
hat ion  from benzene raised the m.p. to 
fic.:i.l s:tniple was preparcd by suhlima- 

l io i i  a t  180" ( 1  111111.), 111.p. 187- 187.5"; A,,,, 288 n i , u  ( E  8.20 x 
I O 5 ) ,  327 ( I .:IS X I O 4 ) ;  C: -17 Etretching: 8.17 p, 8.32. p. 

~ 63.16; 13, 2.85; N, 5.87. 

. O 1  mole) of 2,G-difiuoro- 
fluorene in 8 ml. af glacid acetic acid a t  50", 2 ml. of nitric 
acid (ti. 1.42) iras added. the mixture i v n ~  heated to 70" and 
4 drops of coned. siilfxic acid were added with st~irring. 4 n  
exothermic resci ion occurred with formation of a yellow 
precipitate. The temperature of the mistirre was kept 85" for 
5 min., then allowed to drop The prccipitate was 
filtered, n-nshed with coid aeet lid water., and tlrie(l, 

r1i.p. 182-18(ic, One 
e (U:trco) psive 1.8 g. (73.57;) 
186-18'7'. A mixtiire inelririg 

point 11 it8h the Schiemann deccniposition product of 3-fluoro- 
P-nitro-i-fli.~orenamine was undepressed, arld t h e  infrared 
spectra of the tnTo compounds \\-ere identical. 

~-Amino-S,7-dl~lzioroJlzLore??e. An alcoholic solution (50 1111.) 
of 0.46 g, (0.002 mole) of 2-nitro-3,7-t~iAtiorofluorene w a s  
reduced with 0.5 rn l .  of 100% hydrazice hydrate and Raney 
nickello giving 0.3? e;. (95yo) #of th.e amire, 1n.p. 124-124.5". 
One recrysla!lisaticn from. aieohol gave an analytical sample, 
m.p. 124b124.5"; Xn,,,279 mp it 1.97 >< IO4), 326 (8.75 X IOs), 
C--F stretching: 8.01 p, 8.56 p. 

Anal. Calrd. for Cj3H9F2N: S, 6.45. Found: N, 6.28. 
,off,iormyl)acel~mide. The foregoing com- 
ted qusntitativelg with acetic anhydride 

o i l  t,be ateam bath for 10 min The prodcct was rccrystal- 
lieetl frimi alcohol (Uariw), m.p. 240--240.5"; A,,, 274 m ,u 

lo*), Xnhooi<ier 280 111p, 286 pi 
C-F stretcliing: 8.08 p, 8.57 p.  

A n d .  Chlc t l .  for C:I,Hl11'2NO: C, 69.49; H, 4.28; F, 14~6G; 
N, 5.40. Found: C, 69.68; H, 4.28; F, 14.4i; N, 5.40. 

1,7-Z)ifEzioro"fluorene. A soliit,ion of 4.3 g. (0.0216 mole) 
of l-fluoro-7-tl1,ioreaarri~i~e~ in 25 mi. of tetraiiydrof~ran~ and 

fliioboric tci.d (0') was diazotized. After 
s filtered and washed giving 5.9 g. (9i%), 
as siispended in o-ciichlorobenxene and 

hmted gradi,idly to the hoi.1ing poir:t. Upon evaporating the 
solvent and recrgstal1i:hy the reiiidiie fronl petroleurn 

"), 2.7 g. (62%! t~ased on the amine) of 
ineci, m.p. @--66". Two recryst,allizations 

from cyclohexane followcd by  whlimation (75",  1 mm.) gave 
an analyricai :;:iniple, rr1.p. Z.6-.-74.5"; A,,,,, 261 mp ( e  1.84 X 

( E  2.03 X I O " ) ,  308 (1.49 X 
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IO4), 278 (7.60 X IO3), 287 (3.67 X lO3) ,  299 (3.27 X 103), 
AEhouider 216 mpL, 255, 271, 202; C----ii' stretching : 8.03 
8.7 3 p. 

Anal. Calcd. for C J % ~ I ~ ~ :  C, 77.22; 11, 3.99; I T ,  18,7'!!. 
Found: C, 77.35; H, 4.08; F, 18.67. 

