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GENERAL INTRODUCTION 

The research reported in this thesis on the chemical 

reduction of trimethyl gallic acid, (XLVI), is part of a 

1 

larger project concerned with the nuclear hydrogenation of 

polyhydric phenols which is being carried out in the l~b

oratories of the Division of Industrial and Cellulose Chemistry. 

Others (147, 1~8, 1~9) have worked on the catalytic hydro

gena.tion of pyrogallol and ga llic acid (XLV) and ba.ve suc

cessfully isolated some of the stereoisomers of the cyclo

hexane analogs of these aromatic compounds. the object of 

the present work is to study the chemical reduction of gallic 

a.cid (XLV) and trimethyl gallic acid (XLVI) by means of sodium 

and isoamyl alcohol. 

Complex polyhydric phenole are more or less readily 

~.vailable from the lignin portion of hard or soft wood or 

from bark. In Ca.nada, where lar·ge quanti ties of lignin and 

bark are a.vailable as wa.ste products from the forest industries, 

the production of useful chemicals from these materials might 

become of considerable economic importance. The study of the 

chemistry of the simpler polyhydric phenols might, therefore, 

open up important ways in which lignin and bark could be 

utilized. 

The presence of an abundant supply of hydro-electric power 

in this country makes possible an economical production of 

alkali metals, which can be used as chemical reducing agents 
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either alone or in amalga.ms. Furthermore, electrolytic re

duction with high overvoltage cathodes (copper, lead, mercury, 

zinc, tin and cadmium) resembles reductions by chemical agents 

(1). The chemical reduction of the above polyhydric phenols, 

therefore, would indicate under what conditions electrolytic 

reduction of more complex naturally occurring phenols might 

be successful. 

The nuclear reduction of these polyhydrio phenols present 

problems which ha.ve held the attention of chemists for some 

time. Some of these problems are the mechanism of nuclear 

reduction, the structure of the reduced products, and the con

ditions under which hydrogenolysis of ca.rbon-oxy~en bonds could 

be minimized. It was one of the aims of this research, to 

determine under wha.t conditions the reduction of the benzene 

ring of trimethyl gallic a.cid, (XLVI), could be eccomplishe~ 

while keeping hydrogenolysis of the bond bet"'een the ring cnrbon 

a.nd the ether (or hydroxyl) oxygen ~t a minimum. 
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HISTORICAL I~TRODUCTIO~ 

Chemical Reduction of the Benzenoid Nucleus 

Chemical reducing agents include all the hydrogen liberat

ing combinations such as sodium in alcohol, sodium in liquid 

ammonia, zinc and tin in neutral, acid or basic media, zinc, 

sodium, and aluminum amalgams, as well ae soluble lo•er valency 

metal salts such ae vanadoue, chromoue and titanous chlorides. 

As a matter of fact, however, most chemical reductious of the 

benzenoid nucleus have been carried out with the alkali metale 

(1). 

The following generalizations may be made concerning the 

effectiveness of chemical reducing agents: 

(1) Simple olefi~s are not reducible. 

(2) The presence of an aryl, carboxyl or ethylene 

group conjugated with, or in some cases cumulated with, the 

unea.turation is essential for reduction to occur, although 

their presence does not make reduction certain. 

(3) The acetylenes are reduced by some rea.gente, 

especially by sodium in liquid ~mmonia. The products are 

generally olefine since olefins are not further reduced by 

this means. 

In general, benzene and toluene are not attacked by 

alkali metals. No metal salt ie obtained when the hydrocarbons 

are treated with sodium or lithium in inert solvente, and no 

reduction takes place with sodium and alcohol (1). Wooster 



and Godfrey (2) have, however, found that when a solution of 

toluene and sodium in liquid ammonia is treated with water, 

far lees than the theoretical amount of hydrogen is evolved 

and a highly unsaturated compound is obtained. A recent 

patent (3) in extension of thi~ work, describes the prepar

ation of 1, 4 dihydrobenzene and 1,4 dibydrotoluene by re

ducing the hydrocarbons with sodium in liquid ammonia in the 

presence of a hydrolytic agent such as methyl alcohol. In 

similar fashion Birch (~) succeesfully reduced m- and p

xylene and p-oymene to the corresponding 2,5 dihydro deriv

a.tivee (I and II). 

I 

Calcium ammonia, ea. (NH3) 6 , made by passing anmonia 

vs.pours over metallic calcium, is a powerful reducing agent 

4 

for aromatic compounds. It will reduce benzene and its homo

logs at room temperatures to cyclohexene derivatives, in yields 

as high as 90 percent. With alkylbenzenes, the double bond of 

the cyclohexene is linked to the same carbon atom as the alkyl 

group (5,6). The ammonia complexes of lithium strontium and 

barium can also be used (() but they are much less effective. 

Hydriodic acid and red phosphorous may be used to reduce 

most aromatic hydrocarbons; frequently a mixture of products 



is obtained, and the reduction can be made complete if a 

sufficiently high temperature is used. Other methods of 

reduction are generally preferable (1). 

5 

The aromatic hydrocarbons are not ae a rule reduced by 

zinc and acid, but Breteau {~) has reported the reduction 

of phenanthrene with zinc activated by palladium chloride, 

in hydrochloric acid solution. The tetrahydro derivR.tive 

was obtained, regardless of the amount of reducing agent 

used, and no dihydro or hexahydro-phenanthrene could be isol

ated. This reduction may possibly be a case of catalytic 

hydrogenation, in Which the palladium functioned as catalyst 

and the hydrogen was genera.ted by interaction of the zinc 

and hydrochloric acid. 

Substitution of one or more of the hydrogen atoms of 

the benzene ring by hydroxyl or carboxyl groups renders the 

products more susceptible to reduction by chemical agents (1). 

Willstatter and his students (9) studied the reduction of 

terephthalic acid (III) by pure sodium amalgam. The course 

of this reduction is markedly affected by the hydrogen-ion 

concentration of the medium; at a pH of 10 to 12 nuclear 

reduction occurs and a mixture of the 1,4-dibydro (IV) and 

1,2,3,4-tetrahydro acids (V) is obtained. 
COOH 

~ COOH 

III IV V 
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When, on the other hanct, the pH is maintained at 9 to 9.~ by 

the use of buffers, nuclear reduction ceases to be the main 

reaction and instead, one o! the carboxyl groups is attacked, 

with the formation of p - toluic acid. 

VI 

Similar results have been obtained with benzoic acid {10). 

Reduction by sodium amalgam in alkaline solution yields a 

tetrahydro acid, whereas reduction in acid medium forms 

benzyl alcohol. 

The chemical reduction of phenols preceQeQ the Qiecovery 

of catalytic hydrogenation and initially met with only in

different success because a large variety of unpredictable 

products resulted. In many cases, dehydroxylation without 

nuclear reduction occure, while in others, dehydroxylation 

and nuclear reduction take place simultaneously. 

In some cases, the reduction of the aromatic ring is 

accomplished without cleavage of the hydroxyl group. Thus 

Merling (11) reduced 1,3 dihydroxy benzene (VII) in small 

yields to a mixture of cyclohexane - 1,3 dione (VIII) and 

the tautomeric enol ~l cyclohexene l-ol-3one by means of 

sodium a.malg&lll (IX). 



OH 

VII 

OH ,. 

'. 
IX 

+ 
OH =o 

VIII 

Wislicenus (12) claims .he succeeded in ~ompletely saturating 

1,3,5 trihydroxy ben~e,!l~.•·-obta~~i~ ·the corresponding cyclo-
' , 
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hexa,ntr~ol in minor yields using .Mdium amalgam as the reduc

ing a.gent. 

Sodium metal and liquid ammonia have been employed to re-

duce sodium a and ~ naphthoxidee (XII and XIII) (4). The interest-

ing obeerva.tion wa.e made that in the a.bsence of a proton source 

such as t-amyl alcohol, very little reduction occurred but that 

in the presence of this reagent good yields of the 5,g dihydro 

a naphthol (XIV) were obtained from sodium a naphthoxide and 

fair yields of ~ tetralone (XV) from sodium p naphthoxide. 

Sodium phenoxide, however, was not reduced by these means. 

OH 

The reduction of aroma tic ca.rboxylic acids, containing a 

phenolic hydroxyl eubsti tue11t, to the corresponding saturated 

compounds was carried out successfully by Einhorn (13), Einhorn 

and Willstatter (14} and Perkine and eo-workers (15, 16) by 



means of sodium metal and ettanol. 

Einhorn (13) and Perkins and eo-workers (16) reduced 

m-hy'lroxy benzoic acid (X) to the correspondir:g cis and tra:1s 

cyclohexanol (3) carboxylic acids (XI). 

COOH COOH 

OH OH 

X XI 
cis and trans 

On the otter hand, Einhorn and ~illstatter (14) discovered 

that salicylic acid (XVI) undergoes ring fission as well as 

nuclear reduction with the sPrne tre~t!Tlent yielding pimelic 

acid (1,7 heptane dicarboxylic acid) (XVII). The compounds 

studied by Perkins and eo-workers (15) were the hydroxy toluic 

acids. Optimum yields and ease of reduction were r e:-)2rted with 

tte 4--hyd.roxy 1-methyl benzoic acids (XVIII), the reduction 

products being the correspondin0 ci~ and trans 1-T.ethyl cyclJ

hexanol-4 carboxylic acids (XIX). 

The Red.uctive Clea.vage of Phenol Ethers 

The well known oxidative changes which phenols, especially 

polyhydric phenols, undergo in alk~line as well e~ in ~cidic 

media, make the protection of the phenolic hy~rcxyl group of 

prime importance in many reactions. This ob~ect ~PY be ac-

complished by the established techniques of acylaticn and 

etherification. Such protection is especially necessary in 
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the chemical reduction of polyhydric phenole, in some of which 

irreversible changes may take place under alkaline conditions 

before chemical reduction has had the opportunity to proceed 

to any extent. Furthermore, etherification does not greatly 

alter the electronegative character of the molecule, accord-

tng to Lucas' table of electronegativities (141). A study of 

the phenol ether reveals the behaviour of the compound under 

conditions in which a. labile phenolic hydrogen is not involved. 

The behaviour of phenol ethere under reducing conditions is, 

therefore, an integral pe.rt of the study of the chemical re

duction of phenols. 

Alkali metal, either alone or with an alcohol, is an 

efficient means of cleaving phenol ether linkages although 

no apparent reduction of the aromatic ring takes place. Durand 

(17) first noticed the effect of sodium wire on diethyl ether 

and the formation of sodium ethoxide and hydrogen. D11eoamyl 

ether behaves similarly, but with great rapidity at the boiling 

point, the metal being molten. Anisole, phenetole, veratrole, 

ethyl benzyl ether, all reacted rapidly at elevated temperatures, 
. 

but a great deal of carbonization resulted with diphenyl ether. 

Potassium-sodium alloy reacted more vigorously than sodium alone 

and proved especially useful where it was desirable to maintain 

lower temperatures. 

In general, ether cleavage takes place as follows:-

+ Na RONa + 
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The free radical R1 may couple and will do so if aromatic, 

but if altphatic (other than methyl) it may also undergo 

d1eproport1onation. 

Schorigin (~) treated a series of mixed ethere with 

sodium metal, and reasoned that the more firmly a radical 

is bound with the oxygen, the greater would be the yield of 

the corresponding phenolate or alcoholate. In this way, he 

arrived a.t the following sequence in which the radicals are 

arranged in increasing bond strength with oxygen: 

benzyl, ethyl, isoamyl, ~-naphthyl, a-naphthyl, phenyl 

This order ie the same as that representing the relative 

firmness of attachment of the radicals to nitrogen, sulphur 

and carbon as determined by other workers. 

Luttringhaus and saaf (19) considered the cleavage of 

the central methoxy group in pyrogallol tri~ethyl ether, with 

sodium and ethanol, a.s unusual, since in normal ether cleavage 

the oxygen-phenyl link remains intact. Semmler (20) similarly 

obtained m-rnethoxybenzoio acid (XXI) in the sodium and ethanol 

reduction of trimethyl gallic acid (XX): 
COOH 

XXI 



This type of fission, however, soon loses its novelty when 

reference is made to the action of other dissolving metal 

reducing agente, as will be seen later. 

Standing alone in splendid isolation is the claim by 

Einhorn (21) that he succeeded in saturating the benzenoid 

nucleus of 3,5 dimethoxy benzoic acid with sodium and amyl 

alcohol without causing ether cleavage. 

11 

The action of alkali metals in liquid ammonia has produced 

very interesting resu!ts. Freudenberg, Lautech and Piazolo (22) 

found that potassium metal in liquid ammonia acts on methoxy 

oenzene aerivatives merely as e. demethylating a.gent, and Birch 

(23) confirmed this observation when he substituted sodium ae 

the a..1kali metal. Wooster ( 2), however, reduced a. number of 

compounds containing an isolated benzene ring when he added 

a small s.mount of metha.nol to a solution of sodium and liquid 

a.mmonia. He cone luded that dihydro derivatives were formed, 

although this was proven definitely only for benzene itself. 

Birch (~, 23, 24) also succeeded in reducing anisole, a series 

of alkyl monomethoxybenzenes, simple and substituted dimethoxy

benzenes, ~s well as pyrogallol trimethyl ether. In general, 

the products obtained as primary intermediates were the dihydro 

derivatives of these phenol ethers. Examples of some of the 

reactions studied by Birch are shown in Figure 1. 
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In summarizing these results Birch proposed (~) the 

following rule: "If a benzene ring bearing methoxyl and alkyl 

groups (or the ends of a saturated ring) is written in the 

Dewar formulae, in which the bridgehead is not occupied by 

a. metboxyl group, the chief product Will correspond to the 

formula bearing the least number of substituente at the 

bridgehead". For disuc2ti tuted ani so lee, the rule is stated 

somewhat differently: "Reduction w.lll tend to be initiated 

(a) in an unoccupied position (b) o-, m- rather than p- to 

an alkyl or methoxyl group, the latter having the greater 

deactivating effect in both cases". 

Birch (2*) also studied the apparent resistance to ett-er 

fission of substituted o-, m- and p- dimethoxy benzenes and 

concluded from hie results that the activating influence in 

decrea.sing order is as follows:- o-methoxyl, m-methoxyl, 

hydrogen, o-methyl, m-methyl, p-methyl, p-methoxyl. In con

sidering any phenol ether ROR1 in which R is a.ryl a~nd R1 is 

alkyl fission takee place and R1 is removed most readily 

when the alkyl nature of R1 is reduced by substituting R1 

with an aryl radical. The ease of removal of R1 is then 

found to be in the order CH2Ph, CH2COOHjcH
3
fn-c 3H7, ieo-

c3ar Thus in distinction to nuclee.r reduction of polyalkoxy 

benzenes, when extended reaction does c lea.ve the oxygen-aryl 

link, the reduotive cleavage without nuolea.r reduction in-

variably causes fission of the oxygen-alkyl link. 
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A similar fission of the methylene dioxy group in piperonal 

we.e observed by Papa and Schwenk (25) to yield mainly m

cresol. Raney 1 e aluminium-nickel alloy was used in con

junction with alkali. 

Theories of the Chemical Reduction of Phenols 

and Phenol Ethers 

General Theories of Chemical Reduction 

Any general mechanism proposed to explain the chemical 

reduction of unsaturated carbon-carbon linkages must eati~fy 

several conditions. It must account for the bimolecular 

products sometimes encountered, for the mixture of 1,~ -

and 1,2 dihydro products obtained from conjugated dienes, 

for the trans reduction of acetylenes, and for the influence 

of activating groups. Several theories fulfilling most of 

these requirements have been proposed; they differ chiefly 

in attributing the reduction to the aodition of "nascent" 

hydrogen atoms (or sodium atoms) or to the addition of 

electrons and positive ions (1). 

The oldest theory is that of Baeyer (2b) who considered 

that the dissolving metal reacted with the solvent to liberate 

hydrogen atoms, and that these "nascent" hydrogen atoms then 

reacted with the organic compound before they could combine 

with each other to form molecular hydrogen. The eolvent 

according to this theory would have a direct role in the 

reaction. 
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Until recent years the theory of "nascent" hydrogen 

was widely accepted and is still used by many authors. 

Willstatter and his eo-workers (27) have, however, rejected 

thie "nascent" hydrogen mechanism as the result of a care

ful study or the course of reductions by sodium amalgam. 

They Showed that it was possible to obtain yields of re

duced product as high as ninety percent (based on sodium), 

and considered that this would be impossible if hydrogen 

atoms were the actual reducing agent. They also showed 

that the ability of sodium amalgam to rea.ct with water with 

the liberation of hydrogen, and its activity in reducing 

double bonds are not parallel properties. It is possible 

to prepare a sodium ama.lgam which does not react appreciably 

with water, and yet Shows a high degree of efficiency in 

reducing a compound such as terephthalic acid. These facts 

led Willstatter to:propoee that sodium amalgam reductions 

occur by the addition of metallic sodium to the double bond, 

followed by hydrolysis by the solvent. In this case the 

solvent takes no direct part in the fundamental reaction. 

+ 2Na , ___ ..,.) C6H51H - ?HC6H5 
Na Na 

If it is postulated further that th~ two sodium atoms add 

not simultaneously but consecutively, it is possible by this 
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mechanism to account for the dimolecular pinacol-like 

products that are frequently obtained, especially in the 

reduction of unsaturated ketones by alkali metals; and for 

the mixture of 1,2 and 1,~ dihydro products formed in the 

reduction of diene acids by sodium amalgam. 

Willstatter's theory has received considerable support 

from the studies that have been made in the last t•o decades 

on the addition of alkali metals to olefine in inert media. 

In general, it is true that those olefins such ae cyclohexene, 

which cannot add sodium or other alkali metals, cannot be 

reduced by dissolving metal combinations. Olefine that 

readily ad.d sodium, such as styrene, stilbene, tetre.phenyl

ethylene, eto., e.re reducible by dissolving metals. Wooeter 

and Smith (2~) have a.lso shown that alkali organic compounds 

are intermediates in the reduction of many substances, such 

e.s naphthalene, by sodium in liquid ammonia. 

However, it does not follow from these experimental 

facts that the theories of "nascent" hydrogen reduction and 

of reduction by the addition of the metal atom are necessarily 
..... 

mutually exclusive. It may oe that each mechanism might be 

valid to explain the reduction of specific classes of com

pounds. Qeib and Harteck (29) have shown that in the gaseous 

state hydrogen atoms are capable of reducing oenzene. Birch 

(4) points out that metallic iron catalyses the reaction 

2H• -------.~ H:H and that the reduction of 6-methoxy tetralin 
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and sodium ~ na.phthoxide by sodium in liQuid ammonia was 

inhibited by the presence of a little finely divided metal. 

This inhibition may be due merely to the preferential com

bination of sodium with ammonia - a reaction also catalyzed 

by iron, but since this reaction also produces "nascent" 

hydrogen the state of the latter must be important. It is 

inferred that the metallic iron increases the rate of com

bination of hydrogen atoms to molecular hydrogen eo much tha.t 

the rate of reduction by hydrogen atoms is overtaken and 

suppressed. Several other objections have been ra.ised against 

Wlllstatter'e theory. Huckel (30) considered that it is 

reasonable to assume the mechanism of reduction ·oy diesolving 

metals to be the same for all the metals used - sodium, aluminum 

zinc, calcium, etc.,~ and that it seems unlikely that a poly

valent atom such as calcium could add to the 1,~ positi~ne 

of naphthalene, for example. Yet naphthalene ie reduced t~ 

the 1,4 dihydro derivative by both sodium and calcium in 

liQuid ammonia. Huckel has further emphasizett the fact that 

organic-alkali compounds like disodium naphthalene and calci~~ 

naphthalene do not have a covalent bond between the metal and 

the carbon atom, but are in reality salts. Hence in the form

~tion of these substances from the metal and the hydrocarbon, 

only electrons need to be transferred from the former to the 

latter. Wilson (31) and Isaacs and Wilson (32) have shown that 

the electrolytic reduction of conjugated acids such as sorbic 



acid by high overvoltage electrodes (mercury, lead) seems to 

take the same course as reduction by sodium and sodium ama.lgam, 

and may well proceed by the sa.me mechanism. In which case, 

of course, the reduction cannot involve addition of metal 

atoms to the double bond. 

Several inveetiga.tore ha.ve proposed an ionic mechani em 

to a.ccount for reduction by chemical reducing agents. Conant 

and his students (33, 34) suggested that the reduction of 

ma.leic acid by soluble reducing £=;a.lts coneists of tte step

wise addition of two electrons and two hydrogen ions to the 

oxygen atoms at the ends of the conjugated chain followed by 

irreversible ketonization. 

0 OH 0 

CH-~-OH 
I 11 

CH=C-OH CH2-C--oH ... 
J ) I\ + 2e + 2H > I 

OH-C-OH OH•C .. OH CH -C--OH ,, I 
2 ·' 

Q OH 0 

Simila.r theories have been put forward by Michaelis and 

Sohubert (35) who considered that reduction consisted in 

the consecutive addition of two electrons, followed by two 

protons; and by Prins (36) who suggested that a proton

electron complex first added to the unsaturated linkage, 

and that this step was followed either by dimerization or 

by addition of a second protJn-electron complex. 

