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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 correspouding amines, 1-methoxy-
2-fluorenamine (lc¢) and 3-methoxy-2-fluorenamine (2¢), were synthesized starting from indene and indan-1-one,

and tested for carcinogenic activity.

The synthetic path leading to the 3-methoxy derivative is amenable to
incorporation of a “C label in the fluorene ring, heretofore 10t possible by other routes.

Compounnds 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.?  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-hvdroxy-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-fluorenvl)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.® \oreover, the conjugation

(1) Supported in part by U. 8. Public Healthh Service Grant CA 02571.

(2) (a) E. C. Miller and J. A. Miller, J. Natl. Cancer Inst., 15, 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; (¢) D. B. Clayson,
“Chemical Carcinogenesis,'" Little Brown and Co., Boston, Mass., 1962, pp
372-395; (d) H. C. Pitot and C. Heidelberger. Cancer Fes., 28, 1£94 (1963).

(3) (a) H. T. Nagasawa and H. R. Gutmann, J. Biol. Chem., 284, 1593
11959): (b) H. R. Gutmann aud H. T. Nagasawa, tbid., 235, 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 S. F. Chang, J. Biol. Chem., 288, 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. lrving, H. R. Gutmann, and D. M. Larson, Cancer Res., 28, 1782
11963).

(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): (c¢) 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 2135.

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, le¢, 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 wvia the
o-fluorenoquinon imines, 7.e., these compounds could act
as latent, enzyme-activated arylating agents.

The preparation of N-(1-methoxy-2-fluorenyl)acet-
amide (lc) for carcinogenicity tests required large
quantities of fluoren-1-ol (1f) as starting material.
Previously, 1f 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 coni-
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. 13. Binns,
Ed., E. and 8. Livingstone Ltd., London, 1964, pp 16-48.

(7) E. K. 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 (1859); (c)
C. C. Irving and R. F. Willard, {bid., 27, 2260 (1962).

(9) Traces of residual acid during the isolation of 3-(3-indenyl)propanol
(i). an intermediate in tle seven-step synthesis, catalyzes tlie cyclization of
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1ii
the alcoliol to spiroltetrahydrofuran-2,1’-indan] (ii), a heterocyclic syste:

not previously described. The nmr spectrum of this product is consistent
with this assignment and rules out the isomeric indenopyran structure iii.
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» By reductive acctylation with zine aud acetic anhydride.
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vinyl proton.'* The uitrile 3 was then cyclized in
polyphosphoric acid to 3,4-dihydrofluoren-1(2H)-one
(4). The over-all yicld of the ketone 4 from indenyl-
sodiuli was 679,. Catalytic dchydrogenation of 4
with Pd in refluxing fluorcne®” or catalytic trausfer
dehydrogenation'* gave fluoren-1-ol (1f). Compound
1f was then nitrated to 2-nitrofluoren-1-ol (1g)7 and
the latter was methylated to l-methoxy-2-nitrofluo-
reue (la), 1-Methoxyfluorene when nitrated under
the couditions employed for the nitration of fluoren-
1-ol (1f) was recovered unchanged. Reductive acety-
lation of la afforded N-(1-mcthoxv-2-fluorenyl)acet-
amide (1b) while catalytic hydrogenation gave 1-
methoxy-2-fluorenamine (le).

The isomeriec  N-(3-methoxy-2-fluorcuyl)acetamide
(2b) and 3-mcthoxy-2-fluorenamine (2¢) were prepared
in 4 similar manner by reductive acetylation and
catalytic hydrogenation of 3-methoxy-2-nitrofluorenc
(2a).'2 The latter (2a) was prepared by uitration of
3-methoxyfluorene and its structure was confirmed by
demethylation to the known 2-nitrofluoren-3-ol.!®
The preparation of these 3-incthoxyfluorene derivatives

(10) The attachment of tlie 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 tlie alkylation of indenylsodium, a 1-
alkylindene is first formed which rapidly rearranges to the tliermodynamni-
cally more stable 3-alkylindene.

(11) L. M. Jackman in ‘‘Advances in Organic Clhemistry, Methods and
Results," Vol. 1T, R, A, Raphael, E. C. Taylor, and H. Wynberg, Ed., Inter-
science Publishers, Inc., New York, N. Y., 1960, pp 352-355.

t12) N. lshikawa and M. Okazaki, Yuki Gosei Kagaku Kyokai Shi, 16,
610 (1958); Chem. Ahstr., B3, 31685 (1959).

Cabed, ) Fownd, *,
Focumta [ 1l N [N I N
CulTnNOy [t 400 5. N0 0.1 4 03 IR
Cl 1N Oy 7587 57 5.0 7612 .01 B
Crl1NO 79.99 .20 G.63 .61 .32 I

CiulliN Oy 73.000 580 474 73.24 581 4.8l
CITINO;, 6.7 460 580 DDA G ' S R
Ciel1 N Oy ST .07 553 THE0 6.0t 5 40
CullsNO A0 6,20 6.63 TOST  6.20 6o

P By entalyue hydrogenation with Rancey nickel in aectic anhydride.