,Titration of I,7-di$uoro$uorene. The [oregoing conipound 
(2 g., 0.001 mole) was nitrated in the same manner as above, 
giving 2.2 g. of crude product, m.p. 125-.128", three recrys- 
tallizations from alcohol raised the m.p. t o  127-130". A 
benzene solution of this was percolated through alimina and 
upon evaporating the solvent, 1.72 g. was recovered with 
melting point unchanged. The infrared spectrum of this 
material was almost the same as that of 2-nitro-1,i-diRuoro- 
fiiiorene, described in the following section, with a few addi- 
ticna: bands. 

8 - S i i r o - l , 7 - d i ~ z ~ o ~ o ~ u o r e n e .  To a solution of 3.85 g. (0.017 
mole) of l-flucro-2-nitro-7-fluorenamine6 in 30 ml. of tetra- 
Iij,drofuran9 50 ml. of 50Y0 fiuoboric a,cid was added to form 
a thirk white salt. This was cooled to 0" and a saturated 
aqieous solution of 2 g. (0.029 mole) of sodium nitrite was 
added dropvise with stirring. The resulting diazonium salt 
was filtered, washed as above, and dried, gjving 4.5 g. 
(goyo), dec. 140". Upon decomposition in boiling xylene, 
evaporation of the liquid and recrystallization from alcohol 
(Darco) 2.8 g. (717, based on the amine) of the 2-nitro-1,7- 
difluorofluorene was obtained, m.p. 164-1 65". An analytical 
sample qTas prepared by sublimation at 150' (1 mm.), m.p. 
165.5-166'; A,,, 230 mp ( e  1.27 X IO4), 319 (1.77 X lo4); 
C--F stretching: 8.05 p ,  8.18 p. 

Found: C, 63.44; €1, 3.24; N, 5.63. 
l,'Y-L)~fEurlro-d-;il?*orenamin,e. The fcregoing compound way 

reduced'e in quantitative yield, m.p. 124-12e50. One rc- 
crystallization from alcohol gave an nnalytical sample, m.p. 
125-i25.5"; A,,,, 287 rnp ( e  2.58 X IO4); C-1: 

And.  Calcd. for C1&I7F&OS: C, 03.1.6; TI, 2.86; X, 5.67. 

8.1 p, 8 21 y. 
Anal. Calcd. for Cl1;ElyF??rT: K, 6.45, Found: N, 6.48. 

~ ~ - W - ~ l , 7 - ~ z R ~ i o r o f l u o f ~ n ~ l ) a c e t a m r d e .  Acety!stion i n  , ,  " . ., . 
henzene vith acetic anhydride gave a quantitative yield, 
m.p. !S8--199°. b e  recrystallization from alcohol ( 1  )xrco) 
gave a.n analytii,d mmple, m.p. 199-199.5"; A,,, 275 mp 

stretching: 8.08 p, 9.29 p.  

N, 5,40. Found: C, 09.59; H, 4.32; F, 13.63; S, 5.50. 

( E  3.17 x io4), 285 (3.00 X lo')), h o u i d e r  298 1llfi; e-1' 

Anal. Calcd. for CIST-IUSAYO: C, 69.49; H, 1.28; F, I-i.M; 

SEATTLE 5,  rJ7ASEI. 

Derivatives of Fluorene. XVP. N-9-P;'lZusarenylmal~a~~c .Acids 
axid Malleiniides' 

ITST-LUNG PAN A N D  T. LLOYD FLETCHEIZ* 
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Several n'-9-fluorellglmaleamic acids, malennid~s, and some new intermcdlates arc described Cyclization of three !Y-O- 
fluorrnvlrnalcamlr acids is effected in boiling glacial acetic arid. Acetic anhydndc n 11 h fuwd sodium acetate, in the usunl 
cyclization proredure, givrs highly colored niixturrs 

In a recent paper we desrribcd the preparation below are h'-aralkylmn!eimic?cs. T'arious substitwnts 
of a number of iv-iriiig)-fiuor.enylmaleamic acids on the rings might be expected, among other ('fiects, 
and maleimicics.3 The end- products described --___- 
_-.____- (2)  To whom correspondenre regarding this paper should 

(1) Supported in part by a research grant (C-1744) from be addressed. 
the Xationnl Cancer Institutr, Nalional Institutes of (3) T. L. Fletcher and 13. 2. Pan, "Drrivatlrrs of 
1Te: I l i lL  Flnorrnr. XI-,'' submittrti for piililic:itioil 
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to alter susceptibility to RS-H saturation of the 
carbon-carbon double bond. These compounds 
are being tested elsewhere for various biological 
properties including tumor inhibition screening. 

