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The two o-methoxy derivatives of the carcinogen, N-2-fluorenylacetamide, viz., N-(1-methoxy-2-fluorenyl)-
acetamide (1b) and N-(3-methoxy-2-fluorenyl)acetamide (2b), as well as the corresponding amines, 1-methoxy-
2-fluorenamine (1¢) and 3-methoxy-2-fluorenamine (2¢), were synthesized starting from indene and indan-1-one,

and tested for carcinogenie activity.

The synthetic path leading to the 3-methoxy derivative is amenable to
incorporation of a C label in the fluorene ring, heretofore not possible by other routes.

Compounds 1b and ¢

hydrochloride were moderately carcinogenic for the rat on feeding, but 2b and 2¢ hydrochloride were inactive.

A large body of experimental data supports the view
that binding of chemical agents, or metabolites thereof,
to proteins may play an etiological role in chemical
carcinogenesis.2  Model studies on the binding of the
carcinogen, N-2-fluorenylacetamide, to proteins sug-
gested a mechanism Involving the arylation of cellular
proteins by the o-fluorenoquinone imines, 2-imino-1,2-
fluorenoquinone  and  2-imino-2,3-fluorenoquinone.
These highly reactive o-quinone imines result from the
deacetylation of the ortho-hydroxylated metabolites
of N-2-fluorenylacetamide, viz., N-(1-hydroxy-2-fluo-
renyl)acetamide and N-(3-hydroxy-2-fluorenyl)acet-
amide (2f), to the corresponding o-aminofluorenols
which are then oxidized enzymatically.? However,
the relevance of these reactions for carcinogenesis by
N-2-fluorenylacetamide has remained in doubt, mainly
because N-(1-hydroxy-2-fluorenyl)acetamide and the
isomeric 3-hydroxy derivative (2f) were either weakly
or not at all carcinogenic when administered orally,
intraperitoneally or by bladder implantation.* While
these o-amidofluorenols lacked carcinogenic activity,
it is known that the carcinogenicities of many aromatic
hydroxylated compounds, which include 2-amino-1-
naphthol, 3-hydroxy-4-dimethylaminoazobenzene, ben-
zola]pyren-3-ol, and N-(7-hydroxy-2-fluorenyl)aceta-
mide, are greatly enhanced by methylating their
phenolic hydroxyl groups.> The increase in biological
activity may be attributable to a greater lipid solubility
of the methylated derivatives which would facilitate
their entry into the cell.® Moreover, the conjugation

(1) Supported in part by U. S. Public Health Service Grant CA 02571.

(2) (a) E. C. Miller and J. A. Miller, J. Natl. Cancer Inst., 18, 1571 (1955);
(b) C. Heidelberger in Ciba Foundation Symposium on Carcinogenesis:
Mechanisms of Action, G. E. W. Wolstenholme and M. O'Connor, Ed.,
Little, Brown and Co., Boston, Mass., 1958, p 179; (c) D. B. Clayson,
“Chemical Carcinogenesis,”” Little Brown and Co., Boston, Mass., 1962, pp
372-395; (d) H. C. Pitot and C. Heidelberger, Cancer Res., 28, 1694 (1963).

(3) (a) H. T. Nagasawa and H. R. Gutmann, J. Bil. Chem., 284, 1593
(1959); (b) H. R. Gutmann aud H. T. Nagasawa, 1bid., 285, 3466 (1960);
(¢) H. R. Gutmann, U. 8. Seal, and C. C. Irving, Cancer Res., 20, 1072 (1960);
(d) C. M. King, H. R. Gutmann, and 8. F. Chang, J. Biol. Chem., 238, 2199
(1963); (e) H. T. Nagasawa and A. J. Osteraas, Biochem. Pharmacol., 18,
713 (1964).

(4) (a) H. P. Morris, C. A. Valet, B. P. Wagner, M. Dahlgard, and F. E.
Ray, J. Natl. Cancer Inst., 24, 149 (1960); (b) E. C. Miller, J. A. Miller,
and H. A. Hartmann, Cancer Res., 21, 815 (1961); (c) ref 2¢, p 222; (d)
C. C. Irving, H. R. Gutmann, and D. M. Larson, Cancer Res., 28, 1782
(1963).

(5) (a) D. B. Clayson, J. W. Jull, and G. M. Bonser, Brit. J. Cancer, 12,
222 (1958); (b) J. A. Miller, E. C. Miller, and G, C. Finger, Cancer Res., 17,
387 (1957); (e) J. A, Miller and E. C. Miller, ¢bid., 21, 1068 (1961); (d)
J. W. Cook and R. Schoental, Brit. J. Cancer, 6, 400 (1952); (e) G. M.
Bonser, L. Bradshaw, D. B. Clayson, and J. W. Jull, ref 2b, p 215.

to glucosiduronic acids or sulfates and the subsequent
excretion of the conjugates by the kidney would be
delayed until the methyl ether groups had been cleaved
metabolically or until the compound had been further
hydroxylated. On the basis of these considerations,
the o-methoxy derivatives of N-2-fluorenylacetamide
and of 2-fluorenamine were desired for carcinogenicity
tests (1b, 1¢, 2b, and 2¢, Table I). These derivatives
would not only be expected to be lipophilie, but enzy-
matic O-demethylation (and N-deacetylation when
applicable) would release o-aminofluorenols capable
of arylating cellular constituents oxidatively via the
o-fluorenoquinon imines, 7.e., these compounds could act
as latent, enzyme-activated arylating agents.

The preparation of N-(I-methoxy-2-fluorenyl)acet-
amide (le) for carcinogenicity tests required large
quantities of fluoren-1-ol (1f) as starting material.
Previously, If had been available from fluoranthene
in six steps” or from indene in seven steps.®? The
convenient synthesis shown in Scheme I afforded the
fluorenol 1f in three steps. Indenylsodium was con-
densed with 4-bromobutyronitrile to 4-(3-indenyl)-
butyronitrile (3). This compound, described pre-
viously by Howell and Taylor,®®* had not been com-
pletely characterized. The attachment of the butyro-
nitrile side chain of 3 to the 3 position of indene was
confirmed by its nmr spectrum which exhibited a
multiplet centered at § = 6.17 ppm due to a single

(6) B. B. Brodie in ““Absorption and Distribution of Drugs,” T. I3. Binns,
Ed., E. and 8. Livingstone Ltd., London, 1964, pp 16-48.

(7) E. X. Weisburger and J. H. Weisburger, J. Org. Chem., 18, 864 (1953).

(8) (a) F. H. Howell and D. A. H. Taylor, J. Chem. Soc., 3011 (1957):
(b) M. A. Morgan and H. R. Gutmann, J. Org. Chem., 24, 1163 (1959); (c)
C. C. Irving and R. F. Willard, ibid., 27, 2260 (1962).

