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Dipole measurements of 2,2’-difl~oro-A~~~’-bifluorene (l), the polarographic 
behavior ( 2 )  and x-ray crystal structure determination (3) of A9s9’-bifluorene and 
molecular orbital calculations for this compound (4) have indicated that the 
tm7o fluorene rings in A9’9’-biflu~rene are non-planar, Such a structure if present 
should make disubstituted AQ,g’-bifluorenes similar t o  optically active biphenyls 
and hence capable of resolution. 

fJJ,$cocl 35 OCOCl ___) CaHaOH 

f‘ Cl2 
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Ia = 2 - c o c 1  
I b  = 4COC1 

IIa = 2-COC1 
I Ib  = 4-COC1 

VI 

Abstracted in p x t  from the Ph.D. thesis of J. P. Henry, August, 1950. 
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To test this hypothesis 2,2'-dicarbo~y-A~~~'-bifluorene (Va) and 4,4'-di- 
carboxjr-A9 ~9'-bifluorene (Vb) have been synthesized by the steps shown for the 
purpose of studying their resolution.2 

The structures of the esters (IVa, IVb) formed by coupling and the acid (Vb) 
were demonstrated by atmospheric oxidation to  2-carbethoxy-, 4-carbethoxy-, 
and 4-carboxy-fluorenone respectively. 

2 ,2'-Dicarboxy-A9 tO'-bifluorene (Va) was found to  be too insoluble and difficult 
t o  purify for resolution. I n  search for a more soluble derivative of this acid the 
preparation of the ditetrahydrofurfuryl ester by the dehydrogenation of di- 
tetrahydrofurfuryl bifluoryldicarboxylate (VI, R = tetrahydrofurfuryl), with 
chloranil was tried. The reaction which was carried out successfully with the 
diethyl ester (VI, R = CzHs) failed for this example. Synthesis of esters of 
optically active alcohols of 2,2'-dicarb0xy-&~*~'-bifluorene by the steps used for 
the ethyl ester were not tried since the products from 9,9'-dichlorofluorene-2- 
carbonyl chloride and 2-octanol, sec-butyl alcohol, menthol, and tetrahydro- 
furfuryl alcohol were oils and were difficult to  purify. 

4 ,4'-Dicarboxy-Ag 9'-bifluorene (Vb) formed a salt with d-a-phenylethylamine 
which by crystallization from acetone gave two fractions. The more insoluble 
salt gave specific rotations varying from +17.4' to $21.1'. The more soluble 
fraction gave specific rotations varying from 0 to -9.8'. Acids (Vb) liberated 
from these salts due to  the deep red colors of their solutions in ammonium hy- 
droxide, in dimethylformamide, and in a mixture of phenol, water, and acetone 
could only be studied polarimetrically a t  very dilute concentrations. Observed 
readings in a two-decimeter tube under these conditions were no larger than 
0.06" and mere difficult to  duplicate when taken by three different observers. 
The results obtained in ammonium hydroxide would point to  resolution but the 
readings were taken, however, by only one observer. 

This problem is being studied further with the use of a photoelectric polarim- 
eter. 

EXPERIMENT-4L' 

9,9-DichlorofEuorene-8-carbonyl chloride (IIa) . Finely divided fluorenone-2-carbonyl 
chloride (5) (25 9.) was mixed with phosphorus pentachloride (25 g.) and heated a t  150" 
for three hours. The phosphorus oxychloride formed mas removed by distillation and the 
residue heated an additional hour a t  170-175'. Crystallization of the resulting solid from 
petroleum ether (b.p. 60-68") gave a pale yellow solid; m.p. 147-149"; yield 29.1 g. (95%). 

Anal. Calc'd for C1$H$laO: C, 56.50; H, 2.37. 

9,9-Dich?.oro-W-carbethoxyJluorene (IIIa) . 9,9-Dichlorofluorene-%carbonyl chloride (14.5 
g.) was dissolved in absolute ethanol (100 ml.) by heating a t  100" for 15 minutes. The result- 
ing solution, after standing for &minutes, was cooled and the crystals were filtered. Crgstal- 

Found: C, 56.28; H, 2.48. 

lization from petroleum ether (b.p. 60-68") gave a solid melting a t  119-120'; yield, 13.0 g. 
(87.5%). 

2 After the completion of this work, Bell, J. Chem. Soc., 5047 (1952) has published the 
synthesis of 4,4'-di~arboxy-A~~~'-bifluorene by reactions similar t o  those used in this work. 
He reported the compound as too highly colored for polarimetric observation. 

