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A number of new halogenofluorenes have been prepared and characterized. Chlorination of K-2-fluorenyl- 
acetamide and 5-2- (  9-oxofluoreny1)acetamide and some of their derivatives has been studied. With excess 
chlorine Y-2-fluorenylacetamide and 5 - 2 - (  7-chlorofluoreny1)acetamide give N-2-( 1,3,4( ?),7-tetrachlorofluoren~~l)- 
acetamide3 (I), whereas ?J-2-(6-chlorofluorenyl)- (LVII), and N-2-(6,7-dichlorofluorenyl)aretamide (LXJ'III) 
give K-2-( 1,3,4(?),6,7-pentachlorofluorenyl)acetamide (V). Monobromination or monochlorination of 5 - 2 - (  9- 
oxofluoreng1)acetamide and its derivatives gives the 3-substituted halogenofluorenes exclusively. The anti- 
tumor activity of some of these compounds is reported; four have "specificity" a t  the 99.77, confidence level 
against Adenocarcinoma 755 (see Table 111). 

In  a broad study of fluorene substitution reactions 
we have examined the chlorination of 2-acetamidofluo- 
rene (S-2-fluorenylacetaniidej and some of its deriva- 
tives, and have prepared many new polyhalogenated 
fluorenes and elucidated their struct'ure. These com- 
pounds were submitted to the Cancer Chemotherapy 
A-ational Service Center and several have shown i'ar- 
ious degrees of antitumor act'ivity in animals including 
four, thus far, with "specificity" at, the 99.774 con- 
fidence level4 against Adenocarcinona i 5 5 .  The reason 
for such activity is obscure and we expect to  extend this 
study to include analogous compounds in other ring 
systems. 

Halogenation of fluorene and its derivatives has been 
studied by a number of  investigator^.^ The 2-position 
in the unsubstituted fluorene inolecule is the most 
readily halogenated site. Recently fluorene has been 
chlorinated by means of K,X-dichlorobenzenesulfon- 
amide to give 2,7-dichlorofluorene and a trichloro- 
fluorene (m.p. 126-127 "j6 of unspecified structure, 
which agrees with our 2,3,i-trichlorofluorene (LXXIII). 
Sitration of the former compound gave the 3-nitro 
de r i~a t ive ,~  which was converted to a trichlorofluorene 
(m.p. 213-214°),8 said to be the 2,3,7-isonier, by may 
of 3-amino-2,7-dichlorofluorene. We have chlorinated 
fluorene with three equivalents of chlorine in acetic 
acid, obtaining 2,7-dichlorofluorene as the main product 
with a small amount of 2,3,7-trichlorofluorene (LXX- 
111). Sitration of the former and oxidation gave 2,7- 
dichloro-3-nitro-9-oxofluorene7 (we agree thus far with 
Kretov, et al., as to n:eltiiig point). Reduction 
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(4) See Table III. footnote d. 
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gave 11s the amine (LIII)  melting at 265-266' 
(]its7 m.p. 208-209"), but our S-acetyl derivative 
has the same melting point as that reported in the 
literature. We converted this to 9-oxo-2,3,7-trichloro- 
fluorene (XXI) (m. p. 183.5-184') (lit.* n1.p. 265-266'). 
We cannot explain the discrepancy in melting points of 
LIII  and XXI as compared with the literature, a dis- 
crepancy which arises three steps after the chlorination. 
We not only prepared XXI as just described, but also 
both by dichromate oxidation of 2,3,7-trichlorofluorene 
(m.p. 127.5-128.5 ") (LXXIII), obtained as above but 
in higher yield with fluorene and a large excess of chlo- 
rine, and from 3-amino-2,7-dichlorofluorene through a 
Sandmeyer reaction and oxidation. E'urthermore, our 
melting point for 3-amino-2,7-dichlorofluorene is the 
same as that reported by Kretov. 

With an ortho-para-directing group, e.g., amino or 
acetamido, situated at Cz, the substitution in the 
fluorene nucleus takes place readily a t  Cs or C7 and less 
readily at C1 and other sites. Bromination of 2- 
amino-, 2-p-toluenesulfonaniido-, and 2-acetamido- 
fluorene with molecular bromine gave 1,3-dibromo-, 
3,7-dibrorno-, and 3-, 7-, or 1-monobromofluorene 
derivatives, depending on  condition^.^^ Nonochlo- 
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- x  excess Clz, 80° Y- 
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1:ig. 1 -Infrared absorption :It 900-800 m i  (1.5-1.8 rrig 
per :500 iiig of potassium bromide on R B e c h m  IR-5) of (1) 
S-2-( 1,3,~(?),6,;-pentnchlorofluoren~ 1):tcetnriiide (Y); (2 )  9-oxo- 
~~,B,7-trichluro-3-fluorenamine (XXST 111): ( 3 )  S-2-( 1,3,4(?),7- 
tetrnc.Iilorofluoren~l)nc.et,zri~ide (I): (4) S-2-~i-nitro-1,3,4('? )- 
triclilorufluoreni 1)acetannde ( \ T I ) ;  (5) X-2-( i-fluuro-l,.3~4[' )- 
trichlorofluoren~1)ncetainide ( \  I )  : (6) I-%( i-brorno-1,:3,4(? )- 
triclilorofluoren~1)acetamide (I\-) 