(9) Traces of residual acid during the isolation of 3-(3-indenyl)propanol
(i), an intermediate in the seven-step synthesis, catalyzes the cyclization of

— O
i
4oy

iii
the alcohol to spiro[tetrahydrofuran-2,1’-indan] (ii), a heterocyclic systein

not previously described. The nmr spectrum of this produect is consistent
with this assignment and rules out the isomeric indenopyran structure iii.
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Yield,
No. R R R % Mp, 7C¢
la QCI,; NO. 11 43 100-102
1b OCIH; NHCOCI, H ERE 146-148

g 148150
le OCIH; NI 1 b 107-109
1d OCH, N(COCI), 1l <5 136133
2a g NO; OCIH; 33 184185
2h H NHCOCII, OCTL, ) 167-169¢
2¢ 11 NH, OCT; 61 1641667

* By reductive acetylation with zine and acetic anhydride.

¢N. Ishikawa and M. Okazaki [ Yuki Gosci Kagaku Kyokar Shi, 16, 610 (1958);
¢ Ishikawa and Okazakic gave independent N analyses of these compounds,
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vinyl proton.!® The uitrile 3 wus then cyclized in
polyphosphoric acid to 3,4-dihydrofluoren-1(2H)-one
(4). The over-all yield of the ketone 4 from indenyl-
sodium was 679;. Catalytic dehydrogenation of 4
with Pd in refluxing fluorene®® or catalytic transfer
dehydrogenation!* gave fluoren-1-ol (1f). Compound
1f was then nitrated to 2-nitrofluoren-l-ol (1g)7 and
the latter was methylated to 1l-methoxy-2-nitrofluo-
rene (1a). 1-Methoxyfluorene when nitrated under
the conditions employed for the nitration of fluoren-
1-0l (1f) was recovered unchanged. Reductive acety-
lation of 1a afforded N-(1-methoxy-2-fluorenyl)acet-
amide (1b) while catalytic hydrogenation gave 1-
methoxy-2-fluorenamine (1e).

The isomeric  N-(3-methoxy-2-fluorenyl)acetamide
(2b) and 3-methoxy-2-flucrenamine (2¢) were prepared
in a similar manner by reductive acetylation and
catalytic hydrogenation of 3-methoxy-2-nitrofluorenc
(2a).'? The latter (2a) was prepared by nitration of
3-methoxyfluorene and its structure was confirmed by
demethylation to the Lknown 2-nitrofluoren-3-ol.!*
The preparation of these 3-methoxyfluorene derivatives

(10) The attachment of the butyronitrile side chain to the 3-position of
indene is expected from the studies of A.-N. Weidler, Acta Chem. Scand., 17,
2724 (1963), who showed that in the alkylation of indenylsodium, a 1-
alkylindene is first formed whieh rapidly rearranges to the thermodynami-
cally more stable 3-alkylindene.

(11) L. M. Jackman in “Advances in Organic Chemistry, Methods and
Results,” Vol. II, R. A. Raphael, E. C. Taylor, and H. Wynberg, Ed., Inter-
science Publishers, Inc., New York, N. Y., 1960, pp 352-355.

{12) N. Ishikawa and M. Okazaki, Yuki Gosei Kagaku Kyohae Shi, 16,
610 (1958); Chem. Abstr., B3, 31685 (1959).

Caled, <0 Found, "/
Formula « I N (o I N
C 1 NOy 69.70 4.60 5 .80 7010 4643 TNE.
Cil TN O, THNT U7 553 76,12 6,01 Ho4

6l 6.3 6.7

CiullsNO TON 6200 6,63 Ty
73.24 3.8 481
) 5
5

Crd1iaN Oy 73.200 580 4.74

CiHNO; 69.70  4.60 580 69.87 4,64 65
CellpNO2 T8 HNT 553 7586 6.06 5. 407
CuHNO 7950 6,200 6.65 THO8T  6.20 6. 617

b By catalytic hydrogenation with Raney nickel in acetic anhydride.

Chem. Abstr., 53, 31685 (1959)] report mp 183-184°.
¢ Lite mp 167168,/ Lits mp 161-162°.

required fluoren-3-ol as a key intermediate.  However,
the chemical methods available for its preparation are
not suitable for the labeling of the aromatic ring with
radiocarbon for projected metabolic studies, and other
approaches were investigated. The synthesis pre-
sented here provides a practical route to HC-labeled
fluoren-3-ol and therefore to C-labeled N-(3-hydroxy-
2-fluorenyl)acetamide (2f) and N-(3-methoxy-2-fluo-
renylacetamide (2b).

Condensation of 2-(morpholinomethyl)indan-1-one
hydrochloride (5a)'* with cthyl sodioacetoacetate gave
cthyl 1,4-dihydro-3-hydroxyfluorene-2-carboxylate (6a)
in 739 vield” (Scheme IT). Aeid hydrolysis of 6a
gave a mixture of four components, only one of which
was ketonie ax shown by thin layer chromuatography.

SopeME 11

CH,COOC,H, NaOCH. |

0 - COCH,
5a,R=H. X-=(l
b, R~CH,: X = I
R
. ‘ COOC,H, @/_j;icooczﬂs
g OH 0
6a 6b, R=H
¢, R=C;H;
H lHH B;\‘ :
0 L
0 R OH
’ 8a, COOC,H,3
b, COOH
¢, CONHNH,
4, CON,

(13) (a) 5. K. Weisburger and J. H. Weisburger, J. Org. Chem., 19, 064
(1954); (b) K. Suzuki, E. K. Weisburger, and J. H. Weisburger, 44id., 26,
2236 (1961).

(14) R. H. Harradence and . Lions, J. Proc. Rey. Soc. N. S. Wales,
72, 284 (1038).

(15) (a) D. M. W. Anderson and D. Leaver, J. Chem. Soc., 450 (1962),
prepared 6a in 319 yield by condensing the Mannich base methiodide 6b
with ethyl sodivacetoacetate and shiowed that the product is 6a and not the
isomeric 6b. (b) The radiocarbon can be introduced as formaldehyde-1:C
in the preparation of 6a.
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After purification the ketone 7 absorbed in the infrared
at 1645 em~! (C==0) indicating «,8 unsaturation and,
therefore, migration of the double bond during hydrol-
ysis, The ultraviolet spectrum of 7 was similar to
the reported spectra of 6b and of its 1-phenyl analog
6c. Its nmr spectrum (doublet centered at § = 6.36
ppm, J = 2.5 cps) was consistent with the presence of
a vinyl proton coupled to a single allylic proton as
required by structure 7.1 Bergmann, et al.,’” have re-
ported the preparation of a ketone, mp 96°, by the
alkali-catalyzed condensation of indan-l-one with
methyl vinyl ketone. Their product, presumed to be
7, absorbed in the infrared at 1700 em~! (C=0), the
position of which remained unchanged after catalytic
hydrogenation of the double bond, and their 2,4-
dinitrophenylhydrazone melted at 238°, while the 2,4-
dinitrophenylhydrazone of 7 melted at 252-255°.
It was evident, therefore, that the product obtained
by Bergmann, et al.,'" was not 7 but may have been
the 8,7 isomer instead.'®

Catalytic dehydrogenation of 7 has been reported
previously to give fluoren-3-ol in 69, yield.'* In the
present work the yield was raised to 479 by employing
relatively mild conditions for the aromatization. Cata-
Iytic transfer dehydrogenation!! with maleic anhydride
as hydrogen acceptor likewise gave fluoren-3-ol in
yields ranging from 45 to 599,. This method of aroma-
tization was particularly suitable for dehydrogenations
on a larger scale. The reaction was followed by thin
layer chromatography and was terminated when the
ketone had disappeared.