8 Melting points are not corrected. 
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Anal. Calc’d for ClaHlzClzOz: C,  62.7; H, 3.9. 

The use of 2-octanol, 1-menthol, sec-butyl alcohol, and tetrahydrofurfuryl alcohol in 
place of the ethanol gave only oils. 

2,2’-Dicarbethoxy-Ag~9’-bijZuorene (IVa). A solution of 2-carbethoxy-9,9-dichlorofluorene 
(10 9 . )  in xylene (200 ml.) was refluxed with copper powder (30 g.) for 9 hours under nitrogen. 
The hot solution was filtered and the copper was washed with xylene until the washings 
were colorless. The combined xylene solutions when concentrated t o  a small volume (40 
ml.) and cooled, gave the red diester; m.p. 196-202”; yield, 4.4 g. (55%). Recrystallization 
from ethanol gave a sample melting a t  204-206”. 

Anal. Calc’d for CazH2404: C, 81.4; H, 5.08. 

Diethyl 9,9’-bifluoryl-2,2’-dioarboxylate (6) (0.5 9.) in toluene (35 ml.) was refluxed with 
chloranil (0.26 g.) for 4 hours. The red solution after concentration and removal of the 
chloranil by filtration gave 2,2‘-dicarbethoxy-AQ sO’-bifluorene (0.1 9.). 

A dioxane solution of this ester upon standing for two weeks a t  room temperature open 
t o  the air, changed from a deep orange color to  a yellow one and gave upon pouring into 
mater 2-carbethoxyfiuorenone. This sample gave no lowering in melting point when mixed 
with a sample synthesized from fluorenone-2-carbonyl chloride. 

I-Carbethoxyfluorenone. Fluorenone-2-carbonyl chloride (2 g.) was heated with ethanol 
(15 ml.) a t  100” for 15 minutes. The bright yellow prisms obtained upon cooling melted a t  
140”; yield, 1.9 g. (91%). 

Found: C, 62.7; H, 3.96. 

Found: C, 80.6; H, 5.19. 

Anal. Caic’d for ClsHlaOa: C, 76.2; €1, 4.76. 

8, 8’-Dicarbo~y-A~~~’-bi$uorene (Va.) 2,2’-Dicarbethoxy-A9~S’-bifluorene (2.2 g.) was re- 
fluxed under nitrogen in a solution of water (60 ml.) and ethanol (120 ml.) containing po- 
tassium hydroxide (5 g.) for two hours. The resulting clear solution was poured onto ice, 
acidified with dilute hydrochloric acid, and filtered. The dark red compound (1.7 g.) (88%) 
melted above 350” and was insoluble in hot acetic acid and toluene. Recrystallization from 
dimethylformamide gave red crystals. 

Found: C, 75.5; H, 4.67. 

Anal. Calc’d for C28H1804: C, 80.8; H, 3.85. 

Ditetrahudrojurfuryl 9,9’-bijZuoryl-d,I’-dicarboxylate. Finely ground 9,9-bifluoryl-2,2’ 
carbonyl chloride (6) (1.5 g.) was refluxed with tetrahydrofurfuryl alcohol (7.5 ml.) for 15 
minutes. The solution upon cooling gave creamy white crystals, m.p. 217-222’; yield 1.1 g. 

Found: C, 79.7; H, 4.10. 

(67%). 
Anal. Calc’d for CasHa406: C, 77.8; H, 5.8. 

This ester when refluxed with chloranil in toluene for 16 hours under nitrogen gave a 
red solution from which only starting material could be isolated. 
4, 4’-Dicarbathozy-A9 ~g’-bi$uorene (IVb). Coupling of 4-carbethoxy-9,9-dichlorofluorene 

(7) (8 g.) was accomplished by refluxing in benxene (30 ml.), with copper pon-der (16 g.). 
Removal of the benzene gave red crystals (3.5 g.) melting a t  238-241”. Three recrystal- 
lizations from benzene gave a sample melting a t  242-244“. 

Found: C, 76.5; H, 6.0. 

Anal. Galc’d for CazH2,04: G, 81.4; H, 5.08. 

A solution of the ester (0.35 g.) in dioxane (35 ml.) when allowed to  stand open to  the air 
for two weeks became pale yellow and gave upon pouring into water 4-carbethoxyfluorenone 
(0.33 g.). After two recrystallizations from ethanol the ester melted a t  101-102” and proved 
identical with an authentic sample (7 ) .  

