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ABSTRACT

Phenolate Radical Coupling, as a Method
of Triterpene Synthesis

by
Ellen Viggen Maehl\im
The dienone [B] is a possible precursor for the syn¬
thesis of tetra- and pentacyclic triterpenes.

In this

investigation a synthesis of the dimeric phenol [A] and
the conversion of [A] to [B] by a phenolate radical coupling
reaction is presented.

The intermediate 5-hydroxy-o-toluic

acid is prepared in two ways.

The best method consists of

heating 2-naphthol-&, 8-disulfonic acid dipotassium salt
with sodium hydroxide in an autoclave.

In the other mothod,

o-xylene is treated with chlorosulfonic acid, and the result¬
ant sulfonylchloride exposed to ammonium carbonate to yield
the corresponding sulfonamide.

Oxidation of the sulfonamide

with potassium permanganate gives o-toluic acid-5-sulfonamide,
which is fused with potassium hydroxide to yield 5-hydroxyo-toluic acid.

After protecting the phenol group, esterifi¬

cation and subsequent reduction with lithium aluminum hydride
gives 2-methyl-5-methoxybenzyl alcohol.

This alcohol is

treated with phosphorus tribromide yielding the correspond¬
ing bromide which reacts with magnesium in the presence of
ferric chloride to give a dimeric ether.

The ether is

finally converted to the dimeric phenol [A].

Several dif¬

ferent oxidizing agents are tried to transford the phenol [A]
to the dienone [B].

No useful method is found for pre¬

parative work, but the dienone is obtained in poor yield by
oxidation with manganese dioxide.

[A]

[B]
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INTRODUCTION

The objective of this investigation is the synthesis
of the dimeric phenol [A] and the conversion of this com¬
pound to the dienone [B].

An experimental study of the

transformation of [A] to [B] by a phenolic coupling reaction
is presented.

HISTORICAL

A.

Tetra and Pentacyclic Triterpenes
In this part a brief survey of the earlier work leading

to the total synthesis of cyclic triterpenes will be presented.
The triterpenes form a group of natural products which
usually contain 30 carbon atoms arid whose carbon skeletons
are usually divisible into isoprene units.

These substances

occur widely distributed in. plants, but only rarely within
the animal kingdom.

The first isolated triterpene, betulin,

was described as early as 1788^.

Much later a large number

of triterpenes were isolated and their degradation products
investigated.

However, their structural characteristics

were first fully developed during 1932-1936 mainly through
2
the pioneering work of Ruzicka .
The acyclic triterpene squalene [1]
triterpene occurring in nature'*'.

is the most common

It has been postulated and

now partially corroborated as the biological precursor of
3
steroids and structurally diverse triterpene systems .
Examples of these conversions are outlined in Diagram I.

Diagram I

Squalene

Diagram I

(continued)

I
I

fS-Amyrin
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The acyclic triterpene squalene [1] has been synthesized
4
by various methods, but will not be described here.
In the
subsequent discussion we will limit ourselves to the methods
given in the literature for the synthesis of tetra- and pentacyclic triterpenes.
The total synthesis of tetra- and pentacyclic triterpenes
are naturally complex.

A feature of particular difficulty

is the formation of the vicinal quaternary centers at C-8 and
5
C-14.
Halsall and Thomas suggested that this difficulty
could be overcome by construction of a tetracyclic (AB-DE)
system, which might be expected to cyclize under acidic
conditions to yield the natural pentacyclic system with
the proper relative configuration.

This assumption was

largely based upon the finding that naturally occurring
a-onocerin [5, R=OH] upon treatment with acid gave y-onocerin
[6, R=OH]This observation has provided the basis for
several successful syntheses in the onocerin family in recent
years.

4

Synthesis of Onocerins
The tetracyclic a- and p-onoceradienes,

[5, R=4I]

and

[12]

respectively, were synthesized in 1957 by Corey and
7
Sauers
together with the cyclization product pentacyclosqualene [6, R=H] .

These tetracyclic systems were already

known as degradation products of the natural onocerin.es.
Formation of the mixture of lactones [8]

and [9] was

followed by resolution of their respective acids and
conversion to their ammonium salts [10]

and [13].

Each

of these salts was separately submitted to a crucial Kolbe
electrolytic coupling reaction.
individual electrolyses,

[11]

The products from the

and [14]

respectively, were

both converted to pentacyclosqualene [6, R-H] by treatiacmt
with acid.

Alternatively, when [11] was exposed to phos¬

phorous oxychloride-pyridine, p-onoceradiene [12] was ob¬
tained.

Treatment of stereoisomeric diol [14] with the

same reagents took a different course yielding a-onoceradiene [5, R-H] .
in Diagram II.

Diagram II

These reaction sequences are outlined

5
Diagram II

(continued)

M

14

6

Diagram XI (continued)

14]

4

1

[6,R=H]
REAGENTS: 1. II+; 2.

[5,R=H]

NH^OH, H+; 3.

4. IIC104, ACOH;

Electrolysis;

5. P0C13 pyridine.

Simultaneous with the above work Eschenmoser et♦ al.
published the synthesis of glycol [11] by another method..
The dimerization step in this case made ingenious use of
a Diels-Alder type reaction wherein the principle of "max¬
imum accumulation of rr-konds" was taken advantage of.

In

this case the formation of only endo-products limited the
four possible stereoisomers to two.

Of these, one led to

racemic bisnoronoceranediol [20] upon reduction with sodium
in alcohol and the other gave the corresponding meso-compound.
Resolution of the racemic stereoisomer and subsequent oxi¬
dation gave diketone [21] whose exposure to methyl magnesium
iodide gave the desired glycol [11].
portrayed in Diagram III.