Ethyl 1,4-dihydro-3-hydroxyfluorene-2-carboxylate
(6a) served as starting material for the preparation
of a variety of fluorene derivatives and was the key
intermediate for a new synthesis of N-(3-hydroxy-2-
fluorenyl)acetamidé (2f). This synthesis furnishes an
alternative route to 4C-labeled 2f and, incidentally,
confirms the structure of 2-aminofluoren-3-ol (2d)'*
by an independent method. Bromination of 6a gave
an unstable bromine addition product which dehydro-
brominated spontaneously to ethyl 3-hydroxyfluorene-
2-carboxylate (8a). Saponification of 8a gave the
known 3-hydroxyfluorene-2-carboxylic acid (8b).'* The
carbethoxyfluorenol 8a was converted to the hy-
drazide 8¢ and then to the azide 8d by the usual
methods. The latter, when heated in toluene, rear-
ranged with loss of nitrogen to 5H-fluoreno(2,3-d]-

(168) (a) Hydrolysis of 6a in aqueous glycerol has been reported to give
the ketone 7, bp 150-173° (mostly 170-173°) (2 mm), mp 100°.14 The ele-
mental analysis of this product gave a value for carbon which was 29, too
low. However, the coincidence of the melting points of this ketone and of
its 2,4-dinitrophenylhydrazone with the melting points of the ketone 7 and
of its 2,4-dinitrophenylhydrazone obtained here suggests that the two ke-
tones are identical. Isomierization of the double bond in the 1,9a-dihydro-
fluoren-3(2H)-one system during distillation has been reported by D. M. W,
Anderson, N. Campbell, D. Leaver, and W. H. Stafford, J. Chem. Soc., 3992
(1959). (b) J. Davey and B. R. T. Keene, Chem. Ind. (Londcn), 849 (1965)
have recently reported that 7 can be prepared in two steps from indan-1-one
and 4-piperidinobutan-2-one methiodide; however, experimental details
were not available while this manuscript was in preparation.

(17) E. Bergmann, R. Ikan, and H. Weiler-Feilchenfeld, Bull. Soc. Chim.
France, 290 (1957).

(18) Our attempts to prepare 10 or fluoren-3-ol by other routes that are
potentially amenable to introducing a 14C label in the molecule, viz., by
addition of CHsMgl to the enol lactone, 4,5-dihydroindenc(1,2-b]pyran,
followed by eyclization, or by the condensation of methyl vinyl ketone with
2-bromoindan-l-one, were unsuccessful. New compounds as well as new
methods for the synthesis of known intermediates developed in the course
of this work are recorded in the Experimental Section.

(19) N. Ishikawa, M. Okazaki, and M. Hayashi, Yuki Gosei Kagaku
Kyokai Shi, 16, 34 (1938); Chem, Abstr., 52, 5349 (1958).
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R
)
N N NHR,
o2 L T~ (2
O>: OR,
9a, R=H 2d,Ri=R,=- H
b, R=COCH; e,R= COOC,H;; R,= H

f,Ri=COCH,; R,=H
g:Ri=R,= COCH,

oxazolin-2-one (9a) which on acetylation gave 9b
(Scheme II1). The same fluorencoxazolinone 9a was
obtained by fusion of urea with 2-aminofluoren-3-ol
(2d)!® or by eyclization of its N-carbethoxy derivative
2e in polyphosphoric acid. Hydrolysis of 9a with 6
N HCI in a sealed tube at 160-170° gave 2-amino-
fluoren-3-ol (2d) hydrochloride which was acetylated
to N-(3-hydroxy-2-fluorenyl)acetamide (2f) and XN-
(3-acetoxy-2-fluorenyl)acetamide (2g). Compounds 2f
and 2g were identical in melting point, mixture melting
point, and infrared spectra with samples prepared by
published methods, 301322

Carcinogenicity Tests.—N-(1-Methoxy-2-fluorenyl)-
acetamide (1b) and 1-methoxy-2-fluorenamine (le)
hydrochloride, incorporated into a 209, casein diet at
a level of 0.33 g/kg of diet, when fed to the male
Holtzman albino rat for 6 months, gave a tumor
incidence of 279, (4/15 rats) and 579, (8/14 rats),
respectively. A relatively large number of the tumors
produced by 1b and le were located in the intestinal
tract (2/5 and 4/9, respectively). N-(3-Methoxy-2-
fluorenyl)acetamide (2b) and 3-methoxy-2-fluoren-
amine (2¢) hydrochloride, when administered to the
male Holtzman rat in the same concentration and for
the same length of time as 1b and 1¢, were not carcino-
genie.

The moderate carcinogenicity exhibited by 1b and
1¢ lends partial support to the thesis® that the activity
of a weakly active (or inactive) hydroxylated aromatic
compound, e.g., N-(1-hydroxy-2-fluorenyl)acetamide,
may be enhanced, or the activity of an active com-
pound, detoxified by metabolic ring hydroxylation,
may be restored by masking the free hydroxyl by an
O-methyl group. The lack of ecarcinogenicity of 2b
and 2c¢ which contrasts with the activity of 1b and 1l¢
can presently not be explained. Whether differences
in carcinogenicity of these isomeric o-methoxy deriva-
tives of N-2-fluorenylacetamide are attributable to dif-
ferences in their metabolism by the rat must await
metabolic studies with the *C-labeled compounds.

Experimental Section?!
Spiro[tetrahydrofuran-2,1’-indan] (ii).—In the preparation of
3-(3-indenyl)propanol (i) by LiAlHs reduction of ethyl 3-(3-
indenyl)propionate according to Howell and Taylor,® failure to

(20) H. Bryant and E. Sawicki, J. Org. Chem., 21, 1322 (1956).

(21) All melting points were taken on a Fisher-Johns melting point ap-
paratus and are corrected except where indicated (above 250°). Infrared
spectra were taken on a Beckman IR-4 infrared spectrophotometer and
electronic spectra on & Beckman DK-2A recording spectrophotometer by
Miss I. Koehler und Mr. K. Snyker. Nmr spectra were run either as pure
liquids or as solutions in deuteriochloroform on a Varian A-60 spectrometer
with tetramethylsilane as internal reference. Elemental analyses were per-
formed by the staff of the Organic Microanalytical Laboratory in the De-
partment of Chemistry. We are indebted to K. Freudé and D. Goon for
technical assistance, and to Drs. G. Allen and C. Ovechka for discussions of
the nmr spectra.
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carefully wash the ethereal extract free from weid after the re-
action resulted in the formation of o low-boiling by-product
isomeric with i; bp 77-80° (0.4-0.6 mm): n2%p 1.5460; 25500
272, 266, 250 mu (emax 1165, 10535, 670): s 1060 em ! (COC ).
The nmr spectrum was free of peaks due to vinyl protons but
showed multiplets due to aromatic protons near § = 7.07 and a
series of multiplet centered at 3.77, 2.66, and approximately
2.0 ppm in theratio 4:2:2:6.

Anal. Caled for CpllO: €, N2.720 H, sS40,

S2.64: H, 8.43.

