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The two o-methoxy derivatives of the carcinogen, N-2-fluorenylacetamide, aiz . ,  N-( 1-methoxy-2-flrioreny1)- 
acetamide (1  b )  and N-(3-methoxy-2-fluorenyl)acetamide (2b), as well as t,he corresponding amines, l-methoxy- 
2-fluorenamine (IC) and 3-methoxy-2-flriorenamine (2c), were synthesized starting from indene and indan-1-one, 
mid tested for carcinogenic activity. The synthetic path leading to the 3-methoxy derivative is amenable to 
incorporation of a I4C label in the fluorene ring, heretofore not possible by ot'her routes. Compormds l b  and IC 
hydrochloride were moderately carcinogenic for the rat  on feeding, but 2b and 2c hydrochloride were inactive. 

A large body of experimental data supports the vien- 
that binding of chemical agents, or metabolites thereof, 
to proteins may play an etiological role in chemical 
carcinogenesk2 >lode1 studies on the binding of the 
carcinogen, K-2-fluorenylacetamideJ to proteins sug- 
gested a mechanism involving the arylation of cellular 
proteins by the o-fluorenoquinone imines, 2-imino-l,2- 
fluorenoquinone and 2-iniino-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- 
reny1)acetamide and N-(3-hydroxy-2-fluorenyl)acet- 
amide (2f), to  the corresponding o-aniinofluorenols 
which are then oxidized en~ymat ica l ly .~  However, 
the relevance of these reactions for carcinogenesis by 
N-2-fluorenylacetaniide has remained in doubt, mainly 
because N-( 1-hydroxy-2-fluoreny1)acetamide and the 
isomeric 3-hydroxy derivative (2f) 1% ere either weakly 
or not a t  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-aniino-l- 
naphthol, 3-hydroxy-4-dimethylaminoazobenzene, ben- 
zo [a]pyren-3-01, and N-(i-hydroxy-2-fluorenyl)aceta- 
niide, are greatly enhanced by methylating their 
phenolic hydroxyl gr0ups.j The increase in biological 
activity may be attributable to a greater lipid solubility 
of the methylated derivatives which would facilitate 
their entry into the Moreover, the conjugation 
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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 S-2-fluorenylacetamide 
and of 2-fluorenamine were desired for carcinogenicity 
tests (lb, IC, 2b, and 2c, Table I). These derivatives 
would not only be expected to be lipophilic, but enzy- 
matic 0-demethylation (and S-deacetylation when 
applicable) would release o-aininofluorenols capable 
of arylating cellular constituents oxidatively via the 
o-fluorenoquinon imines, i e . ,  these compounds could act 
as latent, enzyme-activated arylating agents. 

The preparation of S-(l-niethoxy-2-fluorenyl)acet- 
amide (1 c) for carcinogenicity tests required large 
quantities of fluoren-1-01 (If) as starting material. 
Previously, If had been available froin fluoranthene 
in six steps7 or from indene in seven  step^.^^^ The 
convenient synthesis shown in Scheme I afforded the 
fluorenol If in three steps. Indenylsodiuiii was con- 
densed with 4-bromobutyronitrile to 4-(3-indenyl)- 
butyronitrile (3). This compound, descaribed pre- 
viously by Howell and Taylor,*a 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 a t  6 = 6.17 ppm due to a single 
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tile alcohol to spiro [tetrahydrofuran-2,l'-indan] (ii), a heterocyclic s y s t e m  
not previously described. The nmr spectrum of this product is consistent 
x i th  this assignment and rules o u t  the isomeric indenopyran structure iii. 
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vitiyl protoii.l(' The iiitrile 3 \v:ih tlieii c*yelizetl i i i  

polyphoxphoric :wid to 3,1-clihydrofluoreii-1(2I-I)-onc 
(4). The over-all yield of the lietoiie 4 from irideiiyl- 
sodiuin wab 67yc. Catalytic clehydrogenation of 4 
with I'd in refluxing fluoreiic~E') or catalytic* tr:iii4cr 
dehydrogenatioiiil gave fluoreii-1-01 (If). C'oinpouiicl 
If was then nitrated to  2-nitrofluoren-1-01 (lg)' and 
the latter \vas methylated to 1-rnethoxy-2-nitrofluo- 
rene (la), 1-;\lethoxyfluorenr n licii iiitrated under 
the cbonditions employed for the nitration of fluorc>ii- 
1-01 (If) was recovered uric8h:inged. Rcduct ivc :icc.ty- 
latioii of l a  afforded S-(l-iiietIios.-2-flilol.cllyl):lc.c't - 
amide (lb) while catalytic, 1iydrogcn:itioIi gnvc. 1 - 
methor;y-2-fluoreriai~iii~e (IC). 