These reactions are

7

Diagram III (continued)

REAGENTS:

i. LiAlH.; 2. pC HSO^Cl then Cr0o;
4

4. Heat;

o 4

5. Na/prOH;

2.

J

6. Cr03;

3. NaOMe;

7. MeMgl.

Thus far all synthetic work has yielded the various
onocerin skeleta lacking the oxygen functionality at C-3
present in the natural products.

The first total synthesi

of such a compound, a-onocerin [5, R-OH] , was achieved by
9
Stork, Davies and Meisels who employed the Kolbe electro¬
lytic coupling reaction to achieve dimerization similar to
that used by Corey and Sauers^ as mentioned above.
main reaction sequence is outlined in Diagram IV.

The

9

Diagram IV

10
Diagram IV (-continued)

REAGENTS: 1. Mel, K0_tBu then H2-Pd;
gradation;

2. Barbier Wieland de¬

3. Resolution, then electrolysis;

4. MgBrC^COEt;

5. H2S04/Me0H then KOH/MeOH;

6. Cu2Cr20

The familiar tricyclic enone [22] was selected as the
starting material.

Degradation of the aromatic ring was

achieved by the usual sequence of metal/ammonia reduction,
hydrolysis of the resultant enol ether to an enone and
ozonolysis.
[24]

The propionic acid side-chain of the keto-acid

obtained in this manner was shortened by one carbon by

Barbier-Wieland degradation.

The racemic keto-acid [25] was

then resolved and the levorotatory acid dimerized by electrol¬
ysis.

Conversion of the carbonyl groups in [26]

to the exocyclic

methylene functions found in a-onocerin [5, R--0II] was achieved
by ethynylation with ethoxyacetylene magnesium bromide,
hydration to the olefinic acid [28]

and thermally induced

decarboxylation to a-onocerin acetate [5, R=OAc]
to that prepared from the natural product.
[5, R-OIi] yields y-onocerin [6, R~0H]

identical

Since a-onocerin

upon acid treatment,

and since the latter has been converted to hopen-l-one-l^
this synthesis constitutes the first and thus far only syn¬
thesis of a naturally occurring pentacyclic triterpene.

11
Synthesis of B-Amyrins
As yet, no naturally occurring pentacyclic triterpenes
in the p-amyrin series have been synthesized.

However, a

compound possessing the p-amyrin [4] skeleton has been re¬
ported by Corey, Hess and Proskow.Since triterpenes of
this sort are unsymmetric the coupling reactions employed
to such advantage in the onocerin series described above
can not be employed.

The desired AB-DE tetracycle [34] was

obtained by the method outlined in the following diagram.
.
.
.
.
.
6
The previously-mentioned acid catalyzed cyclization was
then investigated for the final ring closure.

However, in

contrast to a 10% yield in the y-onocerin [6, R=0H] case the
unsymmetrical case here gave only 2% of the desired penta¬
cyclic amyra-11,13 (18)-diene [35].
Diagram V

N

M

M

M

12

4

■>

REAGENTS: 1. OH

then CH„N0 then POCl_ pyridine;

then pC^H.SO„Cl then LiBr, then Mg;
6 4 2.
then MeLi;

2. LiAlH

3. ICOtBu

4. II+ then chromatography.

~~

13

Synthesis of Lanosterols
The triterpenes in the lanosterol group are closely
related to cholesterol [36] .

Woodward ejt al. synthesized

12

cholesterol [36] in 1952
and later converted this to
13
lanosterol [37] . Other related tetacyclic triterpenes
13 14
have also been totally synthesized
' . In all cases
13
lanosterol [45]
was used as a relay point.

M

l37)

The problems associated with the synthesis of members
of this group are quite different from those discussed
earlier in this paper and will not be discussed extensively.
The synthesis of the lanostenol [45] constitutes an im¬
portant achievement in this group.
lines in Diagram VI.

The main steps are out¬

The conversion of cholesterol [36]

to lanostenol [45] requires a migration of the double bond
and the stereoselective introduction of three methyl groups.
Cholesterol [36] was first oxidized to the q» p-unsaturated ketone [38] .

Then the gem.-dimethyl group was

introduced into the molecule by treatment with methyliodide and potassium Jt-butoxide.

Methylation at C-14

was effected in the manner outlined. Reduction of ketone
7
...
[44] gave the A- isomer of lanostenol which partly isomerizes
to the desired product [45] upon treatment with acid.

14
Diagram VI

[41]

15
Diagram VI (continued)

(45]
REAGENTS: 1. Br2 then Zn/AcOII then (COOH)2;

2. Mel, KOtBu

then LiAlH 4 then Ac l 0;
3. NBS then collidine;
^
4. H+;

5. Perphtalic acid;

6. H+; 7. Mel,

K0t_Bu;

8. Wolff Kishner reduction then II .

•j-
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B.

Phenolate Radical Coupling
It has been known for a long time that phenols can be

oxidized easily by a large variety of reagents.

The pro¬

ducts generally consist of a complicated mixture of dimeric
compounds, polymers and compounds of quinoid character.

How¬

ever, when the right reagents are utilized under appropriate
reaction conditions it is often possible to obtain one pro¬
duct in good yield above the others.
The first systematic study of this kind of reactions
was made by Pummerer

13

'

16

during the years after 1922.

The

suggestion that phenol coupling is an important step in the
.
.
17
biogenesis of various classes of natural products
has
stimulated intensive research in this field in recent years.
The various products found in phenol coupling can be
explained by postulating the following radical mechanism:
The phenolate anion is ionized by the reagent to a free
phenoxy radical.