4-(3-Indenyl)butyronitrile (3). -Sodium hydnde (52.6%: dis-
persion iu mineral oil, 13.8 g, 0.304 mole) was added with stirring
under a nitrogen atmosphere to 200 g (1.73 moles) of freshly
distilled indene. The mixture wus heated slowly to 125° at
which temperature the reaction became violent and required
moderation by rapid cooling in an ice bath. (It is essential that
an ice bath be kept handy and the heating mantle be replaced
rapidly.) A light brown solid precipitated at this point. The
mixture was heated to boiling, kept under veflux for 15 min, and
was then ecooled to room temperature. 4-Bromobutyronitrile
(56.1 g, 0.378 mole) was added rapidly through the condenser
by means of a dropping funnel with vigorous agitation of the
mixture.  An exothermic reaction ensued which was moderated
by external cooling of the flask.  After 2.5 hr of stirring at room
temperature (during which time the brown solid slowly dissolved
and NaBr precipitated), the mixture was acidified with concen-
trated HCl and extracted with benzene, the benzene extract was
dried (Na,SQy), and the solvent was removed. The residual
oil was distilled collecting the product boiling at 118-137°
(02023 mm} (46.1 g, 8390 Thix produet was contaminated
with mineral oil but was suitable for use in the evelization reac-
tion dexeribed below.  In fact, for cyelization to 4, distillation
of the crude product could be omitted and the re<idue remaining
after removal of the indene could be w=ed directly.

To remove the mineral oil, the above distillate dissolved in
hexane was percolated through an acid-washed alumina ecolumn
with hexane as eluent. The early fractions containing mineral
oil were discarded and the product from the latter fractions was
distilled, bp 125-126° (0.1 mm) [l 125° (0.1 mm)l: a2
1.56106 (the product prepared according to ref 8a had n2?p 1.5611
1.A614) 0 2E2 999 950 mip (egay THTO, 78901 pit 22530 cm!
(C==N): 8 = 6.17 ppm (multiplet, I proton).

Anal. Caled for CpyHpN: O, =321 H, 7.15: N, 7.64.
Found: ¢, 85.14; L, 7.04; N, 7.74.

3,4-Dihydrofiuoren-1(2H )-one (4).—To 325 g of polyphos-
phorie acid was added at room temperature 16.6 g (0.091 mole)
of 3 and the viscous misture was blended with a heavy glass rod
when it turned red-violet. The flask wus immersed in an oil
bath and the bath was gradually heated to 120-130°.  After
30 min at this temperature with occasional stirring, the reaction
mixture was decanted mmto 1300 ml of water and stirred manu-
ally undil all the weid had dissolved. The solution was then
heated under reflux and stirred for 30 min during which time «
dark brown oil separated. The product was taken up in CHCI,
and the CIHClL extract was washed twice with water, dried
( NaaNOy), and evaporated fn varuo 10 give a brown solid which
was taken up in beuzene and charged on a 2.5 X 35 em column
of acid-washed  alumina  (Merck),  Elution with benzene -
petrolenm ether (hp 30-60°) (4: 1) gave 4 as a light vellow solid:

.6 g (SLAC ) mp 106-107° (1it 3 104-106%); N2 BO 930
38, 302 Mg Cemax 6300, 8500, 20,300); 2500 1683 ¢m =1 (C==0)),
Compound 4 wax converted to its oxime it 8077 vield with
hydroxylamine hyvdrochloride in ethanolic pyvridine: it was re-
ervatallized from ethanol: mp 175 180°; A FO% 237 0044, 209
M Cemas 11,600, 8040, 23,800,

dnal. Caled for CullpNO: € 75.40;
Found: €, 78.68: H,6.83: N, 7.10.

Fluoren-1-0! (le) by Catalytic Transfer Dehydrogenation of
4. 3,4-Dihydrofluoren-1(2H )}-one (4, 3.68 g, 0.020 mole) was
heated under reflux i # mixture of 100 ml of glycol methyi
ether, 20 ml of water, 3.0 g of X,CO;, and 0.36 g of Pd black.
Additional 0.36 g of Pd black was added after 24 hr and heating
was continued for another 17 hr. The reaction mixture was
worked up in a manner <imilar to fluoren-3-ol below 1o give 2.40
g (6577 of Te, mp 120--122° (1it.7 119 -120.5%).

1-Methoxy-2-nitrofluorene (1a). - 2-Niwofuoren-1-0l7 (1.05 g,
4.6 mmoles) was converted 1o its sodiu =alt with dilute NaOH
and the dried sualt, suspended in purified dioxane (10 ml), was
methylated with dimethyl sulfute (10 ml) for 6 hr (steam bath).
The excess dimethyl =ulfute was decomposed with =aturared

Found: €,

1
2

max

“

H, 6.55: N, 7.03.

Vol 9

aqueous NayCOy, and the mixture was extracted with benzene,
The residue which remained after =olvenl evaporation was ex-
tracted with hexane to give erude 1a (640 mg) after solvent evap-
oration.  Purification by chromatography on alumina (neutral)
with benzene -hexane (1:1) as eluent gave 530 mg of 1a (4871
Recrystallization  from  ethanol-water afforded pale  vellow
needles: mp 100-102°; AFOR 314 mp Cemax 14,6000 »h00 1350,
1555 (NO.), 1010 e 8 (COC).  In an alternative procedure,
2-nitrofluoren-1-ol (200 mg, 0.88 mmole) in 5 ml of acetone was
methyvlated with methyl iodide (5 ml) in the presence of Ag,0*
{030 g, D86 mmole) at 50° for 20 hr. The crude product oh-
tained by removing the silver salts and evaporating the solvent
was purified by chromatography on alumina ax above to give la
(93¢0, mp 100-101°,

N-(1-Methoxy-2-fluorenyljacetamide (1b).. -Compound la
(304 mg, 1.3 mmolesi in acetic anhydride (4 ml) and pyridine
(0.4 mly wax acetylated reductively with zine dust (2.0 g
After the initial veaction had subsided, acetic anhydride (2 ml)
wax added, and the mixture was boiled brieflv. 1t wuax then
filtered and the filtrate was dilited with water (100 mb. The
produet which crvstallized on cooling overnight was veervstal-
lized from ethanol-waier to give 105 mg (33%) of 1b, mp 146
1489 Alternatively, la (262 mg, 1.1 mmoles) in acetic anhy-
dride (10 ml: wis hyvdrogenated ar room  temperature and
atmospheric pressure with Raney uickel catalyst 1o give 270 mg
(7€) of 1b, mp 148 150°.  The ultraviolet and infrared spec-
tra of the two products were identical.