The ionic theory put forward by Burton and Ingold (37) 

can be elaborated to cover practically all types of reducti~n 
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by chemical reducing agents. In brief, this theory assumes 

that the double bond polarizes in the reaction medium. For 

polarization tQ occur, at le~st one carbon atom of tne double 

bond must be attacnea to a. strongly electron-attracting group 

(aryl, carboxyl), eo that thie atom can provide a seat for a 

negative charge. The polarized molecule then adds a proton 

from the solution, forming a positive t'ragment which can 

stabilize itself by acquiring two electrons from the metal 

surface, or from the reducing salt, followed by another proton. 

If the fragment acquiree but one electron instead of two, a 

free radical will be rormed which can stabilize itself by 

dimerization. It will be seen that this theory can be adapted 

to explain the mixture of 1,~ and 1,2 dihydro products some

times obtained from conjugated compounds, for the intermediate 

positive fragment can un<ltJrgo G\r, allylic rearrangement to a 

tautomeric form. If it is assumed that a sodium ion can be 

added in place of a proton when the reaction is ce.rried out 

by sodium in liquid ammonia, then this mechanism will 8lso 

explain the formation of disodium naphthalene a.e an inter

med.ia.te in the reduction of naphthalene under these conditione. 



H H H H 
RC: :CR1 ---> RC:CR1 

H H 
RC:CR1 

H H 

rl 

(1)' 

H H 
RC:CR1 

H 

le :: H 
-~~ RC:CR1 

H • 

open sextet I 
t 2e ( 2) 

H+ H H 
.... ~--- RC: CR l 

(3) H •• 

H H 
RCH:CR1 

RCH:CR1 

H H 
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Consideration of stage (1) shows that this conception 

of the process offers an immedia.te explanation of the well

known fa.ct tha.t the only olefinic acids which are reduc1 ble 

by meta.ls in aqueous media are the a,~ uneaturRted a.cids. 

The possession of this structure is bu.t one ot the ways in 

which an olefinic substance can satisfy the more genera.l 

theoretical _r.3q·1irement that for facile reduction at least 

one ethenoid carbon atom must be attached to an electron-

sink. The electron-sink may be either an electron-attractor, 

(Carbonyl, carboxyl, phenyl, etc.) the permanent state of 

polarization of which confers on the adjoining carbon atom 

an affinity for a negative charge, or a polarisibility of 

the carbon atom. It is necessary to envisage the operati~n 

of both the inductive and tautomeric effect. At the con

clusion of stage {2) negative hydrogen,in effect H•2e, has 

been added to the double bond. There is now a close analogy 

with the halogen additions to olefin linkages; for just as in 
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these additions unstable positive halogen first unites, leav

ing the ordinary halide ion to combine later, so unstable 

negative hydrogen is first added on, leaving the or.jinary 

positive hydrogen to add subsequently. 

Tne merits of this theory are twofold. First, it provides 

an explanation for reduction of unsaturated linkages in a 

manner consistent with their behaviour to other actaends, 

susceptible in many ea. see to closer study; a.nd second, 1 t 

provides a working theory indicating what the requirements 

for successful reduction of multiple cerbon to carbon bonds 

are. 

The Mechanisms of the Chemical Reduction of Phenol 

and Phenol Ethers 

Sodium in liquid ammonia. behaves as a solution at· metal 

cations and solvated electrons in equilibrium with metal atoms 

(3!) and might therefore be expected to provide a suitable en

vironment· for chemical reduction. Nevertheless, reduction in 

liquid ammonia of isolated benzene rings requires a ready source 

of protons, e.g. water or alcohol. This observation has been 

interpreted as in favour ot" a.dopting the "nascent'' hydrogen 

theory of chemical reduction of isolRted benzene rings. !~A~~~

thelene, on the other hand, reduces by the ajdition of two 

electrons to form a bivalent anion CApaole of Adding two prJtonE. 

Birch (~) states that the ~reater resonance in an isolete6 be~ze~ 

ring renders the pr~duction of such an anion difficult. Actually 
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the energy of resonance stabilization is greater for naphthalene 

(75Kcal per mole) than for benzene (39Kcal per mole), although 

it ie true that the resonant energy associated with a possible 

resonating unsaturated bond must be less in naphthalene (15 

positions) than it is in benzene (o positions). On this basis 

it may be said that any one of the napthalene bonds would be 

more likely to polarize and undergo reduction by a,ddi tion than 

those in benzene. The greater resistance to polarization in 

the benzene ring might thus reQuire a simple proton as addend. 

Following the same trend, the sodium a and ~ naphthoxides may 

be reduced in the presence of an alcohol by sodium and liquid 

ammonia, but sodium phenoxide cannot be reduced by chemical 

reducing agents. Sodium a-na.pllthoatP., however, was readily 

reduced in the absence of alcohol probably because the carboxyl 

ion is ce.pable of taking up electrons by an electromeric 

mechanism despite its negative charge (~). 

The reduction of the benzene ring in both benzene and the 

phenol ethers takes place with the introduction of hydrogen 

atoms a,8 to each other. According to Birch (~) the polarization 

of the benzene nucleus takes place as follows either when express

ed in terms of an ionic mechanism or in terms of the Dewar formula:-
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On the assumption of anionoid addition (or electron addition) 

it was found possible to correlate the orientation i~fluence 

of alkoxyl and alkyl groups with those observed for other 

anionoid reagents. Sartoretto and Sowa (39) by a comparison 

of the effect of substituente on the direction of clea.vage of 

diphenyl ethere by sodium in liquid ammonia, Showed that de

~ctivation was produced in increasing measure as follows: 

o-cH3(p-cH3<p-OcH
3 

and activation by O-OCH3. It ie evident 

from these results, and from the known inductive effect of 

a.lkyl groups, that these will tend t~ prevent addition of an 

anionoid reagent in the substituted position or para to it, 

so that the bridge of the Dewar formula corresponding to the 

principal reduction product will end on the carbon atom bear

ing the least number of alkyl groups. In the methoxy alkyl 

benzene series the unshared electrons of the ether oxygen 

tend to repress anionoid addition to the carbon atom joined 

to the methoxyl and in the positiJn para to it. Thus the 

ortho-methoxy isomer alone is activating, and the Dewar 

formula having a methoxyl on the bridgehead must be left out 

of any consideration of the probable principal products in 

the reduction. These considerati~ns are summarized in the 

rule proposed by Biroh which has already been stated. 

In the absence of alcohol, or otber proton source, 

sodium and liquid ammonia causes fission of the monomethoxy 

and dimethoxy benzenes to yield monophenolic compounds. In 



mixed aryl alkyl ethers it ie evident that the ability of 

the aryl group to act as an electron-sink will lead to in-
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creased charge stability of the aryl group and thus to the 

cleavage of the oxygen-alkyl bond. The order of activating 

influence of these phenol ethers is o-methoxyl/ m-methoxyl) 
' 

hydrogen) o-methyl) m-methyl~p-methyl/ p-methoxyl. These 

results are in harmony with those obtained from the cleavage 
l 

of diphenyl ethers (39, 40). In the cleavage of ROR 

(R,R1 = aryl) for example the one which is favoured by the 

oxygen in fission appears to be determined by the relative 
l 

substitutions of the aryl ions (R,R respectively) - rather 

than the phenoxide ions, and the substituents have the order 

of activating influence noted above. Tnis must, therefore, 

express the relative effects of the groups on the stability 

of a negative charge on a ring carbon atom or an oxygen atom 

attached to it. The significance of this conclusion, especially 

the stabilizing effect of the o-methoxyl, has already been 

discussed in connection with ring reduction. One added con

sideration governs the fission of substituted benzene ringe 

also bearing 3,~ methylene dioxy groups. If the euostituent 

on the one position has an inductive effect (e.g. CH
3
) the 

meta positions will become electron deficient and thus react 

with an anionoid reagent; if the 1-subetituent, however, is 

electron accepting through a mesomeric effect (e.~. CJOH,CHO) 

the para position will become electron poor and be susceptible 
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to cleavage. In fact 3,~ methylenedioxy toluene does give 

p-oresol as product ana piperonal aoes yield m-cresol (2~). 

The fact that in the presence of alcohol, phenol ethers 

torm a,o dihydro compounds as intermediates seems to favour 

Birch's concept of the primary addition o:t" two electrons 

followed by proton absorption.at the extremities of the 

Dewar bridge. On the other hand, Ingold's theory would 

attribute the a,o addition of hydrogen to the type of polar

isibility exhibited, in the cRee under discussion - 1,~ , 

because as is already known, the anionic charge, the location 

of which controls the final proton, is stabilized terminRlly. 

The fact that in the absence of a proton source cleavage of 

the phenol ether can be explained most satisfactorily by the 

primary addition of one electron does not exclude the pos

sibility of initial proton addition in the saturation of 

multiple carbon to carbon bonds. In both variati~ns of the 

ionic mechanism, the net effect, expressed as a two sta.ge 

reactlon,ie the primary adaition of a negative hydrogen analogous 

to other addi t1ons to multiple ca.rbon to carbon bonds. 

The sodium and ethanol cleavage of pyrogallol tri!nethyl 

ether (~1, ~2) splits off the central methoxy group to give 

resorcinol dimethyl ether. Semmler (20) obtained m-methoxy 

benzoic a.cid as his principal product from the sodium and 

absolute ethanol reduction of trimethyl gallic acid. Luttring

haus and saaf (19) point out that in oothtbese cases of reductive 
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cleavage it is the aryl-oxygen bond that is severed rather 

than the oxygen~ethyl bond as is the case with alkali metals 

alone or alkali hydroxides in some solvent. They suggest that 

the reaction proceeds through the primary addition of sodium 

to the aromatic ring followed by subseQuent cleavage of sodium 

methylate and rearomatization accord~ng to the following example 

of pyrogallol trimethyl ether: 

According to the authors, the accumulation of methoxy groups 

accompanied as it ie by an increased mesomeric effect, makes 

possible the meta.l addition to the aromatic ring. It i e probable 

that this reaction is more easily explicable by the theory 

developed by Birch (~) which OJee not rely on the improbable 

addition of sodium to an isola.ted benzene ring. Tne prP.sence 

of the two other methoxy groups will through a mesomeric effect 

a.otiv~te the cleavage of the central methoxy group. Tne fiesion 

will stop here because the in!'luence ot meta is less activating 

than that of ortho methoxy groups. 

Keto-Enol Tautomerism 

The reduction of phenol ethere with dissolving metals 

presents the possibility of ootaining, as primAry intermediates, 

the dihydro and tetrahydro phenyl etherE. Up0~ hydrolysis with 



mineral acid the latter would yield unsaturated and saturated 

ketonic dertva~ives. It, tnerefore, becomes necessary to con

sider the general conditione under which keto~enol tautomerism 

w·oula. exist ane1 tne proper'tles ot 'tne tautomers. SUch a 

study might also show how products derivable from enols are 

produced. 

Extensive stuaiea of the nalogenation of ketones by 

Lapworth (43), Daweon anQ eo-workers(~ to ~7) Bughes ana 

watson (48) and others, have established that the character

istic replacement by halogens of the a hydrogen atom in carbonyl 

compounds involves a preliminary cnange of tn~ compound to ita 

enoltc form as follows:-

R OH 
R1R2CB0 • 0 ==='nnr~ RC • CR1R2 

The mechanism of enolization, as well ae other related 

prototroplc changes, nas been discussed in terms of the 

electronic theory of valency by Lowry (~~), Ingold Snoppee 

ana Tnorpe (~0), Baxer l~l), wa~son ('2), and more recently 

by Arndt and Martius (,;), Hammett l'~), and Remick (?,). 

Rem1ok ('~) and Hammett {~) in summarizing the concepts 

o% tne Eng!1sh Scnool oiier tne %allowing mecnanism as being 

in accord with all known facts concerning tne acid catalysed 

reaction:-
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+ HA ... 
+ A 

+ HA (b) 

---.. ~ R...a=O 
CH

2
Br 

+ HBr (c) 

The first step (a) should be instantaneous because it involves 

the reaction of a primary acid with a prima.ry base. Tne second 

etep (b) will be slow because the formation of a C = C bond 

furnishes insufficient driving force to break both the C ~ H 

and C a: 0 bonds. The third step (c) willpresum8.bly be more 

rapid since the rupture of the double bond iP fa.cilita.ted by 

the tautomeric effect of the hydroxyl group and by the fact 

that the "ionic bond energy" at o-.sr (the bond being formed) 

- + is 294 whereas that of Br Br (the bond being broken) ie only 

236 Kcal. The proton is probably eliminated subsequently to 

form HBr, another exothermic step. Thus the second step is 

rate-controlling. The tautomeric displacemente indicated are 

aided by the free positive pole on the catalydng proton. The 

coordination of A- with the hydrogen atom of the methyl group 

gives the necessary added increment of driving force to make 

the step successful. 

Hammett (~~) holds that the base catalyzed reaction 

proceeds as follows:-
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- -
H3c~gcHj + B ~ H3c-c --- CH 2 

+ BH+ {A) 

': 
0 10 ... 

~eH <~8CH2Bj il 
H3C-C-CH2 + Br2 

-+ Br (B) 

Strictly speaking, the halogenation of a ketone is not catalyzed 

by bases and is not, therefore, subject to general basic catalysis, 

because the strict definition of a catalyst iF a suoetance that 

accelerates a reaction wl thout entering into the fina.l products. 

Reaction (i) followed by (B) converts the c~talyzing oase to its 

conjugate acid .• 

An extensive investigation of the keto-enol tautomerism of 

the ~ diketones and ~-ketonic esters (e.g. acetylacetone, ethyl 

acetoacetate) by K.H. Meyer, Knorr and others showed that these 

substances exhibit thie type of isomerism with grea.t clearness. 

In the case of aceton~ ar. enolide hae never been demonstrated 

altnough Freer ('b to 61) has attributed &n enolic structure to 

certain metallic derivatives and the presence of enolide 1~ 

alkaline solutions has been inferred from the nature or its 

oxidation products (b2 to 64). The ~-diketonee and l-ketonic 

esters on the otner hand, are normally equilibrium mixtures 

of the ketonic ana enolic forme and the relative amount~ of 

each have been determined by ooth physical and chemical measure

ments. Moreover, in a number of instances, the individual taut-



omerides have been isolated in the nure state (b~ to b(). 

e.g. two forme 

CH3C(O)CH2COOEt 

{a) 

OH 
CH

3
C-=CHC00Et 

{ o) 

XLI 

Bromine reacts inetantRneouely with the enolides but not with 

the ketonic isomers. 

It has been demonstra.ted, part1cula.rly by Dufr~.isse a.nd 

Moureu {o3, b9) tnat ~-diketones also are tautomeric sub

stances, and tnese workers have iso!Rted the individual 

isomeridee of phenyl benzyl, phenyl anisyl and benzyl methyl 

diketones. The existence of the same phenomenon in sub-

sti tuted a-ketonic a.cids was indicated by the work of Schiff 

(tO), Bougault and Hemmer le ( (l), Gault and ·.veick ( 72). 

Gault and Weick isolated three forme of etnyl phenyl pyruvate 

(the ketonic and two isomeric monoenolic t'orms). !curther 

evidence of the enolization of a-ketonic acids has been obtain-

ed (4~) by an investigation of the kinetics of oromination OI 

pyruvic acid. 

Alt.nough keto-enol ta.utomerism is clearly possiole also 

in~ diketonee anQ ~-ketonic acids, its existence was not --
demonstrated until 1929 (~g) tnrough a study of tte bromin-
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ation of levulinic acid in aqueous solution. 

CH
3

COCH CH COOH 
0 ~ 2a 2 

XLII 

Bromine suostitut1on occurred in positions ~ and o but not a. 

Arndt and Martius (~3) have aTtempted to present A tnermo

dynamic treatment ol the process of voluntary enolization ae 

one aspect of mesomerism. 'l.'ne cna.nge o:t a ketone to its enol 

form involves (a) tne transfer ot a proton from a place where 

it is firmly held to one where it is attached more loosely, 

and (b) associated witn tn1s proton transler is the shitt of 

a double bond from the ketonic carbonyl to form the o1etinic 

c~c bond. Process (a) has a negative free energy whicn Arndt 

termed the "prototropic expenditure o:f" work", wnereas associa,t

ed with the bond shirt is a positive free energy change and 

is essentia.lly a resona.nce energy wnich Arndt designates a.e 

an enotropic e!tect. 

Rl R 

' 
I 

H+ R -C-H ~ R2-c + 
2 \ J 

C=O csO 
\ J 

Rj (a) ri; 

~b) 

Rl ~1 
I 

H -c H+ 
R -c 4 + 

2 l 2 I 

c-oH e-o 
I I 

R3 (c) 
H 

J 
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Tnie division of the free energy of enolization into two 

components makes it understandable why the acidity of an 

enolizable compound may not be proportional to its degree 

of enolization. It is true tha .. t enoliza.tion always does 

increase the acidity because the proton is held in the 

enol more looeely than in the keto form, but even in the 

enol form the proton may be more or less firmly attached, 

thus influencing the degree to which process (c) ma_y take 

place. In fact then, the acidity will be proportional to 

the degree of enoliza.tion only in the limiting case where 

process (c) occurs to an inappreciable extent, if at all. 

Arndt in numerous exa.mples introduced various substi tuents 

as R1 , R2 , R
3 

and attempted to classify these eubetituente 

as either increRsing the acidity of the keto-enol tautomere 

or as increasing the actual enolization, i.e. the bond shift 

or the enotropic effect. Schwarzenbact and Felder (73) while 

accepting the main principles of Arndt's contribution, noted 

that the classific~tion of subetituents into the two types 

already mentioned, could not be substantiated in practice. 

Whe11 R
2

=Br o:r cH3so
2 

as in the substituted acetyla.cetone s, 

the enol content ie reduced but the acidity is increased 88 

compared to acetylacetone itself. Thus the effect of sub

stituents cannot be regarded as influencing independently 

either the enotropic or prototropic process. On the contrary, 
I 

in the above example it was ~hown the.t just as the aciait.ying 
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(negative) substituent weakens the c~rbon-protJn bond, it 

aleo decreases the existence of C=C bond of the enol form. 

The actual results show that a negative eubetit~ent de

creases both the prototropic expenditure of work and the 

enotropic effect to about the sa.~e extent. Sch~rzer.b~ch 

and Felder (73) further point out that bond energy ce.lculatiJns 

show that the heat of enolization, due to t~e formati~n of 

a conjugated system, is about -10 to -15 Kcal per mole. 

If the enolizing syete~ is itself conjugated with ~nether 

unsatura.ted linkage, the increased resonance stabilization 

would tend to cancel the previous small endothermic effect 

R.nd the heat of enolization would be nearly zero or perhapE 

slightly positive. Under t~ese conditions, volunt~ry enol

ization would take place. ~ diketJnes hA.ve a heat of enol

ization which varies among different compou~de frQm -3 to 

+3 Kcal per mole,the degree of enolization varying from one 

to 99 percent. 

Considering now the special case of the ~etonic acids 

and taking pyruvic (XLIII), acetoacetic (XLIV), and levulinic 

acids (XLII) as typical examples of the a, ~ and ~ types, 

it requires but a simple extension of the previJuely disc~esed 

electronic mechanism to account for their relative decrees of 

enolization:~ 



~ 
> e-o 

(-~-
{ 

XLIII XLIV XLII 

In a.cetoacetic and levulinic acids, the eftect is ,,ro~:ted 

by an a ana ~-hydrogen and oy a ~ and B hydrogen ~t~x re

spectively. Superimposed, however, is the inductive effect 

of the carboxyl group assisting the displacement of electrons 

in the direction shown (?2). This inductive effect c~uses 

pyruvic acid t~ enolize more rapidly than acetone ana tends 

power:t"ully towa.rd ionization ot the a. hydrogen of acetoacetic 

acid and the ~ hydrogen of levulinic acid. This behaviour 

is in harmony with the fACt€ that (a) in ethyl acetoA.cetate 

only the one enolide (XLib) is known and (b) the ~ hydr,)gen 

atom of levulinic acid enolizee more readily than the 6 

hydrogen atom. 

The tendency to enolization is undoubtedly stronger in 

acetoacetic acid than in levulini: acid, prooably oecause the 

a-carbon atom has a screening effect on the infl~ence of t~e 

carboxyl group (52). 

It has been repeatedly acceptea that pyruvic acid partial

ly enolizes in solution and the same must, therefore, hold 

true for the ester. The results of optical measurements (7~) 



chemical reactions f75) and finally biochemical studies 
, 

seem to bear out this supposition. Optical studies have 

the advantage of being able to determine the properties 

of molecules free from external chemical influences. On 

the other hand, the relation between these optical effects 

and constitutive properties must be drawn by analogy and 

are not fully known. It has been pointed out in this con

nection that Fr~mageot•e formula for pyruvic acid is also 

possible. 

The chemical argument is based on the fact that oxidation 

of pyruvic acid with sodium chlorate and osmium yields oxalic 

acid. Splitting of the methyl group is attributed to the 

olefinic bond present in the enol form. The biochemical 

argument rests on the observation that in certain bio

chemical processes the hydrogen of an enolic hydroxyl ~roup 

is replaced by a substituent, for example, to form the phos

phoric acid ester. These derivatives, however, are not 

necessarily proof of the existence of an enol form, because 

many non-enolizable ketones are known which undergo methylation 

with diazomethane (53) to form the enol ether. The similar 

formation of enol acetates from non-enolizable ketones is 

also well-known (77) and their successful preparation is not 

a definite proof of the existence of the enol form. In the 



case of methyl pyruvate Arndt was unsuccessful in prepar

ing the corresponding enol methyl ether, thus proving that 

in this case the enol form had no voluntary existence. 

