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TABLE I 

2-METHYL-3-RI-6-IODO-4-QUINAZOLONE 

0 1 TV* 
N ^ C - C H , 

Ri 

Phenyl" 

Benzyl 
o-Tolyl" 

m-Tolyl° 

o-Anisyl" 

m-Anisyl 
a-Xaphthyl 
/3-Xaphthyl 
o-Aminophenyl 
p-Aminophenyl 
Isopropyl 
2-Hydroxyethyl 
n-Butyl 
Anilino 
jj-Nitrophenyl" 

2,4-Dinitroanilino 
2-Pyridyl 
3-Methyl-2-pyridyl 

" These compounds 
reported in the literat 

M.p., °C." 

151.2 
(151-152) 
(121-123) 

137.8-139.6 
(142-144) 

177-179 
(179-181) 
177-179 

(178-180) 
175-177 
155-157 
253.5 

>290 
>290 

177-178 
177-179 
114-116 
217.5 
207-209 

(209-210) 
171-172 
166-168 
159-161 

have been syi 
ure. 

Yield, 

% 
50 

75 
70 

60 

50 

45 
55 
55 
30 
40 
40 
40 
45 
35 
60 

30 
70 
70 

Formula 

C15HuIX20 

C16H13IX20 
C16H13IX20 

C l eH13IX20 

C16H13IX202 

Ci6Hi3IX202 

C I 9 H H I N 2 0 

C19H14IX2O 

C16H13IN30 
Ci5Hi3IX30 
C12H13IX20 
CiiHuIX202 
C,3H13IX20 
C5H1 2IX30 
C1 3H„IX303 

ClsH10IX5O6 

C14H,2IX40 
C15H14IX40 

Crystn. solvent 

EtOH 

EtOH 
E t O H - H 2 0 

E t O H - H 2 0 

EtOH 

EtOH 
EtOH 
EtOH 

EtOH-AcOH 
EtOH-AcOH 

EtOH 
EtOH 
EtOH 

AcOH-C6H6 

EtOH 

CeHo 
EtOH 
EtOH 

ithesized earlier by a different synthetic : 

^ „ 

c 
49.7 

51.06 
51.06 

51.06 

48.98 

48.98 
55.34 
55.34 
47.8 
47.8 
43.9 
40.00 
43.9 
47.7 
44.2 

38.5 
46.3 
49.5 

method. 

— % calcd.-
H 

3.03 

3.03 
3.4 

3.4 

3.31 

3.31 
3.16 
3.16 
3.18 
3.18 
4.0 
3.8 
4.00 
3.1 
2.4 

2.71 
2.7 
3.3 

b Figures 

. 
N 

7.03 

7.4 
7.4 

7.4 

7.13 

7.13 
6.7 
6.7 

11.1 
11.1 
8.5 
8.4 
8.5 

11.1 
10.3 

14.9 
11.56 

7.7 

, 
C 

49.3 

51.0 
51.1 

50.9 

48.64 

48.73 
55.64 
55.85 
47.3 
47.5 
43.6 
39.8 
43.5 
47.5 
44.00 

38.2 
46.11 
49.3 

in parentheses are 1 

-% found— 
H 

3.0 

3.2 
3.6 

3.2 

3.01 

3.45 
3.53 
3.18 
3.09 
3.23 
4.4 
3.7 
3.9 
3.0 
2.7 

2.5 
2.5 
3.00 

N 

7.4 

7.8 
7.5 

7.3 

7.2 

7.4 
6.5 
6.2 

11.45 
11.0 
8.4 
8.9 
8.2 

11 .5 
10.2 

14. S 
11.55 
7.6 

:he melting points 
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Six monofiuoro-2-acetamidofluorenes (2-AAF)2 and the first 
two (1,7 and 3,7) difiuoro-2-AAF have been reported.3 Re
sults of testing of some of these substances, by Miller and Miller 
of the McArdle Memorial Laboratory, and reasons for testing 
these substances have been published.' 

We here describe preparation of three new (4,7, 5,7, and 6,8) 
difluoro-2-AAF and related compounds. The first two have 
fluorine in the 7-position which markedly enhances liver carcino
genicity of 2-AAF5 perhaps by blocking a detoxification site, 

(1) (a) This work was supported in part by a grant (CA-01744) from the 
National Cancer Institute and, in part, by a Career Development Award 
5K3-G.M-14.991 to T. L. F. (b) For Part XIX see T. L. Fletcher, M. J. 
Namkung, J. R. Dice, and S. K. Schaefer, J. Med. Chem., 8, 347 (1965). 
(c) To whom requests for reprints should be addressed. 