riiiatioii of n'-3-fluoreiiylacetaiiiide or S-2-(9-oxofluo- 
rciiy1)acetamide with iiiolccular cliloriiie gave the 14- 
cliloro S-3-I:liioreiiylacetamide in glacial 
acetic acid ( 2 3 O ) ,  coiitaiiiiiig a siiiall amouiit of ferric 
cIiloi*ide, with thrre iiiolai, eclui\*aleiits of cliloiiiie gal-c 
ii,i S-2-((:3,i-dicl.ilorofluor~~iiyl)acetaniide (11). This 
had also beeii obtaiiied by chloririatioii of either S-2- 
(:3-clilorofluoieiiyl)acetamide (T,T-I) or S-Z(i-clilo- 
rofluorenyl) aceta~i i ide~ '~ with two iiiolar cquiv:deiits of 
chlorine. Likewise, iiioiiocliloi~iiiatioi~ of S-2-(7-cliloro- 
9-oxofluoreny1)acetaiiiide (LIS) or dicliloriiiation of S- 
2-(0-oxofluoreiiyl)acetaiiiide led to the foriiiatioii of 
N-2- (:i,'7-dichloro-9-osoAllorellv I)-acetamide (S) iden- 
tical (iiiixture meltiiig point aiitl infrared spectra) with 
thr  oxidation product of 11. 

Halogeriatioii of 7-subst ituted S-2-fluoiwiylacet- 
amide or 2-fluoreiiaiiiiiie gave 1,X-disubstituted or 
l,:S,4(?)-trisuhstituted coinpoiind~.~ Bromination of 
li-iiitro-3-fluoierianiiiie gave the 1 ,S-dibromo derivativc 
(XYII),  and of i-broiuo-2-fli~oreiiaiiiiiie gave 1,;3,li- 
tril,roi~io-2-fluol.enai~iiiic. (XVIII). 111 the cliloriiiatioii 
ot tlicsr i-substituted S-2-fluorenylacetaiiiides. tri- 
ch1oi.o (1 ,:3,4?) derivativeb wcrc obtained as sum- 

20 I 
900 820 8 0 0 c m - '  900 

(!)) 1 Hell  and ,J. 1. Gibson, J .  Cheru. Soc.,  3360 (195;) 
I 10) b. ichul i r ian,  J .  Org Chen., 14, 362 (1949). 

iiiarized in the structures. The deactivating effert 01' 

tlie i-iiitro group lowered t hc yield of tlic tricldoi o 
compound aiicl, ah a coiisequeiice, a siibstaiitial anioiiiit 
of the 1,:3-diclilol*o derivative was obtaiiietl. iw KHCOCH3 

X w I \ H C O C H I  LVII, X = H  
LXVII, x = c1 X=Br.  C1, F, NO2 

excess Cln, excess C L  50' 
\5o-(f3::;:) \s 1 (30-54%'0) 

c1 (?) 
X w1 \ / \ / NHCOCH3 

x -  @:HcocH. \ I 

V, x=c1 c1 CI 

IV, x =El ( 4 6 9  

~ 7 1 ,  x = F (77%) 
VIII, x = S02(17%) 

excess &, 500 
1, x=c1 (26%) <=\ 

NHCOCH3 (Plus 55% of 1,3 (CI), 
deiibative, VII) 

As sliowii iii the structural diagrams, attempts to  
obtain a peiitacliloiiiiated S-2-fluorenylacetamide by 
chlorination of this aiiiide or of S-2-(7-chlorofluorenyl)- 
acetaiiiide failed. JIon ever, we w r e  able to obtain 
S-2-(1.X,4(9),(i,7-peiitachlorofluorenyl)acetamide (Y) 
froiii tmth \;-2-(Ci-chlorofluoreiiyl)acetamide (LT'II) 
aiid 5-2-iii.i-djchlorofluoreiiyl)acetaliiide (LXVIII). 

The iiiiiaicd spectra of I, IV, 1-1, aiid VI11 show 
strong absorptioii at 818-821 c~ i i .  -l which is absent i n  
the spectra of' the. peiitachloro-2-acetaniidofluoreiie 
(I7) and '3-0?;0-~:,0,7-tricIilo~o-2-fluore1laiiiiile (XXX- 
T'III) (I'ig. 1 ) .  The. preseiice of ail absorption barid in 
this iqzjoii :ii&ea from the C-H out-of-plane beiidiiig 
vitwatioii of tlw t1Y-o adjacent hydrogen a t o r "  iri 
position< 5 ;tiid (i i i i  tlic fluorene nucleus. From this 
evideiicc a id  the fact tliat ~uiless a G-chloro u-as already 
i i i  positioii. i i ~ i i t '  01' these cliloriiiations yieldrd a (i- 
cliloro polycliloiiliated delivatire (which could have 110 

absorption ut 820 ciii. - l ) ,  we infer that in polychloriiia- 
tioii of' S-2-fliioreiivlacetaiiiidc or its 7-substituted 
deiiyatives, the third eiiterilig cliloriiie atom is in thc 
1- positloll 111 compoiiiids I,  IT', T-I, arid VIII. 1;or 
several imsoii? position 8, the oiily otliei oiie a \ ~ d a h l c ,  
n-ould semi highly uiilikely. 