The isomeric N-(X-lne t hoxy-2-fluorenyl) :mt:iiiiidt~ 
(2b) aiid 3-methoxy-2-fluoreriai~ii1ic ( 2 ~ )  were prep:~retl 
in  a similar mariner hy rrductive acrtglatioii w i i d  

catalytic hydrogenation of ~~-inetho~y-2-1iitrofluore1i~~ 
(2a).I2 The latter (2a) IT prcyared hy nitration of 
;3-i~irthoxyfluoreiie and its structure was (,onfirmed by 
denicthylation to  tlie I m n w  2-nitrofluoren-3-01.'" 
The preparation of t h e  3-niethoxyfluorcne derivatives 

5 a , R = H .  X Cl 
b ,  R = C H , , X  I 

R 
mcooc2H5 COOC,H 

OH 
6a 6b, R=H 

7 sa, COOCbHs 
b, COOH 

d,  COX ~ 

C, CONHNH: 

( I O )  Tlie at taclirnent of the butyronitrile side chain t u  the :3-positiun of 
indene is expected from the studies of .\,-N. ]Yeidler, Acta Chem. Scand.. 17, 
2724 (1963), \ rho showed tha t  in tlie alkylation of indenylsodiiim, a 1- 
alkylindene is first formed which ralidly rearranges to  t i in  tliermodynami- 
<:ally more stable 3-alkylindene. 
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t i l0  11'358): 
(12) N. Isliikama and RI .  Okaeaki. Yuki  Gusti Kayu/ .u  K : / ~ / ~ a i  Slii. 16, 

Chem. .Ihstr. ,  63, BlG8b (1959). 
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After purification the ketone 7 absorbed in the infrared 
at  1645 cm-1 (C=O) indicating a,/3 unsaturation and, 
therefore, migration of the double bond during hydrd- 
ysis. The ultraviolet spectrum of 7 mas similar to 
the reported spectra of 6b and of its 1-phenyl analog 
6c. I ts  nnir spectrum (doublet centered at  6 = 6.36 
ppm, J = 2.5 cps) mas consistent with the presence of 
a vinyl proton coupled to a single allylic proton as 
required by structure 7.'6 Bergniann, et a1.,17 have re- 
ported the preparation of a ketone, nip 9Go, by the 
alkali-catalyzed condensatioii of indan-1-one with 
methyl vinyl ketone. Their product, presumed to be 
7, absorbed in the infrared at  1700 cm-l (C=O), the 
position of which remained unchanged after catalytic 
hydrogenation of the double bond, and their 2,4- 
dinitrophenylhydrazone melted at  238", while the 2,3- 
dinitrophenylhydrazorie of 7 melted at  252-255'. 
It was evident, therefore, that the product obtained 
by Bergmann, et u L . , ~ '  was not 7 but niay have been 
the P,y isomer instead.ls 

Catalytic dehydrogenation of 7 has been reported 
previously to  give fluoren-3-01 in 6y0 yield.I4 In the 
present work the yield was raised to 47% by employing 
relatively mild conditions for the aromatization. Cata- 
lytic transfer dehydrogenation" with maleic anhydride 
as hydrogen acceptor likewise gave fluoren-3-01 in 
yields ranging from 45 to 59%. This method of aroma- 
tization was particularly suitable for dehydrogenations 
on a larger scale. The reaction was folloned by thin 
layer chromatography and was terminated n hen the 
ketone had disappeared. 