The material, 1h, was chromatographed on paper (solvent,
S0¢, ethanoly previously equilibrated with the solvent for 12 hr.
The compound wax located as a vellow spot (R 0.76) by spraying
the chromatogram twice with o 2077 solution of NaNO, and once
with 6 .V HCL  The papers were then heated in an oven at S0°
or exposed to steam from a =team bath,

1-Methoxy-2-fluorenamine (1¢).--Compound 1la (250 mg,
1.0 mmole) in glacial weetic acid was hydrogenated with Pd
catalvst (30 mg) al voom temperature and atmospheric pressure.
Recrystallization cethanol) of the crude product gave 135 mg
(7357 of 1e, mp 106 -108°.  In a larger run, 1.0 g of 1a yielded
SN0 of Te. For analysis, 1e wus recrystallized once again from
ethanol, mp 107-109°.  When chromatographed on paper with
2.4 N HC! as o solvent the compound gave a single red spot
(#2: 0.23) on spraying the chromatogram with a 197 solution of
p-dimethylaminobenzaldehyde in 1 v HCL

N-(1-Methoxy-2-fluorenyl)diacetamide (1dj.---Compound 1b
(250 mg, 0.9% mmole) in acetie anhyvdride (5 ml) was heated
under reflux for 4.5 hr.  The solution was poured into water (50
ml) and the mixture was brought to 2 boil; 1d (264 mg, 9070)
precipitated on cooling, mp 132-13%°. Two reervsiallizations
from ethanol afforded pure 1d, mp 136-138°.  Acetvlation of
1c¢ by the ahove procedure likewise gave 1d in 857 vield.  The
infrared spectrum of 1d showed no N-H streiching or amide
IT bands.

2-(Diethylmalonylmethyljindan-1-one. A. From the

Mannich Base Methiodide 5b.--To sodiomalonic ester prepared
from 80.1 g (0.50 mole) of diethyl malonate and 4.83 g (0.2} g-
atorm) of sodium in 350 ml of absolute ethanol was added at room
temperature with stirring 74.6 g (0.20 mole) of pulverized 2-
{morpholinomethyl)indan-1-one methiodide (5b) in =mall por-
tions over (L3 hr. (The erude methiodide!' can be recrystal-
lized, but only in xmall portions (<2 10 g) from methanol contain-
ing =ome methyl iodide, mp 167-170°.  Anal.  Caled for Cy-
L INO,: ¢, 48270 H, 5400 N, 3750 Found: €, 48.24;
H, 5460 N, 3650 After an additional 0.5 hr, the reaction mix-
ture was heated under reflux for 1 hr, cooled, and concentrated
in rarno 1o approximately one-third of its original volime.
The oil which separated on dilution with water (600 ml) and
nettralization with concentrated HCL was extracted twice with
cther (300 ml), and the ether was washed with water, dried
[ Na80,), and evaporated.  The residual oil was distilled, the
excess diethyvl malonate boiling at 43-46° (0.1 mm) was removed,
and the product boiling at 176-179° (0.2-0.3 mm) was collected
(47.0 g, 784, For analysis, n sumple was redistilled: bp 190
192° (0.9 mmy, pale vellow oil: a%op 1.5135; »ii0 1718, 1735
e O C=00,

Anal. Caled for Cyular: O
¢, 67.01; 11, 6.63.

B. Prom the Mannich Base Hydrochloride 5a. ‘The pro-
cedure was <imilar to A ahove except that 5a replaced 5b and

67.00;  H, 6.62. Foud:

22 BLoWillstitter sunl AL Planuenstviel Clene, Berl, 3T, 1T 1 (1804,
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the reaction was carried out at room temperature overnight,
From sodiomalonic ester prepared from 48.1 g (0.30 mole) of
diethyl malonate and 2.42 g (0.105 g-atom) of sodium and 26.8
g (0.10 mole) of 5a, there was obtained 24.5 g (819) of product
boiling at 173-175° (0.2 mm).

Indan-1-one-2-propionic Acid.—2-(Diethylmalonylmethyl)-
indan-l-one (75.8 g, 0.25 mole) was heated under reflux for 23
hr in 400 ml of 6 N H,S0, which was 509, in acetic acid. The
reaction mixture was then concentrated at reduced pressure to
two-thirds of its original volume and poured into 1 L. of ice and
water. After thorough chilling the solid product was collected,
washed with cold water, and dried (45.3 g, 889%), mp 103.5-
104.5°. When recrystallized from benzene—petroleum ether
(bp 30-60°), the product melted at 106.5-108.5° (lit.?? 106—
108°); oxime, mp 143.5-146.5° (lit.?% 145°).

4,5-Dihydroindeno[1,2-b]pyran-2(3H)-one.—A solution of 37.1
g (0.18 mole) of indan-1-one-2-propionic acid in 400 ml of acetic
anhydride was heated under reflux in a distillation apparatus
for 2 hr. The acetic acid formed was then removed by distilla-
tion until the temperature of the distillate reached 130°, and the
reaction mixture was further heated under reflux for 16 hr. After
concentration tn vacuo to approximately 75 ml, the remaining
acetic anhydride was hydrolyzed by stirring the concentrate
with ice and water for several hours, and the precipitated
brownish yellow semisolid was collected. Recrystallization
from ethanol gave 18.8 g (56%) of product, mp 105-106.5°.2
For analysis, a sample was recrystallized again from ethanol,
mp 106.5-107.5°, »551 1785 cm —! (C=0).

Anal. Caled for CpHi0.: C, 77.40; H, 5.41.
C,77.35; H, 5.61.

Condensation of 2-Bromoindan-l-one with Methyl Vinyl
Ketone.—To a stirred solution of 4.22 g (0.020 mole) of 2-bromo-
indan-1-one® and 1.40 g (0.020 mole) of methyl vinyl ketone was
added at room temperature dropwise over 10 min freshly pre-
pared 2 N ethanolic KOH (11 ml), and the mixture was stirred
at room temperature for 18 hr. The KBr which had precipitated
was removed by centrifugation and washed with absolute
ethanol, and the combined ethanolic solutions were evaporated
to dryness. The dry residue was washed with dilute NaOH,
collected, and washed with water to give 3.27 g of product
melting at 103-105°. The crude material in benzene was per-
colated through a 1.1 X 19 em column of alkaline alumina and
eluted with benzene. The solid product which was obtained by
concentrating the straw-colored effluent was recrystallized from
hexane to give 2.80 g of 13a as colorless prisms which changed
crystalline modification at 95° and melted at 109-110°. An
analytical sample recrystallized from benzene-petroleum ether
had the same melting point; Aaq® 249, 288, 295 mu (emex 16,100,
2810, 2880); »5 1703, shoulder 1715 em-~! (C=0); pZHcr
1700, shoulder 1715 em=! (C=0); »ier 1695 em~! (C=0).
The nmr spectrum indicated the absence of vinyl protons, and
in addition to the aromatic proton multiplets showed a sharp
singlet at & = 3.20, a triplet centered at 2.78 (J = 7.5 cps),
a singlet at 2.29 (CH;), and a doublet centered at 1.70 ppm
(J = 3.5 cps) in a ratio of 4:2:1:3:2. The product is there-
fore the spirodiketone 10a, analogous to the spiroketonitrile
10b formed in the condensation of 2-bromoindan-l1-one with
acrylonitrile.2

Found:

R
0
10a. R=COCH,
b, R=CN

Anal. Caled for CisHpOe: C, 77.98; H, 6.04. Found: C,
77.83; H, 6.00.

Ethyl 1,4-Dihydro-3-hydroxyfluorene-2-carboxylate (6a).—

To a vigorously stirred ethanolic solution of ethyl sodicaceto-

(23) (a) J. von Braun and G. Manz, Ann. Chem., 468, 258 (1929); (b)
M. F. Ansell and D. H. Hey, J. Chem. Soc., 2874 (1950).

