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Aromatic Cyclodehydration. XV.' 9,1O-bis-(p-Hydroxyphenyl)-phenanthrene 
BY CHARLES K. BRADSHER~ AND LENNARD J. WISSOW 

While earlier communications of this series have 
described the formation of the phenanthrene nu- 
cleus through the cyclization of a chlorohydrin,s 
an amino alcohol13 olefin  oxide^,^ and various 
glycol e t h e r ~ , ~ J  we have not hitherto reported the 
cyclization of a glycol. The present communica- 
tion deals with two examples of such a cyclization. 

Benzoin was treated with over two moles of 2- 
biphenylmagnesium iodide to give a product 
which apparently was a mixture of diastereoiso- 
meric glycols (I). This mixture was cyclized 
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directly to yield 9,lO-diphenylphenanthrene in an 
over-all yield of 29% (calculated from the ben- 
zoin). 

It is obvious that the preparative value of this 
synthesis is limited by the necessity for the waste- 
ful destruction of one mole of biphenylmagnesium 
iodide for every mole of the benzoin. This handi- 
cap may be eliminated by conversion of the ben- 
zoin to an ether,6 but i t  was felt that in the case 
of a more difficultly prepared benzoin, the more 
direct route might be used advantageously. 

In the single such case studied, our efforts met 
with some success. Anisoin (11) was treated 
with 2-biphenylmagnesium iodide and the result- 
ing carbinol' (111) cyclized by a mixture of acetic 
and 41% hydrobromic acids. The expected 9,lO- 
bis-(p-hydroxypheny1)-phenanthrene (IV) was ob- 
tained in 28% yield. Although this compound 
gave erratic results when analyzed for carbon and 
hydrogen, the three derivatives had the expected 
composition. 

In a single run in which 34% hydrobromic acid 
was used, the only product isolated was 9,lO-bis- 
(p-methoxyphen yl) -phenanthrene (V) . The iden- 
tity of the ether was demonstrated both by de- 
methylation to yield the diphenol (IV) and by its 
preparation from the latter by the action of methyl 
sulfate. The fact that demethylation can be ac- 
complished by the use of a mixture of hydro- 

(1) For the preceding communication of this series, see THIS 

(2) Xational Research Fellow (participating basis, 1911-1942). 
(3) Bradsher and Tess, T H ~ S  J O U R N A L ,  61, 2184 (1939). 
(4) E. g., Bradsher, ibid., 61, 3131 (1939). 
(5) Bradsher and Schneider, ibid., 60, 2960 (1938). 
( 6 )  Bradsher and Rosher, ibid., 61, 1524 11939). 
(7) Probably R mixt.ure of diastereoisomers. 
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bromic and acetic acids suggests that this ether is 
an intermediate in the preparation of the di- 
phenol (IV). 

Experimental 
l-(2-Biphenpl)-1,2-diphenylglycol (I).-A Grignard re- 

agent was prepared from 30.8 g. of o-iodobiphenyl and a 
solution containing 10.6 g. of dry benzoin in dry benzene 
was added. The reaction mixture was refluxed for six 
hours, after which i t  was decomposed by ice and hydro- 
chloric acid. The solvent layer was separated, washed, 
concentrated and the residue used in the following experi- 
ment. 
9,10-Diphenylphenanthrene.-The impure glycol ob- 

tained above was refluxed for two days in a mixture con- 
taining 100 cc. of 48% hydrobromic and 100 cc. of acctic 
acids. The product which crystallized from the reaction 
mixture was recrystallized from acetic acid as white needles, 
m. p. 234-235"; yield 3.9 g. (29%, based on the benzoin). 
The identity of the product was established by a mixed 
melting point determination with an authentic sample of 
9,10-dipheny1phenanthrene.B 

1,2-bis-( p-Methoxypheny1)-1-( 2-bipldenyl)-glycol (111) 
was prepared from 27.2 g. of anisoin (11) in a manner 
analogous to that employed in the preparation of the di- 
phenylglycol (I). The crude product was used directly in 
the following reaction. 
9,10-bis-(p-Hydroxyphenyl)-phenanthrene (IV).-The 

crude glycol (111) was refluxed for forty-eight hours with 
100 cc. of acctic acid and 150 cc. of 48% hydrobromic acid. 
The product was collected and recrystallized from acetic 
acid or ethyl alcohol as a white microcrystalline solid, m. p. 
296-298" (shrinks a t  286-288'); yield 10 g (28%). 

The product was soluble in sodium hydroxide solution. 
I1 gave erratic results when analyzed for carbon and 
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hydrogen, but its derivatives all had the expected com- 
position. 

The diacetate w a s  prepared by refluxing the diphenol 
with acetic anhydride in pyridine. The product was ob- 
tained as white plates from acetic acid, m. p. 234'. 

Anal.' Calcd. for CtoHzzO~: C, 80.72; H, 4.93. 
Found: C, 80.79; H, 4.79. 

The dipropionate was prepared by refluxing the diphenol 
for two hours with propionyl chloride. The hot mixture 
was poured on ice, the product collected and recrystallized 
from acetic acid as fine plate-like white crystals, m. p. 
185-1 86 O . 

Anal. Calcd. for Ca~H2604: C, 81.01; H, 5.48. 
Found: C, 80.81; H, 5.79. 