1 - 2 -  (&('I ilorofl uorc.riyl) acetamide ( LVI I) ,  w kry 
iiitei iiiediatc. I I I  ehicidatioii of the structures of I ,  I\ ', 
1-1, a d  Y I I I .  \vas aynthesixed starting with S-'L-(:S- 
c~l~Ol'o-'3-oxOflll(Jl ciiy1)acctaiiiide (Ix) ivhich war; pl'e- 
pared i i i  liigli yiclcla hy method C (Experimental). 
Hydrolysis ol' this aiiiide followed by trifluoroacetyls- 
tioii gave S-%-(:hhloro-$oxofluorenyl)trifluoroacet- 
amide (XLLII). Sitiatiori of IX and XLIII gave, 
i espect ivrly, 1 -2- ( ,{-cIi Ioro-i-iiitro-9-oxofl~ioreiiyl) acet- 
ainidc (XI-) aiid 1~-2-(;~-chloro-7-nitro-9-oxofluorenyl)- 
trifluoroacet3iiiitlc ( X1,IV) in good yield (method 11). 

( I  1 1  a i  I, J BtILiiiij r i l e  Infra-red Yijectra of Coiiir~lex 1.Iole~ules 
2nd.  I d (b) 
Ii. Ssianis i i i  ' lnfrnrrd \bsorImori apectroscopy--Practlcal,'* Holden-nay. 

John it  lie, ;Inti buns, l r ic  , Neir  l -ork,  N. Y., 1958, p. 78; 

11 1 rrl.iicis( o, C i l i f . ,  1061, p 16 
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Q-JJ NHCOCH3 

Unsubstituted 

7-Acl;H 
7-Br 
3-C1 
6-C1 
7-C1 

6,7-Di-CI 
7-F 
7-NOZ 

9-oxo 

6-Cl-9-OxO 
7-C1-9-OXO 
6,7-( Clz)-9-0~0 
7-F-9-OXO 
3-SOz-9-OXO 
7-NOz-Q-OXO 

a In large excess. 

ANTITUMOR HALOGENOFLUORENES. I 

TABLE I 
CHLORIXATION O F  N-2-FLUORENYLACETAMlDES 

Molar 
equiv. Reaction Reaction ----Product---- 

of temp., 
chlorine 0 C. 

3 25 
50-60 

Q 50-55 
50-55 

2 25 
50-60 

a 50-60 
2 25 
a 60-66 

50 
65 

a 80-85 
1.1 40-45 

80 
1.1 50 
1 . 3  50 
2 90-95 
1 . 2  50-55 
1 90-95 
1 . 4  60 

a 

The structure of XV was established by monochlorina- 
tion of X-2-(7-nitro-9-oxofluorenyl)acetamide (method 
C) which gave the same chloro compound. Hydrolysis 
of XV or XLIV gave the amine XXXVI. Deamination 
to 3-chloro-7-nitro-9-oxofluorene (LV) (method I) 
followed by reduction gave 6-chloro-9-oxo-2-fluoren- 
amine (XXXIV) which was reduced to 6-chloro-2- 
fluorenamine (XXXIII). 

O z N v N H C O C H .  

XV, X = H  NHCOCX, 

(96%) 
XLIII, X = F 

(76%) 

c1 1. SnC12-HC1 
W N H C O C H s  - 2. P -HI OzN 

3. A c ~ O  
II 
0 

LV 

(60%) 
LVII 

Acid hydrolysis of K-2-( 1,3-dichloro-7-nitrofluo- 
reny1)acetamide (VII) to  XXXVII followed by de- 
amination and dichromate oxidation gave 1,3-dichloro- 
7-nitro-9-oxofluorene (LXVII). The latter structure 
was proved unambiguously by an Ullmann condensa- 
tion between 3,5-dichloroiodobenzene and methyl 
2-bromo-S-nitrobenzoate, followed by hydrolysis of the 
ester and cyclization in polyphosphoric acid. 

Hydrazine hydrate-Raney nickel reduction12 of 
VII, to ~-2-(7-amino-l,3-dichlorofluorenyl)acetamide 

(12) T. L. Fletcher and  hl. J. Namkung, J. Org. Chem., 23, 680 (1958). 

time, 
hr. 

14 
1 
5 
3 . 5  
6 
3 
2 
6 
3 . 5  
3 
5 
6 
5 
9 
2 
2 
0 .5  
1 . 2  
5.5 
4.5 

Method 

A 
B 
A 
-4 
B 
A 
A 
B 
A 
A 
A 
A 
C 
A 
C 
C 
C 
C 
C 
C 

No. 

I 
I1 
111 
I V  
I1 
v 
I 
I1 
T' 
VI 
VI1 
1-111 
I X  
S 
XI  
X 
XI1 
SI11 
SIT 
XV 

33 

Yield, 
70 
50 
31 
93 
46 
37 
54 
26 
58 
30 
77 
74 
17 
88 
58 
93 
83 

100 
66 

< I  
43 

(LXII), was followed by deamination to  S-2-( 1,3- 
dichlorofluoreny1)acetanide (LX) which could not be 
obtained by direct chlorination. Dichromate oxida- 
tion of LX gave a high yield of S-2-(1,3-dichloro-9- 
oxofluoreny1)acetaniide (LXI) . 