(24) N. P. Shushirina, R. Ya. Levina, and M. Yu. Lur’e [Vestn. Mosk.
Univ. Ser. Mat. Mekhan., Astron., Fiz. 1 Khim., 12, 173 (1957); Chem.
Abstr., 83, 2176g (1959) ] report mp 75-75.5° for a compound prepared under
similar conditions. )

(25) W. 8. Johnson and W. E. Shelberg, J. Am. Chem. Soc., 67, 1745
(1945).

(26) H. O. House, V. Paragamian, R. 8. Ro, and D. W. Wluka, ibid., 82,
1452 (1960).

0-METHOXY-N-2-FLUORENYLA CETAMIDES 723

acetate, prepared from 117.1 g (0.90 mole) of ethyl acetoacetate,
250 ml of absolute ethanol, and 9.20 g (0.40 g-atom) of sodium,
was added at room temperature solid 2-(morpholinomethyl)-
indan-l-one hydrochloride (5a) (80.33 g, 0.30 mole) in small
portions over a period of 45 min. An additional 100 ml of ab-
solute ethanol was then added and the reaction mixture was
heated under reflux for 3 hr. The solid product which pre-
cipitated on cooling was collected, washed successively with
absolute ethanol, water, and ethanol, and dried at 105° to give
62.3 g of crude 6a. This product was digested with two 500-
ml portions of hot benzene and the insoluble material was re-
moved by filtration. Concentration of the combined benzene
extracts to 500 ml and dilution with 4 vol of ahsolute ethanol
gave 52.6 g of 6a: mp 157.5-1538.5° (lit.1¢:18 157°, 156-157°);
YRS 1665 em ! (C==0); % 1663 ¢cm~! (C=0). The ultra-
violet spectrum in ethanol was identical with the reported
spectrum. A second crop, 3.8 g (yield 56.4 g, 73%), mp 156.5—
157.5°, was obtained by concentrating the above mother liquor
to dryness and recrystallizing the residue from benzene-ethanol.
1,9a-Dihydrofluoren-3(2H )-one (7).—A suspension of 12.71

g (0.050 mole) of 6a in ethanol (100 ml) and concentrated HCI
(60 ml) was heated under reflux for 5 hr. The bright red solu-
tion was concentrated to one-half of its volume tn vacuo and then
diluted with an equal volume of water. The oil which separated
and solidified was taken up in ethyl acetate, and the ethyl acetate
was washed successively with 5%, aqueous NaHCO; and water,
dried (Na,S0O,), and evaporated in vacuo to give 9.11 g of a pale
vellow solid which melted between 84-94°. Thin layer chroma-
tography (tlc) on cellulose powder, developed with methanol-
water-benzene (35:20:1), indicated that the material was con-
taminated with three products which displayed yellow and blue
fluorescence (Hg lamp). A fluorescence-quenching spot which
was chromogenic when sprayed with acidified ethanolic 2,4-
dinitrophenylhydrazine appeared at R; 0.87-0.90. Recrystal-
lization from ethyl acetate gave 3.61 g of pale yellow needles,
mp 100-101°, after washing with a mixture of ethyl acetate-
hexane (1:3) and drying in air. A second crop, 1.32 g (total
6.93 g, 75%), mp 98-99°, was obhtained by evaporating the
mother liquor to dryness and recrystallizing the residue from
ethyl acetate-hexane (1:1). In larger runs, it was advantageous
to percolate an ethyl acetate solution of the crude product
through a column of alumina (activity grade I, neutral) with
ethyl acetate as eluent. The product from the yellow frontal
band was recrystallized as above; ALSE 227, 234, 288, 312 mpy
(emax 4600, 6000, 17,500, 17,800); »S5%% 1645 em~! (C=0);
8 = 6.36 ppm (doublet, J = 2.5 cps; 1proton).

2,4-Dinitrophenylhydrazone: mp 252-255° uncor (recrystal-
lized from xylene); Aac® 404 mu (emax 32,400); »i2 (double
bond region) 1617, 1590 cm 1,

Anal. Caled for C;HiO: C, 84.75;
C,84.91; H, 6.65.

Oxime, mp 138-139° (from ethanol-water).

Anal. Caled for CisHiuNO: C, 78.40; H, 6.38; N, 7.03.
Found: C,78.60; H, 6.67; N, 6.99.

Fluoren-3-0l. A. By Catalytic Transfer Dehydrogenation.—
To 5.80 g (0.050 mole) of maleic acid, 7.59 g (0.055 mole) of
K:COs, 15 ml of water, and 50 ml of glycol methyl ether were
added 1.84 g (0.010 mole) of 7 and 0.184 g of Pd black, and the
mixture was heated under reflux with stirring for 66 hr. The
reaction mixture was examined at intervals by tle as follows.
An aliquot (0.5 ml) was removed and evaporated to dryness,
and the residue was partitioned between 2 ml of 5%, aqueous
NaHCO; and 1 ml of benzene. The benzene extract was chro-
matographed on cellulose powder plates as described above.
(The ketone 7 (Rt ~0.9) is fluorescence quenching when the
chromatogram is viewed under a 2537-A lamp, while the fluorenol
(R; ~0.8) exhibits a violet fluorescence. In addition the ketone
is chromogenic when sprayed with acidified ethanolic 2,4-di-
nitrophenylhydrazine.) It was evident that products other than
the fluorenol were also formed but these were not investigated.
When the ketone had disappeared, the catalyst was separated
and the reaction mixture was worked up in the same manner
as the aliquot samples. The benzene extract was washed with
water and extracted with two 50-ml portions of 7.5 N KOH.
The alkaline extract was warmed on the steam bath to expel dis-
solved benzene, cooled in an ice bath, and acidified with con-
centrated HCl when the product precipitated. Recrystalliza-
tion from ethanol-water gave 1.08 g (599,) of fluoren-3-ol,
mp 136-138°. Recrystallization from benzene—petroleum ether
using acid-washed alumina as decolorizing agent gave a cleaner

H, 6.57. Found:
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product, mp 137-139° it.¥ 136-137°). When the KyC()
was omitted in Lhc dehydrogenation reaction, the yield of the
fluorenol was 4397, after purification of the crude product by
chromatography on acid-washed alumina with benzene as cluent
and recrystallization from benzene~-petroleum ether, mp 140-
141°. The reaction ecan be scaled up threefold without dif-
fleulty.

B. By Catalytic Dehydrogenation.—Dehydrogenation of 7
(1.84 g) for 6.5 hr with 0.90 g of Pd in 1‘eﬁuxing fluorene (7.0 g),
purified by zone refining, gave 0.86 g (479 ) of ¢rude fluoren-3-ol.

3-Methoxyfluorene. A.—The fiumen-.)-ul obtained by de-
hyvdrogenation of 7 was methylated in alkaline solution with
dimethyl sulfate to give 3-methoxyfluorene (884 ), mp 83-84°
(L2258 82-83°, 84-85°), after recrystallization from hexane or
ethanol.