Chenme. Abstr., 53, 31680 (19597 report mp ER5-184%,
¢ Lite mp 167--165°0 L Lty wp 161-162°,

required fluoren-3-ol as a key internediate.  However,
the chemical methods available for its preparation arce
not suitable for the labeling of the aromatic ring with
raciocarbon for projected metabolic studies, and other
approaches  were  investigated.  The  synthesis pre-
scnted here provides a practieal route to MC-labeled
fluoren-3-ol and therefore to C-labeled N-(3-hydroxy-
2-fluorenylacetamide  (2f) and N-(B-methoxy-2-fluo-
renyvlacetamide (2b).

Condensation of  2-(morpholinomethyl)indan-1-one
hydrochloride (5a)'* with cthyl sodioacetoacetate gave
ethyl 1,4-dihydro-3-hydroxyfluorene-2-carboxylate (6a)
i 73%, vield™ (Scheme II). Acid hydrolysis of 6a
gave o mixture of four components, only one of which
wis Ketonie as shown by thin laver chromatography.

Sorsme 11

LT CH.COOC.H. NaOC.H,
i;\CHU—/—N 0 4 g
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H l]{‘(l B‘\\ 5
- 9ol
GagH 1L,

- 8a, COOCH;
b, COOH
¢, CONHNH.
d, CON,

113) ta) . K. Weisbarger and J. 11. Weisburger, J. Ovg. Chem., 19, 161
(1954): tb) K. Suzuki, F.. I{. Weisburger, and J. H. Weisbarger, imd., 26,
2236 (1961).

(14) R. 1. Harradenve and . Lions, J. I'vpe. Roy. Soc. NS0 Wales,
72, 284 (1938).

(15) (a) D. M. W. Anderson and D. Leaver, J. Clem. Soe., 450 (1962),
prepared 6a in 31Y% vield by condensing the Mannich base methiodide b
with ethyl sodioacetoacetate and shiowed that tle product is 6a and not the
isomeric 6b. (b) The radiocarbon cun be introduced as formaldehyde-14C
i tlw preparation of Ba.
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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-pheuyl analog
6¢c. Its nmr spectrum (doublet centered at 6§ = 6.36
ppm, J = 2.5 cps) was consistent with the preseice 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 unchauged after catalytic
hydrogenation of the double bond, and their 24-
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,v isomer instead.'®

Catalytic dehydrogenation of 7 has beeun 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-
lytic transfer dehydrogenation!! with maleic anhydride
as hydrogen acceptor likewise gave fluoren-3-ol in
yields ranging from 45 to 59%,. 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 varlety of fluorene derivatives and was the key
intermediate for a new synthesis of N-(3-hydroxy-2-
fluorenyl)acetamide (2f). This synthesis furnishes an
alternative route to '¢C-labeled 2{ 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 spontaueously to ethyl 3-hydroxyfluorene-
2-carboxylate (8a). Saponification of 8a gave the
known 3-hydroxyfluorene-2-carboxylic acid (8b).'* The
carbethoxyfluorennol 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]-

(16) (a) Hydrolysis of 6a in aqueous glycerol l:as 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 tlie ketone 7 and
of its 2,4-dinitrophenyliiydrazone obtained here suggests that the two ke-
tones are identical. lsomerization 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 metbiodide: 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-dihydroindeno]l,2-b]pyran,
followed by cyclization, or by the condensation of methyl vinyl ketone with
2-bromoindan-1-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. lshikawa, M. Okazaki, and M. Hayashi, Yuk: Gosei Kagaku
Kyokai Shi, 16, 34 (1958): Chem. Abstr., 52, 5349 (1958).
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oxazolin-2-one (9a) which on acetylation gave 9b
(Scheme III). The same fluorenocoxazolinone 9a was
obtained by fusion of urea with 2-aminofluoren-3-ol
(2d)'® or by cyclization of its N-carbethoxy derivative
2e in polyphosphoric acid. Hydrolysis of 9a with 6
N HCIl 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 N-
(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, 32 132,20

Carcinogenicity Tests.—N-(1-Methoxy-2-fluorenyl)-
acetamide (1b) and l-methoxy-2-fluorénamine (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-
genic.