In  this study several N-9-fluorenylmaleamic 
acids and maleimides were synthesized, starting 
with 9-fluorenamine prepared by zinc dust reduc- 
tion of fluorenone oxime. Trifluoroacetylation gave 
a high yield of N-9-fluorenyltrifluoroacetamide. 
Schmidt and Stutzel5 reported that nitration of 
A'-9-fluorenylacetamide in boiling nitric acid gave 
1 ,%dinitrofluorenone, and Bennett and Noyesa 
nitrated the same compound by means of nitric 
and sulfuric acid mixture obtaining a compound 
designated as l,%dinitro-9-acetamidofluorene. How- 
ever, N-9-fluorenyl trifluoroacetamide when nitrated 
under mild conditions gave good yields of N-9-(2- 
nitrofluoreny1)trifluoroacetamide. The position of 
the nitro group was established by dichromate 
oxidation to  2-nitrofluorenone. 

Acid hydrolysis of N-9-(2-nitroAuorenyl) trifluoro- 
acetamide gave 2-nitro-9-fluorenamine. Reaction of 
the latter with maleic anhydride gave N-9-(2- 
nitrofluoreny1)maleamic acid which was cyclized 
to the corresponding maleimide in boiling glacial 
acetic acid. Attempts to close the maleamic acid, 
in acetic anhydride in the presence of fused sodium 
acetate, led to a dark purple solid which could not 
be purified by crystallization or by chromatography 
on alumina. 

Reduction' of 2-ni tro-9-trifluoroacetamidofluo- 
rene gave the 2-amine which was acetylated. The 
latter compound was hydrolyzed by brief boiling 
in dilute sodium hydroxide solution giving 2- 
acetamido-9-fluorenamine, an unstable compound. 
This amine was also obtained by zinc dust-acetic 
acid reduction of 2-acetamidofluorenone oxime. 
In  neither case were we able to prepare an analyti- 
cal sample. However, upon crystallization from 
acetone, N-2-(9-isopropylidenaminofluorenyl)acet- 
amide was obtained as shown by microanalyses 
and infrared spectrum. 

The above amine reacted with maleic anhydride 
giving an almost quantitative yield of N-9-(2- 
acetamidofluoreny1)maleamic acid. Attempted cy- 
clization in acetic anhydride with fused sodium 
acetate led to a purple solid which decomposed 
upon attempted purification. Closure was effected 
by prolonged refluxing in glacial acetic acid with 
anhydrous sodium acetate. In addition to the 
maleimide, a high-melting white solid was ob- 
tained. 

N-9-Fluorenylmaleamic acid, prepared from the 
9-amine, also gave a dark purple intractable solid 

(4) C. K. Ingold and C. L. Wilson, J .  Chem. SOC., 1493 

(5) J. Schmidt and H. Stutzel, Ann., 370, 1 (1909). 
(6) C. TV. Bennett and W. A. Noyes, J .  Am. Chem. 

(7) T. L. Fletcher and M. J. Namkung, J .  Org. Chem., 

(1933). 

Soc., 52,  3437 (1930). 

23, 680 (1958). 

when heated in acetic anhydride with fused sodium 
acetate. The corresponding maleimide was ob- 
tained by refluxing a mixture of 9-fluorenamine, 
maleic anhydride, and anhydrous sodium acetate 
in glacial acetic acid. This maleimide gave an 
addition compound when treated with N - ~ - ( c Y -  
thiolnaphthy1)acetamide. 

9-Trifluoroacetamido-2-fluorenamine gave N -  
2 - (9 - trifluoroacetamidofluoreny1)maleamic acid, 
which cyclized in the acetic anhydride procedure. 
Upon alkaline hydrolysis, this maleamic acid gave 
the supposed N-2-(9-aminofluorenyl)maleamic acid 
(not characterized) which was treated with acetic 
anhydride and sodium acetate. A yellow crystalline 
solid resulted which was not the expected 9-aceta- 
midomaleimide. Further characterization has not 
been attempted. 

