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to give 36 g. (79y0) of 3,5-difluoroiodobenzeneJ b.p. 58-60' 
(17 mm.). 

Anal. Calcd. for C6H3F11: C, 30.03; H, 1.26; F, 15.83; 
I, 52.88. Found: C, 30.23; H, 1.17; F, 15.61; I, 52.68. 

This substance was reported27 as obtained from Dr. G. C. 
Finger.15 The structure was confirmed by nitration with 
fuming nitric acid (d. 1.50) and sulfuric acid a t  -5'. After 
pouring onto ice and filtering, a 96.570 yield of 3,5-difluoro- 
2-nitroiodobenzene was obtained, m.p. 66.5-67.5'. An 
analytical sample was obtained upon recrystallization from 
petroleum ether (b.p. 40-60"), m.p. 66.5-67.5'. 

Anal. Calcd. for CGHZF~I~TOZ: N, 4.92. Found: N, 5.06. 
The amine group of 3,5-difluoro-2-nitroaniline16 was re- 

placed in the usual way with iodine. This was identical with 
the sample obtained above (melting point and mixture 
melting point). 

1,3-Di$uoro$uorenone. A mixture of 8 g. of 1,3-difluoro- 
5-iodobenzene, 11 g. of methyl o-bromobenzoate, and 11 g. 

(27) H. S. Gutowsky, D. IT7. McCall, B. R. McGarvey, 
and L. €1. XIeyer, J .  Am. Chem. SOC., 74, 4809 (1952). 

of methyl o-chlorobenzoate was treated (rapid stirring) with 
50 g. of activated copper (added gradually) a t  a tempera- 
ture of 200-210" over a period of 1.5 hr. Stirring mas con- 
tinued after the addition, for 0.5 hr., a t  a bath tempmature 
of 215-218". The product was obtained from the reaction 
mixture in the usual way with the cyclodehydration step 
carried out in polyphosphoric acid. A crude yield of 1.65 g. 
of the ketone was obtained. Chromatography of 0.2 g. of 
this material through alumina (benzene) gave two zones. 
From the faster moving band, light yellom- leaflets were ob- 
tained. Recrystallization from methanol gave 0.09 g., m.p. 
188-189'. The same material was also obtained by subliming 
the crude product a t  130-145' (bath) at 1 mm. 

Bnal. Calcd. for C1&F20: C, 72.22;  H, 2.80; F, 17.58. 
Found: C, 72.44; H, 2.94; F, 17.61. 

From the slower-moving band there was obtained 0.03 
g. of a yellow compound, m.p. 224.5-225.5', which did not 
sublime a t  145" (1 mm.). 

Anal. Found: F, 10.46. 
Further characterization has not been attempted. 
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Some N-fluorenyl nitrogen mustards postulated to give more or less tendency for ethylenimmonium ion formation have 
been designed. The ultraviolet spectra of these and related compounds have been determined, in both neutral and acidic solu- 
tions, with a view to studying quaternization (ethylenimmonium ion formation) and in order to correlate these data with 
possible biological activity. S o  ethylenimmonium ion formation occurs in most of the compounds reported and protonation 
of the amine nitrogen is achieved more readily with the amino, dimethylamino, or diethylamino groups than with the mustard 
group. It is tentatively concluded that a fluorene nitrogen mustard, properly substituted with strong electron donor groups, 
might exist, a t  leapt partially, in the ethylenimmonium ion form. 

Prior to this work,2 only two nitrogen mustard 
derivatives of fluorene have been reported in the 
literature, 2-N,N-di-(P-chloroethyl)aminofluorene3 
and its bromo analogue. 

In  view of the interesting biological effects of 
many nitrogen mustards, the variety of biological 
effects of many substituted fluorenes and the fact 
that 2-aminofluorene and a number of its deriva- 
tives are carcinogenic, we have synthesized a group 
of N,N-di-(P-chloroethy1)aminofluorenes and re- 
lated substances for their own chemical and bio- 
logical interest and as a background for further 
specifically tailored nitrogen mustards to be re- 
ported on shortly. We were interested in learning 
the effects of certain changes in the availability 
of the extra electron pair of the nitrogen atom of 
the mustard moiety, chemically, spectrally, and 

(1) This work was supported in part by a research grant 
(C-1744) from the National Cancer Institute, National 
Institutes of Health, U. S. Public Health Service. 

(2) Some of the material waR presented a t  the meeting 
of the American Chemical Society, New York, September 
1957. 