The moderate carcinogenicity exhibited by 1b and
¢ 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 carcinogenicity of 2b
and 2¢ which contrasts with the activity of 1b and 1lc
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 LiAlH,; reduction of ethyl 3-(3-
indenyl)propionate according to Howell and Taylor,3 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 a Beckman DK-2A recording spectrophotometer by
Miss I. Koehler and 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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carcfully wash the cthereal extraets {ree from acid after the re-
action resulted in the formation of a low-boiling by-produet
ixomeric with 1; bp 77-80° (0.4-0.6 nun): 12 1.5H460; 2OHON
272, 266, 259 mp (epux 1163, 1035, 6T0): prme 1060 cin =2 (COC .
The mnr =pectinm wiax free of peaks due 1o vinyl pratons b
showed nuiltiplets dite to aromatic protous near § = 7.07 and a
series of umltiplets centered at 3,77, 2,60, and approxinately
2.0 ppin theratin 4:2:2:6.
Anal. Caled for CplliO:r G, 8272,
R2.64: 11, 843,

4-(3-Indenyl)butyronitrile (3). -sodinu hydride (52.647 dis-
persion in mineral oil, 13.8 g, 0.304 mnle) was added with stirring
wuder a nitrogen atnwsphere to 200 g (1.73 moles) of freshly
distilled indenc. The mixture wus heated slowly to 123° ui
which temperature the reaction became violent and required
moderation by rapid ceoling in an ice bath. (It is essential that
an iee bath be kept handy and the heating mantle be replaced
rapidly.) A light brown solid precipiiated at this point. The
wixture was heated o boiling, kept under reflux for 15 min, aud
wis then eooled to room teniperature.  4=-Bromobutyronitrile
(501 g, 1378 mole} was added vapidly throngh the condenser
by means of a dropping funnel witi vigorons agitation of the
mixture.  An exothermie reaction ensiued which was moderatel
by external eooling of the flask.  After 2.5 lu ol stiiring at roowmn
temperiatiure (during whiclt tiime the brown =olid =lowly dissolved
and NaBr precipitated ) the mixture was acidificd with coneen-
trated TTCH and exivacted with bhenzene, the benzene extract was
dricd {(Na»s0s), and the solvenmt wax removed. The residnal
oil was distilled collecting the product boiling at FIS-137"
10.2-0.3 mm} (46,1 g, ®5%: 1 This produet was contiwniniated
with mineral oil hut was snitable {or use hic the eyelization reac-
tou dexeribed below.  Tu fuet, for eyelization o 4, distillation
of the ernde product conld be omitted and the residue reruaining
after removal of the ndene could be nsed divcetly.

To remove the mineral oil, the above distillate dissolved in
hexane was pereolated throngh an acid-washed alnmina eolumn
with hexune as eluent.  The early fractions containing mineral
oil were disearded and e product from the latter fractions wias
distilled, bp 125-126° (0.1 ng [Lit™ 1235° (0 mm)t: a2y
{.5616 (the product prepared acrording to vef 81 had 2220 15611
EOGH ) 2E0E 2220250 g (e 75T, TRO0L 050 9250 e
(C==N0: 6 = U7 ppu (mudviplet, T proton

L. Caled for CpdIpNe €, w5210 11, 150 N, T.64.
FFound: €, 8514, I, T.04: N, 7.04

3,4-Dihydrofluoren-1(2H )-one (4).~To 325 g ol polyplos-
phorie acid was added at roomn temperature 16.6 g (0.091 mole)
of 3 and the viscous wixture wuas blended with a heavy glass rod
whien it trned red-violet.  The flask wuas hmmersed 1 an oil
Dath and the barh was geadually heated to 120-130°.  After
30 min at this temperature with ocensional stirring, the reaction
ntixture wax decanted to 1300 ml of water and stirred manu-
ally until all the aeid had dissolved.  The solution was then
heated under reflux and stirred for 30 min during which {ime n
durk brown oil separated.  The produet was taken up in CHCL,
and the CTTCL extract was washied twiee with water, dried
I NSO, and evaporated G meego 10 give o brown solid which
wis taken up in bhevzene and charged ona 2.5 X 35 cin cohmun
of acid-wushed  almuing (Mevek), Flntion with - benzene -
petrolenm ether ¢hp 30-60°1 (4: 13 gave 4 as a liglu vellow solid:
13,6 g (SLO9 10 mp 106-107° (1t [04-106°); N5 Bl a3o,
238, 302 M { ene 6300, 8300, 20,500); 2554 1663 ciu 1 (C =0,

Compound 4 was couverted 1o its oxime iu 804, vield with
hyvdraxylnmine hydroehloride i ethanolie pyridine: it wias ve-
crystudlized from ethanoel; wp 178 180° R OnT, 244, 200
u (s EHLOOY, SO0, 23,8001

Jdad, Caled for CdlgNO: 0 78.40;
IFound: € 78680 11, 6.83: N, 7 10,

1, (0. Tound: €

1, 6.55: N, 7.05.