This radical then couples with another

radical to give a stable molecule.

This reaction is con17
sistent v/ith all the empirical evidence .. However, this

does not rule out the possibility that other mechanisms may
be of importance under certain circumstances, and two alter17
native mechanisms have been suggested . The first explains
the dimerization by an attack of a free phenoxy radical on
the phenol or the phenolate anio'n, whereas the other assumes
that the phenoxy radical is oxidized to a cation which reacts
rapidly with phenol or a phenolate anion.
Various types of oxidating agents have been used to
perform the phenolic coupling reaction.• A comparison be18
tween several of these
shows that metallic electron
transfer reagents usually give the highest abundance of
the coupled product, dimeric or polymeric.

The reagents

17
which are known to transfer oxygen usually give mainly
products of quinoid character.

However, at present no

theory is available which can actually predict which
method is most appropriate for a given case of phenol
coupling.
In our work we were mainly concerned with the
coupling reactions to form a crabon-carbon bond.

Only

this aspect of phenolate radical coupling will be con¬
sidered here.
Phenolic Carbon-Carbon Coupling
A wide variety of phenols, naphtols, pyrocatechols,
resorcinols arid complex natural products of phenolic
character have been oxidized.

At least in the laboratory

the formation of carbon-carbon bonds by intermolecular
coupling is more common than carbon-oxygen coupling between
similar molecules, except when steric hindrance becomes
a dominant factor.
Para-cresol can be oxidized with potassium ferriacyanide in aqueous alkaline solution^'^ and also under other
19 20
conditions '
to the ortho dimer [46], the trimer [47],
Pummerer1s ketone [48] and polymers.

Other phenols sub-

stituted in the para-position with an ethyl group, a n•propyl group and 3,4-dimethyl phenol give similar products
Except for highly substituted phenols with halogen sub22,23
stituted in para-position
no para-para coupling has
been observed so far^^.

21

18

Unsubstituted phenol and ortho substituted phenols
give upon oxidation mainly diphenoquinones [50], para-para
coupled dimeric product [49]

and polymers.

Using the

proper reaction conditions one single product can, be ob¬
tained in good yield‘d.

19

The side chain can also be involved in the phenol
coupling in cases when all three positions are substituted.
In the oxidation of 2,6-di-t-butyl-jD-cresol [51] , diphenylethane [52]

and stilbene quinone [53] have been observed
24 25 26
among the products
' ‘
.
The symmetric coupling of
the conjugated side chain of the substituted styrene [54]
to yield the dimeric phenol [55]

is well known and serves
27
as a model for the lignan biosynthesis

^2]

M

20

It is known that intramolecular phenolic coupling may
also occur.

In fact, many examples have been presented
18
in the literature
.
However, most of these refer to

cases where a carbon-oxygen bond is involved.
few models are available,

Although

it has been found that ortho-ortho

and ortho-para couplings are seldom of significance in
intramolecular cases of carbon-carbon bond formation^'
Para-para coupling may occur even when a strained system
\28
is formed
•

c

A cyclopropane ring is obtained when the bisphenol
[56] is oxidized with potassium ferricyanide to the dienone
28
[57] .
Examination of a molecular model of [56] indicates
that the para positions of the diradical formed are held
closely together,

and this can possibly explain why the

coupling takes place.

More surprising is the fact that

para-para coupling also occurs when the dihydric phenol
29
[58] is oxidized to [59] .
In this case, when the com¬
pound is substituted in the para-position only, one would
expect certain similarities with the ortho-ortho or orthopara couplings, which are known to be fairly common for
the jg»-cresols.

The transformation of the dimeric catechol

21
[60]

to the quinone [61] with ferric chloride proceeds in
30
the anticipated para-para manner

N

M

M

22

a- and p-naphthols can easily be oxidized, giving
three possible coupling products^.

When two of the

three coupling positions are blocked by substituents,
ortho-ortho or ortho-para products can be isolated.
By utilizing strong oxidizing agents diphenoquinoncs may
be obtained.

Anthranols usually yield para-para coupled

products'^.
Aromatic compounds containing two or more OH groups
can usually be oxidized rapidly to form quinones.

By

using reagents like potassium ferricyanide or ferric
chloride, which transfer only one electron, coupled pro30 31 32
ducts [63] can often be obtained ' '
Under inert conditions pyrocatecliols form dienetype dimers [64].

These are probably formed by addition
33
of two qumone molecules

23
A wide range of natural products have been synthesized
by utilizing the phenolic coupling as a key reaction.

In

many of these syntheses enzymes have been successfully
employed as oxidizing agents.

Laboratory experiments

have thus been performed to simulate biosynthetic pathways

17,18

A few examples of phenolic coupling reactions used in
the synthesis of natural products are given in subsequent
sections.
The bisditerpenes podotarin [65, R=Me]

and macro-

phyllis acid [65, R-CCLII]

have been obtained from phenol
34
oxidative coupling of totarol [64, R=Me]
and the ester
35
respectively.
[64, R=C02Et]
2

M
The nucleus of the bis-sesquiterpene gosspol [67]
is easily synthesized by heating the naphthol [66].
. 36
oxidizing agents are required for this reaction

No

Naphthols readily yield coupled products through oxideition,
and many of these may be precursors for natural products.

24

M

M

The phenolic coupling reaction is an important step
in the biosynthesis of many alkaloids.

There is a graving

interest in experiments leading to the alkaloids by path17 18
ways found in living plants ' . However, usually the
total synthesis of a variety of alkaloids has followed
other routes.