(3) W. Davis, J. 1 2 .  Everett, and W. C. J. Ross, J. Chem. 
SOC. 1331 (1950). 

ultimately biologically. It was recently suggested4 
that certain structural devices-for example, 
hydrogen bonding with the electron pair of this 
nitrogen-would tend to  stabilize the @-chloro- 
ethylamine form, thus retarding formation of the 
ethylenimmonium ion and prolonging or potentiat- 
ing physiological activity of the compound in 
vivo. We felt that this same general purpose could 
be effected in a series of compounds with the 
fluorene nucleus properly substituted with electron 
attracting or electron donating groups. For example, 
in the case of 2- N,N-di(P-chloroethyl)amino-7- 
nitrofluorene the electronegative nitro group would 
lower the availability of the electron pair on the 
amine nitrogen and thus inhibit quaternization. 

Some of the di-@-hydroxy compounds (See 
Table I) were prepared by the reaction of ethylene 
oxide in dilute acetic acid at  elevated temperatures 
and pressures in a bomb. As poor yields resulted 
with certain amines, the method of bis-&hydroxy- 
ethylation a t  room temperature5 was adopted. 

(4) C. Weatherbee, R. Temple, and W. J. Burke, J .  Org. 

(5) F. Bergel and J. A. Stock, J .  Cheni. Soc., 2409 (1954). 
Chem. 21,1138 (1956). 
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In cases where the amine was insoluble we added 
acetone to  the mixture to  effect solution. The yield 
and quality of the product was in general much 
better with the latter method. The 9-N1N-di- 
(,R-hydroxyethy1)aminofluorene was prepared by 
reaction of 9-bromofluorene with diethanolamine. 

In  general, if the intermediate hydroxy compound 
was soluble in chloroform, we chlorinated with 
phosphorus pentachloride; otherwise, this step was 
carried out with phosphoryl chloride (see Table I). 

Ultraviolet data for these nitrogen mustards 
and related substances are presented in Table 
111. It was first found that the spectrum of 2- 
N,N-di(0-chloroethy1)aminofluorene was very simi- 
lar to that of 2-N,N-diethylaminofluorene and that 
the spectra in dilute alcoholic hydrochloric acid 
were changed, and again quite similar to each other. 
The spectrum of the methiodide of 2-N1N-diethyl- 
aminofluorene was also almost identical with that 
of the hydrochloride. The change in the spectrum 
of N,N-diethylaminofluorene, in going from neutral 
alcohol to 0.1N acidic alcohol (protonized nitro- 
gen), or to the neutral solution of the methiodide 
(quaternized nitrogen) involved 1) a slight hypso- 
chromic shift (309 mp to 301 mp) and 2) the ap- 
pearance of new peaks (289, 266 mp in the former 
case; 289,267 mp in the latter). 

The spectrum of the analogous nitrogen mustard 
(Table 111; No. 4,4a15) in neutral solution had a 
maximum at  300 mp. In  acidic alcohol (0 .1 .~ 
concd. hydrochloric acid was added to absolute 
ethanol) there was no hypsochromic shift, but there 
was a new peak at 268 mp and a pronounced shoul- 
der. In  more strongly acid solution (0.2N) the three 
characteristic peaks, a t  301, 295, and 268 mp, 
were observed. Apparently the p-chloroethyl group 
itself has the same effect in this molecule on the 
unshared pair of electrons as protonization in the 
N,N-diethylamino compound with respect to the 
small hypsochromic shift. 

In  the case of the nitrogen mustard, the slight 
tendency to ionize and the spatial orientation (I) 
would appear to have altered electronic oscillation 
enough so that protonization causes no further 
shift in the 300 mp band. There is little, if any, 

6+ 6- 
CH, C1 

I 

-N-CH, 
\ 
‘c H c H c 1 

I 

observed6 that the 400 mp band of the 2-amino-T- 
nitrofluorene spectrum was hypsochromically dis- 
placed to  323 mp in 0.1N alcoholic hydrochloric 
acid. Presumably, in neutral solution, the unshared 
electron pair contributed to extended conjugation 
and a more planar structure; protonization, even 
in 0.1N acid, was sufficient to render the electron 
pair unavailable for conjugation and the solution 
became colorless. We obtained the spectrum of this 
weak amine in more strongly acidic (3N) alcohol 
(Table 111; No. 10): no further shift resulted but 
two shoulders appeared (301, 270 mp) which were 
suggestive of the extra peaks found in the spectrum 
of protonized diethylaminofluorene (and the methio- 
dide). However, in 6N acidic alcohol the main ab- 
sorption (327 mp) smoothly decreased to a mini- 
mum, about 250 mp, with no hint of shoulders. 