1 
Phenyl pyruvic acid and o,o biphenylene pyruvic ester 

enolize, however, to a considerable degree (77). 

Arndt and eo-workers (77) offer two possible explan

ations for the absence of the enol form of methyl pyruv~te: 

la) The acidifying influence of the C(0)000R is definitely 

stronger than the simple COOR and the methyl group of pyruvic 

ester ie, therefore, more strong~y acidifiea than those of 

the simple acetic acid esters. Since the enol hydroxyl 

group is attached to the same o-atom as the methyl of the 

ketone form, it is subject to an equal acia.i:f:'ying influence 

and the expenditure ot work in proton transfer will be very 

large owing to proton oscillation. In acetoacetic ester, 

the influence of the COOR is stronger on the CH~ group of 

the keto form than on the OH of the enol form and the pr~to

tropic expenditure of work is less, the proton statistically 

finding a seat on the enol oxygen. If the enol form of 

pyruvic ester shoultt exist, it would be strongly acid, just 

as the dissociation constant for oxalic ac1~ is larger than 

that for si11ple carboxylic acids, beca.use the field eftect 

of the strong positive cRrboxyl-C atoms repel9 protons. 

(b) The electromeric efreot of the CtO)COOR is greater as 

judged by its enolizing tendency, which lies between aldehydes 
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and ketones. An enol bearing the C(O)COOR group nas an 

"improved" conjugated system compared to that of the keto 

form. The resulting increase in electromeric effect of this 

"improvement", however, only ·brings about a weak enoliza.tion. 

If this enol form ie conjugated with the phenyl (or the 

fluorene) group enolization is greatly increased. 

The work of Meyer (7g to 80), Sidgewick (gl) and, rnore 

recently, Conant and Thompson (82) on the effect of solvent 
f 

on the enolization of ~-diketones and ~-keto esters has been 
I 

interpreted to amend the previous explanations bReed on 

electron displacement only. Their results show that the 

order of solvent influence on the keto-enol equilibrium can

not be correlated with either the dielectric constants or 

relative basicities of the solvents. 

Sidgewick is of the opinion that the enolic forme are 

chelated, acetoacetic ester, for example, having the formula 

The resonance associated with the hydrogen bond et~bilizee 

the enol relative to the keto form. A solvent could do this 

either by acting as a donor to the hydroxylic hydrogen atom of 

the enol or by acting as an acceptor toward the atomic oxygen 

of the enol. Thus either the basic or acidic properties af a 

solvent might be called into play and would in either case 



favour the ketonic form (83). 

Another influence is probably also at work. The ketonic 

form is al·most surely more polar than the enolic form, since 

ketones have significantly larger dipole moments than alcohols 

and the differences would be augmented by chelation. This 

being so, the more polar solvents would associate preferential

ly with the keto form (dipole association) and this association 

would be tantamount to preferential solvation of the keto form 

in the absence of other associating influences. 

Grignard and Blanchon studied the enolization of ketones 

under the influence of various Grignard reagents (8~, 85). 

Among the ketones studied were a number of quite typical 

cyclic ketones such as cyclopentanone, cyclohexanone, p-methyl 

oyclohexanone, menthane, thujone, and carvone. They were able 

to come to a number of concl·Jsions as a result of this wc:rk:-

(1) Primary organomagnesium halides induce 6 to ~% 

enoli~ntion; secondary organom~gnesium halidee 13.5 to 16~, 

and tertiary organometallic compounds, about 20~. 

(2) The presence of negative groups fav8urs enolization. 

(3) An ethylenic linkage conjugated with the enolic 

double bond seems to favour formation of the en0l. 

In each case, the enol wa8 isolated as the enol-acetate by 

reaction with acetyl chloride; the ester was subsequently 

hydrolyzed with aqueous oxalic acid and the predominantly enol 

product was isolated. Jn storRge for a considerable ti~e, the 
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enol reverted to the ketone. In the case of cyclohexenol, 

reversion to the ketone took ten hours; in that of the thujone~ 

enol, fifteen hours. 

Kohler and Thompson (76) very strongly disputed the 

claims of Grignard and Blanchon to have enolized cyclohex

anone with isopropyl magnesium bromide, since they were unable 

to duplicate the experiment. Kohler and Thompson concluded 

that Grignard reagents containing secondary and tertiary 

hydrocarbon residuee frequently act as condensing and re

ducing agents, but that there was no evidence to show that 

Grignard reagents converted monoketones into enolates unless 

hindrance to normal addition was prohibitive. Arndt and 

Martius (~6) confirmed this work and stres~ed the inability 

of simple ketones,in contrast to enol~, to add bromine in the 

absence of a catalyst. It wee suggested, also, that the form

ation of enol acetates is not ch~r~cterietic of the enol form 

only, but results from some non-enolizaole ketones as well. 

The alkylation of enolic oxygen atoms was carried out 

by ArnQ~ ~na eo-workers (~7 to 90) using diazomethane. For 

example, a cyanoacetophenone yielded preaominantly trans ~

methoxycinnamonitrile. Similar results were ootair-ed with 

ethyl acetoacetate (88) and with methyl acetoacetic ester (~3). 

In both the latter cases, the presence of some hydroxylic 

solvent was found to accelerate the a-alkylation reaction 

enormously. Indeed, in the absence o! appreciable amo~nts 



of methyl alcohol, for example, the yield of enol methyl 

ether might be negligitle even after several days. In both 

oasee the ethylene oxide product V'.·a~e also formed. The chief 

difference between the reaction of a-methyl ettyl aceto-

acetate (R=CH
3
) and ethyl acetoacetate (~:H) with diazomethane 

was that the former yielded the ethylene oxide predomina.ntly 

(reaction A) while ethyl a.cetoacetate gave the enol ether e.e 

the principal product (reaction B). 

R 
CH3COCHCOOC~? 

CH2N2 

CH2N
2 

)t 

~ 

c
1
H3R 

C~ -p-CHCOOC 2H? (A) 

0 

OCH R 
CH

3
6 :::3 

CCOOC H 
2 5 

(B) 

Apparently both of these reactions proceed co~petitively. 

When R=CH
3

, the acidity of the enolic hydroxyl group is reduced 

and 1 te velocity of methylation with dia.zometbane therefore 

fails to keep pace with the rate of formation of B (90) . 

. 
Arndt and eo-workers (~9) also showed ttat s0dium alcohol-

ate is a cs.talyst tnat establishes an equilibrium bet•een the 

ketone acetal on the one hand and the alkylate~enol plus alcohol 

on the other:-
\ 
CH2 
I OR NaOR CH 
/ ll 

c C-OR + ROH l '\OR 
, 

I 
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With non-conjugated enol ethers this equilibrium lies wholly 

on the acetal side, wheree.s with conjugated enol ethers the 

equilibrium is shifted more or less extensively toward the 

enol e_:ther. This effect was demonetra_ted witt the ethyl enol 

ether of ethyl acetoacetate. In the case of ~ methoxy cinnam

onitrile some of the trane enol ether was changed to the cis 

form (~7). 

Skrabal and Skrabal (91) studied the kinetics of acid 

hydrolysis of enol ethers like ethyl vinyl ether, divinyl 

ether, and a,a dimethyl furan. In all such cases, the hydro

lysis rates were much faster than for ordinary ethers and 
, 

approached the order of magqi tude cha.ra.cteri etic of the 
I 

hydrolysis of ortho esters ·and acetals. 

Fja.der investigated (92) the oromination of certain enol 

ethere and discovered that bromin~ttion was by substitution on 

the a position just as for ketones. 

The Determination of Enol 

One of the oldest quantitative methods, and oy most ac-

counts still one of the best, is b~.eed upon the titration of 

the bromine which adds to an enolic double bond. This method 

wa.s first proposed by Meyer (93) and has recently been revised 

by cooper and Barnes (9~). The chemical reactions involved 

are as follows:-
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OH 
I 

RCOCH2COR ~ RC CH COR -

~ Br 
2 

OH 

RCOCHCOR 
J 

~ RC ... CH COR 
\ l l Er Br Br 

i H
2

0 

RCOCH2COR + HOBr 

HOBr + HBr + 2KI :Jt I2 + 2KBr + H
2

0 

I2 + 2Na
2
s

2
o

3 ~ 2Nai + Na2s~o6 

Whitmore and eo-workers (95 to 97) investigate3 the enol

izing influence of Grignard rea.gente upon va.rious ketonee. 

They came to the conclusion that the enolization of a ketone 

by a Grignard reagent ie not an inherent property of the 

ketone, the amount of enolization depending upon the Grign~rd 

reagent used (95) as well as upon the substitution on the 

carbon atom (97)alpha to the carbonyl of the ketone. Thus 

the enolization of a given ketone with various Grignard re

agents may vary from 0 to nearly lOO~ (95). Substitution on 

the ~ carbon atom of the ketone had no noticeable effect (97). 

Substitution in the active methylene group of a ~ diketone 

decreased the extent of both enolization and addition. It is 

thus evident that the Grignard reaction, if adapted as a method 

for measuring the degree of enolization, gives relativE results 



useful onl~ for comparison in a whole series of compounds 

treated with the same Grignard reagent and under the same 

conditions. Results obtained oy these means have no absolute 

meaning and cannot be compared with other methods which measure 

the inherent degree of enolization. 

Seidel and eo-workers (98) proposed an acidimetric enol 

titration. Bohme and Fischer (99), comparing Seidel's method 

with that of Meyer's 1 (93), found the acidimetric one inferior 

both as to precision~nd accuracy as well as open to criticism 

on theoretical grou~tis. 
l 
I 

) 
A number of workers (lOO to 105) investigated spectro-

metric means of measuring keto-enol tautomerism. v. Auwere 

(lOO) and Michalek and Post (101) obtained substantial agree

ment for several ~-keto esters between molecular refraction 

measurements and results obtained by the bromine titration 

method. Hayashi (102) and Milone (103) suggested that Raman 

spectra might be used for the quantitative estimation as well 

as for the qualitative detection of keto-enol equilibria. 

Infra-red measurements by Hilbert, Wulf, Eendricks and Liddel 

(104), as further elucida.ted by Buswell, Rodeoush and Roy (105), 

demonstrate how absorption spectra in this region may be used 

to detect keto-enol tautomerism. 

Since the investigations of aaly and Descb (lOb) and 

Hantzsch {~7), the absorption of light in the ultraviolet 

region has been successfully applied to the detection of the 
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enolide as well as to its quantitative estimation. The ultra

violet absorption spectra of eye lie diketones in particular 

have been carefully studied. In contrast to compounds having 

isolated keto groups which absorb very weakly in the ultra

violet (logE: 1 to 2, ~max. 270 to 300 mp), cyclic ~ diketones are 

characterized by intenee absorption (log t: 4 approximately A. 
max. 

250 to 300 ~). Subetituents, dilution and acidity of the 

medi~ have been studied ae factors causing the absorption 

region to be shifted (10~). The absorption spectra of the 

cyclic ~ diketones are distinguishable from the a, ~ uneatura.t

ed ketones in that the latter have a minor absorption band 

characteristio of the isolated carbonyl group, PS well as an 

intense absorption maximum attributed to the conjugated system 

( 109). Compa.red to cyclic ~ diketonee, cyclic a diketonee 

show an absorntion band shifted somewhat towards the visible .. 
region (110), while cyclic 1,~ diketones, as expected, show 

the characteristic absorption band of the isolated keto 6roup 

(111). Ultraviolet absorption, therefore, cP.n serve ae a use-

ful tool for distinguishing between these different types of 

carbonyl compounds. 



EXPERIMENTAL 

Analytical methods 

The Bromine Number Determina.tion 

A standard 11bromide-broma te" method ( 112) was adapted 

to 50 to 75 mg. samples of less reactive unsRturated ~ci~s:

Five c.c. of 10% sulphuric acid saturated with pot~ssium 

bromide, and 10 c.c. of C.P. chloroform were introduced into 

a. 100 c.c. volumetric fla.sk fitted with a glass stopper. The 

volumetric flask was used becauE!e the long, ~.rro~.~t- neck re

duced evaporation and spillage losses. The weighed sample 

was introduced, the flask and contents being vigorously 

swirled. An accurately known volame of potassi~m bromide

bromate solution (O.lN, 10 c.c.) wa.e ad,~ed fr~m a burette, 

the sides of the flask being ~ashed down with distilled w.8ter. 

The ground glass stopper was then held firmly in place ?:ith 

friction or adhesive tape and the flask and contents were 

mechanically shaken for thirty minutes or whatever time was 

found necessary. Potassium iodide (1 g.) was added and the 

contents titra.ted with 0.05N sodium thiosulphate, usin~ starch 

solution as an indicator. The 11 bromine number" wRs given by 

the following equation:-

Bromine Number s 0.0799 x NKBr-KSro3 x net ml. KBr-KBro 3 x 100 

wt. of sample in grams 

Manual shaking of the reaction mixture was found to be sufficient 

ror samples containing double bonds of normal reactivity (113). 
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Neutralization Equivalent 

The micro method reco~~ended by Niederl and Niederl (ll~) 

was used and was defined as the number expressing in c;ra:ns 

the quantity of tl1e acid required for the neutra.lization of 

one liter of normal alkali. 

Saponification Equivalent 

The saponification equivalent was determined on the micro 

scale by the method recommended by Schneioer (ll~) and w~s de

fined as being the quantity in grams ol a compound required to 

consume one liter of norJ'lla.l alka.li. 

Carbonyl Groups and "Active" Hydrogen 

A comprehensive discussion on the applicRbility of the 

method is given by Lieff (l!b). The deter11inati~ns were c~.rried 

out on the "Grignard Machine" according to the directions of 

Kohler, Stone and Fusion (117). 

Molecular Refraction MD 
/ 

The refractive index n0 was noted 1~ an Acbe type re-

fractometer made by Zeies. The density (d) was deter~i~ed by 

means of a small pycnometer of 0.14 c.c. capacity. From n. 
J..; 

and d the molecular refraction M could be calculated from the 
' D 

equation of Lorentz ana Lorenz: 

2 
~ : M• n -1 • 1 
-D 2 -

n +2 d 

where M is the molecular weight of the compound. The cal

culated value was obtained by the use of the atomic refr~ctione 



determined by Auwere and Eisenlonr (!!~). 

Percentage 11 l!;nol" Form 

T~e method developed by Meyer (~3) and modified by Cooper 

and Barnee (9~) for 0.2 to o.~ g. samples was aaapted to a 

semi-micro scale, the following reagents being required: 

(1) Absolute methanol, freshly distilled from 

calcium oxide. 

(2) An approximately 0.1 N sol·..1tion of" oromine 

in absolute methanol, prepared by dissolving bromine (2 g.) 

in absolute methanol (2'0 c.o.). This solution wa.s always 

made up freshly and used immediately. 

(3) An 0.05 N solution of sta.ndaraizect aqueous 

sodium thiosulfate. 

Kodak). 

(4-) A 10~ aqueous eoluti·:>n of potassium i::>d.ide. 

(') Soluble starch solution freshly made up. 

(6) Diieobutylene of a practical grade, (~astma~-

About 10 c.c. of absolute methanol wae pipetted into an 

Erlenmeyer flask of 12? c.o. capacity and fitted witn a ground

in stopper. The accurately weighed sample (20 to 50 mg.) wae 

dissolved in the alcohol and without Qelay the solution was 

cooled in a brine bath to about -5°. The methyl alcoholic 

bromine was added from a burette until the excess,as indicated 

by the development of a yellow colour, was about 1 c.c. After 

swirling the flask in order to effect thorough mixin~, 1 tJ 



2 c.c. of diisobutylene was added to absorb the excess bromine. 

The time conau~ed in adQing ~ne bromine ana aosoroing the ex

cess should not exceed fifteen seconds. 

Five c.c. ot the aqueous potassium iodide was then added., 

the mixture was warmed with shaking to 30° and wa~ allowed to 

stand for five minutes, during which period the colour of 

iodine a.ppea.red. At'ter being t i tra.ted with the etanaard thio-

aulfate solution to a faint yellow colour, distilled water 

(50 c.c.) and soluble starch (1 c.c.) were added and the 

titration was continued to the end-point. Allowance had to 

be made for a slight blank which never exceeded 0.1 c.c. 

Some of the results are in Taole XVIII. 

% Enol = c.c. of N thioeulf~te x mol. wt. x 100 
2 x 1000 x sample weight in grams 

Alkoxyl Determination 

The a!koxyl content was determined on the se~i-micro 

scale by the method devised by Zeisel and modified by Clark (119) 

and Vieoock and eo-workers (120). 

Elementary Analysis 

carbon and hydrogen determinations were carried ~ut on 

semi-micro samples with a technique based on the i;iederl 

Niederl ( 121) micr0-1:ethod. The instructions :>f Stepanow ( 122) 

as described by Kamm (123) were followed in the determination 

of bromine. 
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Calibration of the Adams HydrogenatiQn Machine (12~) 

The Adams' machine w~s calibrated oy the lJW pressure 

hyarogenation of 11.0 g. (0.095 moles) of pure maleic acid, 

prepa.red by the hydrolysis of ma.leic a.nhydride wi tn water. 

A platinum oxide catalyst (0.1 g.) was used a.t room temper

ature (29°) and hydrogenation carried out at four to five 

a.tmospheres of hydrogen pressure. The course of the hydr )-

gena.tion was followed a.s shown in Table I. 

Time 
mins. 

0 
7 

14 
20 

~~ 
90 

120 
150 

TABLE I 

Hydrogenation of Maleic Acid 

Pressure ( ga.u~e) 
pounds I inch 

53.q. 
50.0 
46.3 
4-6.0 
4-5.6 
'+5.3 
4-5.1 
45.0 
l.t-4.9 

{ ~) 
Pressure 
Atmo~pheres 

~.63 
4.40 
4.lrJ 
4.13 
4.10 
4.og 
4.07 
4-.06 
4-.05 

(b) 
Corrected Pressure 
Atmospheres 

4-.63 
4.L+O 
4-.15 
4-. 13 
4.10 
4-.0~ 
4.0~ 
~.oa 
4-.08 

Note:~ (a) Conversion of gauge pressure to atmospheres, e.g. 

~5.0 + 1~.7 ~ 4.06 {b) A small leak (0.2~ lbs. I hr.) 
11+.7 

which could not be traced, made it necessRry to correct tje 

pressure (atm.). Thus corrected pressure (atm.) = 

45.0 + 14.7 + o.~g = 60.2 - 4.08 atm. 
14.7 1~.7 

A graphical representation (Figure 2) shows thRt hydro~en 

qbeorption w~s complete in about thirty minutes. 
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The moles of hydrogen n present in any container of 

volume V liters at a mo~est pressure of p atmospheres, and 

at an absolute temperature T is given by 

n = V • p 
RT ( 1) 

Where R is the gas consta.nt with a va.lue of 0. 'J821 in li ter-

atmospheres. 

Inserting initial and final conditione, equation (1) becomes 

0.0~21(302) 

4-.o~ v 
0.0821(301) 

but n1-n2 : 0.095 

(2) 

(3) 

(4) 

Solving these three simultaneous equa.tione, the volume of the 

Adama container, V, is ~.35 liters and from (1) 

n 1+.35 p 
o.o82l(T) 

(~) 

EQuation (5) relates the pressure (p) and the n1.1mber ot lllolee 

( n) at· hydrogen present in the Adams appara.tus at any given 

temperature (T°K). Thus the hydrogen aosorce~ in a given hydro

genation, ~n, could be readily calculated. 

llAT~RIALS 

All melting points recorded are unc~rrectej. 

Trimethyl Gallic Acio(XLVI) 

Trimethyl gallic acid was prepared by a. moaificatio:l of 

the procedure of Graebe ~nd ~Artz (125):-
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Technical gallic acid monohydrate (XLV) (1b3 g. 0.90 mole) 

was dispersed in 750 c.c. of water contained in a one ltter 

three-necked flask equipped with a stirrer and two dropping 

runnels, each of 300 c.c. capacit/. Tne mixture was heated 

to about 50° on a steam bath. Sodium hydroxide eol~tion, 

200 g. dissolved in ~00 c.c. of water, and dimethyl sulphate, 

660 g., were added dropwise and simultaneously over a period 

of 90 minutes with constant stirring. The solution was heated 

and stirred for an additional 90 minutes. Sodium hydroxide, 

60 g., dissolved in 100 c.c. of water was added to the brown 

suspension and. heating and stirri11g we.s continued until 

eolution became complete. The reaction mixture was cooled to 

}0° and made acid with concentrated hydrochloric acid. A 

voluminous white precipitate separated, which when reoryetal

lized twice from ethanol and dried melted at 169°. Yield 140 -

150 g. (70~). The melting point recorded for tri~ethyl gallic 

acid (XLVI) is lc7• (126). 

