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XIII was 379,. When XII and N,N’-carbonyldiimidazole were
allowed to react in N,N-dimethylformamide for 1 hr at room
temperature, the yield of X1IT was 119,. When the acid XIT was
treated with 1.05 equiv of SOCl; in N,N-dimethylformamide at
room temperature for 15 min and then allowed to react with
diethyl glutamate and triethylamine for 20 hr at room tempera-
ture, & very small amount of XIII was formed, as indicated by
paper ehromatography. The mixed anhydride method?® was also
tried. A mixture of XII and 1.1 equiv of triethylamine in N,N-
dimethylformamide treated with 1.2 equiv of isobutyl chloro-
formate at room temperature for 45 min followed by 2.5 equiv of
diethyl glutamate hydrochloride and 2.5 equiv of triethylamine at
room temperature for 21 hr yielded 89 of XIII.

N-[p-(N-{3-[N-(2-Amino-4-hydroxy-5-pyrimidinyl)amino] -
propyl |amino )benzoyl]-L-glutamic Acid (IV).—A solution of 1.00
g (1.74 mimoles) of the triformamido ester XIII i 25 ml of 12 ¥
HCI wax hydrolyzed at 37° for 1.5 hr under N. and evaporated to
4 syrup in vacuo at 25°. The syrup was dissolved in 25 il of
water, treated with charcoal, and filtered. The filtrate was
adjusted to pH 2.5 with 1 ¥ NaOH and decanted from a small
amount of yvellow gummy precipitate. The supernatant liquid
was adjusted to pH 4 and cooled i1 ice for 30 niin.  The precipi-
tate was collected, washed with H,() and ethanol, and dried to
vield 0.45 g (379, as IV-1.33H;0) as a white powder, mp 164
168°, which gradually acquired a pink color during subsequent
handling, perhaps because of air oxidation. Two recrystalliza-
tions from H;0 afforded IV as a pink powder: mp 165-167.5°;
Al (4) 3.0 (NH, OH), 5.73, 5.88 (COOH); AE! 222 my (e
14,800), 257-260 platean (11,000), 295 shoulder (7200): Ao '
295 mu (e 25,800); [a]?2D —9° (¢ 1.0, 1 N HCl); it moved as a
single spot in solveuts E, D, and C with Raa 1.86 (blue fluores-
cence), 1.05 (spot with fluorescent ring), and 0.95 (spot with
fluorescent ring), respectively.
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Anal. Caled for CigHauNgOs-1.33H,0: C, 50.0; H, 5.89;
N, 18.4. Found: C, 50.1, 50.1; H, 5.83, 6.02; N, 18.3, 18.4.

Comparison of Ease of Cyclic Metheny! Derivative Formation.
-~—Compounds III, IV, and IX were each dissolved in 97-100%
formic acid in the proportion of 0.25 mmole to 5 ml of acid and
heated on the steam bath for 1 hr.?® The solution was evapor-
ated to dryness in vacuo. The gumnmy residue was triturated in
CHCI; or ether and again evaporated to give a foam or powder.
The spectrum of the product in 0.1 ¥ HCI was measured at inter-
vals. The results are given in Table II1, and should be compared
with the maximum (313 mu) for the methenyl compound XIV.4

TasrLe 111
ULTRAVIOLET SPECTRA AT pH 1 sAFTER FORMYLATION
Amax, mu for product from——-—
Time 11 v IX
0.25 hr 317 268 269
1 day 313 268 270
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In a continuation of earlier work, synthesis of a number of new N-2-fluorenyl mustards and such analogs as
bis-2-bromoethylamino- and bis-2-halopropylaminoflnorenes with various substituents in the 7 position is re-
ported. Dimethyl sulfoxide is found to be & good medium for di-2-hydroxy ethylation; higher yields were ob-

tained in shorter times than in the usual media.

Biological data are presented showing that some of these

compounds, particularly with activatiug groups in the 7 position, inhibit some tumor systems and have relatively

low toxicity.
ties in neutral and acidic solutions are recorded.

Since the only N-2-fluorenyl mustard (reported
earlier’e) that showed any tumor inhibitory effect, and
that minimal, was the one with a 7-dimethylamino
group,? we felt that other electron donor groups,
particularly in the 7 position, might confer interesting
biological properties on compounds in this series.
Table I lists data concerning the new chloro and bromo
mustards, the corresponding bis-2-halopropyl com-
pounds, and their precursors.