Br r WoocH3+ cl,&,cl 2 ,  1, HOAc Cu,215' 65:,H2O4; 

reflux 

NO2 

0,N COOH 
c1 

1 ,  NaNOL HCI 
2 ,  HJPOI 

02N 

0 c1 \ LXVII 

c1 
XXXVII 

~-2-(1,3-Dichloro-7-fluor o flu or en  y 1) ac  e t ami  d e 
(LXIII) was prepared by diazotization of LXII in 48% 
fluoroboric acid followed by decomposition of the di- 
azonium fluoroborate in boiling xylene. h7-2-( 1,3,7- 
Trichlorofluoreny1)acetamide (LXIX) was prepared 
from LXII through a Sandmeyer reaction. 

Chlorination of ~~-2-(9-oxofluorenyl)acetamide and 
its derivatives with equimolar (or slightly excess) 
chlorine gave the 3-chloro compounds exclusively 
(Table I). Likewise, monochlorination of N-2-(6- 
chloro-9-oxofluoreny1)acetamide (LVIII) led to Y-2- 



3 -1 HSI-LUNG PAN AKD T. LLOYD YLETCIIER Vol. 7 

x";0 
I 

I1 

111 

1\' 

v 

V I  

vi I 

VI11 

I S  

s 

1 1  

XI1 

XI11 

XIV 

s 1' 

S Y I I  

XVIII  

XIS 

-1 s 
SSI 

1x1 1 

X S I I I  

S S l V  

s S\' 

XXVI 

S X V I I  

SXYII I  

SSlS 

XXX 

S X X I  

XXXII 

XXXIII  
XXXIV 

sxxv 
XXXVI 

S S X Y l I  

TABLE I1 
s A N D  DXRIV.WIVES 

I .  ~ i n p i r i c ~  - - , C" - - 
X-2-(1,3,4(?),7-Tetra- 282-283.3 " e C1sH*Cl,NO ,I!! !IO .io 0 1  

Naiiie 

chlorofluorenyl) acetamide 
N-2- (3.7-Dichlorofluo- 265-286 ' ( , s l I t , (>IzSO lil OG 152 Oli 

renyl) acetamide 

tetrachlorofluoreny1)- 
acetamide 

chlorofluoreny1)acet- 
amide 

chlorofluoreny1)acet- 
amide 

chlorofluoreny1)acetamide 

fluoreny1)acetaniidc 

ehlorofluorenyl) acetamide 

reny1)acetamide 

fluoreny1)acetamide 

fluorenyl) acetamide 

fluorenyl) acetaniide 

oxofluorenyl) acetamide 

oxofluoreny1)acetaniide (<  I? 

oxoR uorenyl)scetaniide (A:<? 

~-2-(7-Acetaniido-l,3,6.8- 332-33:3 c ('!:I l i d  'I, 4 x  8:: 18 .>I 

N-2-(7-Uromo-l,3,4(?)-tri- 281-282 " ('dlu1:rCliSO - t 1 . 1 : 1  11. 15 

N-2-(1,3,4 (?) ,6,7-Penta- 30ti-307 c '. ( ' IEILC'IS>~O 12 33 15 X 

X-2-(7-Fluoro-l,3,4(1)-tri- 2iti-277 ' ('islIs(:lal'NO ,>2 .  28 ,ji. -&!I 

N-2-(1,3-Dictiloro-7-nitro- Pti5-266 ('iaHl"Clnx?OJ 23 4:s 3 3 . 2 3  

K-2-(7-Nitro-I,3,4(?)-tri- 201-2!)2 ' '' ('in11rClaSnOa 18. 18 18 62 

~-2-(3-Chloro-Y-oxofluo- 283.:-26~. 5" ' (:r~lILuCiKO.. titi .31 tic; x:i 

5-2- (3,7-Uichloro-Y-oxo- "(11-292 (. ' Cis11~('1?SOn 2 8 . 8 3  ;Ih Iii 

X-2- (3.6-Dichloro-!r-oxo- :+"-324 c 

N-2-(9-0xo-3,6,7-trichloro- 325-328 e ~:~slIaCi:,NOr 32 ! io  2 2 .  77  

K-2-(3-Chloro-7-Buoro-9- 2!10.5-291.3 ('ia1IoC'lf;NOr 6 2 ,  I!) ti2 :38 

N-2-(7-Chloro-3-nitro-D- 310-:111 ! I 3  IJ ( . ' ~ ~ I I Q C ~ X ~ O ~  ,7li.8!! 3: 8.; 

N-2- (3-Chloro-7-nitro-'- 319-320 7 3  1) ( ' , s l I s ~ : I s n O ,  ;ti 8!1 3 7 . 0 3  

N-2-(3-11roii~0-7-fluoro- 284 5-2:13 87 I: ( : : ~ l l ~ ~ l J r l : S O  3; 27 iti.3!1 
fluorenyl) acetamide 

1,3-Dibroriio-7-1iitro-2- 231-231.3 87 E (.disI:rzNz(h 4 0 , G f j  IO tii 
fluorenamine 