Ethyl 1,4-dihydro-3-hydroxyfluorene-2-carboxylate 
(sa) served as starting material for the preparation 
of a variety of fluorene derivatives and was the key 
intermediate for a new synthesis of iY-(3-hydroxy-2- 
fluoreny1)acetamide (2f). This synthesis furnishes an 
alternative route to 14C-labeled 2f and, incidentally, 
confirms the structure of 2-aminofluoren-3-01 (2d) l * l b  

by an independent method. Bromination of 6a gale 
an unstable bromine addition product J\ hich dehydro- 
brominated spontaneously to  ethyl 3-hydroxyfluorene- 
2-carboxylate (8a). Saponification of Sa gave the 
known 3-hydroxyfluorene-2-carboxylic acid (81). l9 The 
carbethoxyfluorenol 8a was converted to the hy- 
drazide 8c 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 has been reported to  give 
the ketone 7 ,  b p  150-173O (mostly 170-173O) (2 mm), mp l O O o . "  The  ele- 
mental analysis of this product gave a ralue for  carbon \\-hich v a s  2% too 
low. Howerer,  the  coincidence of the melting points of this ketone and of 
i ts  2,4-dinitrophenylhydraaone with the  melting points of the  ketone 7 and 
of i ts  2,4-dinitrophenylhydrazone obtained here suggests tha t  the two ke- 
tones are identical. Isomerization of the double bond in the 1,ga-dihydro- 
fluoren-3(2H)-one system during distillation has been reported b y  D. RI. IT. 
hnderson, N. Campbell, D. Leaver, and \V. H. Stafford, J .  Chem. Soc.,  3992 
(1959). (b) J .  Davey and B. R. T. Xeene, Chem. Ind. (Londcn), 849 (1965) 
have recently reported tha t  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 mas in preparation. 

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

(18) Our attempts to  prepare 10 or fluoren-3-01 b y  other routes tha t  are 
potentially amenable to  introducing a 14C label in the molecule, uiz., b y  
addition of CHaAIgI to  the  enol lactone, 4,5-dihydroindeno [1,2-b]pyran, 
followed b y  cyclization, or b y  the condensation of methyl vinyl ketone with 
2-bromoindan-1-one, vere  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) iX. Ishikawa, hl. Okazaki, and 31. Hayashi, Yuki Gosei Kagaku 
Kgokai Sh i ,  16, 34 (1958): Chem. Abstr . ,  62, 5349 (1968). 
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9a, R = H  
b, R = COCH, 

oxazolin-2-one (9a) n hich on acetylation gave 9b 
(Scheme 111). The same fluorenooxazolinorie 9a  as 
obtained by fusion of urea with 2-aminofluoren-3-01 
(2d)I3 or by cyclization of its 5-carbethoxy derivative 
2e in polyphosphoric acid. Hydrolysis of 9a with 6 
N HC1 in a sealed tube at 160-170" gave 2-amino- 
fluoren-3-01 (2d) hydrochloride which was acetylated 
to X-(3-hydroxy-2-fluorenyl)acetamide (2f) and S- 
(3-acetoxy-2-fluoreny1)acetaniide (2g). Compounds 2f 
and 2g were identical in nielting point, mixture nielting 
point, arid infrared spectra with samples prepared by 
published meth0ds.~~~~3a~ZO 

Carcinogenicity Tests.--S-(l-lIethoxy-2-fluorenyl)- 
acetamide (lb) and 1-methoxy-2-fluorenamine (le) 
hydrochloride, incorporated into a 20% casein diet a t  
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 277, (4/15 rats) and 57% (8/14 rats), 
respectively. A relatively large number of the tumors 
produced by l b  and IC were located in the intestinal 
tract (2,'5 and 4/9, respectively). ?;-(3-Methoxy-2- 
fluorenyl) acetamide (2b) and 3-niethoxy-2-fluoren- 
amine (2c) hydrochloride, when administered to  the 
male Holtzinan rat in the same concentration and for 
the same length of time as l b  and IC, were not carcino- 
genic. 

The moderate carcinogenicity exhibited by l b  and 
I C  lends partial support to  the thesis6' that the activity 
of a weakly active (or inactive) hydroxylated aromatic 
compound, e .g . ,  N-(l-hydroxy-2-fluorenyl)acetamide, 
niay 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 
0-methyl group. The lack of carcinogenicity of 2b 
and 2c which contrasts with the activity of l b  and IC 
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 nietabolism by the rat must await 
metabolic studies with the 14C-labeled compounds. 