Table IT presents the results of biological testing for
some of these compounds as supplied by the Cancer
Chemotherapy National Service Center and by the
Chester Beatty Research Institute. In particular,
three of the compounds gave total inhibition of the
Walker rat tumor 256.

(1) (a) Paper XXTIin this series by H.-L. Pan and T. L. Fletcher appeared
in J. Med, Chem., 8, 481 (1965). (b) Supported in part by a grant (CA-
Q1744) from the National Cancer Institute, National Institutes of Health,
and in part by Research Career Development Award 5-K3-GM- (now CA-)
14,991 (T. L. F.). (c) For part I, see T. L. Fletcher and W. H. Wetzel, J.
Org. Chem., 28, 1348 (1960).

(2) This was obtained and tested only as an impure oil.

Synthesis of several new 7-amido-N-fluoren-2-ylamines is described. Ultraviolet spectral proper-

An improved method of di-2-hydroxyethylation in
dimethyl sulfoxide (DMSO) was used in two cases as
described below, and we suggest that such use of
DMSO may be valuable with amines having low solu-
bility in the usual media. In this work we found a
simpler approach (A in the general chlorination proce-
dure) with high yields, for chlorinating the more stable
compounds. Syntheses of the new 7-nitro- and 7-amino-
N-2-fluorenylformamides, -propionamides, -urethans,
and -N'-n-propylureas are reported. All of these 7-
amino derivatives (plus the previouslyreported 7-amino-
N-2-fluorenylacetamide), except the formamide, gave
analytically pure di-2-hydroxyethylated and di-2-chloro-
ethylated derivatives.

We also have extended the ultraviolet spectral data
recorded in our first paper with similar information
about the new compounds, including the effect of
various concentrations of acid in causing a character-
istic increase in complexity of the spectra. The latter
effect depends markedly on the nature of the substit-
uents in the 7 position. Examination of the spectral
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TasLe II

ANTITUMOR ACTIVITY OF SOME N-2-FLUORENYL
NITROGEN MUSTARDS

A. CCNSCe
Tumor
wt, mg
Daily (or survival,
Tumor dose, Sur- days) %
No.b system® mg/kg vivors T/C T/C
13 AAd 100 3/3
AA 33.0 3/3
AA 10.0 3/3
AA 3.0  3/3
WAd 500 4/6 0.0/6.1 0
WA 250 6/6 1.0/6.1 16
WA 125 5/6 6.0/6.1 98
WA 62.5 6/6 (3.0/6.1) 49
21 LE 400 5/6 (8.2/8.6) 95
AAd 100 3/3
AA 33.0  3/3
AA 10.0 3/3
AA 3.0 3/3
WA:4 200 6/6 1.4/4.0 35
WA 100 6/6 3.4/4.0 85
WA 50.0 6/6 5.0/4.0 125
WA 25.0 6/6 (3.7/4.0) 92
23 SA 500 0/6
SA 250 6/6 691/1057 65
LL 250 2/6 185/548
LL 125 3/6 668/813
LL 100 1/6 275/736
LL 50.0 6/6 234/538 43
LL 50.0 5/6 340/785 43
LL 50.0 3/6 295/851
LL 50.0 4/6 28/495 5
LL 50.0 5/6 293/494 59
LL 50.0 5/6 768/1013 75
LL 50.0 4/6 243 /589 41
25 LE 100 6/6 (8.3/8.6) 96
2 De
3 D/
14 Ds
B. CBRI*
Dose, Toxic
No.b C/T? mg/kg deaths
2 1.28 100 Toxic
3 1.2 100 None
7 0.8 100 None
10 7 200 i
12 1.1 100 i
14 1.02 100 J
17 0.9 100 None
19 1.6 125 j
whl 250 None
21 ol 640 None
23 3 160 None
25 LX) 640 None