Fluoren-1-o0l (1e) by Catalytic Transfer Dehydrogenation of

4. 34-Dihydrofinoven-1(2H }-one (4, 3.68 g, 0.020 mole) was
heated under reflux s a mixture of 100 ml of glycol methyl
cther, 20wl of water, 3.0 g of KaCOy, and 0.36 g of Pd black.
Additional 0.36 g of Pd black was udded after 24 hr aud heating
wils continued for another 17 hir. The reaction mixture was
worked 1p i a unnaer <unilir to fluoren-3-ol below to give 2.40
g (U300 of Le, up (20-122° (HLT 11D -{20.5°).
1-Methoxy-2-nitrofluorene t1a).  2-Nitrofluoren-1-ol* { L.U g,
4.0 mmoeles) wis converted to s <odinm <alt with dilate NaOH
and the dried salt, suspended in purified dioxane (1) ml), was
methylated with dimethyl =ulfate (10 ml) for 6 hr (steam batli,
The excess limethyl sulfate wis decomposed with =atiurated

Vol o

aqueotts NapC0y, and (ke mixtine was extracted with henzene,
The residue which remained after solvent evaporation was ex-
tracted with liexane to give crude la (640 mg) after solvent evap-
oration.  Purification by chromatography on alumina {ueuteal;
with benzene-hexane (1:1) as eluent gave 330 g of la (48771,
Recrystallization  {rem ethanol-water afforded pale  vellow
needles: mp HO0-102°; xfl,‘fi“ 314 m Cepax HHODDY: V1350,
1555 (NOui, OO e~ i (COC). In an alternative procedure,
J-nitrofluoren-{-ol (200 mg, 1.88 unnole) in H wl of aectone was
methyvlated with methyl jodide (5 ml) in the preseuee of Ag.0)
(OB g, DSE mmnle) ut H0° for 20 e The erude product ol-
tained by removing the silver salts aud evaporating the solven
wis purified by chrematography on ahinnina as above to give la
A3 mp To0-101°,

N-(1-Methoxy-2-fluorenyl)acetamide (1b).. -Componnd la
G304 mg, B3 nunolest in acetie anhydride (4 ml) and pyridine
(0.4 mh was acetylated reductively with zine dust (2.0 g3
After the initial veaction had subsided, ncetie anhydride (2 ls
wis added, and the mixture was boiled brieflyv. Tt was thew
filtered and the Giltvate wax dilnted with water €100 mh. The
produet which ervstallized on eooling overuigln was reerystal-
lized from rthanol-water vo give 105 mg (33:) of 1b, mp 146
487 Allernatively, Ta (262 wg, L1 mnoles) in nectic anhy-
dride <10 by was hydrogennted ar room tempertture and
atuospherie pressure with Rauney nickel catalyst to give 270 g
10700 of 1b, mp M8 1507 The ultraviolet and infraved sper-
tra of the two prodnets were identical.

The material, 1b, wius chromatographed on paper {=olvent,
S04 ethianoeli previonsly eguilibrated with thie solvent for 12 hr.
The compoma was loeated as a yellow spot (Ry 0.76) by spraying
the ehiromatogram (wice with o 2007 solation of NaNOy and onee
with 6V 1ICL The papers were then heated inaic overcat S0”
or exposed to stenn fron a steam bath,

1-Methoxy-2-fluorenamine (1c¢).--Compound la (250 mg,
LU mumele) in glacial acetic acld was hydrogenated with il
eatalyst {30 mg) at room terperatire und atmospheric pressure.
Recrystallization cethanol) of the erude produci gave 135 mg
(T340 of Le, up 106 -TOS°. In a larger riu, 1.0 g of la yielded
NNCof Te. For aualysis, Te wus recrystallized onee again from
cthanel, up 107-100°. When clromatographed on paper with
2.4 N HCI as 1 solvent the ccanpound gave a siugle red spot
(5 0.23) ou spraying the chromntogram with a 147 solution of
p-dinethylaminobenzaldehyde i 1.V HCL