Anal. calcd. for trimethyl gallic acid (XLVI) c10H12o5: OCH3 -

~3.S%. Found~ ~3.5, 44.1 %. 
Mauthner's method (126) for preparing the substance (XLVI) was 

also used. This convenient procedure employed smaller quantities 

of reactantc but gave consistently superior yields of g9 to 9~. 

m-Hrdroxy~enaoic Acid (XLVII) 

The following preparation of m-hydroxybenzoic acid differ~ 

in minor particulars from that of Otfermann (127):-
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Benzoic acid, technica.l grade, 250 g., was diesolved by 

wa.rming with fuming sulphuric R.cid, 25;~ S0~,50·J g., contained 
.,. 

in a 2-liter round bottom bull-necked flask. At 200° dis-

coloration to a deep red calor occurred, the solution being 

+ kept at 200 - 10° for 90 minutes. After this period, a sample 

of the reaction solution was completely soluble in water and 

sulfonation was considered to oe complete. The bulk of tte 

mixture was then cooled in a brine bath Pnd was poured into 

an ice-water mixture (1 11ter). The clear aqueous solution 

was poured into 2 liters of concentrated aqueous sodium chloride 

(37 .5%) and crystallization bega.n immediately. After stand-

ing at 10° for one hour, the mixture ~~e filtered, the residue 

wR.shed with saturated sodium chloride (4-00 c. c.) and dried a.t 

100° for twelve hours. The yield of sodium m-sulfobenzoic 

acid varied between 400 and ~2~ g. (88 to 9~) for the firet 

crop. A small second crop, obtained by allowing the ~other 

liquor to cool for a. longer period, raised the yield almoet 

to the theoretical value. 

Sodium m-sulfobenzoic acid (150 g.) was stirred into a 

mush with 100 c.c. of aqueous caustic soda containing ~0 ~. 

of the base, and the mixture was heated on tte steam b~th with 

30 g. of sodium hydroxide pellets. The cooled, solidified 

mass was ground in a mortar and added tu a mixture 01, soditln: 

hydroxide, 75 g., and potassium hydroxide, 75 g., kept just 

above the point of fusion. The mixture ~as stirred at 210-220° 
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for two hours, after which time the cooled melt was dissolved 

in 4-00 c.c. of water, and the solution m8~de ~cid with con

centrated hydrochloric acid. A copious precipitate of m

hydroxybenzoic acid (XLVII) was obtained. The aqueous mix

ture was cooled to 10 to 15° prior to fi 1 tra. ti on a_nd recryeta 1-

liza.tion of the crude material (93 g.) from water gave 75 g. 

(81%) of a white product melting at 196 - 197°. Huntress and 

Mulliken (128) report the melting point of m-hydroxybenzoic 

acid (XLVII) to be 200°. 

Diazomethane 

The method of Arndt was used (129). Nitrosomethylurea, 

12 g., was gradually added to ether, lOO c.c., a~d 30 c.c. of 

~0 percent potassium hydroxide solution contained in a 500 c.c. 

Erlenmeyer flask. The ethereal solution containing the diazo

methane was decanted and dried over potassium hydroxide pellets 

for four hours prior to use. 

p-Bromphenacyl Bromide 

p-Bromphenacyl bromide V\P_ s prepared by LRngley' s met~_od 

(130) by the bromination of p-bromaceto~henone. 

I so~tmyl Alcohol 

The Eastman Yodak technical grade w~e fraction~ted through 

a small column A.nd the fr~ction boiling ~.t 1 ~0 - 132° lrB.s re

tained. A gr~de supplied by Hoekin Scientific Specialties w?s 

purified in a similar manner. 



Sodium Meta.l 

The sample used was Merck's reagent grade. 

PreEaration of Cis Cyclohexanol-3 Carboxylic Acid {XI) 

m-Hydroxyoenzoic acid (XLVII), 29 g., or 0.21 ~oles was 

d.iesolved in 200 c.c. of stock ethanol; sodium hydroxide pellets 

(17.5 g., reagent grade) and water (25 c.c.) were added to make 

a. total volume of 235 c.c. The solution was poured intc a. eme.ll 

Parr bomb and 4 g. of Ra.ney nickel were added. 

TABLE II 

Catalxtic H~drogena.tion of m-Eldrox~ Benzoic Acid {XLVII} 

Time Temp. Pressure N lto le 9 
(a) 

]~ins. oK. p.s.i. "'"' ~'eJ')•arks :12 

0 294- 2000 1. 4-9 (a) 
10 392 3100 1. 74- f =-0. 22 
15 ~o~ ~000 1.63 
25 4-0i 2650 1 4-'·-~ . ---

Q-5 19~ 2350 1.32 
2100 1.09 70 423 

110 4-17 1925 1.01 heR.t off 
?30 308 1200 0.~5 

(a) N ca.lcula ted from the formula Ne f p and f i e read from 
T°K 

the calibration chart for the Parr oomb in which f is pl~tted 

agAinst the volume of charge. 

Total hydrogen absorbed ; 1.~9 - O.g5 ~ 0.64 moles. 

theory ~ 0.63 moles. 

The Raney nickel was removed by filtr~tion from the s~lution 

and ~lowed very vigorously when dry. The fi ltrP_te '" s reduced to 
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half volume by evaporating under reduced pressure on the steam 

bath and was acidified with concentrated hydrochloric acid. 

Precipitated salt was removed and the filtrate again reduced 

to half volume before more sodium chloride was removed by fil

tration. The reaction mixture wa.s then brought to dryness at 

reduced pressure. In this condition no crystallization occurred 

a.nd the material remained as a syrup even when seeded with an 

authentic sample of oie-cyclohexanol-3 carboxylic acid or when 

dissolved in such normally good crystallizing eolvente Re ethyl 

acetate or diethyl ether. The syrup, dissolved in lOO c.c. of 

ten percent sodium hydroxide, wRs then extracted once with ether. 

The alkaline solution was acidified with concentrated hydro-

chlorio acid ea.tura.ted with ammonium eulfate and was extracted 

about :t·ive times with ether. The ethereal solution was dried 

over anhydrous ma.gnesium sulfate, the ether removed at reduced 

pressure, whereupon the whole maee solidified. This eo lid ma.ee 

was then taken up in 50 c.c. of hot ethyl acetate and allowed 

to cool spontaneously to room temperature and finally w~~ kept 

at 10o. Pra.,ctica.lly pure £.!.!. cyclohexanol-3 car-boxylic a.cid . 

(XI) separated as white crystals, m.p. 130 to 132°. The yield 

was 1~.5 g. or about 50~ of theory. XI is reported to melt at 

131 - 132° ( 16). 

Anal. Calcd. for c7H12o3: 0, 58.3; H, 8.3; neutralizAtion 

~ I• ~~ ~· H ~ 6 ~ 4~- 1 e qu 1 va le n t , 1 q.4 • 0 Found : C , ? o • ~ , ..) :-s • ..., , , o • , a • -"' ; n eu t r a -

izstion equivalent, 143.6, 14-3.3. 
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The mother liquor from the cis-acid was taken down to 

dryness and the residue eventually solidified, although attempts 

at recrystallization from any of the common solvents failed. 

Weight 7 g. or about 25% of theory. Boiling this solid under 

reflux with 15 c.c. of constant-ooiling hydrobromic acid yield

ed exclusively trans 3-bromo cyclohexane carboxylic ~cid with 

the correct m.p. 167° (16), showing that the parent suoet~nce 

wa.s mainly trane 3-hydroxy cyclohexane cPrboxylic acid. This 

bromine su·bsti tution, of course, ma.y have ca.used sorrje invereion 

of a.ny cis-acid present. 

p-BromphenactEster of cis 3-Hyaroxy Cyclohexane Carboxylic 

Acid {XI) 

Cis 3-hydroxy cyclohexane carooxylic acid (m.p. 131 t.) 

132°, 0.1 g.) was a.dded to w~ter (0.5 c.c.) an.i was neutralized 

carefully with ten percent sodium hydroxide sol~tion. ~nE c.c. 

of stock ethanol was added. together with 0.2:; g. Jf p-br;mCJ

phena.cyl bromide. The mixture was he~ted on the ste~·r~ oath at 

retlux temperature for one and one h~ lf hours, before be irJ.~ 

allowed to cool spontaneously to room temperat~re, precipit~t

ing white flocculent cryst~ls. The mass w~s triturAted wit~ 

2 f 50 percent RQueous ~lcohol And after recovery, ~~~ c. c. 0 

recrystallized from~ to 4- c.c. of stock ethanol. Yield 0.15 ~r·. 

1760. m.p. #. 

A second crop of 0.05 g. w1s obt~i~ed fr~m the filtr~te 
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(total yield g~~). Both the firet and second crops were re

crystallized from ethanol and melted sharply ~t 136°. The 

product wa.s dried in the Abderhalden at 65 - 70° for thirty 

minutes prior to analysis. 

Anal. Calcd. for c15H17o4sr : c, 52.~; H, ~.1 Found: C, 53.0, 

52.9; H, 5.3, 5.11o. 

Oxidation of ois-Cyclohexanol-3 Carboxylic Acid (XI) to 

3-Keto Cyclohexane Carboxylic Acid (XLVIII) 

The procedure used was based on that developed oy Perki11 

and Tatersall (16). A solution of 11 g. of cis-cyclohexanol-3 

carboxylic acid m.p. 130 - 132° in 50 c.c. of water was wa.rmed 

to ~5° in a three-necked flask of 250 c.c. cap~city. Then a 

solution of 15.5 g. of potassium dichromate and 11 g. of con

centrated sulfuric acid in 66 c. c. of "at er t-:as added in small 

quantities. Fresh oxidant was ~nly added after the previous 

quantity had been reduced as shown by the green colour of 

chromous ion. The reaction mixture was cooled, saturated with 

ammonium sulfate and extracted about ten ti~es with ether. The 

ethereal extract was dried over anhydrous magnesium sulfate and 

on evaporation a viscous oil remained, weighing 7 g. Conti~uous 

extraction of the residual ~queous sol~.1tion with ether for three 

hours in a liquid-liquid extractor fitted with a si~tered glass 

disperser orought the yield of viscous oil up to 10 i· Further 

extra.ction overnight increased the total yield to the theoretical 

amount, 11 g. 



The oil wa.s then distilled throu~h a 3 i!lch -t~ijmer flasi: 

of 20 c.c. capacity. A very viscous liquid (6.5- 7 g.) ooil-
20 

ing at 120 - 125° n
0 

1.4822 was obtained, t~e latter part 

being somewhat colored. By allowing the prJduct to st~!1d 

overnight in the cold room, the whole mes~ soliiified. The 

product could be readily crystallized from 10 c.c. of benzene 

and yielded 5.5 g. of white crystals melti~b at 76°. Perkin 

and Tattersall (16) 1·eport the melting point of 3-~eto cycl,;

hexane carooxylic acid (XLVIII) to oe 7b 0 • 

The o-Broulphena.cyl EstE:r of Ci~~lohexanone-3 Carooxylic 

Acid (XLVIII) 

One-half gram of (XLVIII) was dispersed i~ ~tPr (2 c.c.) 

and carefully neutralized with 10 percent caustic soda to a pH 

of 7 to 8. After the standa.rd condensation ?tith 1.2 g. of 

p-bromphenacy1bromide 1.3 ~. of a white crystalline product 

melting at 115 - 120° resulted. The product wqs recryetallized 

from 15 c.o. of boiling stock ethanol and melted (after drying 

in the Abderhalden) at 121.5- 122°. The yield was 1.1 g. or 

Methy~ 3-Keto Cyclohexane CP.ruoxylate (XLIX) 

A solution Jf cyclohexanone-? carboxylic acid, 1 g., in 

10 c.c. of neutral dry ether was mixed with an ethereal solution 

of diazomethane, obtained from 5 g. of nitroeo~ethylurea. After 

sta.nding for thirty minutes a.t 10 - 15°, the excess dia.zomethane 
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and all of the diethyl ether were removed by eo-distillation 

and the residue was distilled through a. hidmer flask of 5 c.c. 
20 

capacity. A colorless liquid, 0.76 g., (74%) n 1.~6~0 b.p. 
D 

1~-79 I 1 mm. was obtained. 

Anal. Calcd. for methyl 3-keto cyclohexane carboxylate, 

C8H1203 : C - 61.54t H- 7. 7, OCH
3

- 19.9 round C- 61.5, 

61.4; H - 7.7, 7.6; OCH
3 

- 19.9, 19.9~. 

An ethereal solution of this substance was extracted with 

saturated aqueous sodium bisulphite at room temperature. The 

extract was acidified, the sulfur dioxide removed by aeration, 

and the starting material recovered by an ether extraction. 

The recovery was 75% by weight. 

The Attempted Enolization of 3-Keto Cyclohexane Carboxylic 

Acid (XLVIII) 

An 0.2503 g. sample of the acid was dissolved in 50 c.c. 

of one percent sodium carbonate contained in a glass stoppered 

volumetric flask of lOO c.c. capacity and the sol~tion kept at 

25 -
+ t k 0.2° for about wo wee s. During this time, 5 c.c. aliquots 

were removed at intervals and were rapidly mixed with 5 c.c. of 

10 percent sulphuric acid saturated with potassium bromide and then 

5.0 c.c. of bromide-bromate standard solution (0.1 N approx.). 

After the addition of 10 percent aqueous potassium iodide, 

titration with standard sodium thiosulphate solution was under

taken. There was negligiole bromine absorption even with sol

utions which were allowed to stand about two weeks in sodium 

carbonate, showing that very little enolization had occurred. 
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Methyl cis 3-Methoxy Cyclohexane Carboxylate (L) 

Cis 3-hydroxy cyclohexane carboxylic acid, 1 •. ~ g. , .-;~ s 

dissolved in methyl iodide fl5 g.) and dry silver oxide (6 g.) 

was added over a period of three and a half hours. The re-

action mixture was stirred and maintained at reflux temperature 

dllring this time, and then was filtered and the ether was 

evaporated from the filtrate. Since the methoxyl content of 

the residue was only 27 percent instead of the expected 36 

percent, the methylation was repeated with 10 g. of methyl 

iodide and~ g. of silver oxide, heating under ref~1x and stir

ring being for twelve hours. The product, 2.1 g., was fraction

ally distilled through a semi-micro Cooke-Bower col~n (131) 

with the results shown in Table III. 

TABL~ III 

(a) 
Rectification of Methyl Cis 3-Methoxy Cycl0hexane 

Carboxylate (L) 

Fraction 
Number 

Column 
Temp. 0 0 

Bath 
Temp. 0 0 

(a) 

(b) 

1 
2 
3 
4-
5 
6 
7 

67 72 
68 73 
68 73 

(o) 67 75 
72 tg 72 
73 77 

Pressure 2.4 mm. 
20 

Frpction (4) had density d~ 1.0351 

Total yield 1.8 g. (~1 - 92~) 

20 
nD 

1.4-jlO 
1.4510 
1.~51·J 
1.'+510 
1.4510 
1.4510 
1.4510 

Anal. Calcd. for methyl 3-methoxy cyclohex~ne carboxyl~te 
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C- 62.~; H- 9.3; OCH3 - 36.0; MD - ~~.~ Found C - 62.~, 

63.1; H- 9.6, 9.5; OCH3 - 35. 7, 35.~; MD- ~~.7 

Attempted Reductions of Gallic Acid (XLV} 

The reduction of gallic acid (XLV) was attempted using 

absolute ethanol witn eitner sodium or potassium metal, also 

with 1soamyl alcohol in conjunction with sodium metal. A 

molar ratio of alkali metal to gallic acid (XLV) of twenty

five to one was employed in all cases. 

In a typical experiment, gallic acid (XLV) monohydrete, 

22 g. or 0.11g moles, was dissolved in 12~ c.c. o:t ethanol 

containing 15 c.c. of benzene, a.nd the benzene a.nd tmter were 

removed by azeotropic distillation. If the reaction medium 

wa.s to be isoamyl alcohol the ethanol was removed by distil

lation and the residue dissolved in one liter of the alconol. 

A.fter the solution ha.d been warmed to 4-0° to 5') 0 in a 3-11 ter 

three-necked flask, a total of 2.95 moles of the clean met~l 

was added as rapidly as possible in pieces the size of a bean. 

Vigorous reaction ensued, witn rapid reflux, especially with 

the potassium, and the color of the mixture changed from light 

yellow to green and finally to dark green. Hydrolysis of the 

alkoxide was effected with 1,0 c.c. of water an~ atter cool

ing by the introduction of dry ice, the mixture ~s ~P.ae acid 

to pH 1 with dilute hydrochloric acid, the ~recipiteted salt 

being removed by filtration. The evaporation of the filtrate 

under reduce~ pressure was carried on intermittently to allo~ 
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for tne filtration of precipitated salt. Tne residue, a 

badly discolored dark brown ma.terial in all cases, yielded 

some unchanged gallic acid by recrystallization from ethyl 

acetate. The identity of the substance was proved by 

acetylation with acetic anhydride and. pyridine to triacetyl 

gallic acid m.p. 166° not depres~ed by admixture with an 

authentic sample of triacetyl gallic acid. No reduced 

product was ever chara.Gterized. 

Reductions of Trimethyl Gallic Acid (XLVI) By ~eans 

of Sodium and Isoamyl Alcohol 

Trimethyl gallic acid (XLVI) (25 g. 0.11~ moles) was 

dieeolv~d in 1 liter of isoamyl alcohol contained in a three 

liter three-necked flask fitted with an efficient mercury

seal stirrer a.nd two efficient reflux condent'ers in series 

one above the other. The third n£ck of the fl~sk ~Re re

served for the introduction of sodium. The temperature of 

the solution was raised to 100° before the proper am·J'Jrlt of 

clean sodium wa.s added in small pieces, the size of oeans, 

as rapidly as possible with constant stirring. Boiling tL"lder 

reflux became vigorous and the reaction ~ixture turned slightly 

turbid. After a short while cornplete solution occurre~ but 

stirring was continu€d for an additional thirty minutes. -~he 

amount of sodiUln used in this reaction wa.s variea i·rom a 

minimum of 15 g. (O.b5mole~) to lOO 5- (4-.35 moles), wt.ile 



the amount of (ALVI) was kept constant at 0.118 moles. 

The reaction mixtuxe, containing a large amount of the sodium 
alkoxide of isoamyl alcohol, was hydrolyzed by the a~iition 
of (300 c.o.) of water. The yellow water layer was separated, 
and the isoamyl alcoh:>l laye1· v:c~s back-extracted with water 

until neutral. The alkaline water layer, together with the 
washings, was then acidified to pH 1 with concentr~ted hydr0-

chloric acid with cooling in a water bath, whereupon an o i 1 

layer separated. As a rule, this acidified mixture was then 

continuously extracted witb ether in a liquid-liquid extractor 

of 1 liter ca.pacity fitted with a porous plate type disperser. 
The ether wa.s removed from the extr~.ct at atmospheric pressure 
and the residue was weighed. Runs in which different amounts 
of sodium were used required i~portant variations of procedure 
from this point onward and are best considered i~Jividually. 

Experiments made in several runs showed that the residual 
isoamyl alcohol contained negligit·le amounts of the productE 

a.nd it ~es accordingly not investigatej any furttcr, but set 

aside for recovery of the alcohol. 

Reducticn of Trimethyl Gallic Acid ~XLVI) with 5.5 Ato~s 
of Sodium 

(a) The methyla.ted galli c acid (XLVI), 25 e;. or 0 .11~ moles, 

was reduced as already described with 15 g. (0.65 rn~lee) ~f 
sodium. Acidification of the ~queous al~ali~e solution CJ~

taining the products caused 10 ~- of a white preci~it?te to 
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separate. After drying for twelve hours in a vacuum dessicator 

over calcium chloride, this material was dissolved in 100 c.c. 

of ether and the insoluole part (3.5 g.) was removed by fil

tration. Upon recrystallization from water and after drying 

in a drying pistol for twelve hours this part yielded needles 

1nelting a.t 164 - 169°. A further recrystalliza.tion fro!Il water

methanol (75 c.c. water, 12 c.c. methanol) yielded after drying 

a materia.l melting 168 - 169° and showing no depresEion in 

melting point when mixed with an authentic sample of trimethyl 

gallic acid. The 6 g. portion dissolved in the ether was re

covered and recryste.llized from water, whereupon white needles 

melting at 95 - 120° were obtained. Recrystallization from 

methanol-water raised the melting range to 135- 147°. Re

cryeta.lliza.tion from ether yielded a fraction (1) melting at 

158 - 170°. Evaporation to half-volume yielded another fra.ction 

m.p. 158- 170° (2). The residue recovered ani dissolved in 

hot metha.nol, upon cooling, deposited white needles !!lelting 

at 145 - 168° (3). A fourth fraction was obtained by eva.por-

a t ion of the mother liquor a.fter recrysta.lli za.tion from mettano 1-

water m.p. 1~5 - 165°. A fifth fraction from methanol melted 

at 136 - 167° and a sixth was obtai~ed oy concentratin~ all t~e 

residue~ and crystallizinb from methanol-water m.p. 145 - 167°. 

These fractions, all of which gave a negative test fJr nhenJl 

or enol with methanolic ferric chloride, were 8il2lyzed to de

termine whether non-aromatic material such as the saturated 

3, 4, 5 trimethoxy cyolohexane carboxylic acids, W<Bs present 



to any appreciable extent (Table IV). 

