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Isopropyl 177- 1 78 
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Crystn.  solvent 

EtOH 

EtOH 
EtOH-H2O 

51.06 3.03 
51.06 3 . 4  

51.0 3 . 2  
51.1 3 . 6  

EtOH-HYO 50.9 3 . 2  51.06 3 . 4  

EtOH 48.98 :3,:31 48.64 3.01 

EtOH 
EtOH 
EtOH 

EtOH-AcOH 
EtOH-AcOH 

EtOH 
EtOH 
EtOH 

KtOH 
AcOH-CsH, 

48 98 3 31 
<55 34 3 16 
55 34 3 16 
4 i  8 3 18 
47 8 3 18 
4 3 9  4 0  
40 00 3 h 
43 9 4 00 
4; 7 *J  1 
4 4 2  2 4  

48.73 3 .45  
55.64 3.53 
*55,85 3.18 
47 .3  3.09 
47 .5  3 .23  
43.6 4 . 4  
39 .8  3 . 7  
43 .5  3 . 9  
47 5 3 . 0  
44.00 2 . 7  

C J L  
EtOH 
EtOH 

38.5 2.71 
46 .3  2 . 7  
49 . 5 3. :: 

35.2  2 . 5  
46.11 2 . 2  
49.3 3.00 

These compounds have been synthesized earlier by a differeiit synthetic ni-thod. h Figiires iii pareiitheses are the melting points 
reported in the literature. 
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Derivatives of Fluorene. XX. l a l b  Fluorofluorenes. 
V. New Difluoro-2-acetamidofluorenes for the 

Study of Carcinogenic RIechanisms 

perhaps also by nlteriiig the potency of the X-hydroxy metabolite 
whicah is more c~arciiiogeiiic thaii the A4AF itself.6 

Sirive some ~~olyctiloroflrioreiies show aiititiinior effects, a few 
o f  the present cwrnporuids were tested by the CCNSC, brlt the 
resiilts indicate thttt none of them has c-ytotoxic, effec-ts. 
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Experimental; 

2,5-Difluorofluorenone.-To 42.6 g. (0.2 inole) of 5-fluoro-9- 
oxo-2-fluorenamine2b in 100 nil. of dimethyl sulfoside,* 200 ml. 
of 48% fluoroboric acid was added with stirring. After cooling 
to O", a saturated solution of 21 g. (0.3 niole) of XaX02 was added 
slowly. After stirring for 30 niin., the salt was filtered off, 
washed with 20 nil. of 5% fluoroboric acid, 20 nil. of methanol, 
and 20 ml. of ether, and dried giving 58 g. (93'5) of salt, dec 
pt. 180". This was decomposed in 500 nil. of boiling o-dichloro- 
benzene which was boiled down to near dryness, 100 ml. of 
benzene was added, and the mixture was filtered. Upon rooling, 
a precipitate was filtered off, giving 31 g. ( 7 2 7 )  of product, m.p. 
142-144'. Recrystallization from ethanol raised the melting 
point to 146-147'. h i  analyt,ical sample was prepared by sub- 
liniat,ion a t  140" (1 mm.);  n1.p. 147-147.5': vlll i lX 1721 (keto 
C-O), 1274, 1233 (C-F stretrhing) mi.-'. 

d n a l .  Calcd. for CI,H,F,O: c', 72.22: H, 2.80; F, 17.58. 
Foiriid: C, 72.44: H, 2.80: F, 1i.22. 

4,7-Difluoro-2-nitrofluorenone.-To G O  n11. ot HNOa ( g o r ; ) ,  
3 1  g. (0.144 niole) of 2,3-difuorofluoreii:,iie was added in portions 
with stirring and rooling (below : 3 0 ° ) .  The mixture was removed 
from the ice bath, and with continued stirring, the temperature 

Six nioiioflrioro-9-acetamidofrilorenes (2-AL4E')% aiid the first 
two (1,7 and 3,T) difluoro-2-AAF have been report,ed.3 Re- 
stilts of testing of some of these substaiices, by 1Iiller and 1Iiller 
of the NrArdle ATemorial Laboratory, and reasons for testing 
these siibstances have been piiblished.' 