Attempts to prepare 2,9-dimaleimidofluorene 
from 2,9-diaminofl~orene~ were not successful. 
With an excess or an equivalent amount of maleic 
anhydride, the diamine gave a compound of un- 
known structure. 

 EXPERIMENTAL^ 
N-9-Fluorenyltrijluoroacetamide. To a cooled (10') mix- 

ture of 9-aminofluorene hydrochloride (21.8 g., 0.1 mole) and 
pyridine (80 ml,), trifluoroacetic anhydride (23.1 g., 0.11 
mole) was added with stirring over a period of 5 min. The 
reaction mixture was allowed to  stand a t  room tcmperature 
for 0.5 hr. then heated on a steam bath for 0.25 hr. and 
cooled. After water dilution the precipitated product weighed 
23.9 g. (87%), m.p. 251-252.5'. Recrystallization from 
methanol gave an analytical sample, m.p. 252-253' (pre- 
heated block). : 224 mp (log E 4.40), 232 (4.24), 
268 (4.34), 292 (3.80), 304 (3.59). VN-R 3290, 1550; YC-0 
1700; YO-F 1180 em.-' (broad). 

Anal. Calcd. for CI~HIOF~NO: C, 64.98; H, 3.64; N, 5.05. 
Found: C, 65.34; H, 3.69; N, 4.85. 
N-9-(I-Nitrojluorenyl)trijluoroacetamide. A mixture of 

nitric acid (d .  1.42) (0.7 ml., - 0.011 mole) and glacial acetic 
acid (1.5 ml.) was added portionwise (10 min.) to  a stirred 
suspension of N-9-fluorenyltrifluoroacetamide (1.9 g., 0.007 
mole) in glacial acetic acid (15 ml.) and coned. sulfuric acid 
(I ml.) a t  75". The temperature was kept a t  75-80' for 
5 min., with stirring, and then allowed to drop to  room tem- 
perature. After water dilution and filtration the crude 
product, 2.2 g. (98Ojo), was recrystallized from methanol- 
benzene giving 1.6 g. (71y0), m.p. 234.5-235.5'. Further 
crystallization gave an analytical sample, m.p. 236-237". 
YN-H 3300, 1550; YC-o 1710; Y N O ~  1345; YC-F 1180 cm.+ 
(broad). 

Anal. Calcd. for C16H~F~N203: C, 55.91; H, 2.82; N, 8.69. 
Found: C, 55.96; H, 2.83; N, 8.78. 

Oxidation of N-9-(bnitroJluorenyl)triJluoroacetamide. A 
mixture of the trifluoroacetamide (0.1 g.), potassium di- 
chromate (0.3 g.), 9N sulfuric acid (4  ml.), and glacial acetic 
acid (4 ml.) was refluxed for 1 hr. and the reaction mixture 
then diluted with water. There was obtained 0.05 g. (70%) 

(8) Melting points were taken on a Fisher-Johns block 
and are corrected to standards. The analyses were done by 
Schwarzkopf Microanalytical Laboratory, Woodside, N. Y.; 
A. Bernhardt, Mulheim (Ruhr); and W. Manser, Zurich. 
The ultraviolet absorptions were measured with a Beckmnn 
DK-1 Recording Spectrophotometer. The solutions had 
been prepared immediately before the measurements were 
made. The infrared spectra were run on a Beckman IR-5 
(potassium bromide disk). 
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of hitrofluorenone, m.p. and mixture m.p. 225-226". The 
infrared spectrum of this substance was identical with that 
of authentic 2-nitrofluorenone. 

Acid hydrolysis of A~-9-(2-nitrojZuorengl)iriJluoroacetam- 
ide. The amide ( 2  g., 0.006 mole) n-as refluxed for 9 hr. 
in a mixture of concd. hydrochloric acid (8 ml.) and absohde 
ethanol (50 ml.) and the solvent mas distilled under reduced 
pressure until crystallization d the amine hydrochloride 
took place. This was filtered, washed with 6LV hydrochloric 
acid, and dried giving 1.55 g. (96y0). The product started 
melting with decomposition at, 206", but no definite melting 
point was observed. 