Experimental Sectionz1 
Spiro [tetrahydrofuran-2,1 '-indan] (ii).-In the preparation of 

3-( 3-iiideny1)propanol (i) by LiAlHa reduction of ethyl 3-(3- 
indeny1)propioiiate according to Howell and Taylor,Ea failure to 

(20) H. Bryant and E. Sawicki, J .  Org .  Ckem., 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 b y  
Miss I. Koehler and Rfr. K. Snyker. Nmr spectra were run either a s  pure 
liquids or as  solutions in deuteriochloroform on a Varian A-60 spectrometer 
with tetramethylsilane as  internal reference. Elemental analyses were per- 
formed b y  the staff of the Organic Microanalytical Laboratory in the De- 
partment of Chemistry. JTe are indebted to K. Freud6 and D. Goon for 
technical assistance, and to  Drs. G. Allen and C. Ovechka for discussions of 
the nmr spectra. 





the reaction was carried out a t  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 (8170) of product 
boiling at  173-175' (0.2 mm). 

Indan-1-one-2-propionic Acid.-2-(Diethylmalonylmethyl)- 
indan-1-one (75.8 g, 0.25 mole) was heated under reflux for 23 
hr in 400 ml of 6 N &SO4 which was 50% 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, 88%), 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 143.5-146.5' (lit.238 145'). 
4,5-Dihydroindeno[l,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 wa9 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 in 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 (567,) of product, mp 105-106.5°.24 
For analysis, a sample way recrystallized again from ethanol, 
mp 106.5-107.5', v::) 1785 em-' (C=O). 

Anal. Calcd for C12H1002: C, 77.40; H, 5.41. Found: 
C, 77.35: H, 5.61. 

'Condensation of 2-Bromoindan-1-one with Methyl Vinyl 
Ketone.-To a st,irred solution of 4.22 g (0.020 mole) of 2-bromo- 
indan-l-oneZ6 and 1.40 g (0.020 mole) of methyl vinyl ketone was 
added a t  room temperature dropwise over 10 min freshly pre- 
pared 2 AT et,hanolic 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 wat'er to give 3.27 g of product 
melting at  103-105". The crude material in benzene was per- 
colat,ed through a 1.1 X 19 ern column of alkaline alumina and 
elut,ed 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 a t  95' and melted at' 109-110". An 
analytical sample recrystallized from benzene-petroleum ether 
had the same melting point; A::" 249, 288, 295 mp 16,100, 
2810, 2880); ~2:: 1703, shoulder 1715 cm-l (C=O); Y ~ ~ ~ ~ ' ~  

1700, shoulder 1715 cm-l (C=O); v::: 1695 em-1 (C=O). 
The nmr spectrum indicated the absence of vinyl protons, and 
in  addition to the aromatic proton multiplets showed a sharp 
singlet a t  6 = 3.20, a triplet cent,ered a t  2.78 ( J  = 7 . 5  cps), 
a singlet a t  2.29 (CHI), and a doublet cent'ered at' 1.70 ppm 
( J  = 3.5 cps) in a ratio of 4:2:1:3:2. The product is t,here- 
fore the spirodiketone loa, analogoils t,o the spiroketonitrile 
10b formed in t,he condensation of 2-bromoindan-1-one with 
acryloni trile.26 

0 
l o a .  R=COCH, 

b, R = C K  

Anal. Calcd for c13II1202: C, 77.98; H, 6.04. Found: C, 
77.83; 11, 6.00. 

Ethyl 1,4-Dihydro-3-hydroxyfluorene-2-carboxylate (6a).- 
To a vigorously stirred ethanolic solution of ethyl sodioaceto- 

(23) (a) J. von Braun and G. Manz, A n n .  Chem.,  468, 258 (1929); (b) 
R f .  F. dnsell and D. H. Hey, J .  Chem. Soc.. 2874 (1950). 

(24) N. P. Shushirina, R. Ya. Levina, and M. Yu. Lur'e [Vestn.  Musk.  
Univ.  Ser. M a t .  Mekhan. ,  Astron., F i z .  i K h i m . ,  12, 173 (1957); Chem. 
Abstr . ,  63, 21768 (1959)l report m p  7 5 7 5 . 5 '  for a compound prepared under 
similar conditions. 

(25) W. S. Johnson and W. E.  Shelberg, J .  A m .  Chem. Soc., 6'7, 1745 
(1945). 