(2) (a) T. L. Fletcher, W, H. Wetzel, M. J. Namkung, and H. L. Pan, J. 
Am. Chem. Soc, 81, 1092 (1959); (b) T. L. Fletcher, M. J. Namkung, H. L. 
Pan, and W. H. Wetzel, J. Org. Chem., 25, 996 (1960); (c) T. L. Fletcher. 
M. J. Namkung, W. H. Wetzel, and H. L. Pan, ibid.. 28, 1342 (1960). 

(3) M. J. Namkung and T. L. Fletcher, ibid., 26, 2243 (1961). 
(4) E. C. Miller, T. L. Fletcher, A. Margreth, and J. A. Miller, Cancer 

Res., 22, 1002 (1962). 
(5) J. A. Miller, R. B. Sandin, E. C. Miller, and H. P. Rusch, ibid., 18, 188 

(1955). 

perhaps also by altering the potency of the X-hydroxy metabolite 
which is more carcinogenic than the AAF itself.6 

Since some polychlorofluorenes show antitumor effects, a few 
of the present compounds were tested by the CCXSC, but the 
results indicate that none of them has cytotoxic effects. 

Experimental7 

2,5-Difluorofluorenone.—To 42.6 g. (0.2 mole) of 5-fluoro-9-
oxo-2-fluorenamine2b in 100 ml. of dimethyl sulfoxide,8 200 ml. 
of 48% fluoroboric acid was added with stirring. After cooling 
to 0°, a saturated solution of 21 g. (0.3 mole) of NaN0 2 was added 
slowly. After stirring for 30 min., the salt was filtered off, 
washed with 20 ml. of 5% fluoroboric acid, 20 ml. of methanol, 
and 20 ml. of ether, and dried giving 58 g. (93%) of salt, dec 
pt. 180°. This was decomposed in 500 ml. of boiling o-dichloro-
benzene which was boiled down to near dryness, 100 ml. of 
benzene was added, and the mixture was filtered. Upon cooling, 
a precipitate was filtered off, giving 31 g. (72%) of product, m.p. 
142-144°. Recrystallization from ethanol raised the melting 
point to 146-147°. An analytical sample was prepared by sub
limation at 140° (1 mm.); m.p. 147-147.5°: K,„„X 172r (ke to 
C = 0 ) , 1274, 1233 (C-F stretching) cm.- ' . 

Anal. Calcd. for C13H6F,,0: C, 72.22: H, 2.80; F, 17.58. 
Found: C, 72.44; H, 2.80; F, 17.22. 

4,7-Difluoro-2-nitrofluorenone.—To 60 ml. ot HX()3 (90%), 
31 g. (0.144 mole) of 2,5-difluorofluoren:)ne was added in portions 
with stirring and cooling (below 30°). The mixture was removed 
from the ice bath, and with continued stirring, the temperature 

(6) E. C. Miller, J. A. Miller, and H. A. Hartmann, ibid., 21, 815 (1961). 
(7) Melting points, except those above 300°, are corrected to standards 

and were taken on a Fisher-Johns block. The infrared spectra were taken in 
KBr disks with a Beckman IR-5 at a concentration of ca. 1.5 mg./300 mg. of 
KBr. Band assignments for C-F stretching are tentative and a continua
tion of earlier data.20 Analyses were run by Schwarzkopf Microanalytical 
Laboratory, Woodside, N. Y., and by A. Bernhardt, Miilheim (Ruhi), 
Germany. 

(8) T. L. Fletcher and M. J. Namkung, Chem. Ind. (London), 179 (1961). 
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rose to 35° and a precipitate formed. I t was stirred into 500 nil. 
of ice water and the product was filtered off and dried. Crystal
lization from toluene yielded 32 g. (86%), m.p. 207-208°, Re-
crystallization from alcohol gave m.p. 207-208°; cln;lx 1721 (keto 
C--=0). 1264, 1235 (C-F stretching) cm. -1 . 

Anal. Calcd. for C I 3H sF2N03: C, 59.78; H, 1.93; X. 5.36. 
Found: C, 60.01; H, 2.17; X, 5.49. 

4,7-Difluoro-9-oxo-2-fluorenamine. A mixture of 26.1 g. 
(0.1 mole) of 2-nitro-4,7-difluorofluorenone, 175 ml. of con
centrated HCl, 90 ml. of ethanol, and 130 g. (0.57 mole) of 
SnCla • 2H..0 was boiled for 15 min. A vigorous reaction took 
place, followed by deposition of yellow crystals. When the mix
ture was at room temperature, the precipitate was filtered off 
and washed with 20 ml. of dilute HCl and suspended in 50 nil. 
of water which was made alkaline with NH OH. The precipi
tate was filtered off, washed, dried, and dissolved in 2 1. of boiling 
toluene. Inorganic material was filtered off, and the filtrate was 
concentrated to 600 ml. and cooled. Dark purple crystals came 
out; 20.2 g. (86''; ): m.p. 234-235°; v„,.,x 1709 (keto C^=0) 
1271, 1248 (C-F stretching) cm. -'. 