;b'-3-( %Nitrofluoren y1)nzaleamic acid. A suspension of 2- 
nitro-9-fluorenamine hydrochloride (0.5 g., 0.002 mole) in 
glacial acetic acid (20 ml.) and anhydrous sodium acetate 
(0.2 g., 0.002 mole) was heated until most of the amine 
hydrochloride went into solution. The hot mixture was 
then added in one portion to a rapidly stirred solution of 
maleic anhydride (0.3 g., 0.003 mole) in glacial acetic acid 
( 5  mi.). After 30 min. of stirring the reaction mixture was 
set aside for 1 hr. then diluted with water. The product 
0.55 g. (go%), melted (dec.) a t  203-205'. Crystallization 
from acetone gave an analytical sample, m.p. 208.5-209.5' 
dec. 329 m p  (log E 4.23). YN-H 3250, 1550; YC-o 

1710; vNOa 1340 cm.-' 
Anal. Calcd. for C17H12N20a: C, 62.96; HI 3.73; X, 8.64. 

Found: C, 63.30; H, 3.77; X, 8.80. 
S-9-(2-hritrojrEUorenyZ)maleimide. (a)  A mixture of X- 

9-(2-nitrofluorenyl)maleamic acid (0.5 g.), fused sodium 
acetate (0.1 g.), and acetic anhydride ( 5  ml.) was heated on 
a steam bath for 15 min. with frequent shaking. The deep 
purple reaction solution was treated with dilute sodium 
carbonate and a resinous solid (0.5 g.) was obtained. At- 
tempts to  purify this solid, both by crystallization and 
chromatography on alumina, were unsuccessful. 

(b) ~~-9-(2-Kitrofluorenyl)maleamic acid (0.5 g.) was re- 
fluxed in glacial acet,ic acid (25 ml.) under an air condenser 
for 7 hr. and the solvent distilled. The residual oil solidified 
upon cooling and was recrystallized from 95% ethanol giving 
0.33 g., m.p. 218-223'. Further crystallization from ethanol 
gave an analytical sample, map. 242.5-243.5". 328 
nip (log e 4.25). vc-0 1715; Y N O ~  1340 cm."l 

.Anal. Calcd. for CI~HloN~Oa: C, 66.66; H, 3.29; S, 9.15. 
Found: C, 66.54; €1, 3.59; N, 9.10. 

Y-9-(2-AminofEuorenyl)trijrEuoroacetumide. S-9-( 2-Kitroflu- 
oreny1)trifluoroacetamide (3 g.) was reduced' in boiling 
95% ethanol (150 mi.) with hydrazine hydrate ( l O O 7 ? ) ,  
(1.9 ml.) and Raney nickel, giving 2.6 g. (977,) of the amine, 

N-Acetyl derivative: m.p. 297.5-299' dec. X ~ ~ S o H :  224 
mp (log 6 4.56), 238 (shoulder), 293 (4.43), 304 (shoulder). 

3270, 1550; vcmO 1710, 1665; PC-F 1190 cm.-' (broad). 
Anal. Calcd. for C17'ffl3F3?jp02: C, 61.08; H, 3.92; N, 8.38. 

Found: C, 61.20; H, 4.19; N, 8.19. 
Hydrolysis of the latter derivat,ive (0.1 g.) by boiling for 

1 min. in a mixture of 95y0 ethanol (1 nil.) and 2% sodium 
hydroxide (4 ml. j gave 2-acetamido-9-fluorenamine identical 
with the compound prepared by reduction of 2-acetarnido- 
fluorenonc oxime, Recrystalliza,tion of this amine from ace- 
tone gave the azomethine, described below, obtained from 
the recrystallizat,ion of the rcduction product of 2-aceta.mi- 
dofluorenone oxime. 

6Acetamido$uurenons oxime. h mixture of hydroxyl- 
amine hydrochloride (9 g., 0.13 mole) and anhydrous sodium 
acetate (13.1 g., 0.16 mole) was dissolved in water (40 m1.1. 
To the solution 2-acet,amidofluorenone (15.8 g., 0.07 mole) 
and ethanol (100 ml.) were added with stirring. The diole  
was then refluxed for 10 min., cooled, diluted with wat'er, 
and the product filtered, giving 15.3 g. (92v0), m.p. 237- 
238.5' dec. 