(26) H. 0. House, V. Paragamian, R. S. Ro, and D. M-. R-luka, i b i d . ,  82, 
1452 (1960). 

acetat'e, 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 a t  room t,emperature solid 2-(morpholinomethy1)- 
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- 
cipit,at,ed 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 t8he 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.l43l6* 157", 156-157'); 
Y",",:'~ 1665 cm-l (C=O); YE:: 1663 em-' (C=O). The ultra- 
violet spectrum in ethanol was identical with the reported 
spectrum. A second crop, 3.8 g (yield 56.4 g, 737,), mp 156.5- 
157.5", was obtained by concentrating the above mother liquor 
to dryness and recrystallizing the residrie from benzene-ethanol. 

l,Sa-DihydroAuoren-3(2H)-one (7).-A suspension of 12.71 
g (0.050 mole) of 6a in ethanol (100 ml) and concentrated HC1 
(50 ml) was heat,ed under reflux for 5 hr. The bright red solu- 
tion was concentrated to one-half of its volume in 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 NaHC03 and water, 
dried (Na2S04), and evaporated in z)acuo to give 9.11 g of a pale 
yellow solid which melted between 84-94". Thin layer chroma- 
tography (t,lc) on cellulose powder, developed with methanol- 
water-benzene (35:20: l), indicated that the material was con- 
taminakd with three products which displayed yellom- 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 5.61 g of pale >ellow needles, 
mp 100-101", a fkr  washing with a mixture of ethyl acetate- 
hexane (1:3) and drying in air. A second crop, 1.32 g (total 
6.93 g, 757,), mp 98-99", was obtained by evaporating the 
mother liquor to dryness and recrystallizing the residue from 
et,hyl acetate-hexane (1 : 1). In  larger runs, it, was advantageous 
to perco1at.e an ethyl acet,ate solut'ion of the crude product 
t,hrough a column of alumina (activity grade I, neiitral) wit,h 
ethyl acetate as eluent. The product from the yellow frontal 
band was recrystallized as above; A:: 227, 234, 288, 312 mp 
(emax 4600, 6000, 17,500, 17,800); v::? 1645 cm-' (C=O); 
6 = 6.36 ppm (doublet, J = 2.5 cps; 1 proton). 
2,4-Dinitrophenylhydrazone : mp 252-255" uncor (recrystal- 

lized from xylene); A:::'* 404 mp (emaa 32,400); Y::: (double 
bond region) 1617,1590 em-1. 

Anal. Calcd for C13H120: C, 84.75; 11, 6.57. Found: 
C, 84.91 ; H, 6.65. 

Oxime, mp 138-139" (from ethanol-water). 
Anal. Calcd for C1&3?jO: C, 78.40; 11, 6.58: N,  7 . 0 3 .  

Found: C, 78.60; H, 6.67; N, 6.99. 
Fluoren-3-01. A. By Catalytic Transfer Dehydrogenation.- 

To 5.80 g (0.050 mole) of maleic acid, 7.59 g (0.055 mole) of 
K~COI,  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 tlc as follows. 
An aliquot (0.5 ml) was removed and evaporated to dryness, 
and the residue was partitioned between 2 ml of 5YG aqueous 
NaHCO, and 1 ml of benzene. The benzene extract was chro- 
matographed on cellulose powder plates as described above. 
(The ketone 7 (Rr -0.9) is fluorescence qrienching when the 
chromatogram is viewed under a 2537-A lamp, while the fluorenol 
(Ri -0.8) exhibits a violet fluorescence. In  addition the ketone 
is chromogenic when sprayed with acidified ethanolic 2,4-di- 
nitrophenylhydraziiie.) I t  was evident that, product,s other tban 
the fluorenol were also formed but these were not invest,igated. 
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  A- KOH. 
The alkaline extract was warmed on the steam bath to expel dis- 
solved benzene, cooled in an ice bath, and acidified with con- 
centrat'ed HC1 when t,he product precipitated. Recrystalliza- 
tion from ethanol-water gave 1.08 g (59y0) of fluoren-3-01, 
mp 136-138'. Recrystallization from benzene-petroleum ether 
using acid-washed alumina as decolorizing agent gave a cleaner 
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3-Acetyl-5H-fluoreno [2,3-d]oxazolin-2-one (9b).-Compound 
Sa (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 (90%;) of 9b: mp 263-265' (uncor); v;Ax lS05, 1725 cm-I 
(C=O). 

Anal .  Calrd for CIGHII?ITO?: C, 72.44; H, 4.18; N, 5.28. 
Foiuid: C, 72.53; H, 4.35; N,  5.54. 