Anal. Calcd. for Ci3H7F2NO: 0, 67.55; H, 3.05: X. 6.06. 
Found: C, 67.99; H, 3.09; X, 6.13. 

N-2-(4,7-Difluoro-9-oxofluorenyl)acetamide.—Acetylation 
gave a product which was recrystallized from alcohol; m.p. 
275-276°: „„,,,„ 1724 (keto ("•=()'), 1269, 1235 (C-F stretching) 
cm.'-1. 

Anal. Calcd. for C.sHsF.XO,,: C, 65.93: H, 3.32; X. 5.13. 
Found: C, 65.93; H, 3.61; X, 5.12. 

4,7-Difluoro-2-fluorenamine.—A mixture of 20 g. (0.0865 
mole) of 4,7-difluoro-9-oxo-2-fiuorenamine, 50 g. (1.6 moles) of 
red P, 60 nil. of 47% HI, and 500 ml. of glacial acetic acid refluxed 
for 48 hr. then was boiled to near dryness, 500 ml. of boiling 
water was added, and the mixture was filtered. Upon addition 
of XH,OH a precipitate formed which was filtered off, washed, 
and dried, giving 16.8 g. (89%), m.p. 120-121°. Recrystalliza-
tion from alcohol gave m.p. 119.5-121°: v,mx 1280, 1239 (C-F 
stretching) cm."1. 

Anal. Calcd. for C10H3F2X: X, 6.45. Found: X, 6.48. 
Single-Step Reduction of 4,7-Difiuoro-2-nitrofluorenone to 

the Fluorenamine.—Reduction of 4 g. (0.015 mole) of 4,7-
difluoro-2-nitrofluorenone with 10 g. of red P and 12 ml. of 4 7 ' , 
HI in 100 ml. of glacial acetic acid as described below for the 5,7-
difluoro-2-nitro isomer, gave 2.9 g. (87.5%), m.p. 119-121°. A 
mixture melting point with the product obtained above showed 
no depression. 

N-2-(4,7-DifluorofluorenyI)acetamide.—Acetylation gave a 
quantitative yield. An analytical sample was obtained after 
two reerystallizations from alcohol; m.p. 207-208°; vaax 1272, 
1252 (C-F stretching) cm."1. 

Anal. Calcd. for'CL-,H,1F.,XO: 0, 69.49: H, 4.28; F, 14.66; 
X, 5.40. Found: C 69.35; H, 4.48; F, 14.38: X, 5.25. 

2,4,7-Trifluorofluorenone.—Diazotization of 4,7-difluoro-9-
oxo-2-rIuorenamine was carried out in tetrahydrofuran8 and the 
salt (dec. pt. ca. 90°) decomposed in boiling toluene, giving 73% 
of product, m.p. 156-159°. Recrystallization from alcohol and 
sublimation at 160° (1 mm.) gave an analytical sample: m.p. 
162.5°-163°: y,„!is 1721 (keto C = 0 ) , 1285, 1235, 1116 (C-F 
stretching) cm." ' . 

Anal. Calcd. for Ci:tH,-,F0O: C, 66.67: H, 2.15; F, 24.34. 
Found: C, 66.55; H, 2.29: F, 24.63 (see alternate synthesis 
below). 

2,4-Difluoro-9-oxofluorene (Improved Synthesis). An lTll-
mann synthesis was run using 90 g. (0.376 mole) of 2,4-difiuoro-
iodobenzene (from 2,4-difluoroaniline), n2'-i) 1.5585 (lit.9 nwi> 
1.5574), and 2915 g. (1.36 moles) of methyl o-bromobenzoate with 
235 g. of powdered copper from Metals Disintegrating Co., Grade 
450A, added in three portions at 0.5-hr. intervals.10 The tem
perature was kept at 215° and vigorous stirring was maintained 
for a total of 4 hr. After the usual extractions, hydrolysis and 