We here describe preparation of three iiew (4,7, 5,7,  aiid 6,8) 
difliroro-2-AA4F and related cwmpounds. The first two have 
fliiorine in the 7-position which markedly enhances liver carciiio- 
geriicity of 2-AAF5 perhaps by blocking a detoxification site, 

(1) (a) This work was supported in part  by a grant (C.L-Oli44) from the 
Sational Cancer Insti tute and, in part ,  by a Career Development Award 
5K3-G.\I-14,991 t o  T. L. F. (b) For Par t  XIX see T. L. Fletcher, 11. J .  
Namkung. J. R. Dice, and 6 .  li. Schaefer, J .  .\fed. Chem.,  8, 347 (1965). 
(c) T o  whom requests for reprints should be addressed. 

(2) (a) T. L. Fletcher, 11.. H. \\-etael, AI .  J .  Namkung, and H. L. Pan ,  J .  
A m .  Chem. Sor., 81, 1092 (1959): (b) T. L. Fletcher, R1. J .  Kamkung, H.  L. 
Pan ,  and W. H. \Vetael, J .  Org. Chem., 26, 996 (1960); ( c j  T. L. Fletcher. 
A I .  J .  Kamkung, W. H. \\-etael, and H. L. Pan ,  ib id . ,  25, 1342 (1960). 

(31 RI.  J.  Kamkung and T .  L. Fletcher, i b i d . ,  26, 2243 (1961). 
(4) E. C. l l i l ler ,  T. L. I'letclier, .I. Margreth, and .J. .I. IIiIler, Caxcer 

Ifes., 22, 1002 (1962). 
(5) J .  -1. Miller, R. B. Sandin, E. C. MiIler, and H .  P. Rusch, i b i d . ,  15, 188 

(1955). 

(6) E. C.  Miller, J. .I. Miller, and H.  A .  Hartmann, ibzd . .  21, 815 (1961). 
(7) Nelting points, except those ahoye 300'. are corrected t o  standards 

and were taken on a Fisher-Johns block. The infrared spectra a e r e  taken in 
KBr  disks with a Beckman IR-5 a t  a concentration of c5. 1.5 mg./300 mg. of 
KBr. Band assignments for C-F stretching ure tentati\-e and a continua- 
tion of earlier data.xc .Inalgses were rim by Schwarskopf Microanalytical 
Laboratory, \Voodside. S .  T., and by .i. Bernliardt, .\Iiilheim (Ruhi ) ,  
Germany. 

(8) T. L. Fletcher and 11. J. Samkung,  Ciiem. Ind .  (London), 179 (1961). 
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from a Wolff-Kishner reaction without catalyst,12 gave a sub- 
stance, m.p. 198-203'. After numerous recrystallizations from 
alcohol, the melting point rose only to 208-210°.1a 

Anal. Calcd. for C15HIlF,NO: C, 69.49: H, 4.28; F, 14.66; 
X, 5.40. Found: C, 70.29; H, 4.74; F, 13.58; N, 5.21. 

B.-Acetylation of the product (m.p. 83-85') described in A-2 
above gave a pure product in 80'3, yield after two recrystalliza- 
tions from alcohol, m.p. 219.5-220.5". Admixture with the 
analytical sample described next showed no depression in melting 
point,; umax 1290, 1112 (C-F stretching) cm.?. 

C.--iZcetylation of 4,5-difluoro-2-fluorenamine (prepared by 
stepwise reduction from the 9-oxo-2-fluorenamine derivative) 
gave an analytical sample after one recrystallization, n1.p. 
219.5-220.5', identical with the preceding substance. 

Anal. Calcd. for CIIHIIFZNO: C, 69.49; H, 4.28; F, 14.66; 
3, 5.40. Folind: C, 69.23: H, 4.21; F, 14.46: N, 5.41. 

D.-The foregoing product Iyas also made in small yield by 
the following three steps. 

N-2-(5-Fluoro-7-nitrofluorenyl)acetamide.-.4cetylation of 
,%fiuoro-i-nitro-2-fluorenaniine2a in benzene gave a produrt in 
87'3 yield, m.p. 286-289" dec. An analytical sample was pre- 
pared bj- sriblimation at 250" (1 mm.), m.p. 288-290" dec., vmnX 
1269 (C-F Stretching) em.-'. 

dnal. Calcd. for ClbHllFS203: N, 9.79. Found: Ii, 9.80. 
N-2-(5-Fluoro-7-aminofluorenyl)acetamide.-Reduction of 

5 g. (0.01 75 mole) of S-2-(5-fluoro-7-nitrofluorenyl)acetaniide in 
1.5 1. of boiling alcohol was accomplished with 10 ml. of 85y6 
hydrazine hydrate and 0.1 g. of 57, palladized charcoal.2c:.1d 
The material went into sollition as reduction proceeded. When 
the reaction was complete the catalyst was filtered off, and the 
solution ivas boiled down to give 4.3 g. (96%), m.p. 226-228". 
An analytical sample was obtained by recryst,allization from 
alcohol, m.p. 227-228", Y,,, 1292 (C-F stretching) em.-'. 

dnal. Calcd. for C1,H1,FX20: C, 70.30; H, 5.11; S, 10.93. 
Found: C, 70.27: H, 5.35: N, 10.97. 