Recrystallization from methanol gave an analytical 
sample, m.p. 238-239" dec. 

Anal. Calcd. for Cls€I~zNz02.CH30H: C, 67.60; H, 5.67; 
5,  9.86. Foimtl: C, 68.14; H, 5.76; N, 10.26. 

FII.~. 267-268'. 

S-2-( Y-8mino~uorenyl)acetraniade. Reduction of the oxirnt: 
(2 g.) in acetic acid-water (12:l) (13 ml.) with zinc dust 
(2.6 g.) a t  90-95' (bath) (20 min.) gave 1.9 g. (quant.), 
m.p. 160-163" dec. 

Recrystallization from acetone gave N-$-( 9-isopropyli- 
denamino$uorenyl)acetamide, m.p. 209-211 O dec. The in- 
frared spectrum (potassium bromide disk, cm.?) showed no 
absorption corresponding to  a primary amino group but 
intense absorption a t  2970, 2870 (CH,); 1680 (C==K); 
and 1665 (C=O of the acetamido group). h2::'oH: 213 
mp (shoulder), 236 (shoulder), 282 (shoulder), 291 (log B 4.52), 
306 (shoulder). 

Anal. Calcd. for CL8Hl8N2O: C, 77.67; H, 6.52; N,  10.07. 
Found: C, 77.82; €I, 6.86; N, 10.06. 
N-9-(2-Acetamido$uorenyl)maZeamic acid. To a stirred 

solution of maleic anhydride (3  g., 0.03 mole) in glacial ace- 
tic acid (20 ml.), N-2-(9-aminofluorenyl)acetamide (6.8 g., 
0.03 mole) in glacial acetic acid (60 ml.) was added over a 
period of 20 min. The resulting thin paste was stirred for 
2 hr. then filtered. The product was washed with acetic 
acid and dried on the funnel giving 8.7 g. (95yO), m.p. 209.5- 
212' dec. Recrystallization from acetone gave an analytical 
sample, m.p. 213-214' dec. XEftso": 214 mp (log e 4.63), 238 
(shoulder), 282 (shoulder), 292 (4.48), 307 (shoulder). Y N - H  

3280, 1550; PC-O 1710, 1667 cm.-l 
Anal. Calcd. for CISHI~NZO~: C, 67.85; H, 4.80; XI 8.33. 

Found: C, 67.70; H, 4.82; N, 8.44. 
hr-9-(2-Acetarnidofluorenyl)maleimide. The foregoing ma- 

leamic acid (2 g.) was refluxed 22 hr. in glacial acetic acid (50 
ml.) with anhydrous sodium acetate (2 g.). The excess sol- 
vent was distilled and the residual solid triturated in ice 
Tater, filtered, and washed with water. When dry the solid 
was extracted with boiling benzene and the extract evaporated 
t,o an oily solid which was crystallized from acetone. A small 
amount of white solid (m.p. > 280') of unknown compo& 
tion was removed. The first crop was recrystallized succes- 
sively from acetone-water, benzene-cyclohexane (twice), 
and benzene (twice) giving yellowish white prisms, 0.2 g., 
m.p. 221-223'. h:f2°H: 237 mp (shoulder), 281 (log e 4.64), 

-4naZ. Calcd. for CI9Hl4N203: C, 71.69; €1, 4.43; N, 8.80. 
Found: C, 71.83; H,  4.59; N, 8.80. 

A:-9-FluorenyZ?nuleumic acid. 9-Aminofluorene (9.05 g., 
0.05 mole) was dissolved in warm glacial acetic acid (40 
ml.) and added slowly (15 min.) t o  a stirred solution of 
maleic anhydride (5.5 g., 0.055 mole) in glacial acetic mid 
(20 ml.). After a half hour of stirring the reaction mixture 
was heated on a steam bath for 15 min. and cooled. Upon 
water dilution there was obtained 13.6 g. (98%) of the 
maleamic acid, m.p. 201-.203.5" dec. (preheated block). 
XC'2H50H: m a l  224 mp (log 6 4.49), 232 (4.33), 268 (4.33), 292 

Anal. Calcd. for C17H13N08: C, 73.11; HI 4.60; K, 5-02. 
Found: C! 73.28; HI 4.99; S, 4.72. 