With 2-N,N-di(p-chloroethyl)amino-7-nitrofluo- 
rene (Table 111; KO. 16-19) a more strongly acidic 
solution (3N to 4N) was required to show band 
displacement from the visible part of the spectrum 
than with the 2-amino-7-nitro- or 2-dimethylamino- 
7-nitro derivatives. However, spectra of the 7-nitro 
mustard run at  several different acid strengths 
showed no hint of the complexity observed, even 
at  0.2N acidity, with 2-N,N-di(@-chloroethyl) 
amino fluorene. 

Thus far 7-N,N-dimethylamino-2-N’,N‘-di(p- 
chloroethy1)aminofluorene has been obtained only 
as a crude oil and we have made no spectral ob- 
servations. It is of interest, in this connection, 
that the spectrum of 2-N,N-dimethylamino-3- 
N’,N’-di(p-chloroethy1)aminofluorene (Table I11 ; 
No. 20,21) is complex, showing four peaks even in 
neutral alcohol. Solution in acid does not change 
the absorption appreciably. At first we assumed that 
this resulted from the strong electron releasing 
influence of the -N(CH& group making the un- 
shared electron pair on the mustard group nitrogen 
sufficiently available for completion of ethylenim- 
monium ion formation (11). In  the absence of 
sufficient present evidence, including a study of 
fluorene-3-nitrogen mustard and 3-N, N-diethyl- 
aminofluorene, it seems more likely that the 
multiple peaks, similar to  those observed in the 
quaternary compounds above, resulted from quater- 
nization of the -R(CH& nit,rogen (111). 

ethylenimmonium ion formation, however, as the 
extra peaks which occur in the spectra of the N- 
( : H) (CzHJ2: and the N( : CH,) (C2H6): derivatives 
are not present in neutral solution. The steric or 
other effect is sufficient to  require stronger (0.2N) 
acid to  protonize fully the -NR2 of the mustard. 

A similar series of spectra of the 7-nitro analogs of 
the foregoing compounds was studied. It had been 

Corresponding data for T-trifluoroacetamido- 
2-N,N-di(/3-chloroethyl)aminofluorene is also pre- 

(6) R. B. Sandin, R. Melby, A. s. Hay, R. N. Jone8, 
E. C. Miller, and J. A. Miller, J. Am. Chem. SOC., 74, 
5073 (1952). 
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sented (Table 111; KO. 22,23,24). There is a slight 
hypsochromic shift in going from neutral to acid 
solution, and in strongly acidic alcohol a new 
peak and shoulders are apparent.. 

The case of the 2,i'-bis(nitrogea mustard) 
(No. 25,26) is notewortshy and merits further 
study. When first dissolved in neutral alcohol the 
solution .is colorless. Upon standing, especially 
in light, a yellow color appears which can be dis- 
charged with strong acid. Addition of a solution of 
this compound, which has been standing in light 
for a short time, to a solution of diphenylpicryl- 
hydrazyl in alcohol discharges the color of the 
latter.' It is conceivable that, under the influence 
of light (and free radicals) and the electron releas- 
ing influelice of the nitrogen mustard group, an 
equilibrium results which iiicludes some of t,he 
compound having an ethyleiiimmonium ion on 
one of the rings. This form of the molecule would 
be stabilized like 2-amino-7-nitrofluorene by a 
contribution of the quinonoid structure containing 

the =N< group on the other ring.6 
We hope to  make further studies with this 2,7- 

dimustard compound and with 2-N,N-di-p-chlo- 
roethylaminofluorene having strong electron donat,- 
ing groups at  the 7-position. If we can obtain 
multiple absorption bands, as discussed above, but 
in neutral solution, we will then presumably have 
a molecule a t  least partially in the ethylenim- 
monium ion state. 

+ 

EXPERIIIENTAL 

General preparation of dz(p-hydroxyetky1)aminojluorenes. 
Method A.3 A ratio of 4 to 9 moles of ethylene oxide to 1 
mole of the amine was heated in a stainless steel bomb at 
130-156" r i t h  2N acetic acid (1 g. of amine to 1 ml. of acetic 
acid solution) for 2.5-13 hr.; the mole ratios and timr dr- 
pended on the nature of the amine. Thc bomh presbures 
ranged from 110-130 p.s.i. The crude product was ground 
in a mortar with warm water, neutralized with sodium 
carbonate or ammonium hydroxide solution, filtered, washed 
well with water, and dried. Usually the di(p-hydroxj ethyl)- 
amino product was recrystallized from ethanol (Darco). 