B. From 3-Methoxyfluoren-9-one.——Wollf -Kishner reduction
of 3-methoxyfluoren-9-one?? (827 g, 0.039 mole) in 60 ml of
freshly distilled diethylene glycol with 20.0 g (0.34 mole) of 857
hvdrazine hydrate and 40 ml of 2047 KOH (w/v) in diethylene
glveol gave 6.45 g (849.) of crude 3-methoxyfluorene, mp 74 -
832, Reerystallization from methanol gave a product melting
at 84-85°. The infrared spectra of the prodets prepared by
methods A and B were identical.

3-Methoxy-2-nitrofluorene (2a).—To a solution of 540 mg
(2.74 mmoles) of 3-methoxyfluorene in glacial acetic acid (6 ml)
was added dropwise with stirring a mixture of 8 ¥ HNOy (0.28
ml) in glacial acetic acid (1 ml).  After 1 hr the mixture was
poured into water (100 ml) and the precipitate was collected,
washed with water, and then dissolved in benzene.  After drying

Na.804) and concentrating to 10 ml, the benzene solution was

percolated through a column (1.5 X 35 em) of acid-washed
alumina.  The vellow band was eluted with benzene and the
product, mp 177-185°, obtained after solvent evaporation, wus
rechromatographed and then recrystallized from benzene to
give 220 mg (33%;) of 2a, mp 184-185° (Jit.12 183-1%4°).  For
analyvsix, the compound was recryvstallized from 957 ethanol with
no change of the meliing point; 55 1340, 1525 (NOs), 1020
em 7t (COC). The ultraviolet spectriun in ethanol was essen-
ually identical with the reported spectrum.

Cleavage of 2a to 2-Nitrofluoren-3.ol.—Hydroly~is of 2a
(1.05 g, 4.4 mmoles) in glacial acetic acid (70 ml) and HDBr
(40 ml, 48.8¢7 ) gave 0.68 g (385 of product after two recrystul-
lizations from benzene-petroleum ether, mp 160-163° (lit.'®
180--161°). A mixture melting point with 2-nitrofluoren-3-ol
prepared according to ref 13a wax not depressed, and the in-
frared and ultraviolet spectra of the product were identical with
1how of the reference sample.

N-(3-Methoxy-2- ﬂuorenyl)acetamxde 2b).—Reductive acet-
ylutmn of 2a (264 mg, 1.0 mmole) ax in the preparation of 1b
gave 2b (750;) after recrvstallization from ethanol-water:
mp 167-160° (1t 12 167-168°); w2 1670 (C==0), 1540 (amide
I11), 1040 em~t (COC). The uliraviolet spectrum was in agree-
ment with the reported spectrum.’?  The compound when
chromatographed on paper and detected as deseribed for 1b
had R 0.76.

3-Methoxy-2-fluorenamine (2¢).- -Compound 2a (200 mg,
0.84 mmole) in glacial acetic acid wax reduced catalvtically
(Hs, Pd) to give 2¢ (61¢,), mp 164--166° (lit.!2 161-162°) after
recrystallization from ethanol-water; »hor 3450, 3360 (NH),
1030 em~t (COC). The ultraviolet spectrum was essentially
identical with that reported.t* The compound migrated as a
single component when chiromatographed on paper and spraved
with 17, p-dimethylaminobenzaldehyde in 1 HCl [R; 0.19
(2.4 N HCL), #:0.77 (70¢, ethanol)].

Ethyl 3-Hydroxyfluorene-2-carboxylate (8a).—To u stirred
suspension of 10.20 g (0.040 mole) of the enol ester 6a in 300 mi
of ether was added dropwise at room temperature 6.40 g (0.040
mole) of bromine at such a rate that the color of the bromine
was discharged before the addition of the next drop.  After all
of the bromine had been added, stirving was continued for another
0.5 hr when a colorless solid precipitated. Evaporation of the
ether (steam bath) caused the evolution of HBr. The residue,
0.80 g, mp 140.5-141.5°, wuas recrystallized from benzene to
give 7.32 g of colorless needles melting at 141-142°. A zecond
vrop, 1.82 g (vield 9.14 g, 90¢.), mp 139-141°, was obtained by
coneentrating the mother llqum and  diluting with ethunol.

(277 W, L Lothrop, . bme Cheme Soe., 61, 2115 (1934).
(28) W, J. P. Neish, Reeo Trav. Chim., 69, 207 (1950).
29y I, Ullmunn and H. Bleier. Chem. Ber., 38, 4273 (1902;,
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For analysis, o sample was reerystallized again from benzene,
wmp 141-142.5°, 557 1680 em =1 {C==0).

Anat. Caled for CiHuOy: G, 7TH.57;
L 73.67: H, Duas.

3-Hydroxyfluorene-2-carboxylic Acid (8b).—The hydroxy
ester 8a (2.54 g, 0.010 mole) in 40 ml of 2 ¥V NaOH, 40 ml of puri-
fied dioxane, and 10 ml of water was saponified by heating the
mixture on the =steam bath for 2 hr.  Acidification with con-
centrated HCL coneentration in vacuo to remove the dioxane,
and dilution with an equal volume of water, gave 2.26 g of crude
nroduet, mp 284-256° dee (—COLY (uneor) with sublimation
>200°  Reervaallization from a-butyl aleohol {erystals washed
with hexane) gave 1.90 g (8557 of 8b, mp 286-288° dee (—~COY)
with sublimation >200° (lit.?? 280-252°);  anilide, mp 247-248°
(it 245-246°),

3-Hydroxyfluorene-2-carboxhydrazide (8¢).--A mixture of
2545 g (0.100 mole) of 8a and 100 ml of 8547, hvdrazine hydrate
in 125 ml of dioxane was heated under reflux for 4 hr during which
time the =olid dissolved completely.  The hot reaction mixture
wax diluted with 1()() ml of water and cooled, to give 16.7 g
(700 ) of 8¢, mp 24 43° after washing and drying. A second
crop, mp 283-235°, 4 44 ¢ (1867), was obtained by concentrating
the mother Hguors 2000 3430, 3330, 3230 (NIT) , 1645, 1535
em 7 amide!

Anal Caled for CHEeNO- €, 69,05 H, 504 N, 1166,
Found: C,60.71; H, 4.85; N, 11.95.

3-Hydroxyfluorene-2-carboxazide (8d).——A stirred suspension
of 2,40 g (0,010 mole} of 8¢ in 40 ml of dioxane, and 60 ml of 2
NV HCT wax cooled in an ice bath and .76 g (0.011 mole) of Nu-
NO:in 5 ml of water was added dropwise with vigorous stirring.
The original =olids were transformed into a thick suspension.
Stirring was continued for 2 hr; the mixture was then diluted
with 30 ml of water, and the product was collected, washed with
water, and dried 1o give 2.02 g (8047) of ¢rude 8d.  The produet
wax partially converted to the fluorenooxazolinone 9a during
recryatallization, as evidenced by the appearance of infrared
bunds at 1782 and 1755 em ™Y, and therefore wax not further
purified. It lost Ny between 140 and 160° and melted at 288 -
291° (the melting point of 9a).  The reac llun could he scaled up
tenfold without reduction in vield; %7, 3200 (weak, OII),
2160, 2130 CNG), 1645 em 1 (Ce= ),

Anal. Caled for CullyNyO.: C,
Found: C,67.37; H,3.72; N, 16.98

5H-Fluoreno|2,3-/]oxazolin-2-one (9a). A. By Rearrange-
ment of 8d.--Heating a suspension of 11.34 g (0.045 mole) of
the azide 8d in 150 ml of toluene under reflux for 24 hr gave
706 g (7570 of 9a, mp 204-295° (uncor), sublimes >200°,
after 1‘(e(-1')'s1:1lliz:11iun from ethanol-water. The produet could
also be crvstallized from  dimethylformamide-water, dioxane-
water, or glveol methy]l ether. Tis infrared and ultraviolet
spectra were identical with 9a prepared in B below.