<<.)) 8. Ca rpen te r , Disxertniiait Ahxtr.. 19, 2-ltS-l {I9.i!l], 
M0) For t l h n a n n syntheses at this ba tch level we used e q u i p m e n t , fabri

cated by Mr , 1). Hawley , Hawley Engineer ing, consis t ing of a 1000-ml. s t a in 
less steel, copper - jacke ted vessel with t h e r m o m e t e r well, equ ipped with a 
s t i r rer having mult i- level sets of th ree b lades , a s tainless steel air condenser , 
which is also t he s t i r r ing shaft , a high-speed motor , a n d hea t ing t a p e . The 
condenser was t igh t ly wound with 6-mm. flat tened copper t t tbing th rough 
which a rapid s t r eam of air is b lown. We obta in cons is ten t ly higher yields 
with this equ ipment t h a n with conven t iona l round-bot torn flask and s t i r rer , 
t h e react ion mix tu re is ex t rac ted witli ace tone and filtered twice t h rough 
No, '4 W h a t m a n paper to remove copper and copper lialide. 

cyclodehydration, 49 g. (00% ) of the crude difhiorofliiorenone was 
obtained. It was taken up in acetone ( Daren) and filtered, and 
the acetone was evaporated on the steam bath, ft was then re-
crystallized from ethanol giving 30 g. of product, m.p. 140-142°, 
A small sample, after sublimation and recrystallization from 
methanol, gave m.p. 145-145.5°. A mixture melting point with 
a sample prepared earlier in very small yield21" [v„,„^ 1718 (keto 
('••••--OI, 1307. 1112 (C-F stretching) cm."1! showed no depres
sion. Only 4.4 g. of neutral fraction was obtained in this syn
thesis, presumably 2,4,2',4'-tetrafluorobiphenyl. 

2,4-Difluoro-7-nitro-9-oxofluorene. A. To 30 nil. of HX():l, 
15 g. (0.07 mole) of 2,4-dirluoronuorenone was added in portions 
with stirring. The temperature rose to 70° with evolution of 
fumes. The mixture was stirred for 10 min. and poured into 100 
ml. of ice water. The precipitate was filtered off. washed, and 
dried, giving 17 g. (93.5 ' , ) , m.p. 195-199°. Recrystallization 
from benzene I Daren) gave 13.1 g. (72'', ): m.p. 202-202.5°: <<„,,, 
1721 (keto ('••-- Oi. 1290, 1124 (C-F stretching) cm. "'. 

Anal. Calcd. for C,:,;H,F"A'Os: ( ' ,59.78; H. 1.93: F. 14.55: 
X. 5.36. Found: C. 59.92; H, 1.96; F, 14.41: X. 5.15. 

B.--A11 ITlmann procedure,111 as described, using 14 g. (0.0585 
mole) of 2,4-difluoroiodobenzene and 27 g. (0.104 mole) oi 
methyl 2-bromo-4-iiitir>beiizoate with 24 g. of powdered copper, 
gave 0.7 g. (4 .6 ' , ) of product, m.]). 198-201°. Two reerystal
lizations from benzene gave m.p. 201-202°. A mixture melting 
point with the preceding product showed no depression. 

5,7-Difluoro-9-oxo-2-f!uorenamine. Reduction of 5,7-di-
fluoro-2-nitromiorenone with SnOb-2H-2(> in HCl gave 881 , 
of the amine after recrystallization from toluene, m.p. 212 -
212.5°. An analytical sample was obtained by one more re
crystallization: m.p. 212 -212.5°; c„,^ 1715 (keto O-'O'i, 1290, 
11 II (C-F stretching! cm. '. 

Anal. Calcd. for C15H71-",N(): C, 67,55: H, 3.05; X, 6.06, 
Found: C, 67.71: H, 3.05; X, 6.01. 

2,4,7-Trifluorofluorenone. -The preceding compound (1 g.) 
was diazotized in 20 ml. of (luoroboric acid (48% ) with an aqueous 
solution of 0.5 g. of XaX( b in the presence of 10 ml. of dimethyl 
sulfoxide- at 0°, The salt (dec. pt. en. 160°) was decomposed 
in ranin in a bath ( 160 170°) to yield 0.6 g. ((>(% ), m.p. 161 -
162°. Crystallization from alcohol raised the melting point 1o 
161.5-162.5°. A mixture, with the compound described above 
from 4,7-diriuoro-9-oxo-2-fiuorenuniino. melted at 161.5-163°. 
The infrared spectra were identical. 