4,4’-Dicarboxy-A9~9’-bi$uorene (Vb). This acid was prepared in a manner similar t o  that  
used for the 2,2’-isomer; the yield of red solid was theoretical. After two recrystallizations 
from a mixture of acetic acid and xylene red crystals were obtained melting a t  315-318”. 

Found: C, 81.21; H, 6.45. 
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Anal. Calc'd for C28H~b04: C, 80.9; H, 3.85. 

A solution of the acid (0.3 g.) in dioxane (25 nil.) turned yellow when hilowed to  stand 
open t o  the air for a month. Upon pouring into water 4-carboxyflucrenone (U.25 9.) was ob- 
tained melting a t  223-225" and was found to  be ideiitical with an authentic sample (8). 

Studies on  the resolution of 4,6'-dicarboxy-~s,8'-bzlRzLorene. The acid (2.0 g.) was placed in 
a Soxhlet cup and extracted with acetone (200 ml.) containing d-a-phenylethylaniine (1.4 
ml.), The orange solid which separated from the hot acetone solution was filtered and 
washed with acetone; m.p. 175-190"; yield, 0.89 g. 

Found: C, 80.45; H, 4.41. 

Anal. Calc'd for C I & ~ N O ~ :  S ,  4.26. Found: N ,  4.35. 
A sample (0.1007 9.)  in absolute ethanol (25 ml.) in a two-decimeter tube gave an ob- 

served reading which varied from $0.14 to  +0.17" for three separate observers; temp. 
23.Ga. These values correspond to  specific rotations of +17.4" and +21.1" reyectively. 

The salt was treated in two ways: (a )  The sample was dissolved in 6 S ammonium hy- 
droxide and treated with cooling with dilute hydrochloric acid. The precipitate was filtered 
and mashed with water, dilute hydrochloric acid, and ether. It was then dried a t  100' for 
an hour. A sample (0.0132 g.) in 6 N ammonium hydroxide (10 ml.) gave a reading of +0.023" 
or a specific rotation of [a] +17.3" (one observer). ( b )  A sample of the salt was dissolved in 
ethanol and acidified with cooling with dilute hydrochloric acid. The precipitate v a s  
filtered, washed with water, and air-dried. The product (0.0712 g.) in dimethylformamide 
(25 ml.) in a two-decimeter tube gave the following readings; -0.03", +0.01", $0.01" m-hen 
viewed by three observers. 

The hot acetone filtrate on cooling gave a solid salt (0.5 g.) melting a t  178-190". A sample 
(0.1229 9 . )  in absolute ethanol (25 ml.) in a two-decimeter tube a t  25" gave observedreadings 
of +0.086" and +0.097" for two independent readers. These values correspond t o  specific 
rotations of +8.8" and +9.8" respectively. This salt nhen dissolved in ethano: and acidified 
with dilute hydrochloric acid gave a sample (0.0327 g.) which in a mixture ef 95% phenol 
(30 ml.) and acetone (12 ml.) in a two-decimeter tube gave readings of -0.01", -0.03", 
and -0.06" (three observers). 

Another separate resolution gave a salt (0.0606 g.) which in ethanol (10 ml.) gave an ob- 
served reading of 0" (one observer). 

Anal. Calc'd for cd&p\To4: N, 4.26. Found: p\T, 4.51. 
The phenylethylamine salt m-ith a rotation of 0" when converted into the acid by dis- 

solving in ammonium hydroxide in the same nianner as the d-salt gave an acid (0.0212 g.) 
which in 6 N ammonium hydroxide (10 ml.) in a one-decimeter tube showed a rotation of 
-0.046" or a specific rotation of [a] -19.0" (one observer). 

911 readings were made using a mercury vapor lamp alone and with a Wratten filter KO. 
29 (red). The absorption spectra of the diethyl ester indicated transparency a t  a wave 
length greater than 525 mp. The sodium vapor lamp -n-as not an intense enough source of 
light t o  give good readings. The readings for the two methods used varied very little from 
each other. 

The amorphous nature of the precipitated acids, their high melting points, and their 
insolubility made i t  impossible to  use these physical properties t o  supplement the above 
low optical rotations. 

SCMMARY 

The synthesis of 2,2'-dicarboxy-49~Q'-bifluorene and 4 , 4'-di~arboxy-4~ fg'-  

bifluorene, their ethyl esters, and the a-phenylethylamine salts of the 4 ,4'- 
diacid are described. 

Studies on the resolution of 4 ,4'-dicarboxy-Ag 3 9'-biffuorene are inconclusive 
due to  the difficulties encouiitered in making measurements ~ i t h  the highly 
colored solutions. 

IOWA CITY, IOWA 
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