TABLE IV 

Ana.l~ses of Crude Trimethyl Gallic Acid 

Fraction Melting OCH
3 Neutraliza.t ion 

No. Range 0 0 % Equivalent 7o c 1! H 

1 15~ - 170 1+2.2, 42.4- 216 57.4 6.1 
2 1~8 - 17_0 ---- 219 ~~~~ ---
~ 1 5 - 16g 42.8, 42.7 216 ---~ ... ---

14-5 - 165 4-2. 2' '+2. 6 213 
..., ___ ---

~ 1~6- 167 4-2.7 217 -----~ 

1 5 167 1+2.9 217 55-7 6.6 
Theory for trimethyl gallic acid (XLVI) ( 126) 

167 43.g 212 56. 7 5.7 

It was concluded. tba.t all these fractions were crude trimethyl 

gallic acid which could not be reBdily purified by fractional 

crystallization. The yield of this acid thus totalled about 

7 - ~ g. or a.bout 29% of theory. The clear aqueous solution 

from which these fractions had separated on acidification was 

then continuously extracted with ether for fifteen hours. Dur-

ing this time a white solid was precipitated in the still pot 

of the extractor. After washing with ether, this white material 

(5.3 g.) gave a pink calor with methanolic ferric chloride, there

by indicating enolic or phenolic sroups. A test for carbonyl 

with 2,4 dinitrc~henyl hydrazine also became slowly positive. 

This substance w~e insoluble in benzene, petroleum ether and 

ether, but wa~ soluble in ethyl acetate, chloroform, acetone, 

methanol, ethanol a.nd water. From most of these solvents, 

{except water) it crystallized lrrtperfectly, if 1it ~11. Efficient 
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crystalliz~tion occurred spontaneously from three ,crts of 

water. After drying in an Abderhalden pistol, the pale yellow 

crystals melted at 166 - 167° to a deep orange melt. Further 

recryetallization from water did not raise the melting point. 

Anal. Calcd. for cyclohexanedione-3,5 carboxylic acid, 
• 

c 7H~O~ : C - 53.~; H - 5.12%; neutralization equivalent - 78 

Found C- 53.7, 53.8; H- 5.23, 5.18~; neutralization equival

ent (direct) - 77, 78; enol- 121, 122~. 

When the neutralization equivalent of this compound was determined 

by boiling in lOO% excess alkali for 15 minutes the values found 

were 74, 76. 

(b) In another run, reduction of the trimethyl gallic acid ~s 

carried out as described but the manner of isolatin~ products 

was different. 

The isoamyl alcohol reaction mixture wa.s neutralized to 

pH 2 with dilute hydrochloric acid, the precipitated salt being 

removed by filtration by suction. The isoamyl alcohol and in-

cidental water were removed at reduced preesures in a.n Pt;r~os-

phere of carbon dioxide. Ethanol and benzene were successively 

a.dded to the residue and were removed oy di st i lla tion at reduced 

pressures in order to eliminate the remaining traces ~f ~ter 

a.nd isoa.myl alcohol. When the thick oily residue was taker. up 

in ether, 1 g. of an insoluble material remained. C8m~lete 

removal of the ether at reduced pressures and addition of more 

ether yielded an a.dditional gram of the white crystalline ~~terial. 
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The residual heavy oil, 26- 27 g., was evidently partl} 

esterified by isoamyl alcohol as shown by its excessive weight. 

This oil was dissolved in lOO c.c. of 10 percent sodium hydrox

ide, the mixture was heated on the steam bath for three hours 

under an atmosphere of nitrogen and was then cooled and acid

ified with hydrochloric acid. After being ~ept at aoout 5° 

for twelve hours, the precipitated material wa.s recovered, 

combined with the two previous 1 g. precipitates and recrystal

lized from methanol. Four grams of pure trimethyl gallic acid, 

or 16 percent, was obtained. When the clear aqueous acid fil-

trate, 150 c.c., wa.s continuously extracted with ether, a 

copious precipitate (7.8 g.) was obtained in the still not 

after eighteen hours. This material was recryste.llized from 

25 c.c. of wa.ter and showed no depression in rneltin~ point when 

mixed with enolic material c7H~o4 obtained from the previous run (a). 

The prolonged heating involved in distilling isoamyl alcohol 

from the reaction mixture yielded more highly colored products 

than those from run (a) And apparently caused some esterification 

of the carboxylic acids produced. 

The ether soluble residual oil from the ether extr~ction 

( ) i n either of runs (a) or (b) W8B esterified with diazo-3.5 g. 

methane and after distillation a.t reduced pressures yielded 2 -

2.5 g. of a colorless liquid ooiling at 06- 60° I 0.3 mm. ; 
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20 
nD 1.~64o. This oil has physical constants very similar 

to methyl 3-keto cyclohexane carooxylate (XLIX) (page 5g), 

~s well as to products obtained from other reductions of 

(XLVI) as will be seen later. 

Periodate Oxidation of Compound c7s8o4 

A 23.25 mg. sample (0.1~9 millimoles) of compound c7s8o4 

was oxidized at room temperature (2~ 0 ) and at pH 4.0 with ~0 

c.c. periodic acid (0.00605 M). The course of tte re~ction 

was followed by titra.ting 5 c.c. aliquotB et inter~.rnls by the 

arsenite-iodine method described by Fleury and Lan;e (132) 

T~ble V. 

Time 
m ins. 

0 
7 

11+ 
27 
4-2 

121 
146 
206 
34-5 
591 
711 

TABLE V 

(a) Fex c7Hg04 unit. 

~:ales of IO~ 
consumed ~a. 

0 
0. 93 
1.05 
1.05 
1.13 
1. 50 
1.58 
1.71 
1.84 
1.97 
2.:vv 

-

· t' (~· re 6)' sr~uws 8'~itt: clearly that A e;raphioal .repr€se:1ta 1.0n ~ lt:...l • 

one mole of periodic acid was consume~ very rapidlJ and ~·•c:: ~"le 

was consumed much more slowly. 



To make possiole a comparison of this result with that 

obtained by the periodate oxiuation of a known cyclic p diketone, 

5,5 dimethylcyclobexanedione 1,3 (LI) was suojected to a sim

ilar treatment after reorystallization from 20 percent ethanol 

(m.p. 14g-l49°); 

A 9.91 mg. sample of (LI) was oxidized at room temperature 

(32°) and at pH 4.0 with 50 c.c. of periodic acid (o.oo482 M). 

The course of the reaction is shown in Taole VI. 

TABLE VI 

The Periodate Oxidation of 5.5 Dimethylcyclobexanedione 1,3 (LI) 

Time 
mine. 

0 
6 

11 
24 
54 
g~ 

11~ 
174 
234 

(a) Per CgH12o2 unit. 

Moles of IO~
consumed (al 

0 
o.g9 
1.00 
1.34 
1.71 
2.00 
2.00 
2.00 
2.00 

These results, expressed graphically (Figure 6), also ahow that 

one mole of periodic acid was consumed rapidly and that one mole 

was consumed more slowly. 

The catalytic Hydrogenation of Compound c7Hg04 

The compound o 7Hg0~ ( 5 g., 0.032 moles) was dissolved in 

90 percent aqueous ethanol and 0.1 g. of freshly prepared platinum 

oxide was added. Hydrogenation was carried out at 27° with a 
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hydrogen pressure of four to five atmospheres in the Adams' 

machine. The calibration of this apparatus haa already been 

described (page 49). It was found impossible, however, to 

locate a small hydrogen.leak that diminished the pressure at 

the nearly constant rate of 0.24 pounds per hour. The observed 

readings when converted to at~oepheree were corrected for this 

leak as shown in Table VII. 

TABLE VII 

The Catalytic HydrogenatiJn of Compound 

CzHg04 

Time Preesure {gauge) Atmospheres Moles Hydrogen 
hrs. 

0 
0.33 
0.59 
1.00 
1.50 
2.00 
2.511-
3.22 
4.92 

.93 
5.93 
8.21 
9.21 
9.91 

p. s. 1. Corrected 

52.9 4.60 
52.1 4-.55 
51.? 4.~1 
50.6 4. 5 
50 .. 0 4.43 
4-9.5 4.40 
4-9.1 4. 3g 
48.5 4.35 (a.) 
48.0 4.33 
4~.5 4.31 
4- .9 4. 28 
46.0 4.2~ 
45.7 4.2 
45.4- 4.26 

N. 0.514- 0.745 = 0.069 moles hydrogen 

Theory z 0.064 moles 

oresent I 

0.814 
0.~05 
o.~oo 
0.790 
0.7~5 
0.730 
0.7~5 0.7 g (a) 
o. 759 
0.756 
o. 7~0 
0.7 7 
0.745 
0.745 

(a) sample calculation: 48.5 + 14.1 + o.g • 6~.0 : ~-35 atmosphere( 
1~.7 14.7 

N • 4- • 35 · P -= 
0.0821 (T) 

4.~~ (4.35 = 0.763 ~olea 
0.0 21 (300) hydro~e~ 
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Since 0.032 moles of substance were hydrogenated, four atoms 

of hydrogen were absoroed per mole of coopound c 7rt 5~4 (Figure 

2). The ethanol was removed at reduce~ d 4' _pressure an .j g. 

(98~ recovery) of a viscous pale yellow oil was obtained. 

After twenty-four hours, the mass became crystalline and was 

triturated with 10 c.c. of ether-acetone (1:1). A white 

crystalline material melting 98 - 101° was recovered oy fil

tration which gaJve the following values on analysis. 

Anal. Calcd. for c 7H 12o~ : C - 52.5; H- 7.5~; neutralization 

equivalent- 160 Found C- 52.2, 52.2; 2- 7.7, 7.6 ~; neutr3.~ 

ization equivalent - 158, 155. 

The neutralization equivalent for the residual oil, which re-

mained in solution after trituration, ~as determined and by 

direct titration was found to ue 148, unchange~ oy ooiling 

with lOO percent e.xcese alkali. These results eho11ed that 

there was no lactonizati~n and that the oil was about 92 per-

cent pure. 

Feriodate oxidations of th€ c.:ystalline arJ.d s:,·:r-.lp]· portic:1s 

showed only a very small consumption of oxidant even after twelve 

to fourteen hours. Thus the material did not have an a glycol 

structure. 

After standing for several days t~e resijual syrup from 

the crystalline portion oecame solid, but could not be trit~r~t~d 

th 1 ta •e or a comoination of t~ese, with acetone, ether, e Y ace ~ 

the entire mass becoming wa.xy in8tead of c:ryeta lli:1e. !tis oe-
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haviour suggested that the residual oil was less eol~ole tha~ 

the crystalline portion in these solvents. The oily solia was 

then pressed between filter papers for two weeks. Tne solid 

crust (1.2 g.) thus ootained was crystalli~ed from eth;l acetate, 

succeeai ve crystalli za tions e;i ving two fractio~1e melting ll6 tJ 

12~ 0 (neutralization equivalent 15g, 15g) and 116 to 115° 

(neutra.lization equivalent 15g, 159) respectively. The theor-

etical value of the neutralization equivalent for the cyclo

hexanedio 1 carboxylic acids is 160. T:hus 1. 45 g. ( 30%) was 

white crysta.lline material analysing for t:-.e cyclohexanediol 

3,5 - carboxylic acids but melting softly over a wide ran~e. 

Reduction of Trimethyl GAllic Acic {XLV) ~ith ll.l Atoms 

of Sodium 

(a) The reduction of 25 g. of (XLV) (or 0.11g moles) 30 g. 

of sodium (1.30 atoms) in 1 liter of isoamyl alcohol was carried 

out as previously descrioed. After acidification of the aqueous 

liquor containing the products, continuous extraction with ether 

recovered about 17.2 g. of a. viscous, red-brown syrup which was 

taken up in ether, dried over anhydrous magnesium sulfate and 

esterified with an ethereal eolv.t ion of diazomethane. :'!~e end 

of the esterification was reached when the evolution of nitr~ien 

ceased. The excess diazometbane wr.e co-uistilled with some of 

the ether into a receiver containing dil·..lte h:,"droctloric acid 

to destroy the diazomethane. The still residue, ha~i~~ oeen 

made up to 100 c.c. with more dietbyl ~tber, w~s extracted witn 
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four 25 c.c. portions of saturated sodium bisulphite solution. 

Evidence of the formation of a bisulphite addition compound 

wa.s found in that heat was evolved during the first extraction 

and a white solid was precipitated. This solid was dissolved 

by the addition of more distilled water to the separatory funnel. 

The bisulphite solution was then acidified with dilute sulfuric 

~.cid, aerated at reduced pressure a.nd r::>om temperature to remove 

the sulfur dioxide, and theD continuously extracted for thirty

six hours with ether. After drying and removal of ether the 

oil (4.5 g) was distilled to yield 3.5 g. of a colorless liquid 

b.p. 76 - 78° I 1 mm. n~0 1.4640, OCH
3 

- 19.9i. The suostances 

not extracted by bisulphite from ether were recovered, after 

drying over &Ilhydrous mae?;nesium sulpha. te, ~nd weighed 6 s. ·~~.---~e~ 

distilled through a Widmer flask of 10 c.c. capacity, one fraction 

was obtained weighing 1.~ g. b.p. 72 - 74° I 1 mm. This frRction 

was not further investigated because of the large losses involved 

in this dietill~tion. 

(b) It was obvious f1·om the above run that important 

quantities of product ( 6- 10 g.) includin6 ooth oisulpnite 

extractable and non-extractaole portions, were l~st. AnJther 

run wa.s therefore carried out using the "distillation metnod" 

of isolating products. Upon co1npletiJfi of the s'J~ium ~--eC.,-lction 

the isoamyl alcohol solution was aciaified with concentrateu 

hydrochloric acid to pH 2, the precipitate~ salt oei~b separated 

by filtration. The r~moval of isoamyl alcohol was ac~o~pliste~ 



by distill~tion at reduced pressures in an atmosphere of c~rbo~ 

dioxide. A syrupy residue weighing 30 g. wa.s saponified with 

lOO c.c. of aqueous 10 percent sodium hydroxide f~r ninety 

minutes under an at~oephere of nitrogen. The alkaline soluti~n 

was extracted with ether to remove any ieoamyl alcohol formed 

and was then acidified with dilute hydrochloric acid. The 

solution remained clea.r, no precipitate being formed as in 

the experiment using 15 g. of sodium. Continuous extraction 

of this aqueous solution with ether yielded 20 to 22 g. of a 

reddish-brown syrup which gave a rapid positive test for carbonyl 

with 2,~ dinitropbenylhydrazine as well as a poeitive test (deep 

red in oolor) with methanolic ferric chloride. After standing 

for twenty-four hours at room tempera.t,..Ire, a dry ether solution 

deposited crystals. After two weeks at 0°, 0.45 g. of a white 

crystalline material was obtained which on recrystallization 

from water melted at 166 - 167° and showed no depression witt 

the enolic compound, c 7Hg0~, ootained from the reduction with 

15 g. of sodium. An attempt to prepare a 2,4 dinitrophenyl

hydrazone of the residual oil by the method recommended by 

Shriner and Fuson (132) gave no ieolatable product, although 

the characteristic color of 2,4 dinitrophenylbydrazones wqs 

exhibited. 

A portion (1 g.) of this oil Wc9S acetylated by the Schotte~

Baumann reaction as modified by Chattaway (133). Ten grams of 

ice was mixed with the solution in 10 c.c. of 10 percent ca.uetic 

soda, and then 1.5 g. of acetic anhydride was rapidly added with 
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stirring. The solution became pale yellow and somewhat 

turbid. On acidifica.tion and extraction with ether ~ yellow 

oil wa.s obtained "·hich ga.ve a negative test with met~le_ri:Jlic 

ferric chloride. The oil could not oe crystallized either 

by itself or from any of the common labor~tory solvents. 

Reduction of Trimethyl Grrllic Acid (XLV) with 14.8 

Atoms of Sodium 

The reduction emplJying 25 g. of (XLV) and ~0 g. of 

sodium was carried out as previ ~,_,sly described. and the pr =-~ducts 

were isolated by the extraction method, yielding 16 g. of a 

brown oil. After drying in ether solution over anhydrous 

ma.gnesium sulpha.te, the ca.rboxylic a.cids were esterified by 

diazomethane prepared from 22 g. of nitrosomethylurea. The 

excess diazomethane was removed by c~-distillation with some 

of the ether. The residue was made up to lOO c.c. with etock 

ether and hand extracted with four 25 c.c. portions of sa.turated 

sodium bisulphite solution. Evidences of the formation of the 

bisulphite addition compound were shown by the liberation of 

heat and formation of a solid product which w~s dissolved in 

the separatory funnel by the addition of more distilled water. 

The bisulphite extract was acidified with dilute sulphuric acid, 

aerated under reduced pressure to remove the sulphur dioxide and 

continuously extracted for twenty-four hours with ether. After 

drying of the ether solution and removal of the ether, a residue 

(8 g.) was obtained. This residue was treated with a little 
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ethereal diazomethane to assure complete esterification. 

Distillation of this residue through a ~idmer flask of 15 

c. c. capacity yielded ~.5 g. of a colorless liquid, methyl 
20 3-keto cyclohexanecarboxylate, b.p. 7~ 0 I 1 mm. n 1.~64o. 
D 

The residual ethereal solution, containing the bisulphite non-

extractable material, w~s dried and the oil it contained dis-

tilled from a 1Nidmer flask of 10 c.c. capacity at 0.8 mm. 

pressure. In addition to a residue (0.6 g.) the distillation 

yielded 0.3 g., b.p. 63 to 6S 0
, n~0 1.4633; 0.9 g., b.p. 77 

20 20 
to 78°, n

0 
1.4982; and 0.7 g., b.p. 105 to 120°, n

0 
1.5130. 

The Reduction of Trimeth~l Gallic Acid (XLV) with 1~.4 

Atoms of Sodium 

The reduction of 25 g. (O.llg moles) of (XLV) ~-s carried 

out on several occasions using 50 g. (2.17 atoms) of sodium in 

one liter of isoamyl alcohol. The products were isolated from 

the acidified aqueous solution by the ether extraction method, 

which in eome ca.ees wa.s interrupted after v~rious times to 

follow the course of the extraction. 

TABLE VIII 

Fractions Removed b~ Successive Ether ExtrRctions 

Symbol Extraction Weight n 
27 

Instantaneous OCH ~ 

A 
B 
c 

Time (hrs.) 

1.5 
3.5 

23.5 

(g.) 

12.5 
2.5 
1.0 

D 3r. No. 

1.4-993 11 
1.4995 16.5 
1.5035 ---

Part of fraction A, 7.5 g., was extracted with 50 c.c. of hot 

~ 
, 

5.1 
0.7 ---

water. The clear ~Jter solution was decanted. and on evaporation 
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to drynees at reduced pressure an oil (fractior. A-1) was left 

behind with the following oroperties; nD, 1.5050; instantaneous 

bromine number 17.5 and OCH
3 

0.6%. It was thus apparer.t that 

fraction (B) was very similar to (A-1). The latter, 4.5 ~., 
wae distilled through a 3-in~h Widmer column to yield 2.5 g. 

of a. colorless liquid boiling at 120 - 123° I 0.07 mm. and a 

still residue of 2 g. ~efractivt indices of the distillate at 

various temper~tures were aa followe:- 25.2°, 1.4970; 27.5°, 

Anal. Calcd. for a cyclohexanone c~rboxylic Pcid c
7
H

9
o

3 
: 

C - 59.0; H - 7.05. Acid e~uivalent - 142. Found C - 59.0, 
58.95; H - 7.26, 7.27%. Acid equivalent - 13~.0, 137.~. 

The crud.e yield of this product ~as (~ x 12.5) + 2.5 : 10 g. 
T.J 

or about 60% of theory. 

p-Bromphenacyl Ester of Compound c 1H9 ~ 3 
One ~rqm of the A-1 distillate was diss~lved in 5 c.c. of 

wa.ter and the oH of the solution was a.d~usted to 7 to 3 ~·i th 

dilute sodi11m hydroxide solution. Stock ethan')l ( 1~ c. c.) t J

gether with 2 g. of p-bromphenacyloro~ide (~.o. 10) 0
) was ~djed 

and. the mixture wn.s he~ted under reflux on the ftee.~:. ua th for 

one to one and one-half hours. After addi~l~ 5 c.c. of ·:.-Pter the 

mixture was allowed to cool. The pale yello~ precipitate waE 

recovered and two recrystallizatiJne fro~ petroleum e:her 

(b.p. ~0-90°) left 1.4 g. (6o~:b) o: R white cryst~lline sub

stance ~elting 11~ - 119° and when recry~tall~ze~ ~rJ~ ethanJl 



melted at 121° and showed no depression of melting point in 

an admixture with an authentic sample of p-bromphenacyl ester 

of 3-keto cyolohexane carboxylic acii. 

Anal. Calcd. for the p-bromphenacyl ester 3-keto cyclohexane 

carboxylic acid (XLVIII) c 15H15o~Br: c- 53.1; H- ~.~; Found 

C- 53.1, 53.1; H- 4.5, 4.7%. 

A-1 distillate was thus at least 60% 3-ket~ cyclohexane carooxylic 

acid. 

Preparation of the Semi-carba.zone of A-1 

The positive carbonyl test given with 2,4 dinitrophenyl 

hydrazine suggested the preparation of the semi-carbazone. 

(a) A-1 ( 1 g.) was added and finally semi-ca.rbazide hydro

chloride {1 g.). The mixture was heated on the steam bath for 

thirty minutes whereupon the reactants went into solution rapidly. 