1,3,7-Tribromo-2-fluoreti- 208-200" 83 1; C'dIsllrJ :%i :i(i : i ? . ( i I  

'J-Dronio-2,3,7-trici~lor~,- 1!)0.3-101 30 1' CI:~IIb13rc'l; +1 81 11 i l  
amine 

fluorene 

2,3,7-TricliloroBuoren-~-u~ 175-175.5 100 54 68 .i I 70 
9-0xo-2,3,7-tricl1loroflu~- 183. 5-18iB 83 63 0 7  .i,i 00 

reile (68") 

a~riino)-7-chlorofliiorerie 

amino) -7-cliloro-!)-oxo- 
fluorene 

anrino) -3-chloro-9-oxu- 
fluorene 

aniino)-3-chloro-9-oxo- 
Ruorene 

2-(2-Chlorobenzyliden- 196.3-197.5 '38 G LIP~.Ii13Cl?S 

2-(2-Chlorobonzyliden- 216-217 38 G C ~ U I I I I C ~ ~ S O  6 6 . 2 0  i ih.41 

2 -  (2-Clilorobenzyliden- 221-225 80 G CZOIIII(~I?SO tis. eo tis. 10 

2-(3,4-I)iclilorobenzylidell- 234-255 '30 G ( ' y ~ ~ I I o C 1 3 S o  ti:! 1% (i2 B!! 

3.9-Dibi orno-2-Buorena- 80 C ~ d I ~ l 3 r ~ N ~ l I l ~ r  3 7 .  18 :17.20 

2-A~nino-:~-brorrio-7-fl~rori~- 21.1. 2 -213 $13 ('1a1r91:rI."0 5:<.0o >:j 06 

3-Uroin0-7-fluoro-O-oxo-~- ?17-218 92 ' (11311~13rl'NCJ 

mine hydrobromide 

fluoren-9-01 

fluorenanline 

3-1Jroino-7-nitro-2-fluorer1- 2 3 5 .  5-236, Tr :3 CialInl3rXdh 

3-Dromo-7-nitro-'J-oxo-~- 28ti. 5-287.5 Xi " (:iai<,DrS?Os i 8 . g : j  4 8 . ~  
amine 

fluorenamine 

3-Eron10-6,7-dichloro-~- 326-327 50 i Cialiol3rCipNO 

3-Chloro-9-oxo-2-fluoren- 204-201. j' 81 "' C I ~ I T B C ~ N O  (i7. $1:) 6 i .  97 

6-Chloro-2-fluorenamine H7-R8 63 C,3HlOCIN i?:',!i 7 2 3 8  
6-Chloro-R-oxo-2-fluoren- 221 .5 -222 .5  78 " C131lsClNO f i 7  9!1 67.78 

oxo-2-fluorenamine 

amine 

amine 

renediamine 

fluoreriariiine 

Buorenainine 

3-Chloro-9-oxo-2.7-fluo- 264-266 92 " LI13119C1SK~ 

3-Chloro-7-nitro-9-oxo-2- 305.5-306.5 80 C1Nn03 313.85 57.00 

1,3-Dichloro-7-nitro-2- 233-234 8 i  ''l ('IalI.Clrs?O? 

1 7 1  1 .W 
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TABLE I1 (Conlinued) 
h1.p.. Yield, Empirical ---% C'--- ---% H-- ---'3 N-- 7- % Cl--- 

No. Name OC.' % Method formula Calcd. Found Calcd. Found Calcd. Found Calcd. Found 
339-340 43 CiaHoClsNO 4.69 4 .80  35.63 35.27 X X X V I I I  9-0xo-3,6,7-trichloro-2- 

X X X I X  N-2-(7-Nitrofluorenyl)di- 243-244 82 P CiaHioClzNzOs 53.43 53.71 2 90 2 .88  8 31 8 .42  
fluorenamine 

chloracetaniide 

fluoroacetainide 
X L  N-2-(7-Bromofluorenyl)tri- 232-233 95 CioHpBrFaNO 50.59 50.71 2.55 2.74 3 . 9 3  3 .96  

X L I  N-2- (3-Bromo-9-oxofluo- 251-252 99 q CibHjBrFsNOz 48.67 48.69 1 . 9 1  1 . 8 8  3 .79  3 .61  
renyl) trifluoroacetamide 

X L I I  N-2-(3-Bromo-7-nitro-9- 252-253 75 1) C1~H&rF3Nz0( 43.40 43.28 1 . 4 6  1 . 4 0  6 .75  7 .00  
oxofluorenyl) trifluoroacet- 
amide 

N-2-(3-Chloro-Q-oxofluo- 
renyi) trifluoroacetamide 

N-2- (3-C hloro-7-ni tro-9- 
oxofluorenyl) trifluoro- 
acetamide 

2-Bromo-9-oxo-1-8 uoren- 
amine 

2,4-Dibromo-9 .oxo-l- 

2,7-Dichlorofluorene 

6,7-Dichloro-2-fluoren- 

fluorenamine 

amine 

55.32 56.44 2 17 2 . 1 8  4 .30  4.32 

56.89 56.85 2 87 2 .94  8 S5 8 . 6 5  

X L I I I  

XLIV 

219-250 

250.5-251 

86 q 

70 D 

CisHjClFaNOz 

CiaHuCIF3Ns04 11.36 11.20 

Ur  
29.15 

Rr 
29.22 5 .11  5 .01  XLV 179-179.5 35 " 

l3r 
45.27 

30.16 

28.35 

R r  
45.88 

29.89 
30.15 
28.22 

Rr 
26 97 

n r  
23.24 

23.84 

44.23 44.48 2 .00  2 .11  3 . 9 7  4.19 XLVI 

XLVII  

XLVIII  

2 10-2 10 .5  

125-126' 