N-2-(5,7-Difluoro-9-oxofluorenyl)acetamide.- Acetylation 
and recrystallization from toluene gave m.p. 252-252.5°: i/,„„x 

1724 (keto C <)'!, 1292. 1 105 (C-F stretching) cm."1. 
Anal. Calcd. for C,„H.,F2X02: X. 5.13. Found: X, 5.11. 
5,7-Difluoro-2-fluorenamine. A. Single-Step Reduction of 

5,7-Difluoro-2-nitrofluorenone. 1. -A mixture of 7.3 g. (0.028 
mole) of 5,7-diriuoro-2-nitronuorenonc, 100 111'. of diethylene 
glycol, and 50 ml. of s,V , hydrazine hydrate was reHuxed for 1 
hr, and then boiled without condenser until the temperature of 
the solution readied 205°. Refluxing was then continued for 
1.5 hr. The reaction mixture was cooled and poured into 400 ml. 
of water. The precipitate was filtered off, washed, and dried, 
giving 6.1 g. (1001, ) of material, m.p. 75-80°. Uecrystalliza-
tion from alcohol raised the melting point to 82-85°. An analyti
cal sample was obtained by precipitation as the hydrochloride 
salt, filtration, and releasing the amine with dilute XH,OH: 
m.p. 83-85°: <-„,„, 1316, 1110 (C-F stretching) em."1. 

Anal. Calcd. for C,,H,F-,X: X, 6.45. Found: X, 6.63. 
This product was impure and even after acetylation and 

recrystallization gave low fluorine analyses. The following 
procedure is far superior.'1 

2.—-A mixture of 26.1 g. (0.1 mole) of 5,7-difiuoro-2-mtro-
fluorenone, 87 g. of red P. 100 ml. of 47% HI, and 870 ml. of 
glacial acetic acid was refluxed for 72 hr. The mixture was 
boiled down to 300 ml. and diluted with 1.3 1. of water. The hot 
mixture was filtered, and the filtrate was made alkaline with 
XFTiOH, giving 21.7 g. ( 100%) of white product, m.p. 83-85°. 

B. Reduction of 5,7-Difluoro-9-oxo-2-fluorenamine.—Reduc
tion of 1.6 g. of the named compound by 47% HI and red P in 
glacial acetic acid as described for the 4,7-isomer gave the prod
uct in 90% yield, in.]). 84-85°. 

N-2-(5,7-Difluoroftuorenyl)acetamide. A. -Acetylation of 
the product, !in.p. 82-85°), which was obtained in A-l above, 

i n Th is seems to oe the lii>t report of this type of one-s tep reduct ion of 
the ni t ru g roup and the ke to group toge the r in th i s series. 
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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°.1S 

Anal. Calcd. for Ci5HuF2NO: C, 69.49; H, 4.28; F, 14.66; 
M, 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%, 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; Kmox 1290, 1112 (C-F stretching) cm."1. 

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

Anal. Calcd. for Ci5HuF2NO: C, 69.49; H, 4.28; F, 14.66; 
N, 5.40. Found: C, 69.23; H, 4.21; F, 14.46; N, 5.41. 

D.—The foregoing product was also made in small yield by 
the following three steps. 

N-2-(5-Fluoro-7-nitrofluorenyl)acetamide.—Acetylation of 
5-fiuoro-7-nitro-2-fluorenamine2a in benzene gave a product in 
87% yield, m.p. 286-289° dec. An analytical sample was pre
pared by sublimation at 250° (1 mm.), m.p. 288-290° dec , vm»x 

1269 (C-F stretching) cm."1. 
Anal. Calcd. for C,5HuFN203 : N, 9.79. Found: N, 9.80. 

N-2-(5-Fluoro-7-aminofluorenyl)acetainide.—Reduction of 
5 g. (0.0175 mole) of N-2-(5-fluoro-7-nitrofluorenyl)acetamide in 
1.5 1. of boiling alcohol was accomplished with 10 ml. of 85% 
hydrazine hydrate and 0.1 g. of 5% palladized charcoal.20'14 

The material went into solution as reduction proceeded. When 
the reaction was complete the catalyst was filtered off, and the 
solution w-as boiled down to give 4.3 g. (96%), m.p. 226-228°. 
An analytical sample was obtained by recrystallization from 
alcohol, m.p. 227-228°, > w 1292 (C-F stretching) cm. -1. 

Anal. Calcd. for C,5H18FN20: C, 70.30; H, 5.11; X, 10.93. 
Found: C, 70.27; H, 5.35; N, 10.97. 

Diazotization of 4 g. (0.0156 mole) of N-2-(5-fluoro-7-amiuo-
fluorenyl)acetamide was carried out in the presence of 10 ml. of 
tetrahydrofuran with 30 ml. of 48% fluoroboric acid and 2 g. of 
NaNCv at 0°. The mixture was stirred for 15 min. The salt 
was filtered off and washed with 1 ml. of methanol, and 1 ml. of 
ether and dried giving 4.8 g. (87%), dec. pt. ca. 205°. It 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. ( ~ 1 0 % ) of material, m.p. 203-205°. This 
was reacetylated, raising the melting point to 208-210°. The 
infrared spectrum was identical with those of the pure deriva
tives in B and C. 