@ The screening data in part A were kindly supplied by the
Cancer Chemotherapy National Service Center, National Insti-
tutes of Health, Bethesda, Md. Assays on the first four com-
pounds, still incomplete, are being performed according to
specifications established by the CCNSC as reported in Cancer
Chemotherapy Rept., 25, 1 (1962). ® From Table I. ¢ AA, toxic-
ity test (tested in random-bred albino rats or in BCF, mice);
WA, Walker carcinosarcoma 256 (tested as for AA); LE, L1210
lymphoid leukemia (in BALB/c or BCF, mice); SA, Sarcoma
180 (in Swiss mice); LL, Lewis lung carcinoma (in BALB/c
mice); D, Dunning rat leukemia. ¢ Incomplete; multiple-
dose assay. ¢ Compound reported as weakly active. / Tests
incomplete; componnd reported as active and toxic (6/6) at
500 mg/kg. ¢ Tests incomplete; compound reported as active
and nontoxic (0/3) at 500 mg/kg. * The screening data in part
B were kindly supplied by the Chester Beatty Research Institute
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TaBLE II (Continued)

(Mr. J. L. Everett). ? Average weight of control tumors over
average weight of treated tumors; tested on Walker 256. 7 No
apparent damage. * This compound, tested on the Crocker
tumor (rats), gave a C/T of 2.4 with 1 death at 2000 mg/kg.
! o = total inhibition,

data for this limited series of compounds, based on the
reasoning in the earlier paper,! leads to the following
observations. (1) Bromo mustards are more basic
than the analogous chloro mustards; more acidic condi-
tions are required to alter the spectra of the latter to
the same degree. (2) Chloroethyl mustards are slightly
more basic than the corresponding chloropropyl com-
pounds although a nitro group in the 7 position makes
this difference insignificant; in contrast, the 7-nitro-
fluorenyl-N-2-bromopropyl mustard is significantly
more basic than its bromoethyl analog. (3) Bis(2-
hydroxyalkyl)aminofluorenes are all more basic than
the corresponding bis(2-haloalkyl)aminofluorenes. These
data are presented in Table III.

Experimental Section?®

General Procedures of N,N-Bis(2-hydroxyalkyl)aminofluo-
renes.—This method was essentially the same as method B in
an earlier report.’* It appeared to improve yields and quality
in many cases when 509, additional ethylene oxide (or propylene
oxide) was added after the first day.

Di-2-hydroxyethylation in Dimethyl Suifoxide. 2,2’-(Fluo-
ren-2-ylimino)diethanol.-—To a solution of 18.1 g (0.1 mole) of
fluoren-2-amine in 100 ml of DMSO, 50 nil of ethylene oxide was
added with thorough mixing. To this 10 ml of 1 ¥ HCl was
added and clear green solution was allowed to stand overnight.
A white precipitate was filtered off and dried giving 25.2 g (94%,)
of the product, mp 138-139°.'¢ By diluting the filtrate with
water, we recovered an additional 1.6 g (59%) of the product,
nip 137-139°.

2,2'<(7-Fluorofluoren-2-ylimino)diethanoi.-—A similar proce-
dure was followed with 7-fluorofluoren-2-amine. No precipitate
formed and the solution was diluted with 3 vol of water. A
crude yield of 939, was obtained which gave 807, mp 147~
148°. This is 209, better than by the usual method and was
obtained in about one-fourth the time.

General Procedures of N,N-Bis(2-chioroalkyl)fluoren-2-
amines. A.—The following procedure was used for compounds
(TableI)2,5,7,9, and 12. The same proportions of reactants
were used as described in chlorination method B in the previous
paper.’* However, a simplified procedure was used in the prep-
aration of the more stable mustards; in general, these are com-
pounds with halogen or nitro in the 7 position. The bis(2-
hydroxyalkyl)amine was placed in a suction flask and freshly
distilled POCl; was added with initial external cooling and
thorough mixing. After the vigorous reaction subsided, the
mixture was heated to 120° for 3 min. Excess POCI; was evapo-
rated off on the steam bath uuder vacuum (water aspirator).
The gummy product was taken up in absolute ethanol which was
boiled briefly with Darco (~250 mli 0 15 g of the starting amine).
The filtered solution was boiled down to 100 m! or less and cooled
with the addition of 20 ml of acetone to obtain the product.