Anal. Caled for CyHgNOg: €, 73327 H, 4.06;
Found: €, 75.16: H, 4.36: N, 6.55.

B. By Fusion of 2d with Urea.——A blended mixture of 1.17 g
(5.0 mmoles) of 2d-HCY (prepared according to ref 13a) and 1.20
g (20 mmole=) of urea wax heated gradually in an oil bath to 1907
Ammonia was liberated at applm'unately 175°. The tempera-
ture was maintained ar 190° for 2 hr; the mixture was then cooled
and water wus zultl(‘d. The wuater- lnsulublo solid was collected,
washed with water, and reerystallized (charcoul) from dioxane
water 1o give O8N g (7997) of 9a, mp 280-291° (uncor). Por
analy=ix, o sample was reerystallized from ethanol; mp 200 261°
(eory, sublimes 2000 )0rE mot 14 287, 3200 mu e
LLU00, 9950, TH0000: W55 17500 em1 (C==0): 250 1782,
1755 e 7L Cin Oy cdimorphie ),

Anal. Caled Tor CyllgNO.: €,
Found: ¢, 75.26; 11,405 N, 6.31.

C. From Ethyl N-(3-Hydroxy-2-fluorenyl)carbamate (2e).
Compound 2e (140 mg, 0.50 mmole) was heated at 170° for 15
min in 3.5 ml of polyphosphoric acid of 7697 P.Os coutent. The
mixture was poured into water and heated on the steam bath for
15 min. The precipitate was collected by centrifugation and
recrystallized from ethanol-water to give 55 mg (499;) of crude
9a, mp 282-256° {uncor) with sublimation >200°. The in-
frared spectrum was essentially identical with that of the prod-
neis obtained i A or Babove,

I, 5.55. Found:

66.93; H, 3.61; N, 16.73

N, 6.2x.

a2 H, 4H06; N, BN,

1307 N Ishikawa, N. lzawa, and M. Okazaki, Send-0 Gabkaishi, 16, 206
(1959), Chem. Abstr., B3, 06734 (1950
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3-Acetyl-5H-fluoreno[2,3-d] oxazolin-2-one (9b).—Compound
9a (3.00 g, 0.0134 mole) was acetylated by heating it in 30 ml
of acetic anhydride for 3 hr. The crude product which had pre-
cipitated was recrystallized from dioxane—ethanol to give 3.20
g (909) of 9b: mp 263-265° (uncor); poul 1805, 1725 em ™!
C=0).
( Anal). Caled for CisHuNOl.: C, 72.44; H, 4.18; N, 5.28.
Found: C,72.53; H,4.35; N, 5.54.

This produet was also obtained directly from the azide (8d)
in 729 vield by refluxing the latter in acetic anhydride (19 hr).
Hydrolysis of 9b in refluxing 8 N ethanolic HCL (19 hr) or in re-
fluxing 1 N alcoholic KOH (1 hr) removed only the acetyl group
to give Ja.

Hydrolysis of 9a.—A suspension of 0.90 g (4.0 mmoles) of 9a in
8.0 ml of 6 & HCI containing a few drops of n-amyl alcohol as
wetting agent was heated in a micro Carius tube at 170° for 4
hr. The pressure was released carefully while cooling the tube
in a Dry ice bath, and the solid product was extruded, pressed
on a sintered-glass funnel with suction, and dried in vacuo
over KOH to give 0.5 g (100%) of 2-aminofiuoren-3-ol (2d)
hydrochloride, mp 237-240° dec. The free aminofluorenol was
obtained in 679, yield by treating the hydrochloride with aque-

CARCINOLYTIC AGENTS, IV 725

ous Na,CO; and recrystallizing the product from ethanol-
water. In other runs, the crude 2d liberated from the hydro-
chloride was directly acetylated with acetic anhydride in ethyl
acetate-pyridine to Na(3-acetoxy-2-fluorenyl)acetamide (2g)
in 809 yield, mp 225-226° (1it.% 233-234° uncor), or with acetic
anhydride in aqueous Na,CO; to N-(3-hydroxy-2-fluorenyl)-
acetamide (2f) in 489, yield. 1In the latter case, work-up of the
mother liquor after recrystallization and more vigorous acetyla-
tion of the residue derived therefrom afforded an additional
269 as the diacetate 2g. The infrared spectra of 2d, 2f, and
2g¢ were identical with those of samples prepared previously by
different routes, 31,20
Ethyl N-(3-Hydroxy-2-fluorenyl)carbamate (2e).—To a

cooled, stirred suspension of 2.34 g (10.0 mmoles) of 2-amino-
fluoren-3-ol hydrochloride prepared according to ref 13a in 50
ml of water was added at once 2.16 g (20.0 mmoles) of ethyl
chloroformate and then 50 ml of 0.6 N aqueous NaHCO; drop-
wise over. 5 min. After 1 hr the reaction mixture was diluted
with 100 ml of water, and the solid was collected and recrystal-
lized from ethanol (yield 2.33 g, 86%); mp 192-193°; v
3420, 3240 (OH, NH), 1700 em 1 (C=0).

Anal. Caled for CiHisNOs: C, 71.36; H, 5.61; N, 5.20.
Found: C,71.16; H,5.54; N, 5.52.
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Two new diazoaminofluoro mustards have been synthesized as potential antitumor agents in order to exploit

the postulated acidity of the tumor cells.

During the attempted preparation of aromatic diazoamino mustards,

N, N-bis(2-methanesulfonoxyethyl)-p-nitrosoaniline was synthesized and was found to be very effective against

a variety of animal tumors.

Various authors®® of books concerned with the
biochemistry of cancer seem to support the idea that
the pH of tumor tissues is lower than that of the corre-
sponding normal ones. This is reasonable, since it is
known that tumor cells are characterized by a high
rate of aerobie and anaerobic glycolysis.® Lactic acid
is a dead-end product of glycolysis in tumor cells and,
according to Boxer and Devlin,® the reduction of
pyruvie acid to lactic acid is probably the only ‘“‘shuttle”
available to tumor cells for oxidizing reduced diphospho-
pyridine nucleotide (DPNH). A bottleneck in the
electron transport might cause laetie acid accumulation
in tumor cells’ especially if the rate of acid production
is greater than the combined rates of (a) acid neutraliza-
tion by buffers diffusing into the tumor cells from the
arterial circulation, and (b) acid diffusing out of the
cells into the venous blood. The accumulated lactic
acid would decrease the pH of tumor cells to a certain
limiting value® (ca. pH 6.0).
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