N-SPluorenyZmaleimide. Maleic anhydride (1 .I g., 0.011. 
mole) was added to  a mixture of 9-aminofluorene hydro- 
chloride (2.18 g., 0.01 mole; Aldrich Chemical Co., Mil- 
waukee, Wis.), glacial acetic acid (23 ml.), and anhydrous 
sodium acetate (0.9 g., 0.011 molc). The whole was shaken 
and refluxed under an air condenser for 2 hr. and cooled. 
After water dilution the gummy solid was recrystallized 
from methanol-water and from benzene-ligroin (d.  0.67- 
0.69). A small amount of the maleamic: acid  vas first R- 
moved by filtration. Evaporation of solvent gave a second 
crop which w-as recrystallized from methanol-water giving 
lustrous white needles (0.2 g.), m.p. 171-173". Further 
crystallization from t,he wrne solvent gave an analytical 
sample, m.p. 174--1.75'. X ~ ~ 7 5 0 E * :  224 mp (log e 4.51), 
232 (4.34), 268 (4.28), 279 (shoulder), 293 (3.73), 304 
(3.62). The ultraviolet absorption in cyclohexane was quite 
similar. uc-0 1700 cni."l 

Anal. Calcd. for Cl&II1NO2: C, 78.15; 13, 4.24; N, 5.36. 
Found: C, 78.19; HI 4.34; N, 5.55. 

,~-~-Pluoren,Vl-a-S-  [ 1 I-( 21-acetanzidor~aphti~yL)]rr~ercapto- 

291 (4.62). Y N - H  3390,1540; vc-0 1705,1670 CITI.-' 

(3.77), 304 (3.62). PN-H 3260, 1540; YC-o 1700 CEL.-' 



succznimzclP. The foregoing maleimide (0.05 g.)   as dissolved 
in acetone (3 ml.), To the solution N-2-(a-thiolnaphthyl)- 
acetamide (1.1 equivalents) in acetone (3 ml.) was added 
dropwise ( 5  mi,.). The reaction solution was stirred for 20 
min. and concentrated to  an oil. Methanol was added to  the 
oil and the mixture was concentrated until crystallization 
of a white substance took place. After filtration and re- 
crystallization from acetone-methanol, 0.08 g., m.p. 208- 
209' was obtained. Two recrystallizations from acetone- 
water gave an analytical sample, m.p. 211-212". 

-4naI. Calcd. for C24H2&208S: N, 5.85; S, 6.70. Found: 
?-, 5.83; S, 6.56. 
S-2-(9-Trz$uoroaceta~nido$uorenyl)maleamic acid. Y-9- 

(2-Aminofluoreny1)trifluoroacetamide (0.2 g., 0.7 mmole) 
reacted with maleic anhydride (0.14 g., 1.4 mmoles) in 
glacial acetic acid (10 ml.) giving a quantitative yield 
(0.27 g.) of the maleamic acid, m.p. 223-225" dec. An 
analytical sample was prepared by stirring the product with 
hoiling acetone and filtering, m.p. 225-227' dec. A$:50H: 
276 mp (log e 4.14), 319 (4.22). Y N - H  3310, 1550; YC=O 

1710; YC-F 1175 em.-' (broad). 
,4nal. Calcd. for C I ~ H I ~ F ~ N ~ O ~ :  C, 58.47; H, 3.36; N, 

7.18. Found: C, 58.54; H, 3.63; N, 714. 
A'-%( 9-Tri$uoroacetamidofluorenyl)maleimide. The above 

maleamic acid (7.8 g.) was cyclized in acetic anhydride 
(30 ml.), in the presence of fused sodium acetate (1.2 g.), 
giving 7.1 g. (96%) of the maleimide, m.p. 255-259'. 
Recrystallization from benzene gave an analytical sample, 
m p. 262-263". 234 mp (shoulder), 277 (log E 4.36), 

cm.-l (broad). 

7 53. Found: C, 61.44; H, 2.98; N, 7.78. 