N-2-(4-Fluoro-7-acetamidofluorenyl)acetamide.—Acetyla
tion of N-2-(5-fluoro-7-aminonuorenyl)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. - 1 . 

Anal. Calcd. for Ci-H15FN202: C, 68.44; H, 5.07: F, 6.37. 
N, 9.73. Found: C, 68.40; H, 5.19; F, 6.00; N, 9.52. 

1,3-Difiuorofluorenone.20—An Ullmann reaction10 between 
140 g. (0.585 mole) of 3,5-difluoroiodobenzene2c and 238 g. (1.1 
moles) of methyl o-bromobenzoate gave, in addition to 34 g. 
(27%) of pure product, m.p. 192-192.5° [ > w 1709 (keto C = 0 ) , 
1311, 1136 (C-F stretching) cm. - 1] at 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. 

Anal. Calcd. for CnH6F20: F, 17.58. Found: F, 17.30. 
6,8-Difluoro-2-nitrofluorenone.—To 60 ml. of H N 0 3 (90%), 

32.4 g. (0.15 mole) of 1,3-difluorofluorenone was added in small 
portions with stirring. The reaction was controlled at 50° or 

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

nitrofluorenones [see (a) K. Suzuki, E. K. Weisburger, and J. H, Weisburger, 
J. Org. Chem., 26, 2236 (1961); (b) H. L. Pan and T. L. Fletcher, J. Med. 
Chem., 7, 31 (1964)] 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. Org. Chem., 23, 680 (1958)]. The former is advantageous in 
that tile 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. It is of interest to note that Pd-C induces removal of the 
-COCFa from -NHCOCF3 in this type of reduction, whereas Raney nickel 
leaves the -COCFa group intact. 

slightly lower. The mixture was allowed to stand at room tem
perature for 20 min. and poured into 100 ml. of water. The 
precipitate was filtered off, washed with water and alcohol, and 
dried giving 36.8 g. (94%), m.p. 246-247°. Crystallization from 
toluene (Darco) yielded 31.3 g. (80%), m.p. 248-249°. An 
analytical sample was prepared by sublimation at 220° (1 mm.); 
m.p. 248.5-249°; » w 1718 (keto C = 0 ) , 1304, 1134 (C-F stretch
ing) cm. - 1 . 

Anal. Calcd. for Ci3Hi»F2N03: C, 59.78; H, 1.93; N, 5.36. 
Found: C, 59.98; H, 1.96; N, 5.42. 

Single-Step Reduction of e.S-Difluoro^-nitrofluorenone.11— 
A mixture of 31.4 g. (0.12 mole) of 6,8-difluoro-2-nitrofluorenone, 
70 g. of red P, 85 ml. of 47% HI, and 700 ml. of glacial acetic 
acid was refluxed for 70 hr. The mixture was boiled down to ca. 
200 ml., poured into 1.5 1. of hot water, and filtered. The filtrate 
was made basic with NHiOH and the precipitate was filtered off, 
washed with water, and dried, giving 25.1 g. (96%) of 6,8-di-
fluoro-2-fluorenamine, m.p. 164-166°. Recrystallization from 
benzene (Darco) gave an analytical sample: m.p. 166-166.5°; 
> w 1264, 1140 (C-F stretching) cm. - 1 . 

Anal. Calcd. for G3H9F2N: 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% yield, m.p. 212.5-213.5°. An analytical 
sample, with unchanged melting point, was prepared by recrystal
lization from alcohol, ymax 1284, 1115 (C-F stretching) cm.""1. 

Anal. Calcd. for C,5HnF2NO: 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-Difiuoro-9-oxo-2-fluorenamine.—A mixture of 3 g. (0.0115 
mole) of 6,8-difluoro-2-nitrofluorenone, 14 g. of SnCl2 '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°; vmax 1718 (keto C = 0 ) , 1252, 1106 (C-F stretching) 
cm. - 1 . 

Anal. Calcd. for Ci3H,F2NO: C, 67.55; H, 3.05; N, 6.06. 
Found: C, 67.76; H, 3.14; N, 5.89. 

N-2-(6,8-Difiuoro-9-oxofluoreny])acetamide.—Acetylation 
gave the amide: m.p. ca. 330° (after recrystallization from alco
hol); ><max 1721 (keto C = 0 ) , 1318, 1152 (C-F stretching) cm. - 1 . 

Anal. Calcd. for C15H9F2N02: 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,8 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. (60%) 
of crude trifluorofluorenone, m.p. 207-223°. Sublimation at 
210° (2 mm.) gave a pure product, m.p. 226-227°. Admixture 
with the product from the next procedure showed no depres
sion in melting point. The infrared spectra were identical. 