This product was alqo obtained directly from the azide (8d) 
Id by reflllxing the latter in acetic anhydride (19 hr). 
of 9b i l l  refliixing 6 ethanolic HC1 (19 hr) or it1 re- 

fluxing 1 S alcoholic KOH (1 hr) removed oiily the acetyl group 
to give 9a. 

Hydrolysis of Sa.-A suspension of 0.90 g (4.0 mmoles) of 9a in 
8.0 ml of 6 S HCl rontaining a few drops of n-amyl alcohol as 
wetting ageiit ww heated in a micro Carius tube a t  170" for 4 
hr. The pressure was released carefully while cooling the tube 
in a Dry ire bath, and the solid product was extruded, pressed 
011 a sintered-glass funnel with suction, and dried in vacz/o 
over KOH to give 0.95 g (lO07@) of 2-aminofluoren-3-01 (2d) 
hydrochloride, mp 237-240" der. The free aminofluorenol was 
obtained in 677, yield by treating the hydrochloride with aque- 

ous Na,COa and recrystallizing the product from ethanol- 
mater. In  other runs, t,he crude 2d liberated from the hydro- 
chloride was directly acetylated with acetic anhydride in ethyl 
acetate-pg ridine to N-( 3-acetoxy-2-fluoreny1)acetamide (2g) 
in 807, yield, mp 225-226' (lit.3b 233-234" uncor), or with acet'ic 
anhydride in aqueous Na2C08 to N-(3.hydroxy-2-fluorenyl)- 
acetamide (2f) in 48Y0 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 
26% :is the diacetate 2g. The infrared spectra of 2d, 2f, and 
2g were identical with those of samples prepared previoiisly by 
different, r o ~ 1 t e s . 3 ~ ~ ~ ~ ~ , ~ ~  

Ethyl N-(3-Hydroxy-2-fluorenyl)carbamate (2e).-To a 
cooled, stirred suspension of 2.34 g (10.0 mmoles) of 2-amino- 
fluoren-3-01 hydrochloride prepared according t,o ref 13a in 50 
ml of water was added at once 2.16 g (20.0 mmcles) of ethyl 
chloroformate and then 50 ml of 0.6 AV aqueous NaHC(h drop- 
mise over 5 min. After 1 hr the reaction mixture was diluted 
with 100 ml of water, and the solid was collect,ed and recrystal- 
lized from ethanol (yield 2.33 g,  86%); mp 192-193"; v:'~': 
3420,3240 (OH, XH),-liOO cm-l (C=O). 

Found: C, 71.16; H, 5.54; N,  5.52. 
Anal .  Calcd for CI6IIljKO3: C, 71.36; H, 5.61; S, 5.20. 
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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-nitroaoaniline was syntheked and was found to be very effective against 
a variety of animal tumors. 

Various a ~ t h o r s ~ , ~ a  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 nornial ones. This is reasonable, since i t  is 
known that tumor cells are characterized by a high 
rate of aerobic arid anaerobic g l y c o l y s i ~ . ~ ~  Lactic acid 
is a dead-end product of glycolysis in tumor cells and, 
according to Boxer and D e ~ l i n , ~  the reduction of 
pyruvic acid to lactic acid is probably the only "shuttle" 
available to tumor cells for axidizing reduced diphospho- 
pyridine nucleotide (DPXH). A bottleneck in the 
electron transport might cause lactic acid accumulation 
in tumor cells,5 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 value6 (ca. pH 6.0). 
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Tumor tissues have been shown to be in vivo more 
acidic (pH ca. 6.9) than most normal ones (pH ca. 7.4), 
although the evidence is a t  best circumstantial. The 
pH was measured with electrodes7,* or by determining 
the quantity of acid-insoluble sulfa drugs precipitated 
in various tissues.8-10 (More recently, 5,5-dimethyl- 
2,4-0xazolidinedione~~ has been used.) Injection of 
glucose3c to the host iricreases the acidity of the tumor 
tissues to a pH of ca. 6.5. Many animal and human 
tumors exhibit this behavior although Reichard, et al., l 2  

found no significant differences in the replacement and 
recycling of blood glucose in cancer and normal patients 
(see also ref 13 and 14). 

Few investigators have attempted to exploit this 
physicobiochemical hypothesis as a means of obtaining 
selective inhibition of the growth of neoplastic cells. 
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