In contrast to most of the reactions dis¬

cussed earlier in the present section nearly all coupling
reactions in this particular field are intramolecular.

25

DISCUSSION
Cyclic triterpenes are naturally occurring substances
of great structural and stereochemical complexity.

The

total synthesis of only a few of the relatively less complex
members of this diverse body of substances has been achieved
in recent years.

Using dammarenediol [68]

(the biogenic

precursor of various tetra- and pentacyclic members) as an
example, a feature of particular synthetic difficulty in¬
volves the formation of the vicinal quaternary centers at
C-8 and C-14.

The main objective of the present investi¬

gation was to synthesize the dimeric phenol [69], and to
examine its phenolic oxidative coupling to cross-conjugated
dienone [70].

This method should introduce the crucial

vicinal quaternary centers in a stereospecific manner at a
relatively early stage in the synthesis.

Furthermore, the

remaining structural features appeared suitable for further
elaboration of the polycyclic network of carbon atoms and
functional greups.

26

Investigation of the phenolic coupling of 2,2'-dimethyl5,51-dihydroxybibenzyl [69] required significant amounts of
this substrate, and it was therefore essential to find a
good method for its preparation.
[76]

5-Hydroxy-o-toluic acid

appeared to be a reasonable intermediate for subsequent

conversion to this essentially dimeric phenol.

The literature

revealed two diverse methods of synthesis of this key inter¬
mediate.

Heating commercially available 2-naphthol-6,8-

disulfonic acid dipotassium salt [77]

in 50% sodium hydroxide

to 260-270° in an autoclave is reported to yield the proper
acid [76] in a single step.

However, since this instrument

was not available to us when this investigation was initiated
the less favorable approach outlined in Diagram VII was em¬
ployed initially.
Diagram VII

27

^-Xylene [71] was treated with chlorosulfonic acid
giving 3,4-dimethylbenzenesulfonyl chloride [72] in 88%
37
yield.
When exposed to ammonium carbonate [72] yielded
37
the corresponding sulfonamide [73] in 94% yield.
These
transformations followed standard procedures used in the
preparation of sulfonamide derivatives of xylenes for
analytical purposes.

It was found that the large excess

of chlorosulfonic acid and ammonium carbonate was unnecessary
Furthermore, when applied to large scale preparative work the
prescribed procedures made the work-up unduly difficult.
This problem was overcome by employing half the amount of
37
reagents called for.
Excellent yields and ease of work-up
under these conditions precluded any investigation to deter¬
mine the minimum amount of reagents required.

Oxidation of

3,4-dimethylbenzene sulfonamide [73] with potassium per¬
manganate gave a mixture of 4- and 5-o-toluic acid sulfo38
namides [75] and [74] . The old procedure of Jacobsen
reports isolation of this acid-mixture in good yield, but
was carried out in extremely dilute solution; four liters
of water were required for the oxidation of only 20 grams
of the xylenesulfonamide.

The employment of this ratio on

a preparative scale of 426 grams of substrate would have
required about 84 liters of water.

Of course, this was

impractical with standard laboratory equipment.

Further¬

more, the removal of such a large volume of water required
in the work-up procedure would be too time consuming.

By

using a saturated solution of potassixxm permanganate the
required amount of water could obviously be minimized.
A relatively convenient procedure was finally developed
wherein a half equivalent of sulfonamide in one liter of
water was oxidized by the gradual addition of three liters

28

of a saturated permanganate solution.

Experimentally, it

was discovered that the ratio between the amounts of potassium
hydroxide and o_-xylenesulfonamide described by Jacobsen should
be maintained when employing the saturated permanganate pro¬
cedure employed here.
No details on the method of separation of the two acids
[74] and [75] have been reported in the literature.

Since

the potassium salt of the o^-toluic acid-5-sulfonamide [74]
is significantly greater in water than that of its isomer
[75] these salts were chosen for the separation.

Approximately

equivalent amounts of the partially dried mixture of acids
and potassium hydroxide pellets were brought into solution
with a minimum amount of water by bringing the suspension
to boiling.

The concentration-of hot solution was then ad¬

justed until crystals started to form in the hot solution.
Acidification of the precipitated salts and a second potassium
hydroxide induced crystallization from a boiling

aqueous

solution afforded good separation of the two acids.
38
According to Jacobsen
the two acids should be produced
in equal amounts, but we isolated 51% of the 4-sulfonamide [75]
and 29% of the 5-isomer [74]

from dilute permananate oxidation.

Employing concentrated solutions of this oxidant the yields
were 40% and 20%, respectively.

After recrystallization and

drying the desired o_-toluic acid-5-sulfonamide exhibited a
38
melting point in agreement with the literature value.
Although our results and those of Jacobsen are based on
isolated yields and do not necessarily correspond to the
amounts of the isomeric acids actually produced the pre¬
dominance of the 4-sulfonamide [75]

isolated is of interest.

This apparent preference for oxidation of a methyl group in
a position para to a strong electron-withdrawing group is

29
in agreement-with what is known about permanganate oxidation
39
under basic conditions.
The reaction is known to be accel¬
erated by such electron-withdrawing substituents, and, of
course, this effect is greater on the para- then on the meta¬
position of a benzene ring.

The preferential formation of

a radical intermediate on the para-substituted methyl is to
be expected and predicts a predominance of the corresponding
acid.

This interpretation .is consistent with but not necessar

ily confirmed by the experimental observations mentioned above
and is not in agreement with the old Jacobson essentially
statistical suggestion.
The potassium hydroxide fusion of the o-toluic acid-5sulfonarnide [74] was investigated without the benefit of
38
experimentcil details.
Fusion of these reactants below
250° was found to be inadequate.