Diazotization of 4 g. (0.0156 mole) of K-2-( 5-fluoro-7-amino- 
fluoren)-l)acet'amide was carried orit, in the presence of 10 ml. of 
tetrahydrofuran with 30 ml. of 48y0 flooroboric acid and 2 g. of 
XaNO? a t  0'. The salt. 
was filtered off and washed with 1 ml. of methanol, and 1 ml. of 
ether and dried giving 4.8 g. (87yc), dec. pt. ea. 205". I t  was 
decomposed in boiling o-dichlorobenzene, giving only 0.6 g. of 
the product, m.p. 189-198'. Recrystallization from alcohol 
(Darco) gave 0.4 g. (-10%) of material, m.p. 203-205". This 
was reacetylated, raising the melting point to 208-210". The 
infrared spect'rum was identical with those of the pure deriva- 
tives in B and C. 

N-24 4-Fluoro-7-acetamidofluorenyl)acetamide.-Acetyla- 
tion of 5-2-(5-fluoro-i-aminoflriorenyl)acetamide gave m.p. 
330-332 dec. An analytical sample (same melting point) was 
prepared by recrystallization from alcohol, vmax 1284 (C-F 
stretching) cm.-'. 

Anal. Calcd. for CliHljFNaO?: C, 68.44; H, 5 . 0 i ;  F, 6.37. 
S, 9.73. Found: C, 68.40: H, 5.19; F, 6.00: X, 9.52, 

1,3-Difluoroflu0renone.~~-An Ullmann reaction10 between 
140 g. (0.585 mole) of 3,5-difluoroiodobenzeneZc and 238 g. (1.1 
moles) of methyl o-bromobenzoat,e gave, in addition to 34 g. 
(27%) of pure product, m.p. 192-192.5° [Y,,, 1709 (keto C=O), 
1311, 1136 (C-F stretching) cm.-'] a t  the usual point in the 
procedure, 6.7 g. of neutral fraction in the initial separation. 
This was recrystallized twice from aqueous methanol (Darco) 
giving 2.1 g., m.p. 190-192", and proved to be already cyclized 
product. 

The mixture was stirred for I5 min. 

Anal. Calcd. for CI~HGFZO: F, 17.58. Found: F, 17.30. 
6,8-Difluoro-2-nitrofluorenone.-To 60 ml. of HN03  (90%)) 

32.4 g. (0.15 mole) of lJ3-difluorofluorenone was added in small 
portions with stirring. The reaction was controlled a t  50" or 

(12) I). Todd, Org. Reactions, 4, 384 (1948). 
(13) This modified Wolff-Kishner reaction, successful with some halo- 

nitrofluorenones [see (a) K. Suzuki, E. Ti. JVeisburger, and J. H. JVeisburger, 
J .  O w .  Chem., 26, 2236 (1961); (b) H. L. Pan  and T .  L. Fletcher, J .  M e d .  
Che?n., 7 ,  31 (1964)l failed in these reductions, showing loss of fluorine. 

(14) Bromo- and chloronitrofluorenes are dehalogenated with Pd-C 
(but not with Raney Ni) and hydrazine hydrate [T. L. Fletcher and M. J. 
Namkung. J .  Ow. Chem., 23, 680 (1958)l. The  former is advantageous in 
tha t  the reaction may be started with a suspension of the nitro compound; 
with Raney nickel nitrofluorenones must first be in solutions or azoxy prod- 
ucts result. I t  is of interest t o  note tha t  Pd-C induces removal of the  
-COCFI from -N€ICOCFa in tliis type of reduction, whereas Raney nickel 
leaves the -COCFa group intact. 

slightly lower. The mixture was allowed to stand a t  room tem- 
perature for 20 min. and poured into 100 ml. of water. The 
precipitate was filtered off, washed with wat'er and alcohol, and 
dried giving 36.8 g. (947,), m.p. 246-247'. Crystallization from 
toluene (Darco) yielded 31.3 g. (SO%), m.p. 248-249'. An 
analytical sample was prepared by sublimation a t  220" (1 mm.) ; 
m.p. 248.5-249'; vmaX 1718 (keto C=O), 1304, 1134 (C-F stretch- 
ing) cm.-l. 