B.—The following procedure was used in the synthesis of com-
pounds 23, 25, 27, and 29. The bis(2-hydroxyalkyl)amine was
dissolved in an excess of freshly distilled POCI; (1 g of amiue to
2.5 ml) under reflux, and the mixture was heated on the steam
bath for 1 hr with occasional stirring. Excess POCl; was then
distilled ¢n vacuo and the residue was poured over ice. This
mixture was made slightly alkaline with concentrated NH,OH
to yield the crude mustard which was recrystallized (benzene,
benzene-ligroin (bp 30-60°)). With some crude products
subsequent purification was aided by filtering the warm benzene
solution through a 2.5-cm layer of alumina in a Biichner funnel

(3) Melting points were taken on a Fisher-Johns block and are corrected
to standards. Analyses were performed by Schwarzkopf Microanalytical
Laboratories, Woodside, N. Y., and by A, Bernhardt, Miilheim (Rukr).
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TapLre T
ULIRAVIOLET SPECTRAL IDara® Fol FLuoRENYL NITROCGEN MUsTARDS AND RELATED COMPOUNDS

X 0.0 Y

No.* X Y Conen, moles X 11k 1y frx X 1D 7 Sh, wu
1 It N(CH,CHOMCIT,), 2.5 306 2,97 230, 343
2.5 {01 N HCH il .22 203, 277, 272,
284 0,97 262, 257,
266 2,44 227, 219
2 H N(CH.CHCICHjs)a 2.5 301 302 330
2.5 (0.1.NV HChH 301 2.50 270, 330
2.5 (0.2 N HCH 301 0.6l 350, 270
3 H N(CH.CHBrCIls)» 2.0 504 297 341
2.0 (0.1 N ICH 2 208 B30, 202, 274,
2057 [ 273, 221
4 F N(CH.CH,OH), 2.5 3053 214 W35
2.510.1 .8 11ICH HIBt 1.02 20N, 275, 20U
202 0,84
204 258
5 I N(CHCHCL, 2.5 208 3.11 328
2.5(0.1 .V HCD 303 2.00 B0, 270,
M7 208
2.510.2 N HC B4 |84 281, 273, 206,
208 .80 BRI
204) 1.57
[} F N(CHCHOHCH;,), 2.5 BIVE 204 344
2.5 (0.1 .\ HCD H04 .04 206, 275, 254
202 0,54
264 256
7 P N(CHCHCICH;). 2.5 204 507 330
2.5 (0.1 .\ 1D 208 2.5 330
2.5 (0.2 N HCD QUN 2,60 3530, 302
8 1 N(CHCIHLOH )2 2.5 S B2 345, 232
2.5 (0.1 .\ HCDH SH6 .43 282, 277, 268,
204 1,18 263, 221
272 2N
] Cl N{CH.CILCL)s 2.5 307 Byt 340
2.5 (0.1 .V HCDH SO0 269 228
10 Cl N(CH.CH,Br). 2.5 SUN HENE 343, 241)
2.5 (0.1 N HCH 2006 211 342, 289, 2006,
272 I ON 284, 278,
267, 262, 221
11 Br N(CH,CH,OH ), 2.5 S5 207 345, 235
2.5¢0.1 .V HC 306 1.24 232
200 1.14
204 1.24
272 2,068
266 2,72
12 Br N(CH.CHuCl)e 2.5 SO 340 342, 252
2.5 (0.1 .V HCL 306 2,00 342
2.5 (0.2.N HCH 306 279 344, 300, 287,
274, 275
14 NO, N(CH.CH,Br), 3.33 110 24
272 40
3.3310.1 N HCD 410 AL 250
274 |41
5.33 (0.2 NV HCD 110 2.07 250
290 1.57
3033 (2.0 .V HChH 420 0.78 206, 230
319 .61
246 0.92
15 NO. N(CH,;CHOHCH;). 3.35 431 2.85
295 1.48

23 240

RNM

Ve
[LI v
[eV)
—~
no
S
s
“
joe)