Temperatures in excess of

300° lead to considerable charging.

A maximum yield of 71%

of phenolic acid [76] was obtained when [74] was fused with
excess potassium hydroxide at 260-290° for one hour.
Although most of the reactions outlined above gave
good yields the over-all yield of only 9% was mainly a
consequence of the practical difficulties involved in the
permanganate oxidation.

The relatively poor yield and

inconvenience associated with this step was soon overcome
with the obtention of an autoclave.
41
Employing the prescribed
forcing conditions the de¬
sired 5-hydroxy-o-toluic acid [76] was easily prepared from
commercially available 2-naphthol-6,8-disulfonic acid
dipotassium salt [77]

in a one-step operation in 52% yield.

Little effort was extended to improve the yield of this
reaction.

30

[77]

[78] . [76]

A possible explanation of this remarkable cleavage is out¬
lined in the following mechanism which takes into account
the well known tendency for (3-diketones to cleave in strongly
basic solution.

31

Since this one-step operation is so advantageous over the
previously described methods we had investigated its
potential prior to the obtention of an autoclave by em¬
ploying standard laboratory equipment.

Water assumes a

basic role in the mechanism suggested above as a proton
source, and its employment as a concentrated basic solution
obviously limits the temperatures which can be achieved in
open reaction vessels.

In any event, the only product se¬

cured from such experiments was that of simple fusion, i.e.,
the trihydroxynaphthalene [78].

The employment of higher

boiling protic solvents such as triethylene glycol, an
obvious variation, was never investigated when the autoclave
became available.
The remaining steps necessary for obtaining the dimeric
phenol [69]

from 5-hydroxy-o-toluic acid [76] are outlined

in Diagram VIII and followed conventional lines.

Diagram VIII

32

Diagram VIII (continued)

33

The phenolic group of [76] was protected as its methyl
42
ether via standard procedures
. Since this particular
substrate is dibasic the employment of slightly more than
two equivalents of sodium hydroxide in the dimethyl sulfate
43
alkylation was necessary. Fisher esterification
of the
later intermediate gave ethyl 2-methyl-5-methoxybenzoate [80]
in good yield.

Subsequent reduction with lithium aluminum

hydride gave the corresponding alcohol [81] without diffi¬
culty.

All intermediates mentioned to this point have been

previously described in the literature,

where applicable,

melting or boiling points and infrared spectra were con¬
sidered to be sufficient identification.

Description of

the experimental procedures employed in the preparation of
these materials is incorporated into this discussion since
these details are annoyingly absent in the older literature.
As mentioned previously the desired dimeric phenol [69]
seemed readily accessible via a coupling reaction of the
proper benzylic halide [82] with magnesium and ferric chloride
44
as initiator. . Stork has previously reported that the benzyl
alcohol [81] is converted to the corresponding chloride in
43
...
64% yield
. However, the coupling reaction of interest to
us was based upon a benzyl bromide of structure similar to
the chloride and we decided to depart from previously described
intermediates at this point.

When the alcohol [83] was treated

with phosphorous tribromide the required benzyl bromide [82]
was .obtained in 84% yield.

The coupling of this inter¬

mediate with magnesium and catalytic amounts of ferric chloride
proceeded without difficulty giving the bibenzyl derivative
[83]

in good yield.

Although several methods could be used

to cleave the ether groups of intermediate [83] reaction with
pyridine hydrochloride proceeds under relativity mild conditions

34
and gave 83%'yield of diphenol [69] when run on a small
scale.
46%.

However, on a 10 gram scale the yield was only
After the diphenol had been extracted with sodium

hydroxide the etheral solution was investigated and a
compoxmd found, which appeared to be the monophenol [84]
in 46% yield.

Although the failure of this substance to

be extracted into the basic aqueous solution is somewhat
surprising its infrared spectrum exhibited the expected
phenolic adsorption at 3600 cm ^ and the pmr spectrum re¬
vealed a methoxyl signal at 3.7 6.

The conversion of this

material to the desired diphenol [69] by a second pyridine
hydrochloride fusion precluded any additional structural
assignments.

The differences in yield between the small

and large scale reactions are probably due to the usual
technical difficulties further plagued by the hygroscopic
nature of pyridine hydrochloride which is extremely diffi¬
cult to handle in the large quantity required (600 grams)
for this reaction.
The first goal of this work, the synthesis of the
dimeric phenol [69] was now achieved through convenient
reactions where each step gave excellent to good yields.
Our hope was that compound [69] when subjected to an
oxidative phenolic coupling reaction would give the
para-para coupled product [70], as found in similar experiments discussed in the literature

28 29 30
'

'

.

The few known

examp3.es of intramolecular coupling of compounds similar
to the diphenol [70]
para coupled product

all show a preference for the para28 29 30
'

'

.The ortho-ortho and ortho-

para couplings have not been found to occur.
As earlier mentioned, the oxidative phenolic coupling
reaction does often give a mixture of various products.
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Since it is not yet feasible to predict which method may
lead to one particular product in a useful yield, it was .
necessary in each individual case to carry out an empirical
screening of the possible methods.
In order to examine the transformation of the dimeric
phenol [69]

to the dienone [70] an experimental investi¬

gation was commenced and will be discussed in the following
paragraphs.
Since ferric chloride and potassium ferricyanide have
been successfully used as reagents in a large number of
coupling reactions, they were also tried in the present case.
When the dimeric phenol [69] was treated with ferric
chloride in an aqueous solution, the product consisted
mainly of polymers.

