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TABLE 1.—] 

Carbolic acid, or phenol, is well-
known as the standard basis for most 
of our antiseptics and germicides. 
The literature includes reports of 
extensive research in the synthesis 
of almost every imaginable variation 
of phenolic compounds and of the 
tests in the determination of their 
phenol coefficients. Logically, the 
next step after phenol was the in
vestigation of compounds containing 
more than one hydroxy group, such 
as resorcinol and catechol; however, 
these compounds were found to be 
only slightly more effective than 
phenol. Tt was soon discovered that 
by placing an alkyl group on the 
ring the antiseptic properties of the 
compound were greatly increased. 
The preparation of a series of alkyl 
derivatives showed that the antisep
tic power increased steadily with the 
weight of the side chain until the 
n-hexyl group was reached, after 
which a sharp decline was noted. 
The chemical name for S.T. 37 is 
n-hexyl resorcinol, an antiseptic 
which has a relatively high phenol 
coefficient, but which does not irri
tate the skin upon application. The 
unusually high phenol coefficients of 
certain chlorine substituted com
pounds indicate that the presence of 
the halogen greatly intensifies the 
antiseptic potency of phenols. Klar-
mann, Shternow, and Gates perform
ed a rather exhaustive search into the 
antiseptic possibilities of such com-

Coi 

pounds.' They prepared alkyl it 
rivatives of botli o- and p-chlon 
phenol, varying the alkyl groupfm 
one to nine carbon atoms. It wj 
found that the p-chlorophenol <fe 
rivatives were more potent than tli-
ortho isomer; n-nonyl p-chlorophe-j 
nol has a phenol coefficient of 171 
against the Staphylococcus 
bacteria, whereas n-hexyl o-chloro 
phenol has a maximum coefficient I 
714. They also found that the sol 
stitution of a single n-alkyl g 
was more effective than a brand 
chain of the same molecular 
or a polyalkyl derivative 
same total weight. Blicke am 
haus performed s i m i l a r expen 
merits on o-chlorophenol at abouttn 
same time.2 

By the mid 1930's it was deduced] 
that one of the integral necessity 
of a good antiseptic was a laid 
molecule. This theory was applied 
in the preparation of alkyl and hyJ 
droxy derivatives of diphenylaj 
thane. Moderate but not phe 
al results were obtained. A ehanw 
teristic example of this series • 
5-chloro-4-methyl-2-hydroxy diphffl 
ylmethane which exhibits a phenol 
coefficient of 380. In 1941 work in 
done on some derivatives 
phenyl, with the possible application 
as germicides as an objective. SM 

1 Klannann, Shternow, and Gates, /. Am. Ckn 
Soc. 55, pp. 2576-89 (1933). 

- liliike and Stookliavis, ./. Am. I'han 
pp. 1090-2 (1933). 
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likov, Rokitskaya, and Becker pre-
ured a series of alkyl and alkyl-

[chloro-derivatives of mono-hydroxy 
!bipheiiyl.a The alkyl group was ex-
jtmded to five carbon atoms. The 
[phenol coefficients varied considera
bly with the size of the chain, the 
bacteria used, and whether or not 
ehlorine was present, as is shown in 
table 1. They reported a phenol co
efficient of 25,400 for ethyl chloro-
i-hydroxybiphenyl. These unsym-

^netrieal compounds, however, do not 
exhibit a regular correlation of anti
septic potency and weight of side 
ehain. 

Work is being carried on at South
ern Illinois University in .the syn
thesis of a new series of compounds 

f, related to the ones in the forego

ing examples. There is good rea
son to believe that the application 
of the better principles of the 
other series to the biphenyl molecule 
would result in a very effective anti
septic. The proposed compound is 
the symmetrical dialkyl-dichloro-
dihydroxy derivative of biphenyl. 
There is no reference in the litera
ture to this particular series of com
pounds, although the dialkyl deriva
tives and the diehloro-derivatives of 
biphenol have been produced sepa
rately. Stoughton, Baltzly, and 
Bass,4 and Nara Boon-Long5 pre
pared the alkyl derivatives in 1934 
and 1948 respectively, and Cain" 
prepared the chloro derivatives. 
After the above series of derivatives 

HMnikov, Itokitskaya and Becker, Compf. Jttnd. 
t«, p. 125 (1941). 

•* Stoughton, Baltaly, and Bans, J. Am. Chem. 
Soe. .«, p. 2007 (193*). 

* Nara (toon-I-ong, J- Pharni. Aatoc. Biam J, No. 
4, pp. fi-18 (194S). e Cain, J. Ckem. Sac. S5, p. 10 (1804). 
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FIG. 1.—Preparation of dihydroxy biphenyl. 
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FIG. 2.—Alkylation by rearrangement of the ether or ester. 

is prepared, the effect of position of 
substituent groups will be studied. 