16 NO; N(CH.CIICICII,),

333 (0.1 A HCH 110

&._
It
-

—_ = 0 — N D



July 1966 FLtorENE NITROGEN MusTarps. II H97
TasLe III (Continued)
)\max.
No. X Y Concn, moles X 105 mu emax X 1074 Sh, mu
16 NO: N(CH.CHCICHj;), 3.33 (0.2 N HCD 410 2.22
271 1.50
3.33 (2.0 N HC)) 417 1.15 250
323 (.86
276 1.23
3.33 (4.0 V¥V HCD) 321 2.09 412
244 0.92
17 NO; N(CH,CHBrCH;), 3.33 422 2.28
276 1.52
3.33 (0.1 N HCIH 415 1.34
319 1.12
280 1.15
249 0.91
3.33 (0.2 N HCI) 413 1.24
319 1.17
281 1.13
249 0.91
3.33 (2.0 N HCI) 420 0.71 282
320 1.55
246 0.90
18 NHCOCH; N(CHCH,OH), 2.5 318 3.44 255
2.5(0.1 ¥ HCYH) 317 2.44 304, 221
293 2.96
2.5 (0.2 N HCH 317 2.44 305, 222
293 3.00
19 NHCOCH; N(CH.CH.Cl), 2.5 314 2.79 343
2.5 (0.1 N HCh 314 2.97 342
2.5(0.2 ¥ HC) 312 2.16 242, 295
26 CH;0 N(CH.CH OH), 2.5 304 3.44 338
2.5 (0.1 .V HCY) 315 1.22 302, 220
182 2.47
2.5 (0.2 N HCI) 315 1.19 302, 219
283 2.44
27 CI1,0 N(CH,CH,Cl). 2.5 334 (.88 348
2499 3.52
2.5(0.1 ¥ HCD 285 2.53 314, 302, 219
2.5 (0.2 N HOl 284 2.71 313, 302, 253,

249, 220

« These spectra were riin on a Beckman DK-1 in 1-e¢m silica cells in commercial absolute ethanol or, for 8, 9, 10, 26, and 27, in abso-

lute ethanol redistilled from Ca0O. ? From TableI.

C.—This method was used for some of the mustards with an
activating group in the 7 position (see 19 and 21, Table I).
The bis(2-hydroxyalkyl)amine was added with swirling to an
excess of ice-cold freshly distilled POClL; and the mixture was
allowed to stand in ice for 0.75 hr. It was then cautiously
heated in & water bath with occasional swirling, with the tempera-
ture rising to 95° in 15 min, and then further heated just under
the boiling point of water with occasional swirling for 30 min or
until the solid was in solution. The mixture was then poured
on ice, with thorough stirring to destroy excess POCl;, and made
slightly basic with concentrated NH,OH, filtered, and washed.
The precipitate was spread thin and dried in a vacuum for a
short time since overnight drying in air seemed to result in de-
composition of these unstable mustards. The product was ex-
tracted once with benzene (50 ml to 10 g of starting amine) at
room temperature and then three times with hot beuzene. The
combined filtrates were dried (MgSOs) and filtered, and the
solution wax boiled down (30 ml for 10 g of starting amine) and,
upon cooling, enough ligroin was added to precipitate the nitrogen
mustard. usually pure enough for analysis or use. Further crys-
tallization often gave progressively poorer material.

General Procedure of N,N-Bis(2-bromoalkyl)fluorenamines.—
To the N,N-bis(2-hydroxyalkyl)fluoren-2-amine contained in
a suction flask PBr; (20 g to 10 g of the amine) was added gradu-
ally with stirring (Caution: a violent reaction may ensue if the
addition is too sudden!). TUsually there was a strong exothermic
reaction and the temperature rose to near 100° with the evolution
of fumes. The guminiy mixture was heated briefly to 120°
and excexs PBr; was evaporated off under vacuuni.  The gummy
product was dissolved i acetone and poured over ice, and the
mixture wa~ nade slightly alkaline with NH,OH to give a white