However, the infrared spectrum showed

a minor peak at 1660 cm

indicating that a compound con¬

taining a carbonyl group was present in the mixture.
The dimeric phenol [69] was then treated with ferri¬
cyanide under various conditions.
green precipitate was formed.

In all cases an insoluble,

The infrared spectrum of this

green substance was recorded, but no further investigations
were performed.

The infrared spectrum showed a cyanide

absorption at 2040 cm ^ and a broad peak absorption
near 1660-1630 crn ^ (possibly carbonyl), indicating the
presence of an inorganic complex.

When the reaction was

performed in air a small amount of an ether soluble carbonyl
compound was found, but no traces could be detected when an
inert atmosphere environment was employed.
Various other oxidizing agents were tried in this
reaction.

Chromic acid gave absolutely no results.

However,

the most promising reagent appeared to be manganese dioxide.
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When a chloroform solution of the phenol [69] was
filtered through a column packed with activated manganese
45
dioxide
and celite, a yellow compound remained m the
solvent after the unreacted phenol was extracted with base.
The yellow solid was purified by preparative layer chromato¬
graphy, and gave 14 mg (3.2%) of reasonable pure product.
The infrared spectrum of this compound showed absorption at
1660 cm ^ and 1620 cm \ which is characteristic of a con48
jugated ketone.
The pmr spectrum was m agreement with
. 44
a spectrum from a compound synthesized by Boeckelheide
similar to the dienone [70].

Although the desired product

probably was obtained, the yield was too poor to be useful
in preparative work, and this reaction was not investigated
further.
When hydrogen peroxide/ferrous sulfate was used, only
a good recovery of the starting material was obtained, even
after an extended reaction time of 18 hours.

Oxidation

with periodates were attempted under various conditions, but
traces of dienone were found in the infrared spectrum, and
then only in cases where heat or long reaction times were
applied.

The phenol [69] appeared to be very inert to this

type of oxygen transferring reagents.
Recently diphenoquinones have proven to be useful reagents
in phenolic coupling reactions

.

However, a fusion at 250°

of the phenol [69] with 3,5-3151-tetramethyl diphenoquinone
gave no reaction.
The results from the experiments reported in this paper
can therefore be summarized as follows:
The dimeric phenol [69] reacts easily with metallic
electron transfer reagents, but gives mainly polymers.
The dienone [70]

is obtained in poor yield.

With
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strong oxidizing agents which are known to transfer
oxygen, the phenol [69] will react if sufficient
amount of heating is applied.

The product then

consists of polymers.
The experimental data is summarized in Table I.
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EXPERIMENTAL

Infrared spectra were obtained on a Beckmann IR-8
spectrophotometer.

Proton magnetic resonance spectra

were recorded in a dilute carbon tetrachloride solution
containing tetramethy silane as internal standard except
where indicated,on a Varian A-56/60A spectrometer operating
at 60 Me.

Melting and boiling points are uncorrected.

Microanalyses were secured from the Elek Microanalytical
Laboratory, Torrance, California.

Preparative layer

chromatography operations employed Brinkman precoated
20 x 20 cm plates of silicagel F-254 2 mm thick.

40
*

.

3,4~Dimethylbenzcnesulfonyl Chloride

.3

/

[72)

The procedure given for this and the next preparation
was originally used for analytical•determination of o-xylene.
For synthetic work on a larger scale it was found that the
large excess of one reagent not only was unnecessary but
also made the work-up difficult.
A solution of 250 g (2.4 moles) of io-xylene in one
liter of chloroform was cooled to 0°.

Chlorosulfonic acid,

500 g (7.6 moles) was added dropwise with stirring at a
rate which kept the evolution of the hydrogen chloride
gas at a manageable level.

After the initial evolution

of gas had subsided, the reaction mixture was brought to
room temperature and stirred for one hour.

The contents

of the flask were poured carefully into a large beaker
filled with crushed ice.

The chloroform layer separated

and the water layer was washed with fresh chloroform.

The

combined chloroform layers were washed with cold water emd
concentrated.

The solid crude residue was recrystallized

from dry petroleum ether (b.p. 30-60°) to give 426 grams
(88%) of white needles, mp 50-51° (lit.*^ mp 52°).
The infrared spectrum is given in Figure 1'.
3,4 Dimethylbenzenesulfonamide

37

f 731

A mixture of 426 grams (2.1 moles) of dry 3,4-dimethylbenzenesulfonyl-chloride and 500 grams (4.7 moles) of dry
powdered ammonium carbonate was heated to 100° for one
hour.

The mixture was occasionally shaken and stirred.

After cooling to room temperature the solid was washed
with cold water to dissolve excess ammonium carbonate.
After filtering off the water the sulfonamide was re¬
crystallized from ethanol and water and kept at -10° over¬
night.

Filtration gave 336 grams (94%) of white needles,
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mp 143-144° (lit.37 mp 143-144).
The infrared spectrum is given in Figure 1.
.
30
o_-Toluic Acid-5-Sulfonamide
[74]
Method A
A solution of 40 grams (0.25 moles) potassium perman¬
ganate in 3 liters of water was added dropwise with stirring
to a solution of 20 grams (0.11 moles) of 3,4-dimethylbenzene
sulfonamide and 10 grams of potassium hydroxide in hot water
at a temperature of 60-70°.

The solution was then kept at

60-70° with stirring until only a faint purple color re¬
mained.

The manganese dioxide produced during the reaction

was filtered off, and the solution concentrated to 300 ml
and filtered.