B. Ullmann Reaction.—A mixture of 10 g. (0.042 mole) of 
3,5-difluoroiodobenzene,20 25 g. (0.106 mole) of methyl 5-fluoro-2-
bromobenzoate,16 and 9 g. of copper was heated at 225° with vig
orous stirring for 1.5 hr. An additional 9 g. of copper was added 
45 min. from the start and again at 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 2,7-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 at 
200° (1 mm.) gave an analytical sample: m.p. 213.5-214.5°; 
•'max 1740-1695 (strong, broad band, keto C = 0 and earboxyl 
C = 0 ) , 1277, ca. 1235 broad (C-F stretching) cm. - 1 . 

Anal. Calcd. for Ci4H6F203: 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 at 200° (2 mm.) giving 3.4 g., m.p. 210-225° 
(si. residue). Resublimation at 170° (2 mm.) gave 3.2 g. (32.6%) 
of 1,3,7-trifluorofluorenone: m.p. 226-227°; j>ma* 1718 (keto 
C = 0 ) , 1277, 1232, 1148 (C-F stretching) cm."1. 

(15) First made by II. L. Pan of this laboratory. It came from the 5-
ziitro ester by reduction (0.5 mole) to 5-amino-2-bromobenzoate. An at
tempt to distil a moderate amount of this amine at 2 mm. ended in violent 
decomposition. The crude product, n27D 1.6081, was analyzed. Anal. 
Calcd. for CsHsBrN02: C, 41.76; H, 3.51; Br, 34.73; N, 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 riuoroborate giving analyti
cally pure material after distillation. 
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Anal. Calcd. for C13H5F3O: C, 66.( 
Found: C, 66.40; H, 2.39; F, 24.16. 

H, 2.1."); F, 24.34. 

Acknowledgment.—We thank the Crown-Zellerbach Corp. 
for a generous supply of dimethyl sulfoxide.8 We also thank 
Alarylin E. Sanford for preparation of some of the starting ma
terials, and Carol-Ann Cole for running infrared spectra. 

T h e S y n t h e s i s of 

UL-j»-(Hydroxyniethyl)phenylalanine 

G. W. E. PLAUT 1 - 1 ' 

Laboratory for the Study of Hereditary and Metabolic Disorder* 
and Deparlments of Biological Chemistry and Medicine, University 

of Utah College of Medicine, Salt Lake City, Utah 

Received December 2.\, /.%'4 

In the course of investigation of the metabolism of certain 
aromatic amino acids, a study of the properties of p-(hydroxy-
methylphenylalanine became of interest. A method for synthe
sis of this substance was devised (I-IV), patterned after the 
procedure for preparation of analogous aromatic amino acids 
used by Herr, et al.2 

Phenylalanine hydroxylase preparations from liver, which 
form tyrosine from phenylalanine, did not convert p-(hydroxy-
methylphenylalanine to tyrosine under the conditions of Uden-
friend and Cooper8 or those of Kaufman.4 Furthermore, p-
(hydroxymethylphenylalanine in a 4 X 10"3 M concentration 
did not inhibit the oxidation of phenylalanine to tyrosine by 
the enzyme preparations from rat liver. 

Experimental6 

Diethyl 2-Acetamido-2-[(p-methoxymethyl)benzyI]malonate 
(III).—A solution of 9.8 g. (45 mmoles) of diethyl acetamido-
malonate (Calbiochem, Los Angeles, Calif.; recrvstaUized from 
toluene; b.p. 96-98°, lit.6 96.5-98°) in 35 ml. of absolute ethanol 

CH3OCH; CH2C1 + 

CH3OCH, 

m 

COOC2H5 

I 
NaCNHCOCH3 

COOC2H5 

n 
COOC2H5 

CH2CNHCOCH3 

COOQrL 

20?. HBr 

.rv< HOCH2f >-CH2CH(NH2)COOH 

IV 

was added with stirring to a solution of 1.03 g. (44 mg.-atoms) 
of sodium in 35 ml. of absolute alcohol. p-(Alethoxymethyl)-

f L) (a) Th is inves t iga t ion was a ided by research g r a n t s from t h e N a t i o n a l 
I n s t i t u t e of A r t h r i t i s a n d Metabo l i c Diseases, N a t i o n a l I n s t i t u t e s of Hea l th , 
U. S. Publ ic Hea l th Service, a n d a Research Caree r A w a r d (GM-K6-1551) 
from the Uni t ed S ta t e s Publ ic Hea l th Service, (b) T h e c o m p e t e n t technica l 
ass is tance of M r . T. Aogaichi is grateful ly acknowledged . 