Method R.5 One gram of the amine and 12 ml. of water 
were mixed and sufficient warm glacial acetic acid added to 
effect solution. Ethylene oxide (15 to 20 moles) was added 
to the cooled solution (30 to 40'). The higher ratio of oxide 
was used with weak amines and the solution was permitted 
to stand from 48-70 hr. The resulting mixture v" neutral- 
ized and the product filtered and recrystallized, usually from 

(7) C. E. I f .  Bawn and Y F. LIellish. Trans. Faraday 
Sac., 47,1216 (1951) 

(35'i.; ethanol. In general, better yicldr and purer products 
resulted from method B. 

General procedure for chlorimting di( p-hydroxgeth yl )amino- 
Juorenerr. Method A .  When the amine was soluble in chloro- 
form it was chlorinated in this sclvent with a slight molar 
excess of phosphorus pentachloride IC a round bottom flask 
under reflux (drying tube) for 1 hr. The -ooled solution was 
poured over ice and stirred and the chloroform layer sepa- 
rated, dried, and evaporated on the steam bath. The residue 
was purified by recrystallization from absolute ethanol or 
by dissolving in benzene and passing through a short 
column of alumina and then recryst.allizing from absolute 
et,hanol. 

Xethod B. The di(p-hydroxyethy1)amine compound was 
dissolved in an excess of phosphoryl chloride (1 g. of amine 
to 2.5 ml. of phosphoryl chloride) in a round bottom flask 
and the mixture was heated on the hot water bath for 1 hr. 
under reflux (drying tube). The excess phosphoryl chloride 
was then distilled under vacuum on the steam bath. The re- 
sulting solid was dissolved in acetone and the solution poured 
over ice, with stirring and subsequent neutralization, t,o 
yield the fluorenyl mustard. This was recrystallized, after 
filtering and drying, usually from absolute ethanol. 
8-N,N-Di(p-hydroxyethyl)~mi?,ojuorene. To 45 g. (0.184 

mole) of 9-bromofluorene mas added 37 g. (0.352 mole) of 
diethanolamirie in 20 ml. of absolute ethanol; the mixture 
was heated for 1 hr. on the steam bath in a 300-nil. flask. 
This was then boiled on a hot plate for 10 min. with addit.ion 
of 50 ml. of 95% ethanol. Darco was then added, boiling 
was continued for a few minutes, and the solution was fil- 
tered hot. Boiling water was added t o  the point of precipita- 
tion. A yield of 29 g. of white cryetais resulted, m.p. 95- 
98.5". Second and t8hird crops gave an additional 16.6 g., 
m.p. 95-98", giving a total yield of 91.5yc. 

An analytical sample was obtained after four recrys- 
tallizations from ether, m.p. 97.5-98' (cor.) 

Anal. Calcd. for C17HlaOJV: C, 75.81; H: 7.11; K, 5.20. 
Fourid: C, 75.92; H, 7.24; X, 5.42. 

y-,V,N-Di(P-chloroethyl)aminojuorene hydrochloride. To 
suspension of phosphorus pentachloride, 1.03 g (0.0093 
mole), in 20 nil. of dry chloroform in a 100 ml. flask equipped 
with a reflux condenser and a drying tubc, 2.1 g. (0.0078 
mole) of S-N,AJ-di( p-hydrosyethy1)aminofluorene was gradu- 
ally added in a few minutes. After refluxing for 1 hr. and 
cooling, the mist,ure V-M poured over ice and stirred. The 
chloroform so1ut)ion was separated and evaporated yielding 
2.65 g. (qiiant,.) a8 the hydrochloride fait of the nitrogen 
must,ard. Upon neutralization of a small samplc, the amine 
came out as an oil. After heating the hydrochloride witsh a 
M1.e 2N hydrochloric acid, the dried product was recrys- 
tallized from a chloroform-ether solut8ion four times and 
once from ethanol to yield a white salt, melting over a range 
to 138". 

Anal. Calcd. for C17H,,C1,N: C1, 31.04; 5,  4.09. Found: 
CI, 31.77; N, 4.27. 

2-A7,W-Diethylaminojuorene methiodide. This wap pre- 
pared in t,he usual way, the analytical sample being obtained 
after two recrystallizations from absolutc ethanol, m.p. 
183-184" (see Tahle I1 for analyses). 

'7-Din~ethyEamino-2-N,N-di-( p-chloroethy1)aminojluorene. 
Thus far, this has been obtained, as abovr, only as an oil. 

SEATTLE 5, JF'ASH. 