186.5-187.5 

10-83 " 

52 

70 n 5 , 6 0  5.30 

n r  
26.85 

Br 
23.16 

239-240 84 0 CiaHjClzNO 5.30 5.17 X L I X  6,7-Dichloro-9-oxo-2- 
fluorenamine 

N-2- (6,7-Dichloro-9-oxo- 
fluorenyl) acetamide 

2.3-Dichloro-7-nitro-9-oxo- 
fluorene 

3-hmino-2,7-dic hlorofluo- 
ren-9-01 

2,7-Dichloro-9-oxo-3- 
fluorenamine 

9-Bromo-2-fluoro-7-nitro- 
fluorene 

3-Chloro-7-uitro-9-oxo- 
fluorene 

N-2-(3-ChlorofluorenyI)- 
acetamide 

N-2-(6-Chlorofluorenyl)- 
acetamide 

N-2-(6-Chloro-9-oxo- 
fluoreny1)acetamide 

N-2- (7-Chloro-9-oxofluo- 
renyl) acetamide 

N-2-( 1,3-Dichlorofluo- 
reny1)acetamide 

N-2-(1,3-Dichloro-9-oxo- 

L 

LI  

LII 

LII I  

327-328 

220-221 

206-207 

265-266t 

81 

53 H 

96 I 

78 

CiaHgClzNOz 

CiaHsCIsN03 

CiaHgClzNO 

C L ~ H I C I ~ N O  

58.85 59.15 2.91 3 . 3 0  

53.09 53.47 1 . 7 1  1 .91  4 .76  4.96 

5 .27  5 .45  

59.12 59.13 2.67 2.66 5 .30  5.25 

24.11 

26.85 

Br 
25.94 

13.66 

13.76 

13.76 

26 .73  

Rr 
25,YO 

13.44 

13.73 

13.80 

LIV 

LV 

LVI 

LVII 

LVII I  

L I X  

LX 

L X I  

172.5-173.5 

288-289 

211-212" 

219-220 

301.5-302.5 

276.5-277 

238.5-239.5 

261.5-262 

62 F 

80 I 

55 

85 

75 

97 

33 

48 

s 

8 

1) 

h 

CtaH~BrFNOz 

CnHoClNOa 

CiaH1zCINO 

C.sHieClNO 

C ~ ~ H I U C ~ N ~ Z  

CiaHiuCINOs 

CiaHiiCIzNO 

Ci.HeC1zNOz 

50.68 51 .06  2.29  2 . 3 3  4 . 5 5  4 .48  

60.14 60 .23  2 .33  2 .47  5.40 5 .41  

69.91 69.78 4.69 4 .74  5 .44  5.48 

69.91 69.84 4.69 4.66 5.44 5 .30  

66.31 66.02 3 . 7 1  3 . 7 3  5 . 1 6  6.22 

66.31 66 .13  3 .71  3.49 5 .16  5 .20  

0 l . fG 61.87 3.80 3 . 9 5  4 .79  4 . 7 0  

4 . 5 8  4 .40  

24.27 24.31 

fluoreny1)acetamide 
L X I I  N-2-(7-Amino-1,3-dichloro- 236-237 77 IO CisHieCIzNzO 58.65 58.54 3 .94  3 .73  9 .12  9.09 

fluoreny1)acetainide 

fluoreny1)acetamide 

tetrachlorofluoreny1)- 
acetamide 

chloro-9-oxofluorene 

L X I I I  N-2-(1,3-Dichloro-7-fluoro- 268-269 40 CisHioClzFNOZ 4.52 4.40 22.86 22 .85  

LXIV N-2-(9-0~0-1,3,4(?),7- 278-279 73 * CisHiChN01 48.04 48.08 1.88 2.09 3 . 7 4  3 .67  37.82 37.57 

LXV 2-(3',4'-Dichlorophenyl)-3- 221.5-222.5 17 CioHsClaO 63.45 63.99 2 .52  2.45 29.58 29.84 

LXVI 1,3-Dichloro-7-nitrofluorene 192-193 30 @ CIIHIC~ZNOZ 55.74 55 93 2 .82  2 . 8 0  5 . 0 0  4.82 25.32 25.20 
LXVII  1.3-Dichloro-7-nitro-9-oxo- 286-287 23 C~aIIaCIeNOa 53.09 53.16 1 . 7 1  1 . 4 0  4.76 4.64 24.11 23.87 

LXVIII  N-2-(6,7-Dichlorofluo- 227.5-228.5 86 CisHiiClzNO 61.66 61.96 3 .80  3 . 9 9  4.79 4 .72  24.27 24 .28  

L X I X  N-2-(1,3.7-Trichlorofluo- 242.5-243.5 45 H CiaHisClsNO 55.16 53.06 3.00 3 .30  4.29 4.17 32.57 32.68 

L X X  3,6-l)ichloro.9-oxo-2- 286.5-287 35 

L X X I  3.6-Dichloro-9-oxofluorene 300.5-301.5" 74 I CcaHaClzO 62.68 62 .85  2 .43  2.58 
L X X I I  N-2-(3-Bromo-7-fluoro-9- 291-292 76h CisHoBrFNOz 53.92 54.00 2 .72  2.90 4 .19  4.06 