precipitate. Thisx was filtered, washed with water, and finally
with a few milliliters of acetone-absclute ethancl. The dried
crude product was usually recrystallized as rapidly as possible
from absolute ethanol, benzene, or ethyl acetate.
2,2’-(7-Fluorofluoren-2-ylimino )dipropanol.-—To a solution of
10 g of 7-fluorofluoren-2-amine in 100 ml of acetic acid and 100 nil
of water (warmed until homogeneous and then cooled to 35°) 55
ml of propylene oxide was added with swirling. After 1 day a
further 25 ml of propylene oxide was added and the reaction
was allowed to continue 2 more days. The mixture was worked
up to give 13.2 g of crude product. After two recrystallizations
from alcohol the white crystals (8.7 g, 559%) melted at 161~
163°. A small amount of the compound was again recrystallized
to give an analytical sample.
N,N-Bis(2-chloro-1-propyl)-7-nitrofluoren-2-amine.-—2,2’-(7-
Nitrofluoren-2-ylimino )dipropanol (10 g) was added cautiously
to 50 nil of freshly distilled POCIL; in a 200-ml round-bottomed
flask with thorough swirling, and the mixture was heated on the
steam bath under reflux for 1 hr. The excess POCl; was then
evaporated off, and the cooled red oil was dissolved in dry
acetone and poured over ice. The mixture wax made barely
alkaline with coucentrated NH.OH and ground in a miortar,
giving a crude yellow-orange product, mp 120-125°, which was
extracted with two 300-ml portions of boiling ligroin (d 0.72-0.74).
The extracts were combined and boiled down to ~100 ml to
give an 809 crude yield, mp 121.5-128.5° with softening.
Recrystallizatoin twice from beuzene gave a 657 vield (see
Table I).
N,N-Bis(2-bromo-1-propyl)-7-nitrofluoren-2-amine -—To 70
ml of PBr; containing 10 drops of 489 HBr, in a 200-mi
round-bottomed flask, 15 g of 2,2'4(7-nitrofluoren-2-ylimine)-
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dipropanol wnx added cautiously with thorough swirling (1o
prevent an otherwise violent reaction) over a 0.5-hr period. An
air condenser was attached and the mixture was heated on the
steam bath for 1 hr. The flask was cooled in cracked ice and
excess PBry was poured from the readily friable ~olid which was
then ground with ice.  After neutralization with a slight excess
of concentrated NH4OH, the light red =olid wux collected by
fil(ration and dried (19 g), mp 139.5-142°. The prodnet was
dixsolved in acetone and recrystallized from a mixture of acetone
and absolute ethanol to give 13.5 g (664) of light orange crystals,
mp 141.5-142.5°.  The snalytical =aniple was abtained by (wo
recrystallizations from ethyl acetate.

N-2-(7-Nitrofluoreny!)propionamide.-~After boiling 113 g
of T-nitrofluoren-2-aminet in 1 1. «f foluene in a 2-1. flask under
reflux it was cooled to 50° and 40 g of pyridine and, with con-
tinuons swirling, 48 g (0.52 mole) of propionyl chloride were
added over a 10-min period. After refluxing for 4 hr the mixture
wis cooled and filtered and the precipitate washed thoroughly
with water. The product was then boiled in 700 wml of acetone
and filtered hot, thus removing o small muount of unreacted
amine, aud the residne wus recrystallized from 1.5 1. of chloro-
benzene to give 86.5 g (619) of vellow erystals, mp 238-240°.
An analytieal sample was obtained by two further recrystalliza-
(lonx, mp 241-243.5°,

Anal.  Caled for Ce)NyO,: C, 68,07 H, 5.00; N, 9,92
Found: C, 63.20; 11, 5.26; N, 0.92.

N-2-(7-Aminofluorenyl)propionamide.—R:ney nickel-hydra-
zine hydrate reduction® of R6.5 g of 2-nitro-7-propionamido-
fluorene with 86 ml of 85¢; hydruine hydrate in 1.5 1. of 957,
ethanol and 200 ml of toluene, after filtrntion and evaporation
to 60 ml, gave 70 g (9167), mp 182-185°.  Recrystallization
from ethanol gnve an analytical sample, mp 182.5-184°.

Anal.  Caled for CigHigNoO: C. 76.10; 11, 6.39;
Found: C, 76.25; H, 6.55: N, 10.85.

Ethyl N-2-(7-Nitrofluorenyl)carbamate.~—A mixture of 7-
nitrofluoren-2-amine (40 g), K0 ml of toluene, and 4) g of
pyridine was warmed with stirring in w0 2-I. round-bottomed
flaxk with a reflux condenser. Ethyl chloroformate (25 g) wis
added over a period of 10 min.  The mixture wa= slowly brough
to the boiling point and, with continued stirring, a further 25
g of ethyl chluraformate wax added and refluxing was continued
for another honr. The mixture was then cooled, filtered, and
wished with a little toluene. The crude product, mp 107.5~-
202.5° was ground in a mortar with 20 ml of concentrated
NILOI, filtered, wushed with water, and dried. 1t was then
suspended in 400 ml of beiling ae¢etone which was cooled and
filtered to give a residuc (30 g, 95¢,), mp 203.5-210.5°. An

N, 1110,

(4) M. J. Namkung and T. L. Fletcher, J. Org. Chem., 25, 740 (196D).
Care should be used in this and the following Raney nickel or Pid=C-catalyzed
reductions to keep the catalyst wet with solvent. These are pyrophoric
materials and can readily spark. See this and the following references.