The firsl step in 1 lie synthesis of 
the series was the preparation of 
p, p'-dihydroxy biphenyl, or p, p'-
biphenol. There are at least three 
alternatives in this preparation as 

shown in figure 1. In the first place, 
it may be prepared by condensing 
two molecules of p-iodophenol with 
sodium; however, this reaction \v< 
discarded because of the possibilitj 
of obtaining too many different prod
ucts and the subsequent necessity of 
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NaOH 

+ H 
HCI 

>- CIH3N-

R R 
NH3CI + HNOg +• CIN2 NoCI 

N,CI + H,0 
100' ̂  HO-

PIG. :>.—Dialkyl dihydroxy biphenyl by the benzidene rearrangement. 

complex purification procedure. 
another possibility is the sulfona-

i biphenyl7 and fusion with 
n hydroxide to obtain the 
xy compound. This method 
(tempted, mainly to ascertain 
-•• by which the reaction could 
pried out ; however, i! was 
•ned for two reasons. First 

- it was difficult to prevent the 
formation of poly-sulfonic acids, and 

. . '(111(1 because anol her much more 
•get method was discovered. The 
liitT method is by means of dia-
feation reactions. Benzidine is the 
•ting material in this case. Ben-
ii.line was dissolved in hot 80% HCI 

ilnted to a large volume. The 
addition of con. II_.S>()4 formed ben
zidine sulfate. Sodium nitrite was 
Bed, thus giving the benzidine-tet-
raziiiiiiim chloride. The tetrazonium 
• was then hydrolyzed by the pas-
sace of steam into the hot solution, 

[tilts precipitating out the p, p'-di-
\y biphenyl. The product was 

Hied by recrystallization from 

Iti'actions 111, p. ItfO (1940). 

I.'.V, alcohol. Yields in excess of 
85$ were obtained from this reac
tion.' 

There are two methods of placing 
the alkyl groups on the rings after 
the dihydroxy compound has been 
prepared, as indicated in figure 2. 
The method first attempted was the 
rearrangement of the dialkyl ether 
of biphenyl. This reaction is analo
gous to the one reported by Ilicken-
bottom" with respect to naphthols. 
The p. p'-dihydroxy biphenyl was al
lowed to react in a toluene solution 
with metallic sodium for several 
hours with constanl agitation. The 
sodium salt thus obtained was re-
fluxed for a few hours with two 
moles of the alkyl bromide, giving 
the di-ether as a product. The tem
perature of the boiling toluene is 
r< ported to be high enough to effect 
the rearrangement of the ether, but 
Ibis was found not to be the case. 
No definite product could be sepa-

- /;, Uttein VI: p. 992. 
" Hickenbotlom, Iteactioni 0} organic compounds, 

2nd <••!., i>. ;>:i. 
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rated which gave indications of be
ing the desired material, so work on 
this reaction was discontinued in 
favor of the second possibility. 

This method is essentially the 
Fries rearrangement of the esters 
of dihydroxy biphenyl. Dimolar 
quantities of acetyl chloride were 
mixed with p, p'-dihydroxy biphenyl 
in a reactor equipped with a CaCl2 

drying tube. A drop or two of 
sulfuric acid was added to hasten 
the reaction. Good yields of the puri
fied ester were obtained in this man
ner.10 Two variations of the rear
rangement were attempted. The 
method of Stoughton, Baltzly, and 
Bass, which involves the use of ni
trobenzene solvent, was first under
taken, but such great difficulty was 
encountered in the separation of the 
nitrobenzene and vacuum distillation 
of the product that an alternative 
method was used. 

According to Nara Boon-Long, 
the rearrangement may be carried 
out in a dry reaction, thus by
passing the vacuum distillation of 
the product. A 2:1 mixture of the 
ester and anhydrous aluminum chlo
ride was mixed thoroughly in a flask 
equipped with a drying tube. The 
mixture was heated at 115-120° for 
about 30 minutes, at which time the 
reaction mixture should be orange 
to green colored. When this reaction 
was run with granular anhydrous 
A1CL(, no results were obtained 
under temperatures of 140-150°; 
however, with the use of powdered 
AlCla, the specified results were ob
tained. The excess A1C18 was then 
decomposed with water and the 
solid separated. At this point the 
product and the unreacted ester may 

111 Nam. Boon-Long, J. l'harm, Assoc. Siam 1, 
No. 4, pp. 5-18 (1948). 

theoretically be separated by meaj 
of alkali. Sodium hydroxide dis
solves the product by reacting wit: 
the regenerated OH groups 
leaves the unreacted ester behind; 
however, after several attempts to 
complete this separation, it became 
apparent that most of the material 
which was o b t a i n e d by the ra 
arrangement is actually for the most 
part the starting material, dihy
droxy biphenyl. Apparently the re
action takes the acetyl group off] 
completely instead of rearranging it. 

The last step in the ester synthesis 
is the Clemmensen reduction of the) 
ketone obtained by rearrangement 
The method described by Nara Boonj 
Long11 was used. The ketone wa 
renuxed for about twenty hours in I 
mixture of zinc amalgam and eon.j 
IKT containing a little alcohol, 
alcohol was distilled off and tfad 
product then extracted with petro
leum ether, from which it was aid 
recry-stallized. Using the material 
with the correct melting point from 
the rearrangement of the ester, \ 
material was obtained which could 
be purified using the specified sol
vent. After spending a considerable 
length of time in attempting to mabj 
this synthesis work, it. was decided 
to try a completely new approach to 
the problem. 

The method in use at the preset 
time is essentially the coupling 1 
two molecules of the necessary ben
zene derivatives by means of th(i 
preparation of a hydrazo compound, 
and its subsequent rearrangemeJ 
as shown in figure 3. Ortho-nitro-
toluene was mixed with 15% aqueous 
NaOII and alcohol and refluxed 
gently, while zinc dust was addedj 

11 Boon-Long, loc. cit. 
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cient fifty per een 
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when hot. The a 
the product was 
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UCt.12 After the h 
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