L X X I I I  2,3,7-Trichlorofluorene 127.6-128 33 ClaHiCla 57.92 58.04 2 .62  2 .80  39.46 39.39 

fluorene (32h) 

reny1)acetamide 

reny1)acetamide 

fluorenamine 
CiaHrCIzNO 5 .30  5 2 1  

oxofluoreny1)acetainide ( 5 5 i j 9  ivs 

All melting points below 250" were taken on a Fisher-Johns block and are corrected to  standards. The melting points above 250' 
were taken with a Hoover capillary melting point apparatus and are uncorrected. * A. Bernhardt, RIulheim (Ruhr), and Schwarzkopf 
Microanalytical Lab., Woodside, N. Y .  c See Table I. d Reported m.p. 260°.9 e Reported m.p. 205".j@ From sodium borohydride- 
methanol reduction of the corresponding fluorenone. Reported 
m.p. 265-266°.8 From 
sodium dichromate-acetic acid oxidation of the corresponding fluorene. From the reaction of 48% hydrobromic acid with the m"- 
sponding fluoren-9-01. IC From hydrolysis of til. 

See H. L. Pan and T. L. Fletcher, J .  Org. Chem., 23, 799 (1958). 
This compound was also obtained in 68% yield from 3-amino-2,7-dichloro-9-oxofluorene (see method H). 

From the reaction of 48T0 hydrobromic acid in dimethyl sulfoxide with the amine.14 



TABLE I1 ( ( ' o n f i r i u e d )  

N-2-fluorenyltrifluoroacetariiide with potmsium hydroxide in ethariol. 
(1960). Repurted m.p. 180".9 
1L See Experimental. 
reaction of dichloroacetyl chloride with the amine in warm p-dioxane. 
in benzene or dichloromethane. ' Reported m.p. 125-126°.fi 
n1.p. 208-20Q0.7 Reported m.p. 20.Z0.g 
with S5(;% hydrazine hydrate-Raney nickel in boiling ethan(i1." 
(see method I). Reported m.p. 3 O l o . l 3  

See >I. J. X:tiiikung m d  T. 1,. Flctc*her, ./. Ory. ( " / z<> t i t . ,  25, 7.41) 
From the hydrolysis of the S-2-fluorenylacetllri~ide with concentrated h~-droc~hloric. acid in eth:iniL 

Froni t h c b  
" From the rewtion of Crifluc)roaceticn :tnhydride with the m i i w  

Ileportcvi 
'I' From the reduc,tion of the nitrofluorenc. 

C':il(d. : I?, 6.13. Foun(1: I T ,  5.87.  I' Vroni tle:tmin:ttion of SSS \.I1 

From the reduction of the corresponding nitrofluorene with stannous chloride-hvdrochloric' :wid. 

' From the :mine with acetic anhydride ill :wetic acid. 
@ From deamination of LSII (we methoti 1). 

I ,  

:< 0 
\' I Sarcoma IS0 4 /c; - I  2 1.10 

300 5 /G - 1  0 
333 G/6 - 0  i 
292 G / G  -3 
123 6/S - 2  0 
62 3 B / G  - 1  :3  

-4 2 Adenocarcinonin 75; 430 10/10 
4 3 T/10 - 1 )  # 

\'I1 8:ircorna 160 1.)0 5/G - - . I  I 

,500 ii / t i  -1 :i 
:33:3 !5/6 - 3 0 
'221 3 / G  -1  0 

-- 

- -  
- -  -- 

L' 0 

\ 

--.i I 
- :i 0 
- 0  2 
- 0  \ 
-0 4 
- 0 :3 
- 0 6 

- 1  i s  
.;ti 
4 4 
7! I 
79 
7 3 

-I 
23 

:3 .-I 

A \  111 Sarconia 1h0 126 <5/(i -0 2 61.5/1294 .i I " 
Adenocarcinoma 756 i00 10/10 -2 2 :304/11:3G ti6 

330 10/10 -1  6 15s/11:30 81 
1 75 10/10 - 1  i 3 '7.5 /I136 6 7 

X i  .i 10/10 - 1  0 iti0/133h ti T 
43 i 10/10 - I 0 fih/l33h 63 
21 x 10/10 -0 1 !131/133h :I 1 

:3 . ! I  
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TABLE I11 (Continued) 
-------Antitumor activity--- 

Compound 
No. Test system" 

XIX Sarcoma 180 

xx Sarcoma 180 

Adenocarcinoma 755 
XXI  Sarcoma 180 

XXII Sarcoma 180 

Lewis lung carcinoma 
Sarcoma 180 

V Sarcoma 180 

Daily 
dose, 

m d k g .  
750 
500 
333 
222 
500 
250 
200 
750 
333 
222 
750 
500 
333 
222 
144 
96 

400 
560 
3 75 
250 
166 
110 

250 

Animal a t .  
difference 
(T-C), 

g. 
-7.0 
-6.3 
-5.2 
-3.6 
-7.1 
-1.4 
-4.7 
-5.1 
-5.1 
-3.4 
-6.9 
-6.6 
-6.4 
-5.0 
-3.3 
-2.8 

-5.1 
-6.7 
-4.4 
-5.6 
-2.7 
-2.4 

-3.0 

Tumor wt., 
mg. 