N-t 1-Methoxy-2-fluorenyl)diacetamide (1d).--Compound 1b
(250 mg, V.99 wele) i acetie nuhydride (5 mil was heated
under reflux for 4.5 . The solution was ponred into water (50
ml) and the mixture was brought to a boil; 1d (264 wmg, 90002
precipitated on cooling, mp 132-1358°, Two recrystallizations
from ethanol afforded pure 1d, mp 136-138°.  Acetylation of
1c by the ubove procedure likewise guve 1d in 857 yield.  The
infraved speetrim of 1d =howed 1o N-H stretehing or anide
1T bands.
2-(Diethylmalonylmethyl)indan-1-one. A. From the
Mannich Base Methiodide 5b.--To sodiomalonic ester prepured
from SU.1 g (0.50 mole) of diethyl malouate and 4.83 g (0.2] -
atoni) of sodium in 350 ml of absolute ethanol was added at reomn
temperature with stirring 74.6 g (0.20 mole) of pulverized 2-
{ morpholinomethyl)indan-1-one methiodide (5b) in ~mall por-
tions over 0.3 hr. §The ernde methiodide!! can be reeryvsial-
lizedd, but only i small portions €< 10 gj from methanol contiain-
g =ome methyl iodide, mp 167 170°. dnal. Caled for i
IwINOG 4827 1, 5400 N, 5.75. Found: ) 4824,
11, 5460 N, .60, Alter an additional 0.5 hry the reaction nix-
e was heated moler reflux for Thir, cooled, and coneararated
i caeno 1o approximately  onesthivd of its original volne.
The oil which separated on dilntion with water (600 ml) and
nentralization with concentrated HCL was extracted twice with
S 300wl and the ether was washed with water, dried
O.), and evaporated.  The vesidnal oil was distilled, the
excess diethy]l malonate boiling au43-46° (0.1 nun) was renved,
aud the produet boiling at 176-179° (0.2-0.3 mm) was collected
(47.0 g, TS0 For avalysis, o snple was redistilled: bp 100
102° (0.9 mu, pale vellow oil: p®¥p 15135 Dl 171N, 1735
e CCEr )

A, Caled {or CytlaOn O
(4, 6701 116,65,

B. I'rom the Mannich Base Hydrochloride 5a. The pro-
cednre was siwilar to A above except that 5a replaced 5b oand

HT.09: 1 6.620 Foma:

221 ML W ilsGitlee el VL Phaaen=oel g Boo, 3T 17110,
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the reaction was carried out at room temperature overuight.
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-(Diethylmalonyimethyl)-
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 1. 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.?3 106-
108°); oxime, mp 143.5-146.53° (1it.?3% 145°).

4,5-Dihydroindeno [1,2-b] pyran-2(3H)-one.—A solution of 37.1
g (0.18 mole) of indan-l-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-
tiou until the temperature of the distillate reached 130°, and the
reaction mixture was further heated under reflux for 16 hr.  After
concentration ¢n 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 (569;) of product, mp 105-106.5°,2+
For analysis, a sample was recrystallized again from ethanol,
mp 106.5-107.5°, v5oit 17835 cm —* (C=0).

Anal. Caled for CpH0.: 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 benzeue. 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° aund melted at 109-110°. An
analytical sample recrystallized from benzene-petroleum ether
had the same melting point; AZST 249, 288, 295 mu (emex 16,100,
2810, 2880); »S 1703, shoulder 1715 ¢m=! (C=0Q); pSHct
1700, shoulder 1715 em-=! (C=0); »52 1695 ecm=! (C=0).
The nmr spectrum indicated the absence of vinyl protons, and
in addition to the aromatic proton multiplets showed a sharp
singlet at 8 = 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 iu the condensation of 2-bromoindan-l-one with
acrylonitrile.?

Found:

R
(0]
10a, R=COCH,
b, R=CN
Anal. Caled for CuHpO.: C, 77.98; H, 6.04. Fouud: 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, dnn. 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.
Uniw. Ser. Mat. Mekhan., Astron., Fiz. © Khim., 12, 173 (1957); Chem.
Abstr., 83, 2176g (1959) | report mp 75-75.5° for a compound prepared under
gimilar conditions. :

(25) W. S. 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, {bid., 82,
1452 (1960).
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acetate, prepared from 117.1 g (0.90 1mole) 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-1-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 absolute ethanol
gave 52.6 g of 6a: mp 157.5-158.5° (lit.1¢18 157°, 156-157°);
Yt 1665 em ! (C=0); vmew 1663 ¢m~! (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 residuie 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 HCl
(50 mi) was heated under reflux for 5 hr. The bright red solu-
tion was concentrated to one-half of its volume #n 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.S0,), and evaporated in vacuo to give 9.11 g of a pale
vellow solid which melted between 84-94°. Thin layer chroma-
tography (tle) on cellulose powder, developed with methanol-
water-benzene (35:20:1), indicated that the material was con-
taminated with three products which displayved yellow and blue
fluorescence (Hg lamp). A fluorescence-quenching spot which
was chromogenic when sprayed with acidified ethanolic 2,4-
dinitrophenylhydrazine appeared at Rr 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 ethvl acetate-
hexane (1:3) and drying in air. A second crop, 1.32 g (total
6.93 g, 759%), mp 98-99°, was ohtained by evaporating the
mother liquor to dryness and recrystalliziug 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; A\S:P 227, 234, 288, 312 mpu
(emax 4600, 6000, 17,500, 17,800); »B% 1645 em~! (C=0);
8 = 6.36 ppm (doublet, J = 2.5 cps; 1proton).