306 (3.83). YN-H 3330, 1550; ~ c - 0  1730, 1710; YC-Y 1180 

Anal. Calcd. for C19HllF3N203: C, 61.30; H, 2.98; pu', 

Littempted preparatzon o j  LT-2-( Y-acPtanzzdo~uorenyl)-male- 
zmzde. iV-2-(9-Trifluoroacetaniidofiuorenyl)maleamic arid 
( 4  g..) was dissolved in 1N sodium hydroxide (50 ml.), heated 
on a steam bath for 3 min., and cooled. A small amount of 
fluffy precipitate was removed. The alkaline solution was 
chilled in ice and acidified to pH 4 with hydrochloric acid. 
The yellow precipitate was filtered, washed once with ice 
water, and dried giving 3.3 g., m.p. 185-190" dec. 

The latter compound ( I  g.) was mixed with fused sodium 
acetate (0.15 9.) and acetic anhydride (6 ml.) and heated on 
a steam bath, with shaking, for 15 min. and cooled to room 
temperature. The pasty mixture was stirred in loyo sodium 
acetate and the excess acetic anhydride destroyed with 5% 
sodium carbonate. The yellow solid was filtered, washed 
with water, and dried, giving 0.9 g. Recrystallization from 
acetone-benzene-ligroin gave 0.85 g., m.p. 190-192' dec. 
Three recrystallizations from acetone-water gave an ana- 
lytical sample, m.p. 209-211' (glassy). 

Anal. Found: C ,  69.19; H, 5.09; K, 8.86. 
Attempted preparatzon of N,N'-2,9-$uorenedzmaleamic 

acid. 2,9-Diaminofluorenee (1.96 g., 0.01 mole) in warm 
glacial acetic acid (10 ml.) was added dropwise to a warm 
solution of maleic anhydride (2.94 g., 0.03 mole) in glacial 
acetic acid (15 ml.) over a period of 20 min. The reaction 
mixture was stirred a t  room temperature for 30 min. then 
heated (steam bath) for 10 min. and cooled. Water dilution 
of the mixture gave 3.8 g. (97.5%) of an acidic substance, 
m.p. - 212" dec. 

Recrystallization from acetone-methanol gave a sample, 
m.p. 210-211' dec. (preheated block). 

Anal Found: C, 61.44; €1, 4 91; S, 5.68. 
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An extensive series of substituted m-dioxanes has been prepared by acetalization of 1,3-glycols. Some 1,3-dioxolanes, 
l&oxathianes, and 1,3-dioxolanes have been synthesized for comparison. Differences in the ease of acetalization have been 
mted. 

The study of catalytic reactions of m-dioxanes1 
required the preparation of a variety of m-dioxanes 
and related acetals. Although the basic synt,hetic 
method, direct acid-catalyzed reaction of 1,3- 
diols (or in a few cases, 1,2- or 1,4-diols) with alde- 
hydes or ketones has long been known, it was neces- 
sary to develop refinements of this procedure to ob- 
tain satisfactory yields of certain acetals. 

Some unstable aldehydes-e.g., chloroacetalde- 
hyde and malonaldehyde-are marketed as their* 
methyl or ethyl acetals. These were conveniently 
converted to the m-dioxanes by interchange with 
the dioI in the presence of boron trifluoride or p-  
toluenesulfonic acid. The lower alcohol was distilled 
during the interchange to shift the equilibrium. 

Although quantitative kinetic experiments were 
not performed, the qualitative effects of substituents 

(1) C. S. Rondestvedt, Jr., and G .  J. Mantell, J .  Am. 
Chem. Soc., 82, 6419 (1960). 

on the rate and equilibria were noted. The aromatic 
aldehydes reacted very rapidly, with simple ali- 
phatic aldehydes next in line. Ketones seemed to 
react rapidly, but the equilibrium position was less 
favorable. With acetone, very little product was 
formed (infrared) until the water was removed from 
the distillate by drying it with calcium chloride. 
It was surprising to find that the cyclopentanone 
ketal (#11)2 was hydrolyzed rapidly by distilled 
water, in which the dissolved carbon dioxide must 
function as the acid catalyst. This was not the case 
with the acetone (#lo) and cyclohexanone (#la) 
ketals. These results are in line with the prediction 
from the I-strain pr in~ip le ,~  which teaches that 
reactions in which a ring carbon atom changes from 

(2) The arabic numerals are those assigned to the acetals 

(3) H. C. Brown, R. S. Fletcher, and R. B. Johannessen, 
in the tables. 

J .  Am. Chem. SOC., 73, 212 (1951). 