(8) T. L. Fletcher and M. J. Namkung, i/id., 28, 680 (1958); see footnote
14 in M. J. Namkung, T. L. Fletcher, and W. 11. Wetzel, J. Mfed. Chem., 8,
551 11965),
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avalytical sample was obtained by reervstallizaiion fram neeinne
and then chloroform: mp 200-211°,

Anal, Caled for sl N0y €
Fomnd: ¢, 64.56: H, 4.85: N, .44,

Ethyl N-2.47-Aminofluorenyi)carbamate.--lIothyl N-2-17-m1-
trofluorenyDearbamate (45 g) wax reduced with 9 ml of Ko,
hydrazine hvdrate and 5070 Pd-C eaialy=t® ju 1.5 1L of ethaonl
and 200 1wl of toluene. The produet (36 g, S99 7 melted at
210-2117 with =intering at 205°.  An analvteal <ample with
nnchanged melting prant was obtained by two reerveallizations
from 95 ¢thanol.

daad. Caled Tor Cy-H)N3UD G, 6555 11, 5000 N, 1350,
Found: C, 65.71: 1, 5.61: N, 1328,

N-2-(7-Aminofluorenyl)-N'-n-propylurea.——A mixture of 12 g
of  N-2e7enitrofinorenyl)-N'-n-propylurea,® 1.2 1. of 957,
ethuol, 5.4 ml of 85, hvdrazine hyvdrate, and (wo <poonnlas
of 5 Pd-(% was refluxed for 2 hr. The hot mixture was
filtered 1wice and boiled down until precipitation ocenrred giving
O g (8390 of erude amine.  Thix was recrvstalhized from 200
ml of 957, erhanol {Dareo ) to give 7.0 g, dec pt 227°0 One more
reery=tallization gave an analyticad <ample.

Awnal. Caled for CrIuNO: €, 7257
Found: €, 72.86: H, 7.0%; N, 15.1x.

N-2-(7-Nitrofluorenyl)formamide.-—'I'o 40 g of 7-nitroHnoren-
2-nmine’ in 400 mi of hot 1 ~100°) toluene 1 a round-bottomedd
flaxk 32 ml of 98-1007 formic acid was gradually added with
thorongh =tirring.  The mixture was boiled under reflux with a
water trap for 2 hr and caoled (o room temperature. The
resnlting vellow =olid wiaxs filtered ofl and dried (45.5 g, 100¢,).
Recrvatidlization from o-dichlorobenzene gave an analvtieally
pure nuaterial, mp 221-222.5°,

nal, Caled for CyilaNaOy: ¢, 66.03: H, 306 N, 11.02.
Found: €, 66.21; 11, 3.97; N, 11.00.

N-2-(7-Aminofluorenyl)formamide.---The foregoing uitro eimn-
pound was rednced® aud the erude amine was ervstallized from
toliene-cthanol mnd then ethanol, mp 207-208.5°, to obtain
an analyeal sample,

Anel. Caled for C)0LaNa0O: 0 7499 11, 538 N,
Fonnd: C, 7525 11, 5,710 N, 12,44,

Attempts 1o prepare the 7-bix(2-hyvdroxyethyl) derivative
have (ailed; at best an apparent mixtire of the mono- and
dihvdroxvethylared amine wax obtained.

G420 T 4730 N, O,

T OGSt T (4094,

12,49,
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6y Made in 904 analytically pure yield by the reaction of w-propyl ise-
ecyaltate with 7-uwitro-2-flucrenaminein dimettiglforinamide.  Atter filtration
ami wasbing the product was hoiled in acerone and refilteredt. Aanl.  Caled
for CoHeN«O: G, M, 5500 N, 1350, Fomwl: ¢ 65700 I
561 N. (3,28,