2,4-Dinitrophenyihydrazone: mp 252-255° uucor (recrystal-
lized from xylene); ACHE® 404 mp (emax 32,400); 520 (double
bond region) 1617, 1590 cm -1,

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

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

Anal. Caled for C3HiNO: 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;CO;, 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 & KOH.
The alkaline extract was warmed on the steam bath to expel dis-
solved beuzene, 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 beunzene-petroleum ether
using acid-washed alumina as decolorizing agent gave a cleauer

H, 6.537. Found:
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product, mp 137-139° (Lit.¥ 136-137°). When the K,CO;
was omitted in the dehydrogenation reaction, the yield of the
fluorenol wax 4547, after purification of the crude product by
cliromntography on acid-washed alumina with benzene as ehuent
and reerystallization from benzene-petrolemn cther, mp 1460
141°. The reaction can be sealed up  theeefold without dif-
fieuley.

B. By Catalytic Dehydrogenation.—-Delivdrogenntion ol 7
(1.84 g) for 6.5 hr with 0.90 g of Pd in refluxing fluorcue (7.0 g),
purified by zoue refiuing, gave 0.86 g (47 ) of crude fluoren-3-ol.

3-Methoxyfluorene. A.—The fluorcu-s-ol obtuined by de-
hyvdrogenation of 7 was methvinted in alkaline solution with
dintethyl sulfate to give 3-methoxyfluorene (8893, mp K3-84°
(128 82-83° 0 K4-85°), after reerystallization from hexane or
cthanol.

B. From 3-Methoxyfluoren-9-one.-—Wolif -IKishuer reduction
of 3-methoxyfluoren-9-one?? (%.27 g, 0.039 mole) iu 60 ml of
freshly distilled diethyleue glveol with 20.0 g (0.34 mole) of 854
hydrazine hydrate and 40 wml of 2047 KOH (w/v) in diethylene
ghveol gave 6.45 g (849.) of erude 3-methoxyfluorene, myp 79 -
832, Reerystallization fromt methanol gave a product melting
at 84-85°. The infrared spectra of the prodets preparced by
methods A and B were identical.

3-Methoxy-2-nitrofluorene (2aL-—To a1 solution of 540 mg

2.74 munoles) of 3-methoxyfluorene in glacial nectic acid (6 ml)
wits added dropwise with stirring o mixture of 8 ¥V HNO, (0.25
ml) in glacial accetic weid (1 wl),  Afver T hr the mixware was
poured into water (100 ml) and the precipitate was collectad,
waslied with water, and then dissolved in benzene,  After drying
{N1.804) nud concentrating to 10 uil, the benzene solution was
pereolated through o columm (1.3 X 35 em) of acid-washed
alumina, The vellow band was eluted with benzene and the
product, mp 177-185°, obtained after solvent evaporation, wix
rechromatographicd and  then recerystallized from bhenzene o
give 220 mg (334C.) of 2a, mp I84-185° t1it.2? 183-184°), T'or
aualysis, the compoand waz reerystallized from 954, ethanol with
o change of the meliing point; vher 1340, 1325 (NO,), 1020
e~ {COC). The nltraviolet spectrim i etlimel wias esson-
tially idemiend with the reported =pectrmu.*

Cleavage of 2a to 2-Nitrofluoren-3-ol.—Hydrolysis of 2a
(105 g, 4.4 nunoles) n glacial acetic acid (70 wl) snd HBr
(40 ml, 48.847) gave 0.68 g (389, 1 of product after two reervstal-
lizations from benzenc-petrolemm cther, mp 160-163° (lit.1%
160--161°). A mixture melting point with 2-nitrofluoren-3-ol
prepared according to ref 13a was not depressed, and the in-
frared and ultraviolet spectra of the produet were identieal with
those af the reference sample.

N-(3-Methoxy-2-fluorenyl)acetamide t 2b).~-Reductive acet-
viation of 2a (264 mg, 1.0 unnole) az in the preparation of 1b
gave 2b {(75¢7) after recrvstallization from  cthanol-witer:
mp 167T-160° 0 167-168%); o5 1670 (C==0), 1540 (amide
115 1040 e~V iCOC). The nluavielet spectiim wis in agree-
went with the rveported spectrnm.? - The compound  when
chiromastographed on paper and detected as dexeribed for 1b
had B¢ 0.706.

3-Methoxy-2-fluorenamine (2c¢).--Compound 2a (200 mg,
0.84 uunole) in glacial acetie neld was reduced eatalyrically
{Hy, Pd) to give 2¢ (619,), mp 164--166° (1it.12 161-162°) after
recrystallization fromr ethanol-water; PU3450, 3360 (N1,
1030 et (COC). The nltravielet specirim wias essentially
identieal with that veporterl. - The componnd migrated as a
single compenent when elvomatographed on paper and sprayed
with 14 p-dimethylaniinobenzaldelivde ne 1V TICH [Ry 0.19
(2.4 .V HCL), I 0.77 (707 ethanol 1.