Anal. Calcd. for C13HlIFZN03: C, 59.78; H, 1.93; N, 5.36. 
Found: C, 59.98; H, 1.96; X, 5.42. 

Single-Step Reduction of 6,8-Difluor0-2-nitrofluorenone.~~- 
A mixture of 31.4 g. (0.12 mole) of 6,8-difluoro-2-nitrofluorenoneJ 
70 g. of red P, 85 ml. of 47% HI, and 700 ml. of glacial acetic 
acid R-as refluxed for 70 hr. The mixture was boiled down to  ca. 
200 ml., poured into 1.5 1. of hot vater, and filtered. The filtrate 
was made basic with NHIOH and the precipitate was filtered off, 
washed with water, and dried, giving 25.1 g. (961,) of 6,s-di- 
fluor-2-fluorenamine, m.p. 164-166". Recrystallization from 
benzene (Darco) gave an analytical sample: m.p. 166-166.5'; 
vmax 1264, 1140 (C-F stretching) em.-'. 

Anal. Calcd. for CI3H9F2N: C, 71.83; H, 4.18; N, 6.45. 
Found: C, 72.19; H, 4.42; N, 6.32. 

N-2-(6,8-Difluorofluorenyl)acetamide.-Acetylation of the 
amine gave an 88'3 yield, m.p. 212.5-213.5'. An analytical 
sample, with unchanged melting point, was prepared by recrystal- 
lization from alcohol, vmax 1284, 1115 (C-F stretching) em.-'. 

Anal. Calcd. for CIIH~lF~?Y'O: C ,  69.49; H, 4.23; F, 14.66; 
N, 5.40. Found: C, 69.64; H,4.39; F, 14.54; N, 5.50. 
6,8-Difluor0-9-0~0-2-fluorenamine.-A mixture of 3 g. (0.0115 

mole) of 6,8-difluoro-2-nitrofluorenone, 14 g. of SnC1~2H20, 14 
ml. of concentrated HC1, and 9 ml. of ethanol was boiled for 20 
min. and worked up as usual giving 2.6 g. (97.5%,), m.p. 223-224'. 
Crystallization from toluene raised the melting point to 224- 
224.5"; vmar 1718 (keto C=O), 1252, 1106 (C-F stretching) 
cm.-l. 

Anal. Calcd. for CI3HiF2NO: C, 6i.55; H, 3.05; N, 6.06. 
Found: C, 67.76: H, 3.14; N, 5.89. 

N-2-( 6,8-Difluoro-9-oxofluorenyl )acetamide.-Acet ylation 
gave the amide: m.p. ca. 330" (aft,er recrystallization from alco- 
hol); vmal 1721 (keto C=O), 1318, 1152 (C-F stretching) cm.-I. 

Anal. Calcd. for ClIH9F2K02: N, 5.13. Found: N, 5.05. 
1,3,7-Trifluorofluorenone. A. Schiemann Reaction.-To a 

solution of 1.15 g. (0.005 mole) of 6,8-difluoro-9-oxo-2-fluoren- 
amine in 5 ml. of dimethyl sulfoxide,* 15 ml. of 48% fluoroboric 
acid was added. The mixture was cooled to 0" and diazotized 
as usual, and the salt (dec. -175') was filtered off, washed, and 
decomposed in boiling o-dichlorobenzene, giving 0.7 g. (607,) 
of crude triflnorofluorenone, m.p. 207-223". Sublimation a t  
210" ( 2  mm.) gave a pure product, m.p. 228-227". Admixture 
with the product from the next procediire showed no depres- 
sion in melting point. 