The reaction mixture was allowed to cool to room temperature and 

finally left in the cold room at aoout 0° overnight. Jn warming 

to room temperature with occasional scratching, crystallization 

of a white substance melting at 180 - 1S3° ensued. Recrystal-

lization from stock ethanol produced a white crystalline substance 

melting at 1g2.5 - 1S3° with yellowing and some decomposition. 

Yield 0. 35 g. (25~). 

{b) The following method substituting ethanol for water as 

the solvent was also used:-

A-1 (0.7 g.) was dissolved in 95 percent ethanol {10 c.c.). 

Sodium acetate (0.5 g.) was added and finally semi-caroazide hydr~

chloride (1 g.). The mixture was heated on the steam oath for 
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thirty minutes whereupon the react~.nts went into sJlution 

completely. The reaction mixture was alloTe~ to cool to room 

temperature and finally left in an ice-water mixture for six 

hours. A crystalline product was obtained wbich on resrystal

lization from wEtter and a.lcohol melted sharply at l62. 5 - 133° 

with decomposition. Yield 0.18 g. (lg.5~). 

The reported meltin~ point of the semi-caroazone of 

3-keto cyclohexanecarboxylic acid (XLVIII) is 1g~- 183° (134). 
Metbyla. t lOll_~ Proauc ~--A-:1 

(a) With Di~ethyl Sulphate. 

Fraction A-1, 7.5 g., wae dissolved in 50 c.c. of water 

cont~ining 5.2 g. of sodium hydroxide. Dimethyl sulphate (16.4 g.) 

wa.s a.dded to the deep yellow solution dropwise over a period of 

twenty to thirty minutes with constant stirring, the solution 

becoming pink in color. The final pH of the reaction mixture 

was about 7 but no solid had separated and apparently the methyl-

a.tion wa.s unsuccessful. To the same reaction mixture was added 

dropwise a.n additional 20 c.c. of sodi:un hydroxide solution con-

ta.ining 5.2 g. of the base, a.nd simulta.neously an a.dditional 

16.4 g. of dimethyl sulphate. The solution J.'R.S kept slightly 

alkaline throughout the addition and at the end was acidified 

with hydrochloric acid. The solution was evaporated to dryness 

and alcohol me used to extra.ct the product from t~e inorganic 

salts. Evaporation of the alcohol under reduced pressure left 

a non-distillable gum soluble in water and alcoh·Jl. 
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(b) ~ith Diazomethane. 

Five grams of the crude fraction A-1 was treated in ether

eal solution with 4 g. of d1azomethane prepared fro~ 12 g. of 

nitrosomethylurea. After being kept at 10 - 15° for two t~ 

three days, the ether and aiazomethane were removed oy eo-

distillation. The residue on disti1l~tion from a 20 c.c. C1aisen 

flask at about 1 mm. pressure yielded fraction I 1.5 g., b.p. 

66- 72°, n25 1.4695; fraction II 2.5 g., b.p. 75- ~2°, n
25 

D 25 D 
1.~642, and fraction III 1.0 5., b.p. 82- 95°, n 1.47~5-

D 
Each fraction was then I"ectified through a. Cooke-3,Jwer 

semi-l'nicro colurnn with the results showin in Table IX. 

TABLE IX 

Fractionation of Diazomethane Methylated Fraction A-1. 

Bath Temp. Column Pressure 25 OCH 
FrA.ction oc. Te111p. oc. mm. n ~~~ 3 

I 1. 6g - 70 40 o.~ 1.~006 21.~, 
2. 78 - go 55 - 60 0.6 1. goo 
~. 95 -100 85 - 89 1.3 1.4650 
4. 100 -105 88 - 90 1.2 1.464~ 

II 5. 84 - 87 ~~ 0.6 1.4643 
6. 94 - 97 - ~6 0.6 1.46~0 
7. 90 - 95 86 1. 7 1.46 9 
s. 97 -100 88 1.9 1.4650 20. 1, 
9. 103 gg - -~9 1.9 1.4652 b 

10. 106 89 1.9 l.l~650 ")(' 1 
'- '-1 • , 

III 11. 105 g5 2.0 1.4650 
12. 105 -108 3S - :JO 0.9 1.4650 
13. 120 105 -110 o.e 1.4760 

About 90 percent of the product had a refractive index c lCJ se tJ 

n
25 1.4650 and a methoxyl content near 20 perce~t. 
D 

21.9 

19.9 

20.5 
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Calcd. for methyl 3-keto cyclohexanecarboxylate, OCH
3 

- 1S.9~. 

(c) With Silver Oxide and ~ethyl Iodide (135). 

A crude 9 g. sample of fra.ction A-1 was dissolvei in 50 

c. c. of diethyl ether and 10 c.c. (23 g.) of methyl iodide 

contained in a 125 c.c. Erlenmeyer flask with a gro~.md-in reflux 

condenser. After 22 g. of silver oxide had been added slowly 

a.nd with cooling, the mixture was heated under reflux for thirty 

minutes, then filtered and evaporated. The residue on distil-

lation from a 20 c.c. ~idmer flask with a four incn col~m~~ve 

22 fraction I, 1.5 g., b.p. up to 67° I 1.2 mm., n 1.4655, OCrl 
D 3 

2~.~, 2~.0%; fraction II, 6.0 g., b.p. 70- 76° I 1.2 mm., 
22 

nD 1.4701 and fraction III, 0.5 6·, b.p. 85- c7° I l.G ~~., 
22 

n 1.~790. The still residue was 1 6· ?raction II was rectified 
D 

through a Cooke-Bower column with the results shoan in Table X. 

1. 
2. 

~-
• 

5. 
6. 
7. 
~. 
9. 

TABLE X 

Fractionation of Fraction II. 

Bath Temp. Column 
0 0. Temp. 0 0. 

130 
115 
125 
132 
131 
133 
1(.5 
1~0 - 150 
150 - 155 

97 
97 

105 
10~ 
111 
112 
116 
127 
140 

Pressure 
mm. 

2.3 
2.3 
2.3 
2.3 
2.2 
2.2 
2.1 
•) 1 
'-• 

2.1 

25 
n 

1.4-672 
1. 4-(00 
1.4b95 
1. 4 720 
1.4722 
1. 4 721 
1.4742 
1.4 760 
1.4cOO 

Yield. 
p• 

1.67 
o.g7 
C.54 
0.55 
0.17 
0.40 
0.2.!. 
0.13 
0.34 

1 - .,. 
j. "')' 

19.~, 
1 ) ~ 

./ • 'J ' 

19.9, 
13.9, 
19.'9, 

It was obvious tha.t fractions (1), (2), (3) were di8tilled t~o 

rapidly and they were accordingly redistilled in t~e semi-~icro 

Cooke-Bower column (Table XI). 

19.6 
19.6 .. 9 i' 
l. .~ 

19.::) 
l;.g 
1).9 



TABLE XI 

Rectification of Fractions 1, 2 and 3 - Taole X 

Bath Temp. Column Pressure 25 OCH~ oc. Temp. 0"" mm. v, n e / 

10. 90 73 1.8 1.4651 20.6, 20.3 
11. 85 72 1. 7 1.4660 1~1. g, lj.') 
12. 92 77 1. 7 1.4-675 19.d, 19.9 
1~. 110 78 1. 7 1.4675 20.0, 19. )' 
1 . 109 g~ 1.5 1.4690 20.0' 19.9 
15. 109 S5 1.7 1.4690 20.1, 2J. 2 
16. 110 g9 1, 7 1.4 710 19. 7, lj.8 

The cut I n22 
D 

1.4655 wa.s also fractionally distilled.thrJugh the 

semi-micro Cooke-Bower column ( Taole XII). 

TABLE XII 

Rectification of Fraction I 

Bath Temp. Column Pressure 25 o:H3 oc' Temp. oc. mm, n 

1. 107 70 12 1.4705 30.7, 2j.6 
2. 112 78 13 1.4620 30.1, 2C:.O 
~ 11"3 94 17. 1.464o --z 4 23.0 
,/I / c:. ,.,' • , 
4. 113 94 1~ 1.4670 20.3, 20.!+ ../ 

5. 125 108 1.7 1.4723 

In another methylation with silver oxide and methyl iodide, a 

product was obtained with a;5 1.4780, OCH
3 

23.3, 23.4-,o. .1.e

methylation with Purdie's reage.ats failed t·J increase tne meth)xyl 

content. Found n~5 1.4870; OCH 3-22.0, 22.1). 
L 

~ith the exception of the initial portion of fraction I ~it~ 

OCH
3 

about 30~ (Tao1e XII) the products from t~c silver oxide

:nethyl iodide methylation had metooxyl contents ~lJse to :hrrt 

(19.9fo) calculated for the methyl ester, (XLIX), ana nJt to the 



eno 1 ether of the 1: e tone, (XLVII) , ( OCH
3 

- 36. 5 ~·) • 

(d) With Silver Oxide and Methyl Iodide in a Sealed T~be. 

Eleven grams of the cr~de fr2ction A-1 was dissolved ir. 

6 c.c. of methyl iodide (13 g.) and dry etter (35 c.c.). Silver 

oxide (11 g.) was added slowly over a period Jf one :L.~J.r .... :,.fter 

the methylation standard proc~dures recovered 11 ~. of crude 

A-1 methyl ester. A portion, 5.2 ~.,of this ester was added 

to 9.5 g. of methyl iodide ar1d ~.5 g. of silve1, oxide cont~ii1€d 

in a. pyrex tube of about 0. 75 inchet" internal si~meter an-:1 about 

eight i~cher long. The tube was sealed carefully nnd then irrmers

ed for three hours in an oil bath maintained at 80 ! 2°. Dry 

ether wRs used to extract the product fro~ the bro~n, insol~b]e 

silver salts and, after filtra.tion and ev~~por~ticn, the residlle 

~as distilled through a three inch ~idmer flas~ of 10 c.c. cep

a.city, Fraction I, 2.5 g. had b.p. 7'J- 75° I 1 mm., n~3 l.46so, 

OCH
3 

24.0, 23.6~ and fr~ction II, 1.0 ~. had o.p. 75- ~5°/ 1 m~ •• 

23 
nD 1.474o. The still residue was about lg. 

Fra.ction I was rectified in a semi-!T:icro co.')ke-Bc>"er col\ur.r. 

and the following fractions obtained (Table XIII). 

TA3L£ XIII 

,i4~rqct ionation of Fraction I of ProdtLct from Sea. led. ... Joe. 

Bath Temp. Column ?res sure 25 r""' t.; ""'·v .... ~ 
oc. Temp. o . .--. 

!l1r.l • n .t ./ 
V • ~ 

1. 90 69 11.5 1.45~1 

2. 95 ~2 12." 1. 4530 ~1 ~ '12 :) , .-1 • ./ , "" • u 
96 55 12. ~ 1. 4610 2~.9, 2'"" ~ 3. ..... ..... .,., -.J., 

4. a~ g~ 12.5 1.4-660 21.2, 21.0 
--· 



TABLE XIII (CONTI!rCE~) 

Bath Temp. ·8olumn I- res sure 25 
rj•":.; ""· ... : oc Temr. oc. mm. ! n -,o -

5. lOO 98 12.t; 1 ~h~6 21.5, 20.8 
6. 

,., . ~ '-' ........ 

97 g6 12.5 1.4690 
7. 98 84- 12.5 1.4692 21.4, 21.4 
8. 103 90 11.0 1.4719 20.1, 20.0 

Fractions 5, 6, 7 together accounted for more than 7r;f' 
I ./ 70 of the 

d i s t i lle t e . 

The above procedure of heating in a sealed tube was repea.t~d 

a.t 109° for ten hours and the product had n~2 1.4-5~1, JCH-:~; 23.P.:, 
/ 

23.5'%. After mettyl~tion et 130- 135°, for eight hourE tte 

product had a rnethoxyl content of 25.2, 2~.g; with a refractive 

index of 1.4910. It was, therefore, concluded th~t no appreciable 

increa.ses in methoxyl content were achieved by carryin:; out ; 

Purdie methyla.tion at elevated temperatures. The analyses re

corded in Ta.ble XIV show tha.t some of the fractions nfld the 

composition C - 61.54; H - 7.7; OCH3 - 19.9fo req0ired for the 

methyl ester of 3-keto cyclohexanecarooxylic acid. Nevertheless, 

the variable refractive indices suggested thet a sharp se~craticn 

into chemical individuals had not been effected. 



TABLE XIV 

Ana.l;ises of Some Fra_ctione of ::4ethyl 3-KetS~ Cycl~texanecarc~xyl?te 

(XLIX}. 

Fraction Table 25 
Pressure nD OCH

3 No. NO. mm. % c. 1, H % 
6 IX 1.4-650 1.9 60.42 ~.2 20.] J 

60.33 ~.1 

10 XI 1 .~675 1.7 61. ~1 . 7.96 20.0, 
61.+-7 7.67 

16 XI 1.4-710 1.7 61.4-0 7.5 19. 7, 
61.70 8.0 

14 XI 1.4-690 11.0 61.35 7.5 
61.30 7.5 

C~Hl203 (XLIX) requires 61. 54- 7.7 19.9 

Se·ga.ration of the Reduced Products with Sa tura.ted Sodium 

Bisulphite Solution. 

The oil obtained by the continuous ether extraction ~ethod 

from the acidified aqueous solution was esterified with diazo-

methane, prepared from 22 g. of nitroeomethylurea. The product, 

19.5 g., dissolved in lOO c.c. of ether, wae then extrPcted with 

four 25 c.c. portions of sfturated sodium bisulptite solutio~; 

the first portion causing the precipitation ~f an ~dditioL com

pound. This orecipitate was redis~olved by the 8ddition of 2~ 

c.c. of distilled wRter. The combined bisulphite sol~tiJn was 

acidified with dilute sulphuric a.cid and continuously extra.cteC. 

with ether in n liquid-liquid extractor of 250 c.c. ca.ea.city for 

t•enty-four hours. After dryi~~ ~nd remov~l of ether fro~ ~he 

extr~ct, the residue, about 8.5 g., wa.s treeted with diazo!lle:r.a.~le 

19.9 

19.9 

19.8 



to assure complete esterification. A colorless liquid o.p. 

73 - 76° I 0. 7 to 1 mm. n~0 1.4640, OCH
3 

- 19.9, 19. 9";o was 

obtained in 6.2 g. (or 3~~) yield. This subetance was later 

shown to be methyl 3-keto cyclohexanecarooxylate. The original 

ether solution containing material not extracted with bisulphite, 

was dried over anhydrous magnesium sulphate. After removal of 

ether the resid.ue (7.5 g.) was dietilled (Taole XV). 

1. 
2. 

a: 
5. 
6. 

TABLE XV 

Ini tia.l Dieti llation ()f Non-Carbon;·l Products 

Vapour Temp. Pressure nD Yield 
oc. 

36 - 4-o 
76 - 79 

46 4-0 -
68 - 71 
68 - 71 
75 - 80 

{a) 

(b) 

mm, 

10 
10 
0.5 
o.~ 

o.o1J.-o.o5 
0.05 

(A) 
1.4-900 
1.4-970 
1.4~6~ 
1.4988 

{b) 

g. 

0.3 
1,1 
1.1 
2.5 
0.6 
0.4-

18 strongodour of igoamyl ~lcohol, nD 1.4084. 

waxy crystalline material. 

Fractions {2), (3), (~)were rectified at 26 mm. prP~eure through 

a Cooke-Bower column with the results shown in Table XVI. 

TABLE XVI 

Rectifice,tion of FrRctions (2) 1 ~ :2) I {4) from Taole XV 

Column BAth n24 Yield D Temp. oc. Temp. oc. ~-. 

1. 117 . 136 1.4S~O 0.14 
2. 122 136 1.50 2 0.47 
3. 125 136 1.504~ 0.55 
4-. 126 14-0 1.4945 0.40 
5- 135 155 1.4-~ 0 0.40 
6. 137 157 1.476o 0.4~ 

7- 17 7 157 1. 4-770 0.4-3 

~- 1~~ l~~ 1.4770 ~.L+O 
9. 1~ 1. 4 7 78 0.46 _, 

10. lLt 1 16o 1.4~4.0 C.35 



Total yield of product 

and of product n24 1.~769 i 

24 + 
n0 1.50~5 - 0.0003 

0 . 0 00 9 1 . g 2 g • ( 9 -~o) • 

1. 02 g. ( 6,) 

The portion 
24 D 

with n0 1.4770 was analyzed. Ite density, d~0 , was 1.09~9. 
Anal. Calcd. for !nethyl 3-metboxy. cyclohexene carooxylate, 

c9H1~o 3 : C - 63.5; H - ~.25; OCH
3 

- 36.4~; saponification 

equivalent - 170; M0 ~~.~ Found c - 63.6, 63.5; H - ~-3, 

~.~; OCH3 - 35.~, 35.9%; saponifica.tion eQuivelent - 170, 171; 

M
0 

- 43.9. 

In another run, where the ori6inal ether extracted ~11 

(17 g.) had been divided into water-soluble and water-insoluble 

portions and each portion extracted with eodi·Jj'j bisulphite 

so lut 1 on, the yields were !nethyl 3-keto eye 1 Jhexa.nec1rboxyla te 

(XLIX) 5 g., (271o) n~0 1.4770, 2.5 e;., (1;;0) n~~ 1.5842, 2.5 g., 

( 1 ~-Yo) • 

n2Q 4 Saponifica.tion of Liquid Ester Fraction with ... ,""" 1.50 2 

20 
This fraction, n

0 
1.50~2, 0.5 6·· ~as saponified oy Jdding 

it to 10 c.c. of 3 percent aqueous sodi-u:r1 hydroxide soluti)n ~:id 

heating the reaction 1nixtur·e on the steam oat::-.. for two r-1ours. 

The mixture became clear 8nd on acidifica.tion yielded a white 

precipitate which wAs dried and recryst~llized twice from 

petroleum ether ( 30- 60°). The white needles (0.35 g.), melt

ing at 121° showe~ no depres~ion in ~elting 2oint when mixed with 

a.n authentic sA.IIlple of benzoic acid (LII). 

Since methyl benzoate has a refractive index of n~0 1.5154 
.._ 



(128) it follows that the original fraction contained another 

substance of lower refractive index, not readily separaole by 

fractional distillation. The yield of benzoic acid showed that 

at least 75 percent of the fraction consisted of methyl benzoate. 

Saponification of Methyl 3-Keto Cfclohexanecarboxylate 

(XLIX) from the Reduction of Trimethyl Gallic Acid (XLVI). 

Methyl 3-keto cyclohexan~carooxylate (XLIX) (n
20 1.464o, 
D 

OCH - 19.9%) 9.5 g. obtained as one of the products in the 
3 

sodium reductions of trimethyl gallic acid, was diesolved in 

75 c.c. of methanol containing 5 g. of potassi~m hydroxide and 

the solution was allowed to stand for twenty-four hour~ at room 

tempera.ture, during which time the color became deep red. The 

reaction mixture was then heated for fifteen minutes at reflux 

temperature a.nd an equal a.mou11t of "ater wa.s a.jded. The methanol 

was removed by distillation at reduced pressure, the aqueous 

solution ttas acidified with dilute hydrochloric a.cid and was 

continuously extracted with ether. After drying over anhydrous 

magnesium sulfate and removal of ether, the extract yielded 

g to 8.5 g. of an oil which was distilled in a Claisen flas~ 

of 25 c.c. capacity. A colorless liquid was ootained boiling 

at 136° j 1.5 mm. a.nd 131° I 0.8 mm. Yield 3.2 g. T:cis suoer

cooled liquid when dissolved in 6 c.c. of benzene and seeded 

gave white crystals m.p. 76° and not depressed by admixture r.it~ 

q.n authentic 8PJDple of (XLVIII) (yield 37~). 



Reduction of Trimethyl Gallic Acid (XLVI) with 36.9 

Atoms of Sodium. 

The acid (XLVI), 25 g., (O.llg moles) dissolved in l liter 

of isoamyl alcohol was heated to 50°, instead of the usual 100°, 

before commencing the rapid addition of lOO g. (4.35 atoms) of 

sodium. This change in temperature was advisable to avoid any 

risk of the reaction passing out of control during the addition 

of the large amount of sodium. After all the sodium had been 

consumed, and the mixture had been stirred for a further hour, 

much of the sodium alkoxide solidified. Enough dilute hydro

chloric acid was added to disperse this solid and the usual 

separation of the isoamyl alcohol from the still a~aline 

aqueous phase was carried out. The isoamyl alcohol was re-

jected after being washed with water and the oomoined aqueous 

alkaline liquors were extracted with ether to remove residual 

~mounts of the alcohol. Acidifice.tion of the aqueous liquors, 

1.5 litera, to pH 1 prepared them for a continuous extraction 

with ether for eighteen hours. After recovery, the dried extract, 

which weighed 1g g., was esterified in ethereal solution with 

the diazomethane prepared from 20 g. of nitrosomethylurea. An 

ethereal solution of this crude ester was then estracted in the 

usual way with sodium bisulphite to remove caroonyl compounds. 