(T/C) 
350/1610 
491/1610 
437/1610 
1075/1610 
115/1302 
551/1273 
64/648 
443 /1610 
629/1610 
785/1610 
227/1098 
248/1098 
222/1098 
5 13/1098 
638/1511 
780/1511 

510/1393 
361/1098 
509,4098 
396/1098 
232/1098 
535/1098 

511/1747 

Per cent --specificity testd- 
tumor wt. Confidence, 
decrease % Index 

79 
70 
73 
34 
92i 
57O 
7Oj 
73 
61 
52 
80 
78 
so 
54 
58 
49 

(Not signifi- 
cant) 

64i 
68 
54 
64 
79 
52 

(So t  signifi- 
cant) 

71' 
a The screening data in this Table were kindly supplied by the Cancer Chemotherapy National Service Center, National Institutes of 

Health, Bethesda, Md. * Assays were performed according to specifications established by CCSSC as reported in Cancer Chemotherapu 
Rept., 25, 1 (1962). Sarcoma 180 was tested in random bred Albino mice; Adenocarcinoma 755 and Lewis Lung Carcinoma were 
tested in BDPI mice. d This test, for solid tumor inhibition test systems, was developed by Southern Research Institute for determin- 
ing whether the observed effects are caused by specific antitumor activity beyond that attributable to host inanition. A compound 
having confidence at the 99.7% level is considered truly specific. The specificity index is the ratio of the host weight change difference 
at  a T/C of 40% for the standard line [which relates the ratio of test to control tumor weights ( T I C )  to the host weight change differ- 
ence ( T - C ) ]  to that of the test material (memorandum, Dr. Joseph Leiter, Chief, Drug Evaluation Branch, CCSSC). For details of 
this testing method see H. E. Skipper, W. S. Wilcox, F. M. Schabel, Jr.,  W. R. Laster, Jr., and L. Mattill, Cancer Chemotherapy Rept., 
29, 1 (1963). f Activ- 
ity confirmed but the compound has not yet been subjected to dose response tests. Passed 
Stage 1 of sequential screen. Passed Stage 3 of sequential screen. 5-2-(3-Bromo-9-hydroxyfluorenyl)acetamide. See footnote .f, 
Table 11. 

Compounds being screened earlier than December, 1962, have no data on this test. 8 Activity not confirmed. 
h Nontoxic inactive. 0 Confirmation test 

(3,6-dichloro-9-oxofluorenyl)acetamide (XI) which, 
after hydrolysis and deamination, gave the known com- 
pound, 3,6-dichloro-9-oxofluorene. l 3  

An attempt to prepare 5 - 2 - (  lJ3-dibromo-7-fluoro- 
fluoreny1)acetamide by reaction of n'-2-(7-fluorofluo- 
reny1)acetamide with two molar equivalents of bromine 
failed. Instead S-2-(3-bromo-7-fluorofluorenyl)acet- 
amide (XVI) was formed, which was oxidized to the 
corresponding fluorenone LXXII. The latter was also 
prepared by brominating 7-fluoro-9-0~0-2-fluorenamine 
with 48% hydrobromic acid in dimethyl s~ l foxide '~  
(DMSO) followed by acetylation. 

0 
LXXII 

(13) E. H. Huntress and I. 9. Cliff, J .  A m .  Chem. Soc.. 66, 2559 (1933). 
(14) T. L. Fletcher, M. J. Namkung, and H. L. Pan, Chem. Ind. (London), 

660 (19.57 

2-Bromo-9-oxo-1-fluorenamine (XLV) and 2,4-di- 
bromo-9-oxo-1-fluorenamine (XLVI) were obtained bv 
brominating 9-oxo-1-fluorenamine in acetic acid. 

Experimental 
Chlorination reactions were run in partial darkness by wrapping 

reaction vessels in aluminum foil. 
General Procedures. A,-Chlorine was bubbled a t  a moderate 

rate (Matheson 620 BMT flowmeter with standard glass float) 
through a solution of iY-2-fluorenylacetamide (or derivative) and 
anhydrous ferric chloride (-5% by wt. of the amide) in glacial 
acetic acid (0.1-0.3 l ./O.Ol mole of the amide) while the mixture 
was stirred and heated a t  the desired temperature. The reaction 
mixture was then set aside overnight, the product isolated, and 
recrystallized from acetic acid, ethanol, or toluene. 

B.-N-2-Fluorenylacetamide (or derivative) and anhydrolta 
ferric chloride (-107, by wt. of the amide) were dissolved in 
glacial acetic acid (same amount as in method A). To the 
stirred mixture chlorine (2-3 molar equivalents) in glacial acetic 
acid (0.1 1./0.1 mole of chlorine) was added in one portion. The 
reaction mixture was stirred for several hours, and the product 
filtered and recrystallized from ethanol. 

C.-Chlorine (1-2 molar equivalents) in glacial acetic acid was 
added dropwise t o  a stirred mixture of N-2-(9-oxofluorenyl)- 
acetamide (or derivative), anhydrous ferric chloride (1-5% by wt. 
of the amide), and glacial acetic acid (0.1-1 1./0.01 mole of the 
amide) over a period of 0.5-5.5 hr. while the reaction mixture was 
maintained a t  the desired temperature. Stirring was continued 