The basic filtrate was acidified with concen¬

trated hydrochloric acid, and the mixture of o-toluic-4and 5-sulfonamides filtered off and partly dried in a vacuum
deccicator.
Method B#
A solution of 190 grams (1.2 moles) potassium perman¬
ganate in 3 liters of warm water was added to a solution
of 95 grams

(0.52 moles) 3,4-dimethylbenzenesulfonamide and

47 grams of potassium hydroxide in one liter of water while
stirring.

The mixture was kept at a temperature of 60-70°.

When only a faint purple color remained, the manganese
dioxide was filtered off and the clear solution concentrated
to 1.5 liters.

Upon acidification to pH 8-10 with concen¬

trated hydrochloric acid the precipitated starting material
was filtered off.

The mixture of

0,-toluic

acid-4- and 5-

sulfonamides precipitated upon further acidification and was
collected and partly dried.
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Separation of o-Toluic Acid-4- and 5-Sulfonamides [75] and [74]
The partly dired acid mixture from the reactions described
above in an amount of 245 grams (calculations indicate a
maximum quantitative yield of 168 grams of dry acid) was
mixed with 43 grams (0.77 moles) of potassium hydroxide
and concentrated until crystals started to form.

After

overnight cooling in a refrigerator 64 grams of shiny white
crystals of the potassium salt of 4-su.lfonamide were filtered
off.

The filtrate was acidified with concentrated hydro¬

chloric acid and the organic acids filtered and partly dried.
This gave 116 grams of a wet mixture.

Treatment v/ith 17 grams

of potassium hydroxide gave only 6 grams of potassium salt.
The remaining 5-sulfonamide was precipitated with concentrated
hydrochloric acid and recrystallized from hot water, giving
37 grams of white needles, mp 242-243° (lit.

38

mp 243°).

The total yields for the reactions were:
Method A

Method B

o-toluic acid 4-sulfonamide 88 grams (51%)

170 grams (40.5%)

£-toluic acid 5-sulfonamide 46.5 grams (29%) 81 grams (20%)
The infrared spectrum is given in Figure 1.
5-Hydroxy o-Toluic Acid

38

[76]

Method A
A mixture of 52 grams (0.24 moles) of the 5-sulfonam.ide
[74]

and 104 grams (2.5 moles) of potassium hydroxide was

hejit.ed to 260-290° in an open vessel on a sand bath.

The

melt was kept at 260-280° for one hour and stirred occasion¬
ally.

After cooling the solid crust was dissolved in water

and filtered.

The solution was then acidified with concen¬

trated hydrochloric acid with the evolution of sulfur dioxide
and pure sulfur.

The sulfur precipitated out in a colloidal

form eind was impossible to filter off.

To transfer it to a

43

form which could be filtered the solution was-heated at pH
8-10 on a steam bath for 30 minutes and filtered through a
sintered glass funnel.

The clear filtrate was further-

acidified; and the precipitated acid was filtered off
after the evolution of sulfur dioxide had ceased.

Finally

the acid was recrystallized from hpt water and dried giving
40
24.5 grams (71%) of white needles, mp 184° (lit.
mp 184°).
The infrared spectrum is given in Figure 1.
5-Hydroxy-o-Toluic Acid

41

[76]

Method B
In an autoclave of one liter capacity, 250 grams of
2-naphthol-6,8-disulfonic acid dipotassium salt was mixed
with one kilogram of a 50% solution of sodium hydroxide in
water.

The container was heated to 260-270° for 18 hours.

After cooling the green-black melt was carefully neutralized
to pH 8-10 with concentrated hydrochloric acid and filtered.
The filtrate was then further acidified.

The precipitate

was filtered off and dissolved in a 15% sodium carbonate
solution.

This solution was washed several times with

ether and acidified.

After filtering and recrystallization

from hot water, 52 grams (52%) of brown-white needles were
40
obtained, mp 185° Clit.
mp 184°).
The infrared spectrum is given in Figure 1.
5-Methoxy-o-Toluic Acid

42 •
[79]

.To a solution of 107 grams (0.7 moles) of 5-hydroxy-otoluic acid and 77 grams (1.9 moles) of sodium hydroxide in
500 ml of water was added dropwise over a period of one hour
130 ml (1.5 moles) of dimethylsulfate.

The temperature

was kept below 30° during this period, after which it was
raised to 90-100° for one hour of reflux.

44
After cooling the mixture was acidified with 50% sul¬
furic acid.

The precipitated ether was filtered off and

recrystallized two times from 50% acetic acid, giving 88.5
42
grams (75%) of brown needles, mp 146-147° (lit.
mp 146147°).
The infrared spectrum is given in Figure II.
Ethyl 2-Methyl-5-Methoxy Benzoate

43

[80]

A mixture of 88 grams (0.53 moles) of 5-methoxy-otoluic acid, 880 ml of absolute ethyl alcohol and 88 ml of
concentrated sulfuric acid was boiled under reflux for 12
hours.

Most of the alcohol was removed by distillation.

The residue was diluted with 300 ml of water and extracted
with ether.

The ether extract was washed with 10% sodium

bicarbonate solution, then with water and finally dried
over sodium sulfate.

The product, 90.9 g (88%), was iso¬

lated by distillation as a colorless oil, bp 83-85°
(0.25 mm); [lit.^ bp 125-135°(5 mm)].
The infrared spectrum is given in Figure II.
2-Methyl-5-Methoxybenzyl Alcohol

43

f 81]

In a 500 ml three necked flask provided with a magnetic
stirrer and protected from moisture with a drying tube, 3.5
grams

(0.092 moles) of lithium aluminum hydride was dissolved

in 300 ml of anhydrous ether.