Ethyl 3-Hydroxyfluorene-2-carboxylate {8a).—To u stirred
suspension of 10.20 g (0.040 nwole) of the enol ester 6a in 300 ml
of ether was added dropwisce at roown temperature 6.40 g (0.040
mole) of bromine at such a rave that the color of the bromine
wits discharged before the addition of the next drop.  After all
of the bromiune had been added, stirring was continued for another
0.5 hr when a colorless splid precipitated.  Evaporation of the
other (slemm bath) caused the evolution of HBr.  The residuc,
.80 g, mp 140.5-141.5°% wus reerystallized from benzeue to
give 7.32 g of colorless needles wehing at 141-142°. A zecond
crop, LX2 g (vield 9.14 g, 908.), mp 139-141°, was obtained by
coneententing the mother ligaor and diluting with ethunol.

i27) W, (L Lochroy, J. . Oae Chede, Soe., 61, 2115 (10340,
(28) WL . Neisl, foee. Tear. Chioa., 69, 207 (1430).
290 1. Ullnan and . Dleier, Chepe Bee., 38, 4273 (1002),
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For analysiz, a smnple was reerystallized again from henzene,
mp F41-142.5° 87 1680 e =1 {C==0).

. Caled for Cll40q: 0 CL
CL 70,67 1, 504N,

3-Hydroxyfluorene-2-carboxylic Acid (8b).—The hydroxy
ester 8a (2,54 ¢, 0.010 mole) in 40 ml of 2 ¥ NaOE, 40wl of puri-
fied dioxane, and 10wl of water was saponified by heating the
mixture on the steam bath for 2 v, Acldifieation with con-
certrited HCL coneentration (n raeno to remove the dioxane,
and dilution with an equal voluine of water, gave 2.26 g of crudoe
oroditet, mp 284-256° dee (= COL (nneor) with sublimation
>200° Reervaallization from n-butyl aleohol (erystals washeal
with hexape) gave 1OO g (85497) of 8b, mp 286-288° dee ( —Ci))
with sublimation >200° (lit,' 280-282°); anilide, mnp 247--2487
UL 2452465,

3-Hydroxyfluorene-2-carboxhydrazide (8c).--A nuxture of
2543 g (0100 mole) of 8a and 100 ml of 8597 hydrazine hydrate
i 125l of diexane was heated under reflux for 4 he during which
time the solid dissolved completely.  The hot renetion mixture
wis tiluted wide 100wl of water and cooled, to give 107 ¢
(700 v of 8¢, mp 240-243° after washing and drying. A sccond
erop, mp 233-235°%, +44 g (1800), was obtained by coneentrating
the wother lignor: 0%, 3430, 3130, 3230 (NID, 1645, 1333
e Ganidet

Jdnals Caled for CuaHeNGOs G, 00,08 1, S04 N, Lo,
Found: C,60.71; 11, 4.85; N, 11.95.

3-Hvdroxyfluorene-2-carboxazide (8d).—A stirred suzpension
of 240 g (101 wele) of 8¢ in 40 mil of dioxaie, and 60 ml of 2
NV HCT was cooled i an iee bath and 0,76 g (0,011 mole) of Na-
NOs 5wl of water was added dropwise with vigorous stirring.
The original solids were transformied into a thick suspension.
Stirring was continued for 2 hr; the mixture was then diluted
with 50wl of water, aud the product was collected, washed with
watter, and dried to give 2.02 g (8047 ) of crude 8d.  The proditet
wis partially ronverted to the fluorenooxazolinone 9a during
recrysiallization, asx evidenced by the appearance of iufrared
Dands at 1782 and 1935 e~ and therefore was not further
purified. 1t lost Ny between 140 and 160° and melied at 288 -
201° Cthe welting point of 9a).  The reaction could be sealed np
tenfold  without reduetion in vield;  »%2 3200 (weak, O1,
2160, 2130 (N, 1645 e 71 { Cam=)),
dad. Caled tor CollyNgO. €, 66,05, H, J.600 N, 160
Found: C,67.57: 1, 3.72; N, 169K,

5H-Fluoreno|2,3-/]oxazolin-2-one (9a). A. By Rearrange-
ment of 8d.-—THeating 0 suspension of 11.34 g (0.045 wole) of
the uzide 8d e 150 ml of toluene under reflux for 24 hr gave
T.70 g (7391 of 9a, mp 204-295° (uncor), sublimes >200°,
alter recvystallization from cthanol-water,  The prodnet conkd
alze he crvstallized from dimeshy ffornmmide—water,  dioxane-
wiater, or glveol methyl ether. Its nfrared and nltraviolet
spectrn were identieal with 9a prepared in B below.

ded. Caled for CullgNOG G0 758320 1, 40060 N, U.2%.
Feamd: C, 750060 1, 436 N, 6.55.