(2) li. K. He r r . T. Enkoj i , and J . P . Dai ley , J. Am. Chem. Hoc, 79, 4229 
(.1957). 

(3) S. Udenfr iend a n d J . K. Cooper , ,/. Bid. Chem., 194, 503 (1952); 196, 
227 (1952). 

(4) S. K a u f m a n , " M e t h o d s in E n z y m o l o g y , " Vol. V, S. P . Colowick and 
N . O. K a p l a n , E d . , Academic Press Inc . , N e w York , N . Y. , 1962, p . 809 . 

(5) All mel t ing po in ts are uncor rec ted . Mic roana lyses were performed by 
Aus t ra l ian Mic roana ly t i ca l Service, Parkvi l le , Victoria , Aus t ra l ia . All oper
a t ions at the boiling po in ts of l iquids were done at the prevai l ing a tmospher i c 
pressure (av. 640 m m . ) . 

(6) S. ( ) . Cohen a n d L. II. Klee, ./. Am. Chem. tioc, 82, 0038 ( I960) . 
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Figure I.—I"ltruviolel spectra of: p-( hydroxymelhyljplienyl-
alanine, 0.96 X 10~s .1/ , ; p-methylphenylalanine, I A X 
H)-3 M, : and phenylalanine, 3.0 X I d - 3 .1/, - - . 
All compounds were dissolved in water. 

benzyl chloride7 (41 mmoles T was then added, and the mixture 
was boiled under reflux for 4 hr, The NaCl precipitate was re
moved by filtration and the filtrate was treated with 100 ml. of 
water. The oil which formed was separated from the mixture 
and washed for 1 hr. by suspending it. in 650 ml. of water with 
vigorous stirring to remove residual diethyl acetamidomalonate. 
The oil was dried by dissolving it in 25 ml. of absolute alcohol and 
by removing alcohol and water from the solution in a flash evapo
rator. This treatment was repeated three times. The water-
free oil was suspended in 400 ml. of boiling petroleum ether (b.p. 
65-110°). The hot solution was filtered to remove a small un
dissolved residue and was then allowed to stand at room tem
perature. The white crystals formed were collected by filtration : 
9.3 g., m.p. 74-79°. The material was recrvstaUized from 400 ml. 
of cyclohexane: yield S.5 g. (24 mmoles), m.p. 83-85°. Two addi
tional reorystallizations from cyclohexane afforded the analytical 
sample. 

Anal. Calcd. for C„H2 5N06 : C, 61.5: H. 7.2: 
as OCH3, 26.5. Found: C. 61.5: H, 7.0: X, : 
OCHs, 26.4. 

DL-7j-(Hydroxymethyl)phenylalanine (IV). 
diethyl 2-acetamido-2- [(p-methoxymethyl)benzyl ] malonate (2 
g., 5.7 mmoles) and 20cc HBr (24 ml.) was heated under reflux 
for S hr. The solution was concentrated to a small volume: the 
crystalline precipitate formed was collected by filtration and 
dried at 50° under vacuum; yield 1.6 g., m.p. 198-205° dec. 

The crude hydrobromide (1.6 g.) was dissolved in water (200 
ml.) and passed through a column (2 X 2 cm.) of the anion-
exchange resin Dowex AG 3 X4 i OH " form) to remove HBr. 
The effluent, approximately pH 6, was concentrated to dryness. 
The residue was dissolved in 10 ml. of water, treated with 200 mg. 
of Dareo G 60 for 10 min. on a steam bath, and filtered. The 
residual charcoal was washed with 10 ml. of hot water. The 
filtrates were combined and evaporated to dryness under re
duced pressure. The residue was dissolved in 4 ml. of hot water, 
10 ml. of ethanol was added to the heated solution, and the mix
ture was allowed to stand at 5°. The white precipitate which 
formed was collected bv filtration and dried under vacuum: yield 
640 mg. (58%), m.p. 231 -237° dec. 

X, 4.0; alkoxy] 
3.9; alkoxy 1 as 

-A mixture of 

(7! I t . Quelet , Bull. »,„•. ,•},;,„. France, S3, 222 \i'Xi:i,-
(X) The p repa ra t ion of /,-: mel h o . \ y m e t h y l ) b e n / y l chloride of Quele l : al^ 

conta ins t he d i m e t h y l e ihe r of p -xy lene -a ,« ' -d io l in the s ame fract ion (b-i 
120-130° a! lo m m , ) . 'Die a m o u n t of ;j-( i n e t h o x y m e t h y l ) b e n z y l chlor ide i 
(be mix tu re was de t e rmined by e s t ima t ion of the chlorine con t en t . 