To this was added dropwise

30 grams (0.15 moles) of ethyl 2-methyl-5-methoxybenzoate
[80]. dissolved in 50 ml of dry ether at a rate sufficiently
slow to maintain gentle reflux.
kept under a nitrogen atmosphere.

The reaction mixture was
The solution was then

refluxed for two hours, cooled in an ice bath and very
carefully decomposed with a saturated solution of sodium
sulfate in water.

The supernatant ether layer was decanted
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off and the -residue left after removal of the ether was
isolated by distillation giving 18.2 grams (78%) of colorless oil, bp 88-90° (0.25 mm); [lit.

43

bp 104-106°(0.6

mm)] .
The infrared spectrum is given in Figure II.
2-Methyl-5-Methoxybenzyl Bromide [82]
A solution of 6.6 ml (0.07 moles) phosphorous tribro¬
mide in 16 ml of benzene was added with stirring over a
period of 15 minutes to a solution of 18.2 grams (0.12 moles)
of 2-methyl-5-methoxybenzyl alcohol [81] in 110 ml of benzene.
The mixture was refluxed for one hour, and after cooling it
was decanted from the inorganic residue and poured into
200 grams of ice and stirred for 30 minutes.

The benzene

layer was separated and the water layer was washed twice
with benzene.
trated.

The benzene solution was dried and concen¬

The solid residue was recrystallized from petroleum

ether (30-60°) and 21.5 grams (84%) of white needles was
obtained, mp 54-55°.
The infrared spectrum is given in Figure II, and the
pmr spectrum in Figure IV.
Anal.

Calcd. for C^II^OBr: C, 50.25; H,

5.12

Found:

5.13

C, 50.17; H,

2,21-Dimethyl-5,5'-dimethoxybibenzyl [83]
In a 500 ml flask 21.5 grams (0.1 moles) of■2-methyl-5methoxybenzyl bromide was dissolved in 160 ml of dry ether.
Magnesium powder in an amount of 1.35 grams (0.056 moles)
was added and the mixture stirred rapidly.

The appearance

of cloudiness indicated that the reaction had started, and
when a few milligrams of ferric chloride was added to the
mixture the onset of a vigorous reaction was noted.

After
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the reaction was complete a few crystals of ferric chloride
were added in order-to see if unreacted material was still
present.

The mixture was then refluxed with stirring until

all the magnesium had dissolved.

After most of the ether

was removed by distillation, 250 ml benzene was added
followed by the addition of 25 ml of 5 N hydrochloric acid.
The benzene layer was separated and washed with water.
After drying the benzene was removed, leaving a light brown
residue.

Recrystallization from methanol gave 10.5 grams

(78%) of white needles, mp 79-80°.
The infrared spectrum is given in Figure III, and the
pmr spectrum in Figure IV.
Anal.

Calcd. for C.0H _0»: C, 79.96; H,

8.20

Found:

8.55

i.o 22

2.

C, 80.26; H,

2,2*-Dimethyl-5,51-dihydroxybibenzyl f 69]
Under a nitrogen atmosphere and with mechanical stirring
(when it became possible) 10.5 grams

( .039 mo]es) of 2,2'-

dimethyl-5,5 '-dimethoxybibenzyl [83] was fused with 600 grzims
47
at dry pyridine hydrochloride
at 200-210° for one hour.
After cooling, the fused mass was dissolved in 400 ml of 5%
hydrochloric acid and extracted with ether.

The etheral

solution was washed* with water and extracted with 300 ml
of IN sodium hydroxide solution.

The basic extract was

washed with ether and acidified with concentrated hydro¬
chloric acid.

The phenol precipitated as a very fine powder

whicli beccime crystalline upon storing overnight.
lization from hot methanol yielded 4.2 grams

Recrystal¬

(46%) of white

leaves, mp 166-167°.
The infrared spectrum is given in Figure III and the
pmr spectrum in Figure IV.

47
Anal.

Calcd.. for C_ILo0o:
ID

18 Z

Found:

C,

79.31; II,

7.49

C,

79.38; H,

7.56

The ether extract from the above reaction was dried and
concentrated, giving 4.6 grams of a light-yellow compound.
The infrared spectrum of the crude product in chloroform was
very similar to that of the diphenol and also displayed a
hydroxy group at 3600 cm The pmr spectrum was recorded
in CCl^ and gave 6 6.3 (m, 6), 3.7 (s, 3), 2.65 (s, 4)
2.1 (s, 6).

The spectra indicated that the compound was

2,2'-dimethyl-5-hydroxy-5'-methoxybibenzyl [84]

in 46%

yield (crude).
Bisdienone [70]
A solution of 0.4403 grams (1.8 x 10

_3

moles) of

2y2'-dimethyl-5, 5 '-dihydroxy b’ibenzyl [69] in chloroform
was filtered through a column of activated manganese dioxide
(2 grams) mixed with celite (2 grams) .

4

Fresh chloroform was

then filtered through the column until the formation of the
dienone had ceased.

The combined chloroform solutions were

evaporated to give a yellow glass.

The dienone was purified

by preparative layer chromatography with ether as a developer
yielding 14 mg (3.2%) of a yellow solid, mp. 182-185°.
The infrared spectrum is given in Figure III.

The pmr

spectrum was recorded in CDCl^ and gave 6 6.7 (m), 2.3 (m),
1.2 (s).

The spectrum was very poor and it was not possible

to obtain usable integration with the small amount of dienone
from the reaction.
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