B. By Fusion of 2d with Urea.— A blended mixture of 117 ¢
{0 mmoles of 2d - HCL (prepared according to ref 13a) il 1.20
g (20 muolexi of nrea was heated gradually in an oil batl to 1907,
Ammonin was liberated at approximately 175°.  The vempern-
tre wits nintained ot 190° or 2 hry the mixture was then cooled
and water wis added.  The water-insoluble solid wis collected,
wishied with waner, and veerystullized (chareonl) from dioxane
wiler to give 088 g (7990 of 9a, mp 259-291° tuncor).  or
mdy=iz, o saple was rarrystallized from ethanol; myp 290 2a°
(uneor), sublinmes 2000 AN @O o240 987 320 g Ceg
FHLOOD, 9050, LROO0 G #5 17000 et 0C=o000 w8 TN,
1755 et (e O edimorphied.,

had, Caled {or CdlyNOs: G, 75,825 T 106, N, 62N
Found: C, 75.20: 11, 4.05: N, 6.31.

C. From Ethyl N-(3-Hydroxy-2-fluoreny!)carbamate (2e¢).
Compound 2e t 140 mg, 1.50 mnwole) was heated at 170° for 15
win i 3.5 ml of polyplosphoric acid of 769 PO, content,  The
mixture wax poured into water and heated on the steam bath for
15 min.  The precipitate was collected by centrifugation and
recrystallized frow cthanol-water to give 55 mg (49%) of erude
9a, wmp 282-286° (nneor) with sublimation >200°. The in-
frared spectrnn was essentially identical with that of the prod-
etz obtained in A or Babove,

°

I, 555, Fomd:

(D07

y30) N, bshikawa, N.olzawa, awl M. Obazaki, Seiv-0 Guklasshs, 16, 20t
2105491 Chepr, Ahaer., 83, 90T3/ (19D
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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 (00%) of 9b: mp 263-265° (uncor); Wl 1805, 1725 cm~!

Anal. Caled for CHuNO:: C, 72.44; H, 4.18; N, 3.28.
Found: C,72.533; H,4.35; N, 5.54.

This product was also obtained directly from the azide (8d)
i 729 vield by refluxing the latter in acetic anhydride (19 hr).
Hydrolysis of 9b in refluxing 6 .V ethanolic HCI (19 hr) or in re-
fluxing 1 N aleoholic KOH (1 hr) removed ouly the acetyl group
to give 9a.

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 alecohol as
wetting agent was heated in a micro Carius tube at 170° for 4
hr. The pressure was released carefully while cooling the tube
i a Dry ice bath, and the solid product was extruded, pressed
on a sintered-glass fuunel with suction, and dried n vacwo
over KOH to give 0.95 g (100%) of 2-aminofluoren-3-ol (2d)
hydrochloride, mp 237-240° dec. The free amiunofluorenol was
obtained in 67% yield by treatiug the hydrochloride with aque-
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ous Na,CO; and recrystallizing the product from ethauol-
water. In other runs, the crude 2d liberated from the hydro-
chloride was directly acetylated with acetic anhydride in ethyl
acetate-pyridine to N-(3-acetoxy-2-fluorenyl)acetamide (2g)
in 809 yield, mp 225-226° (lit.® 233-234° uncor), or with acetic
anhydride in agueous Na,CO; to N-(3-hydroxy-2-fluorenyl)-
acetamide (2f) in 489, yield. In 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, b 1320
Ethyl N-(3-Hydroxy-2-fluorenyl)carbamate (2e).—To a

cooled, stirred suspension of 2.34 g (10.0 mmoles) of 2-amiuo-
fluoren-3-ol hydrochloride prepared aecording 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 ¥ aqueous NaHCO; drop-
wise over. 5 min. After 1 hr the reaction mixture was cdiluted
with 100 ml of water, and the solid was collected and recrystal-
lized from ethanol (yield 2.33 g, 86%); mp 192-193°; vmer
3420, 3240 (OH, NTI), 1700 ¢m ! (C=0).

Anal. Caled for C,Hi;NO;: C, 71.36; H, 5.61; N, 5.20.
Found: C,71.16; H, 5.54; N, 3.52.
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Two new diazoaminofluoro mustards have been syuthesized as potential antitumor ageuts 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 aerobic and anaerobic glycolysis.?®® Lactic acid
is a dead-end product of glycolysis in tumor cells and,
according to Boxer and Devlin,® the reduction of
pyruvic acid to lactic acid is probably the only “‘shuttle”
available to tumor cells for oxidizing reduced diphospho-
pyridine nucleotide (DPNH). A bottleneck in the
electrou transport might cause laetic acid accumulation
i tumor cells5 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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