. for C3HeCLO: C, 62.68; H, 2.43; Cl, 28.47.
Found: C,62.53; H,2.46: Cl, 28.33.

2,7-Diamino-1,3-dibromofluorene.—1,3-Dibronio-7-nitro-2-
fivorenamine! was reduced in a mixture of toluene and ethanot
by Raney nickel and hydrazine hydrate!! giving a 909 yield,
uLp. 214-215° (ethanol), vmax 810 (two adjacent hydrogens)
e, "L
Anal. Caled. for Ci3HgBraN,: N, 7.90. Found: N, 7.88..
N-7-(2-Amino-1,3-dibromofluorenyl)acetamide.—Acetylaticn
of the above amine gave a 1009, yield; m.p. 258.5-259° (ethanol);
vmax 1661 (amide I), 823 (two adjacent hydrogens) cm. 1,

Anal. Caled. for C;;:H;2BrsN.0O: Br, 40.35; N, 7.07.

Br, 39.93; N, 7.18,7.12.

1,3-Dibromo-7-phenylazo-2-fluorenamine.—2,7-Diamino-1,3-
dibromofluorene was condensed at room temperature with nitro-
sobenzene in a mixture of acetic acid and dimethyl sulfoxide.
The product was chromatographed (benzene) on alumina and
recrystallized from benzene-petroleum ether (b.p. 30-60°)
giving a 509 yield, m.p. 214-215°,

Anal. Caled. for CgHy;3BroNg: C, 51.50; H, 2.96; N, 9.48.
Found: C,51.93; H, 3.03; N, 9.60.

7-Chloro-1,3-dibromo-2-fluorenamine.—7-Chloro-2-fluoreun-
amine® (6.5 g., 0.03 mole) was dissolved in dimethyl sulfoxide?!
(60 ml.). To the stirred solution 4897 HBr (7.9 ml.) was added.
The mixture was heated at 90-100° for 1 hr., diluted with water,
and made bgsic with NH,OH. The produet was isolated and
recrystallized fromi toluene-ligroin giving 9.9 g. (88¢%), m.p.
193-199°.

Anal.  Caled. for C3HyBr,CIN: Br, 42.79; N, 3.75.
Br, 42.51; N, 4.01.

Found:

Found:

Acknowledgment.—We wish to thank Norma Naimy
and Carol-Ann Cole for assistance in the preparation
of some of the starting materials and for running the
inirared spectra.

(22) This facile, Toom temperature acetylation, in ligh yield. las Ieen
observed here previously for such a weak amine as 9-oxo-2-fluorenaniine.