Distillation of the 10 g. of residual oil from a T.idmer flaEk 

gave the following fractions: I, 2.7 g. b.p. S9 to 92° I 24 to 

25 mm., n~2 1.4510; II, 3.5 g. b.p. 45 to ~7° I 0.5 to 0.3 mm., 

n~2 1.47SO; III,l.6 g. b.p. 48 to 52° I 0.5 mm., n~2 1.4645 and 
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IV, 0.5 g., b.p. 62 to 64° I 0.5 mm., Since the 

separation was not ~ood, the first tnree fr0cti:J:.s were com

bined and redisti11ed from the Cooke-3ower column ~t 23 - 25 mm. 

pressure. 

TABLE XVI I 

Rectification of Fractions I, II anj III 

Fraction 
No. 

1 
2 

~ 
~ 
7 g 
9 

10 
11 
12 

i~ 
15 
16 
17 
18 

Bath Temp. 
oc. 

83 
96 

102 
102 
lOO 
102 
104 
105 
105 
106 
110 
111 
113 
119 
119 
120 
131 
134 

Column 
Temp. 0 

67 
90 
g7 
90 
85 
gg 
gg 
90 
92 
96 
96 
99 

lOO 
103 
103 
105 
116 
119 

n 
20.5 
D 

1,4073 
1,4071 
1,4108 
1.44.38 
1,4433 
1,4900 
1.4930 
1.493g 
1.4935 
1.4940 
1.4937 
1.~930 
1.4395 
1.4653 
1.4505 
1.4507 
1. 4510 
1.4527 

Yield ,. 
0.17 
o.o6 
o. 34 
0.19 
o.4o 
0.49 
0.71 
0.71 
0.32 
0 .. 46 
0.43 
0.22 
0. 30 
0. 33 
0. 2S 
0.32 
0. 34 
0.30 

A total of 6.75 ~. was ootained as Jistiilate from an initial 

charge of 7. 8 g. This difference can be a_ ttri c\.l ted t) c~lumn 

holdup and to some material ren1a ini% oehiria as sti 11 residue. 

Fraction number 8 was selected as representati-.;t- of f.r-a.ctio:--l 

numbers 7 to 12 inclusive and numoer 16 of fractio:"'. ~1umoers 

15 to 18 inclusive. 

The aqueous oisulphite ext~A~t was maoe acid with dilute 

sulphuric acid, aerated under reduced pressure to re~ove s~~~~Lr 

dioxide and continusously extracted with et~er. Ite re~ i·:: 'J3l 



Oil (3.5 g.) WaS then distilled rj-:'1 ~ yielded I,- (lo·"' f' ~· ..1... j g. .·~) 0. 

methyl 3-ket·) cyclohexanec~rboxylate (XLIA) n20 1.4S4o 
r 
~ 

66 - 67° I 0.3 mm. 

Saponificatiorj. of FrR·-;tions Nith n 20 ·5 1 4~30 D • / 

c.p. 

Since a consider~ t io.-1 of physical constants su66 e sted 

( 20 that these fractions JCE
3 

- 21.7, 21.3~; d4 1.0615) cansiste~ 
of methyl benzoate and a methyl cyclohexenecarboxylate, the 
whole of fra.ction numoer 7, 0.65 g., was saponified with 0.26 b· 

of soaiu.m hyd.r:Jxi~~ lil 5 ~.c. of wat~r. Aftel, heaticr; on the 

stea.m ba.th under an air-cunde n3er for t•o houre, the solution 

became c lea.r and u·pon a.cidific;;;_ t ion and sponta.neous coo ling, 

yielded a white cryetalline precipitete, ~hict ~Rs dried over 
phosphoric anhydride for fifteen hours at room temperature. 

The rnatErial was then t"Tice vashed with petl'Oleum ether (30 -

60°) and was recryetallized from wAter. Tl:e ~hite plates so 

obtained melted at 3g - 39° and g~ve neutralization equiv~lent 

va .. lues of 125.5, 126 (Tteory 12c). Li~stead (13~) 4uoted 

for the m.p. ofL1,cyclohexenecarbo.xylic acid tLIII). 

p-Bromphena.cyl Ester of ~'CyclcLexeneccroc.x; lie ~·-.2i~ (~!II) 

.6.,Cyclohexenecarbox~"lic acid (LIII) (0.3 g.) was c'Jnder.sed 

in the usual ~ay wi tt. 0. 7 g. of p-urom~hen9.(:ylor ~~~ide. A copicu8 

precipit~te meltins At 60 - S5° was recrystallized oy diesolvi~g 
in hot petroleu1n €ther (b.p. 100 - 110°), decanti.r:g from a ~.nall 

amount of gum pnd allowin~ the eoluti0n to cool spJntaneousl~. 



After one more recrysta.lli2a~tion from petrcleum e~ter (b.p. 

lOO - 110°) 0.45 g. of lang white needles ~elting ~t ~7° ~PE 

obtained. A mtxed m.v. with ~ similar saro~le obt~ined i~ a 

previous run wa~ not depressed. This ea.rlier sa.!ll"')le hed the .. 

following analysis: 

Anal. Calcd. for C H 0 Br · C - 55.8; d - '~. 7; 3r - 2~~. 7; 15 15 3 • 
"Active" Hydrogen - 0.0; lblgX consumed - 2.0 FJund C - 55.9, 

55.5; H- 4.6, ~.7; Br- 24.9, 24.9~; ~gX consumed 2.0. 

Examination o1· Fra.ction ~~ur:1ber 16 (Taole XVIIl 

[." t. b 16 ( 20. 5 4 20 ~rRc 10n num er nD 1. 507, d
4 

1.03~1) was CJ0-

sidei'ed. represent~tive of numbers 1.: to lS incltd3ive and e;ave 

the following results on l:1.nalysi e: 

Anal. Calcd. for J1e ttyl 3-metboxy cJ c lohexane.:ar ~ .Jx:tla t e, 

c
9

H
16

o
3

: C- 62.~; H- 9.3; JCH3 - 36.o;o; ML- 44.9 found 

C - 63. 1, 62. 3; H - 9. 6, 9. 5; OCH
3 

- 35 · g, 35 .6,::,; :.::
0 

- 44 • 7 · 

Fraction number 16, wa.s tl:us ident~cal in physice.l properties 

~.nd chemica.l composition ~ith methyl cis 3-meth·JXY cyclohe)~ane-

carboxyla.te (L). 
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DISCUSSI0N AND REe~LTS 

The "Bromide-Bromate" method for detectin~ olefinic un

saturation was adopted because of the stability of the potassium 

bromide-bromate standard solution a,nd its ability t0 dietin;uish 

between reactive and unrea.ctive olefinic li~k2~e~. Li~ste~d 

( 137) showed tha.t while ieola"ted olefinic linkages .add bromine 

instantaneously, a, ~ unsaturated ~cids d~ eo slowly. The 

method of Lewis and Bradstreet (112) was ~dapted for use on 

the semi-micro scale. In a te8t run, juplica+.e sA·r:nlee of 

cinnamic acid were only partially bro~in~ted in five to ten 

minutes of manual shaking (bromine number calcd. 10~; found 

68, 79) while mechanical shaking for fifteen ~inutes gave 

complete absorption of oromine (found 106, 113). 

Nearly all the methods used to determine t~e en~l content 

of keto-enol equilibria ~ere ultimately tested by ccmparison 

with results obtained from the indirect bromine titration de

veloped by Meyer (93). Cooper and Barn€s (9~) introduced an 

improvement in the method by suostitutin~ diisooutylene for 

~ naphthol as the reagent absoroing the exceEs added br~mine. 

The present method (Experimental pa6e ~7) adapts the ~0dified 

procedure of Cooper and Barnes for use with semi-micrJ ~ 1-1.flntitie8. 

Table XVIII shows that the results were satisfactJry whe~ checked 

against those obtained by better established macro methods. 



TABLE XVIII 

Compa.rison of New Semi-Micro with Macro Estimations fo'Y ''.Snoltt 

Compound m.p. o 

Acetophenone (a.) 
Ethyl acetoacetate (a) 
Dibenzoyl methane {b) 77 - 78 
p-Br phenacyl 120 - 121 
cyclohexanone-3 carboxylate 

Cyclohexanedione 3,5 166 - 167 
carboxylic acid (LIV) 

Semi-:~icro 

Method 

0.0, 0.0 
6.75, 6.50 

95.2, 96.4 

0.0, 0.0 

120, 121 

~·o Eno 1 

3y ~acro 
Methods 

7.4 (e) 
95.44, 96.15 (c) 
9 5 • 6 , 9 6 • 34 ( d ) 

Notes: (a) freshly distilled (b) prepared according to Organic 

Syntheses (138). (c) extreme values by Cooper and Barnes (94) 

(d) performed by the author a.ccorciing to the method of Cooper 

and Barnes (94-). ·(e) value cited by ~eyer (93). 

Certain compounds needed for comparison with those obtained 

as products of the reduction of trimethyl ~-allic acid (XLVI), or 

Rs intermediates for the preparation of such comnounds, were 

synthesized according to well-~ccepted methods. The excention 

w~s cis cyclohexanol-3 ce.rboxylic acid (XI) which ~s prepared 

by a new method involving the catalytic reduction of m-hydroxy 

benzoic acid (XLVII). The purpose of this new preparation w~s 

to develop a convenient method of obtP.ining a sufficient quantity 

of the pure £1!-ieomer of (XI) for subsequent oxidation to ;

keto cyc1ohexanecarboxy1ic acid (XLVIII). Previo~s methods of 

preparing (XI) given by Perkin end Tatterea11 (16) R~d by 

Linstead and 3oormen (136) are Cased on the sojium ~mal~am re-
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duction of m-hydroxy benzoic acid and benzoic acid re2oecti'lely. 

Both methods ha.ve the disadvantages of beir~g time co~£u!T.ing a.nd 

reQuiring very large amounts of reducin~ agent to give reason

~ble yields. The method of Linstead and 3oorman has the add

itional disadvantage of requiring the lactonization of the 

intermediate tetrahydrobenzoic acid (LV) with the a.ttendent 

sharp decrease in yields of (XI). 

COOH COOH 

OH 

( LII) (LV) (LVI) (XI) cie 

The hydrogenation of ~-hydroxy benzoic aci~ carried out ~t 

an initial hydro3en pressure of 2000 pou~ds per squ~re i~st ~~d 

a temperRture of 130 to 140° in the preeence of ?aney nic~cl, 

~~s complete in about one to one and one-h~lf ho~r~ an~ yielied 

fifty percent of the re~uirec ~ form. 

cis-Cyclohexanol-~ carboxylic acid (XI) w~s then oxidi7ed 

by dichr~~~te to the ketone (XLVIII) in fifty percent yiel~ 

according to the method of Perkin ani TPttereall (16). Jwi~6 

t o the s ens i t i v i t y of the k e t o ne ( XL V: I I ) to ~) c l 0. a. 1 C. e 1 ! .. a l i , 

it was necessary to use q ne~tral rea~ent, iiRzo~~thnne, f~r 

its esterification. Two con~ec~tive ?urdie (1~5) ~ettylat~~~s 

(2ilver oxide a.nd mettyl iJdide) were :-.ecessary for t~e pre

pa.r~tion of meth::;l cis-7. met~lc:JXY cyclotexanec-:trbnylate (;. ... ) fro!!l 
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(XI). Apparently the compounds (L) Pnd the methyl ester of 

(XLIX) have never bee& previously reported or properly character

ized. In add~tion, the p-brcmphenacyl esters of (XLV~II), (XI) 

and (LIII) were prepared by the method recommended by Shr1ner 

and Fuson (1~0). The melting points of these products, together 

with the yields obtained are shown in Table XII. 

TABLE XIX 

R-Bromphenacyl Esters of Some Cyclic c~.rooxylic Acids 

2-Brom2henacyl Ester of m.p. 0 (a} Yield! 

cyolohexenecarboxylic acid (LIII) 97 45 
3-keto cyclohexanecarboxylic acid (LXVIII) 121.5-122 j2 
cis-3-hydroxy cyclohexanecarboxylic acij 136 gg 

(a) uncorrected. 

The Reduction of Gallic Acid and its Trimethyl Ether oy 

Sodium in Alcohols. 

The survey of chemical reduction of the benzenoid nucleus 

presented in the Historical Introduction, ~akes possible some 

generalizations concerning cases where the alkali metals do 

prove effective. Sodium in liquid ammonia together with a 

hydrolytic agent produces dihydro compounds in the main. Sodium 

amalgam in water at a specific pH, and calcium hexammine, ea (NH3)6, 

yield tetrabydro benzene derivatives. Sodium and alcohol, in 

certain cases, generally produce the fully saturated cyclo-

hexane analog of the benzene derivative. In particular, the 

success attained with sodium and alcohol in the complete hydro

genation of the m-hydroxy benzoic acids (13 - 16) suegested that 
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a similar reduction would yield ~asitive res~lt2 witi ~nllic 

acid. The reduction of ~allic acid (XL\T) u~i~· ethan81 in co:l

junct ion with either pota.ssium or se dium, and i soamyl ale :;~~·J 1 

with sodium did not lead to products from which non-0her.alic 

me .. terials could be isolated. Considerable difficulty wc.s 

experienced in working up the olack reacti~n mixture andth~ 

phenolic degrada.tion products of 5 e llic acid ma s:.\:ed any ~·.Js

sible positive results. It wee inferred tjpt under the strong

ly alkaline conditions of these experiments, the rate at which 

gallic acid (XLV) undergoes irreversible condensations far 

surpasses the ra.te at wl1ich reduction ca.n t:· t<e pl~ce. 

The d.ecision to methylate ga.llic ;.~cid co~nletely to 

trimethyl gallic ~cid (XLVI) and to submit the latter to 

chemica,l reduction vrPs taken for a number of reasons. In the 

first pla.ce, the 1~1ethylation of the phenolic hydroxyl ~·roups 

would avoid the very deep-seated ani complex condeneAtions to 

which unsubstituted ~Hllic acid is ~rone. Since the electrJ

negative chara..cter of the :.1ethoxy are not greatlyt differe::t 

from those of the phenolic hycixoxyl 6 rouns, acc~~di:-1::- to LUC~ s 

(14-1), the results might perhaps serve as a c;ui:ie to f·J.ture 

successful reductions of ballic acid itself. ?i~ally, tte 

experience of others in the reductive cleava5e of ~ethyl p~e~yl 

ethers suggested the possibility of carryin~ out ~artial or 

total demethyla ti on simultaneously with nuclear red.uc t ion. 
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Accordingly, attempts were made tc accomplish rin6 re

duction of trimethyl gal lie a.cid (XLVI) by mea.ns of sodium 

and isoa.myl alcohol; the proportions of sodiu'll to (XLVI) 

being varied from 5.5 atoms to 36.9 ato:'!":S per ·-1:ole of (XLVI). 

In a.ll of the re ca.ses, severa.l product e were obtained, but in 

every case benzenoid reduction and de~ethylation took place 

to a great extent. These results are in contraAt to those 

of Semmler (20) who when submi ttinr; (XLVI) to tte action of 

sodium and a.bsolute ethanol, isolated ~ s his eo le product m-

methoxy benzoic acid in unreported yields. 

In all of the reductlons, substantially constant reaction 

conditions were maintained: the amount of trimethyl ~a.llic Acid 

used was 0.11~ mole, dissolved in one liter ot ieoamyl alcohol 

witn a.n initia.l temperature of 100°, the amo~nt of' sodium added 

being varied. Only the extreme case, ~nere 36.9 atom8 of sodium 

wa.s used, w~ s the initial temoera.ture oi' t~e rea et ion mixture 

va.ried a.nd reduced. to 50°, so tha.t tne exotnermic process might 

be kept under control. Fteure 3 summ~.rizes tte products iEol~ted. 

A survey of the se oroducts revea.!e tne trend tn~ t r.i tn in

creasing amounts o:t' sodium the a.mounts of hydrogen introduced in 

the benzene ring are also increPsed. Thus, for exa!'rrple, unaer 

relatively mild conditions two atom8 ~f hyaroge~ were added to 

produce compound (LIV), cyclohexanedione :,5 cArboxyli~ ~cid, 

which may be regarded as the dinydro der1vattve of ~,~ dityar~xy

benzoic acid. Compound (XLVIII), 3-keto cyclohexa~ecarbJx~lic 



acid which may oe similarly expressed as the tetra!'lj·..ir:> m

hydroxybenzoic acid, and {LVII) the tetracydro m-methoxy 

benzoic acid, were all obtained in reiuctions employi~g ~rger 

quantities of sodium. Extreme conditi:>~s produced a small 

amount of the hexahydro m-methoxy benzoic acid (LVIII) to

gether with a la,rger amount of the tetrahydrooenzo ic acid 

{LIII). A si~ile.r observation was r€ported by 3irct (24) in 

the sodium a.nd liquid ammonia. reduction of phenol ethers, 

where d.ihydro derivatives were O.:Jtained a~ i:~termedia.tes and 

continued reduction gave cyclohexene derivatives, RS eho~r. in 

figure 1. 

As might be expected, the ffiain technical difficulty in 

the present work was to separate, assign probaole st~ucturee 

to, or to identify the products indicated in Figure 3, and it 

now seems appropriate to discuss these matters in ~re~ter detail. 

The Structure of Compound ( LIV) CzHgC4. 

The empi rica.l formula, c7H804, of the orincipal procu~t, 

m. p. 166 -167°, isole.ted in the reduction of tri~ethyl ~allic 

acid {XLVI) with 5.5 atoms of sodium i~dicates the oossiole 

structures shown in Figure 4. 



c Ot.H 

f1emmler(20 

0'-H3 (. Hf a~ 0 
• 

lXI XLVI .. LIV XLVIII 

LII LVII LIII LVIII 

Atoms of sodium Products and Yields 

f~' MQl~ Q;( XLVI 
5o5 lLVIII + LI V ... XLVI recovered 

( 11-14~) { 29-42}.) (16-2}~) 

llol XLVIII + LIV 
( l~) (~) 

140 8 XLTviii 
( 2~~~ ) 

1~04 XLVIII ... LII .. LVII 
( 27-~4~) (5-1 ~.k) (9-15~) 

36o9 XtVIII ... LIII -t LVIII 
( 10~ ) ( 14-21~) { 6-f. ) 

Figure 3 - Products and Y1elde 1~ the Rejuction of 

Tri~ethyl Gallic Acid (XLVI). 
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LIXb 
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OH 

~IXc 

OH 

COLH co._H C~H 

o~Oo o~OoH and the enol forms '-«) 

HO 

LIV 

LX 

11 
0 

and the possible 

~rva LIVb 

lactJnes 

LXI 

Ficrure 4 .. 0 Possiole Structures f.JI' Compound ,.., . ,. 
v ,n·v. I _) T. 

The Ileutralizatiun e~uivalents ootained oy direct titr~tion 

with alkali and oy boiling \~,ith lOU pE:cent excess allCR.li ~ere 

substantinlly the Fame, thereoy indicating a dioasic acid, ~nd 

ruling out i.111nedi a.te ly any po S[ i.:>le lacto:-1e str~c tu1 e s such as 

(LX) a.nd (LXI). Attempts to constl·_...ct model lActone Qtructures 

of (LX)an, __ - (LXI) by means of Fisher-~~irschfclder-Iaylor mCJGE·ls 

also showed that the spatial 1·e la ti on ships are complete 1:,· ·~n

favourable for the formation of the lactone ring. 

As between the a diketone structure (LIX) and the ~ di~etJne 

struct"..lre (LIV) the lcJtter seems more !)l.J~a~::.~. :..-~cr.use it is the 



central methoxy group which invariably under~oes cleavage in 

such compounds as pyrogallol tri~ettyl ether (XXXIX) (41, 42) 

or trimethyl gallic acid (XLVI). F~rttermore, the s~diu~ Pnd 

liquid ammonia red_uction of pyrogallol tri:tethyl etner (~~XXIX) 

yielde the 2,5 ditydro resorcinol dimethyl et~er (XXXII). T~e 

same product is obtained with resorcinol dimethyl ether (1XXI) 

(24-). In both ca.ses, cyclohexanedi~ne 1,3 (x.,~XIII) is the tJradllct 

isolated after hydrolysis with dilute miner~l acid. It tjus fol-

lows that if the centra.l carbon-oxygen ooEd u:-~derbves fissicr. 

more easily than the others, then the ~ diketone struct'~re (LIV) 

is the more probable one for the empirical formula ~ 7H8 o4 • 

The ea ta,lytic re duct icn of tti s suo ~ta n0t' aver pla t inu::. 

at room temperature introduced four atom£ 0f hydro~en (Yibure 2) 

and a. thirty percent yield wajs Qotained of three .: .. l·t:ctions of 

white crystPlline material, rneltir:c" at;: to 1)1°, 116 to 124° 

and 116 to 118° respectively, correepondit_~ ir. e~n~Jirical f':r"'L~lla 

and neutralization equivalent tu the cyclohexaned~cl c~rboxylic 

Neither this product, nor the oily reEidue 

absorbed periodic acid to any gr~~t extent, even after stA.ndir~ 

for f011rteen hJ"'1TS. 9ince the ~b8JrptioL of one ~.ole of ::'eri~dic 

acid w0uld be diagnostic under these circumstancee for one a 

glycol (14-2), it m~-Y be inferre,) tl:at no such gr·.::up is ;:reeent 

in the reduced product. The crystalli~e fracti~nE, unfortunately, 

could not be further frP.ctionated i~to shcrply ~elti~; suost~nce~. 

because the amount ava.ilable ~s insufficient for a separation 
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ir:to the three possible cis-trA.ns isomers of cyclohexe_nedi~·l 

3,5 carboxylic acid (LXII). 