The dipropionate was saponified by refluxing with 10% 
alcoholic potassium hydroxide solution which, upon 
acidification, gave the diphenol, m. p. 296-298". This 
gave no depression of melting point when mixed with the 
original sample. 
9,10-bis-(p-Methoxyphenyl)-phenanthrene (V).-(a)  

By cyclization of the glycol (111) : l,Z-bis-(p-methoxy- 
phenyl)-1-(2-biphenyl)-glycol (111) was prepared from 
40.8 g. of anisoin as previously described. This glycol was 
cyclized as described under the preparation of g,lO-bis-( 
hydroxyphenyl)-phenanthrene (IV) except that 3 4 k  
hydrobromic acid was used instead of the 41 % acid. The 

(8) Analyses by T. S. Ma. 

product, purified by repeated crystallization from acetic 
acid, was obtained as a mat of very fine white needles, m. 
p. 250'; yield 1.3 g. (2%). 

(b) From the diphenol: a sample of g,lO-bis-( 
hydroxyphenyl)-phenanthrene was dissolved in log 
sodium hydroxide solution and treated with an excess of 
methyl sulfate. The white solid formed was collected and 
recrystallized from acetic acid, m. p. 256-25S0, and gave no 
depression of melting point when mixed with a sample pre- 
pared from the glycol as described above. 

A w l .  Calcd. for G~HzsOZ: C, 86.15; H, 5.64. 
Found: C, 86.27; H, 5.79. 

The dimethyl ether was refluxed for twenty-four hours 
with a mixture of hydriodic and acetic acids and the 
product recrystallized from alcohol, m. p. 296-298'. This 
was shown to be identical with 9,10-bis-(p-hydroxyphenyl)- 
phenanthrene by means of a mixed melting point deter- 
mination. Essentially the same result was obtained if 
the ether was refluxed for forty-eight hours with a mixture 
of acetic and 42% hydrobromic acids. 

summary 
By aromatic cyclodehydration of suitable 2- 

biphenyl glycols, 9,lO-diphenyl- and 9,10-bis-(p- 
hydroxypheny1)-phenanthrene have been pre- 
pared. 
DURHAM, N. C .  RECEIVED AUGUST 30,1943 
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The Synthesis of Some Alkyl and Dialkylaminoalkyl Esters of 3-Amino-4-fluoro- 
benzoic Acid 

BY L. S. FOSDICK AND A. F. D O D D S ~  

In 1941, some alkamine esters of p-fluorobenzoic 
acid were prepared'" and the pharmacological 
properties studied.2 It was found that these 
compounds produced anesthesia both when in- 
jected and when applied topically to mucous 
membrane. The anesthetic efficiency when in- 
jected was equal to or slightly greater than that 
of procaine hydrochloride. The toxicity of the 
procaine analog was one-third that of procaine. 
The toxicity of other members of the series was 
also very low. All of the compounds produced 
some tissue irritation, and all of them, with the 
exception of the procaine analog, produced defi- 
nite tissue necrosis. 

In view of the low toxicities and relatively high 
anesthetic efficiencies of these compounds, it was 
thought interesting to continue the investigation. 
It seemed to us that the introduction of both 
an amino and a fluoro group on the benzene ring 
might lower the toxicity. It was hoped that 
the resultant compounds would not be irritating 
to tissue. This paper deals with the esters of 3- 
amino-4-fluorobenzoic acid. The other isomers 
are in the process of synthesis. 

(la) Abstract of a thesis submitted to the faculty of the Graduate 
School of Northwestern University by A. F. Dodds in partial fulfill- 
ment of the requirements of the degree of Doctor of Philosophy. 

(lb) Fosdick and Campaigne, THIS JOURNAL, 65, 974 (1941). 
(2) Campaigne, Starke, Fosdick and Dragstedt. 1. Phorm. E W l .  

Thcr.. 71. 59 (1941). 

As fluorobenzoic acid was not readily available, 
i t  was prepared by oxidizing p-fluorotoluene. 
The p-fluorotoluene was prepared by the method 
of Schiemann3 and was oxidized to p-fluorobenzoic 
acid with potassium permanganate by the method 
of Slothouwer.* It was then nitrated with fuming 
nitric acid by the method of Rouches and con- 
verted to the acid chloride by refiuxing with 
thionyl chloride. The fluoro nitro esters were 
prepared by refluxing the acid chloride with the 
appropriate alcohol. Finally, the nitro group was 
reduced with hydrogen, using platinum oxide 
as the catalyst. 

The toxicity of the dialkylaminoalkyl 3- 
amino-4-fluorobenzoate hydrochlorides was deter- 
mined by subcutaneous injection in white mice, 
and the anesthetic efficiency was estimated by 
the method of Schmitz.6 All of the salts were 
potent topical anesthetics, with the exception of 
the dimethylaminoethyl ester hydrochloride. A 
2% solution of the other members of the series 
varied from one-half the effectiveness to equal that 
of a 1% solution of cocaine hydrochloride. The 
diethylaminoethyl ester hydrochloride was three- 
fourths as effective as cocaine. 

The toxicities of the compounds tested were 
(3) Balz and Schiemann, Bcr., 60, 1186 (1927). 
(4) Slothouwer, RCC. troo. chim., 55, 324 (1914). 
(5) Rouche, Bull. Sci. Acod. Roy. Bclg., 'I, 634 (1921). 
(6) Schmitz and Loevenhart. J .  Phormacol.. 94. 159 (lQ24). 