Ullmann Reaction.-A mixture of 10 g. (0.042 mole) of 
3,5-difluoroiodobenzene,~~ 25 g. (0.106 mole) of methyl 5-fluoro-2- 
bromobenzoate,'6 and 9 g. of copper was heated at 225" with vig- 
orous stirring for 1.5 hr. .4n addit,ional9 g. of copper was added 
45 min. from the start and again a t  the end of 1.5 hr. Heating 
and stirring were continued for 2 more hr. The mixture was 
worked up in the usual way to give crude 2,i-difluoro-9-oxo- 
fluorene-4-carboxylic acid, m.p. 210-213", which was crystallized 
from glacial acetic acid (3  g., m.p. 213-214'). Sublimation a t  
200" (1 mm.) gave an analyt'ical sample: m.p. 213.5-214.5"; 
vmax 1740-1695 (strong, broad band, keto C=O and carboxyl 
C=O), 1277, ca. 1235 broad (C-F stretching) cm.-l. 

Anal. Calcd. for Cl4H6F2O3: C, 64.62; H, 2.32; F, 14.61. 
Found: C, 64.43; H, 2.51; F, 14.34. 

The residue from the cyclization and alkaline treatment was 
dried and sublimed a t  200" (2  mm.) giving 3.4 g., m.p. 210-225' 
(91. residue). Resublimation a t  170" ( 2  mm.) gave 3.2 g. (32.6%) 
of 1,3,7-trifluorofluorenone: m.p. 226-227" ; vmax 1718 (keto 
C=O), 1277, 1232, 1148 (C-F stretching) cm.-l. 

The infrared spectra were identical. 
B. 

(15) First made by 11. 1,. Fan  of this lalorator,. I t  came from the  5- 
nitro ester by reduction (0.5 mole) to  5-amino-2-bromobenzoate. An at-  
tempt to  distil a moderate amount of this amine a t  2 mm. ended in violent 
decomposition. The  crude product, n 2 i D  1.6081, u a s  analyzed. Ana l .  
Calcd. for CaHsBrNOn: C, 41.76; H,  3.51; Br, 34.73; X, 6.09. Found: 
C,  41.94; H. 3.49; Br, 33.54; N. 6.06. The fluoro compound was made 
by a Schiemann decomposition of the diazonium duoroborate giving analyti- 
cally pure material after distillation. 



Anal. Calcd. for CIBHLFSO: C:, W 6 i :  H, 2.35: I?, 24.34. 
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Found: C>, 66.41): H, 2 . 3 ;  F, 24.16. 

The Synthesis of 
1 a - p  (Hydroxymethy1)phenylalanine 

111 the coiirse of investigation of the metabolism of certaiil 
aromatic amino acids, a study of the properties of p-(hydroxy- 
methy1)phenylalanine became of interest. A method for synthe- 
sis of this substance was devised (I-IT), patterned after the 
procediire for preparation IJf arialogoiis aromatic amino arids 
iised by Herr, rt a1.2 

Pheriylalariitie hydroxylase preparatiotis frorii liver, \vliic.Ii 
l'irr~ii tyrosirie from phe~iylalaiiitie, did 1i0L c,oiiverl p-(hydros\,- 
iiiet1iyl)plieriylalaniiie t,o tyrositie iirider i he conditioiis of I-deli- 
friend and Cooper3 or those of Kaiifrrimi.' Finthennore, p-  
( hydriJxyniethy1)pheii~lalaiiiiie i l i  :I 4 X JI conceiitratioii 
(lid not inhihit the osidntioii of pheiiylalaiiiiie t o  tyrosine hy 
t lie enzyme prepnrcitioiis from r:it liver. 

Experimental6 

Diethyl 2-Acetamide-2- [(p-methoxymethyl)benzyl]malonate 
(III).-A solution of 9.8 g. (45 niiiioles) of diethyl acetarnido- 
malonate (Calbiochem, Los Aiigeles, Calif. : rerrystallized from 
ioliterie; h.p. 96-98', 1it.G 96.5-!)H0) i n  35 nil. of ahsoliite ethanol 

COOC,H, _ "  

I 
C H 3 0 C H z n C H z C 1  4- NaCNHCOCH, 

w 

I 
I 

COOC,H, 

II 
COOC,H, 

20SHBr - 
COOC,H5 m 

Iv 
was added with stirring IIJ :I soliiticrti ( ~ f  1.01: g. (44 mg.-ato~nsi 
of sodium in 36 ml. of absolrite : i I~~~ihol .  I-'-(-\Iethox\.meth?-l)- 

~. 
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1,5) .\I1 melting points are iincorrecred. hlirroanalyses uere performed 13) 

\ustralian hlicroanalytical Service, Parkville, Victoria. .\ustralia. .\11 olx=r- 
:it iotis a t  the liuiling points of liiiuids u e l e  done ai t h e  pi'evallini! a t inost>lwri<~ 
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