COOH 

OH HO 

LXII a. LXIIc 

The negative results for Rn a glycol group obtained from 

the periodate oxidation of the reduction product, s
7
s12o4 , 

clearly demonstrated tha.t the original unreduced mattrial must 

be the ~ diketone (LIV) ratter than the a diketone (LIX). 

Investigations .)f the ultraviolet ausorptio~1 spectra Jf 

cyclic~ diketones (108, 143), made it possible to carry out 

a similar study with comround c7H8o4. The absorption curves 

(Figure 5) were kindly provided by Dr. J.E. Curra.h of the 

Central Resea.rch La.boratories of CanP.d ie_n Industries Limited 

a.t Mci~asterville, P.Q. Maximum absor~~tion for thie compound 

wAs found to be 254 m~ and the maximum extinction coefficient 

was 31,000 (log€ 4.4-9). Other ?·~rkers (l:J~, 1t.;) found that 

the ultraviolet a.bsornt ion spectra of eye lie ~ di kete>ne s inva r iab 1 :.; 

show a A. max in the region 250 - 300 m_J-L and logE 4 a.ppr:xirr}=lte

ly; cyclic a diketones, on tte other hand, show en absor~tion 

shifted to~rards the visible region (110). Blout, ~ager and 

Silverman (lOg) studied tbe effect of suostituents an~ envir~n

ment on the spectra of various cyclohexanedione 1,3 aeriv2tivee. 
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It wa.e noted tha,t all derivatives which ~re not diorominated 

in the two positions, i.e., those capable of forming systems 

vinylogoue with C3rboxylic acids, show the ea~e type of shift 

in absorption maximum towa.rd the longer wavelengths upon di

lution. In general, increasing the numoer of bromine atcms 

in the molecule has the same effect. These shifts to longer 

wavelengths are generally attributed to increasing dissociation 

of the enol form, presumably oy the same mechanism tt~t is 

active in a-ha.logen carboxylic acids, i.e. the negative in

ductive effect of the oromine atom in the a position decre2Aes 

the electron density on the oxy6en atom Gf the oxygen-hydrogen 

link, thus facilitating proton release. It is to be expected 

that acidic media will in general depress the ionization ~f the 

enol form, shifting the maximal absorption towards shorter w0ve

lengths. Basic media wi 11 have tl1e reverse effect. Dilution, 

increasing the ioniza.tion of the enol form in a way eirtilar 

to the effect on any weak acid, will Ehift the absorption to

wards longer wavelengths. The effect of acid ~nd basic me'3ia 

are illustlPted in Table XX. 
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TABLE XX 

Effect of Basic Acid and Neutra.l l.iedia on the Ulatravi~~et 

Absorption of Cyclic p Diketones 

max 
Compound Solvent 'Il}J 

5,5 Dimethyl cyclohexanedione a.beolute ethanol 2S2 
l, 3 ( LI) acidic a0s. etha.n'Jl 2..:: ~~ 

..1../ 

baJsic abs. ethanol 2e-z 
,./ 

cyclohexanedione 1,3 (XXXII) ethanol 2~0 

cyclohexanedione 3,5 carboxylic methR.nol 254 
acid (LIV) 

(~) Blout et a.l (108) (b) 3Pstron, Davie and Butz (lL~?·) 

(c) Concentration, 3.2 x 10-5 ~. 

·~ ~ ._._.;;_ 

4 ?C:: ..... ,./. 

4 ')"7 
•'-/ 

1+.43 

4.30 

4.49 

In comparing compound (LIV) with 5,5 dimethyl cyclohe~anedione 

1,3 (LI~ it is seen that in neutr~l media the enol ~r~ups of 

(LIV) are less dissociated than in ~I). This phenomenon is to 

be expected from the acidic nature of the carboxylic acid ~roup 

in (LIV) which depresses the dissociation of the enol form. 

tte other hand, according to Watson (52), and as al1e2dy dis-

cussed in connection with acetcacetic acid 8nd levulinic acid, 

the electron releasing character of the carboxyl group ~ay c~xe 

into play via a positive inductive ~echanism tJ asEist the en:l

ization of the second carbonyl group. This p)ssioilitJ ?ffers 

an explanation for the high loc:~ (4.49) Joeerved .-itr. (LIV) 

(a~ 
( 8. 

(a) 

(b) 

(c) 

and for the fact that the percent enol, deter~inej titrt~etrica:ly, 

ie about 20 percent higher than theoretically required for the 

enolization of one keto group (Table XVIII). Tbis excessive 
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result for the enol content of (LIV) may also include a:--:. un-

known bromination side reaction affecting some other unit in 

the molecule apart from the double bond. 

The acidic nature of cyclic ~ diketones is ascribable to 

the fact that upon enolization of ~ne of the hydrogen atoms 

between the ca.rbonyl groups, a gro'.;.p is formed which has A 11 

the properties of, and iR vinylogous with, a carboxylic acid. 

By a.na,logy with the results reported by 31G'Jt, Eager and Silver

man (lOg) for 5,5 dimethyl cyclohexanedione 1,3 (LI), the 

principal forms which are responsible for the li6ht aoeorption 

. properties of (LIV) are 

H 

LIVa LIVb 

There also may be contributions from forms such as 

LIVe LIVd 

a.nd their dissociated or ionic forrr.s 

LIVf 

<2> 
0 

COOH 

LIVg 

LIVe 



although the latter pair, (LIVf) {LIVg), would be largely 

suppressed by the a.cidic nature of the ca.rboxyl group. 

It was anticipated that if compound (LIV) was an a diketone, 

it would reduce one mole of periodic acid (142) and if a ~ 

diketone, no reaction would take place. Experiment proved, 

however, that (LIV) reduced one mole of periodate rapidly and 

an additional mole more slowly. This unexpected result led to 

a study of the reaction between periodate and the known cyclic 

~ diketone, 5,5 dimethylcyclohexanedione 1,3 (LI) which also 

was found to consume two molee of the oxidant although the 

second mole was used more rapidly than in (LIV) (Figure 6). 

It was concluded, therefore, that the absorption of periodate 

by compound (LIV) was not in contradiction to the cyclic ~ 

diketone structure just assigned to it. The anomalous behaviour 

of the periodate toward these ~ diketones is probably related 

to the recent discovery by Huebner, Ames and Bubl (144) that 

this oxidant is capable of converting an active a-hydrogen to 

an a-hydroxyl group. The configuration necessary may be shown 

dia.grA.mmatically a.s follows (144-): 

~1 ~l R1COOH 

C=O 0=0 (b) + (c) ::\ C ')·"U 

(a) 
• 7. v •• 

I I ;' 

R3 -C-OH ~ R - ,,.,_0 • + -C-H v-
R~ ~ ~ 

' - ./ I -, 

' o_ 
!01+ !04 

104- 0=0 C:O ..... ~r"""E c:o :'.2'..., V\o.J • 

I ' l 

R2 R2 R2 

The general requirements of the reaction were shcwn to oe; 



0 0 

.:::t en 

0 
0 
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1) R1 must be -oH or -B; 2) R2 and a
3 

may be any combination 

of B, alkyl, OB or -0 alkyl; 3) if a3 is -alkyl and/or R
2 

is 

-o alkyl, the reaction is slow; 4) if R
2 

is -0 s.lkyl reaction 

(c) does not occur; 5) the grouping -co-a2 may not be replaced 

by a nitrile without inhibiting oxidation. If the periodate 

oxidation of (LIV) proceeded by a similar mecha~ism through 

oxidation of an a hydrogen, the 3,5 diketone ~ hydroxy cyclo

hexanecarboxylic acid (LXIII) would be formed, and would 

presumably be capable of consuming two additional moles of 

periodate or a total of three moles. Some other mechanism 

must, therefore, be involved in the case of oyolic ~ diketones, 

the elucidation of which requires further study. It ia interest

ing to note, however, that other examples of ~ dicarbonyl aystema 

exist whioh consume one or more moles of periodic acid. 

The Isolation ~nd Identification of 3-Keto Cyclohexane

Carboxylio Aoid (XLVIII). 

The ketone, (XLVIII), was isola.ted as the methyl ester 

from the other products of the trimethyl gallic acid (XLVI). 

Perkin and Tattereall (16) have shown that acids act on (XLVIII) 

to produce condensed and polymerized products, thus esterificAtion 

with methyl alcohol and mineral acids could not be applied in 

this case. The methyl ester, therefore, was formed either by 

instantaneous reaction with diazomethane, avoiding the formation 

of an ethylene oxide ring with the carbonyl group (77), or by 

using Purd1e'a reagents, silver oxide and methyl iodide. Rect-

ifioation of the diaaomethane-produoed ester yielded fraotiona 
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which gave acceptible values for caroon, hydrogen and methoxyl 

content, but had variable refractive indices, n~5 1.4643 to 

1.4650, whereas the r!lethyl ester of (XLVIII) prepa.red oy 

20 
synthesis has a refractive index, ~ 1.4640. The methyl ester 

of (XLVIII) obtained by Purdie's method also yielded fractions 

varying in refractive index from n25 1.4651 to n25 1.4720 
D D , 

although these fractions gave acceptible methoxyl values. It 

became evident, therefore, that rectification alone did not 

yield the pure methyl 3-keto cyclohexanecarboxylate, but was 

contaminated by other reaction products of approximately the 

same chemical oomposi tion. In particular, the use of silver 

oxide at both low and high temperatures brought about unknown 

changes which were prooably of an oxidati ve na.ture. These 

results suggested that a chemical means of separation combined 

with distillation would be required to yield a product hRving 

the proper refractive index as well as p~oper analytical values. 

A preliminary purification of the crude methyl esters was, there

fore, accomplished by the formation of the sodium bisulphite 

addition compound, since experiment showed that an authentic 

sample of the methyl ester of (XLVIII) could be recovered from 

its bisulphite addition compound in abou.t 75 percent yield. In 

this way, the methyl ester of (XLVIII) having identical oroperties 

as the synthetic product was isolated from the reduction of 

trimethyl gallic acid (XLVI). 

The identification of the methyl ester of (XLVIII) was 

established by saponification to the crystalline free aoid,lXLVIII), 
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whose melting point, 76°, was not depressed by admixture with 

an authentic sample, prepared by the oxidation of cis cyclo--
hexanol-3 carboxylic acid (XI). This saponification could 

not serve, however, to completely characterize the bisulphite 

extracted fraction because the yield of (XLVIII) on saponification 

was only about 37 percent. The known semi-caroazone of (XLVIII) 

wa.s isolated in minor yields ( 18 to 25:,k) from the water-sJluble 

part of reduction product, A-1, and was, therefore, rejected as 

a method for estimating the composition of the reduction pro

duct. The p-bromphenacyl ester of (XLVIII), however, was pre

pared from a synthetic sample of the free acid, (XLVIII), in 

almost quantitative yields. ~~en this same derivative was 

formed from the reduction product A-1, a yield of 6o percent 

was obtained and was undepressed in melting point with an 

authentic sample. The crude fraction A-1 was, therefore, at 

least 60 percent 3-keto cyclohexanecarboxylic acid (XLVIII) 

when prepared by the reduction of trimethyl gallic acid (XLVI) 

employing 18.~ atoms of sodium per mole of (XLVI). Thecal

culated yield of pure product (XLVIII) present in the total 

crude reduction products (36 percent) agreed with the yield 

actually obtained (3~ percent) oy isolation of (XLVIII) as the 

methyl ester. 

The possible keto-enol tautomerism of (XLVIII), eu;gested 

by the known enolization of the open chain analog, levuli~ic 

a.cid, was investigated because the existence of such ~n equil-

ibrium would indicate bow secondary products aerivable from 
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the enol form might also be present in the residual crude 

product of the sodium reduction. A modified Meyer titration, 

however, fa.i led to show the presence of appreciable quanti ties 

of enol in the reduction product from the reaction employing 

lg.~ atoms of sodium, or in the p-bromphenacyl ester of (XLVIII). 

Enolization of an authentic sample of (XLVIII) was attempted 

in sodium carbonate solution followed by rapid acidification 

and titration of the enol form with standard "bromide-oromate" 

solution. This experiment, based on the work of ~olfrom and 

Lewie (1~5) and Montgomery and Huason (146) failed to detect 

the existence of any keto-enol equilibrium. Numerous methyl

atione with diazomethane, as well as with silver oxide and 

methyl iodide, failed to yield the enol methyl ether of (XLVIII). 

Finally, ultraviolet absorption spectra for the ketone (XLVIII) 

(Figure 7) showed only a very weRk absorption (log£ 1.5) at 

28~ m)U • Suoh an absorption is typical of simple non-enolizable 

ketonee; enole, on the other hand, show an intense absorption 

(log E '+.0) in the range 250 to 300 ty.a (log). All of these 

results make it certain that (XLVIII) does not exist in the 

enol form to any appreciable extent, and differs in this respect 

from its open chain analog. A possible explanation for this 

phenomenon is based on the supposition that in the cyclic ketone 

(XLVIII), the positive inductive effect of the carboxyl group 

is distributed in parallel between the two branches of the ring, 

rather than along a single carbon to carbon skeleton as in 

levulinic acid, resulting in a greatly decreased electron 
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density on the oxygen atom of the keto grou~. As figure 3 

shows, 3-keto cyclotiexanecarboxylic acid (XLVIII) wa.s obtain

ed in all the reductions of trimethyl gallic acid attempted, 

the yield passing through a maximum of about 30 percent 8! 

theory when the reduction employed 1~.4 atoms of sodium in 

the ieoamyl ~lcohol. 

Other Products Isolated from the Reduction of Trimethyl 

Gallic Acid (XLVI). 

As is sl1own in Figure 3, a sma.ll a.mount c.;f eye lohexa.ne-

dione 3,5 carboxylic acii (LIV) was isolated in a~~ition to 

the ketone (XLVIII) in the reduction using 11.1 atoms of 

sodium per mole of (XLVI). Compc~nd, (LIV), however, coul~ 

not be isolated from tl~e reactior.. mixture of any subsequent 

reductions in this series and it was c~~cluded that thi8 cJm-

pound could not survive the extenaed reduction, Gut was tians

formed into other products. ~c~:e use of 1~.+ atoms of sodiuul, 

resulted in significant amounts of benzoic acid (LII) (5 to 

13;'S) and of (LVII), c
6

H
12

v
3

, the latter oeL:..g ieC>lated as the 

met h y 1 e s t er ( 9 to 15 .. ~) , 't".t il i c h :~a d a me t.: J x ~,; 1 c oH t e .n t of 1 :J 

percent. From Taole VIII~ the methoxyl c~nten: or the crude 

reduction product v~·as calculated to oe approximately 4 per

cent, and aesumin~ that all can be attriouted to the coffipOuGj, 

c~H12o 3 , the yield should oe aoout 19 perceLt. Ihe 1if:ere~~~e 

between this 1 igure and the maximum '"Jf 15 percer~t a~tuall.; 

isolated eau oe a.ccounted f'Jr oy losses aurin~ purifi~~ti,)~~ 
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by fractional distillation. 

The structure (LVII) assigned to the compound c8H12o3 
is based in pa.rt on elementary a.nalysie, methoxyl content, 

the molar refraction Mu and the saponification equivalent. 

Since no instantaneous bromine absorption was noted, it was 

concluded tha.t the double bond present was in the u ~ position 

to the carboxyl group and might be in either of two positions 

as shown in formula (LVII) and (LVIIa). 

LVII LVI la 

O(.H ...... 
3 

An equilibrium mixttlre of the forms (LVII) and(LVIIa) is also 

obviously possible, just as the b 1 and A 2 tetrahydrobenzQic 

acids are formed by the sodium-amalgam reduction of benzoic 

acid (136). In any case, the extended reduction of trimetbyl 

gallic acid with 36.9 atoms of sodium yielded a product, c8H14o3, 

{LVIII), the methyl ester of which ie identical in chemical com

position (elementary analysis, methoxyl content, saponification 

equiva.lent) and phyeic'1.1 properties (density, refractive index, 

molar refraction) with synthetic methyl cis-3 methoxy cyclo

hexanecarboxylic aci~ {L). Besides identifyi~~ product (LVIII), 

the synthesis of the methyl ester of (LVIII) made it p~ssible 

to assign structures (LVII) and/or ( LVIIa) to compout!ci, C -.H .:; , 
:> 12 3 

which must be intermediate to the formRtivn of (LVIII) from 
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trimethyl gallic acid. In addition t': compounds (XL-/III) ~ad 

{LVIII), the known 6, cyclohexenec~.rooxylic ~cid, (LIII), ~qc.

obt~ined in 17 percent yield from the reduction product using 

36.9 atoms of sodium per mole of (XLVI). 

The C~urre of the 2eduction of Tri~ethyl Ga1lic Acid (XLVI) 

with Sodium and r~oFPnyl Alcoho.h 

f\eference to Figure 3 sh:>ws thqt there is r! de=:·inite trP!~s-

ition from dihydro tc tetrah:/oro :;Jroducts ~~nd fii1ally tJ a s:-nell 

yield of a hexahydro comp~~nd a~ the amount of ~lk~li metEl is 

increased in rel~tion to the ~rimethyl ~Rllic acid (XLVI) re-

duced. ·rNhen a sm.?.ll molar 1·atio of 8o~ium WP2 employed, tt...e 

principal product was cyclohexa~e~ione 3,5 carboxylic aciJ (~I~). 

The isolAtion of thi8 subEtance is clearly a~Plogous to tDE re-

covery of resorcinol dimethyl etter with so8ium and ~lcohol 

(41, 42) and with the further reduction of either of these ethers 

to the dihydro resorcinol derivative (XXXII) when sodium i~ liqeid 

ammonir1 was used (24). CyclobexEtnedione 1, 3 (~{XXIII), re:'='d.ily 

for~ed by the minerAl Rcid hydrolysis of the enol methyl et~Pr 

(XXXII), ~~s the final product when the liquid arrmonia red~ctant 

was used. These chan~es were exp1~ined in the !n~roduction by 

an electronic mechanism suggested by ~irch ( '' '+ ' 
2 3 , 2~ ) a r. d .J y 

Luttringhaus ~nd Sqaf {19), and it seems extre~ely p=ob~ble 

that a similar mechnnism is also valid for the reductiJ~ of 

trimethyl ga.llic acid by sodium in i~=~~yl alcohol. This 

mechenism Pssumes that a ~neth·JXY ?roup activ~tes the cle')\"':ge 

of a second methoxy ~ro~p to the gre~test e~te~t ~~en the t~o 
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work of Birch (24) who found that m-methoxy groups also actiY

ate the cleavage of phenol ethers, although to a lesser extent 

than when in the ortho position. It seems reasonable, accord

ing to this scheme (FigureS), that this activation, assisted 

by the electromeric polarisibility of the carboxyl group, absent 

in pyrogallol trimethyl ether (XXXII), is sufficient to cause 

cleavage of a second phenol ether linkage. This mechanism 

(Figure ~) is written showing sodium atoms attached to the 

benzene ring but, ae discussed in the Introduction (page 26), 

·this may not be the case, and protons may be substituted as 

addends. The process ~as written in this form mainly to 

illustrate how some of the ideas of Luttringhaue and Saaf (19) 

may be extended. 

The conditions which prevent or assist rearomatization 

are of considerable importance in attempting to explain the 

nuclear reduction and the products obtained in the present 

work. These conditions would include the ease of formation 

of the reduced product and the stability of the reduced pro-

duct under the reaction conditions. If a given compound is 

formed with great ease and in good yield because of the very 

effective action of the reducing agent in promoting the meeomerio 

nrooess rearomatization would be hindered because of the facile 
... , 
addition of a proton (or other cation) to the benzene ring, 

obliterating the resonance stabilization of the nucleus a~d 

the resulting a.rome.tic character. The effectiveness of the 

reducing Rgent would be dependent on ite ability, ~e pointed 
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out by Birch (~), to provide oath a source of electrons and 

a ready source of protons for subsequent addition to the re

sulting carban.ions. Furthermore, the more stable the reduced 

form, the less would be the tendency to revert to an aromatic 

ring. Appare-ntly the sodium and liquid ammonia reduction, 

with added alcohol, of pyrogallol trimethyl ether (XXXIX) 

fulfills all of these requirements because the liQuid ammonia 

reductant is considered a solution of metal cati~ns and sol

vated electrons (37), and a source of protons the alcohol was 

added. The product 2,5 dihydro dimethyl resorcinol, (XXXII), 

wae isola.ted from the reaction mixture and was, therefore, 

stable under these conditions. Sodium and ethanol, as pointed 

out, did not cause nuclear reduction of (XXXIX) or tiimethyl 

gallic acid (XLVI). In the present work, aowever, the change 

to isoamyl alcohol is effective in bringing about nuclear re

duction. It thus appears that the higher boiling point of 

isoamyl alcohol (130°) was sufficient to overcome the energy 

barrier due to resonance stabi lization ·;)f the benzene ring, 

while that of ethanol (78°) was insufficient. The amount of 

chemical energy in each case wa.s substantially the same since 

this energy was provided by the formation of the sodium al~oxide. 

The intensity factor of the energy (the temperature), however, 

was different. The increased intensity of energy in the re

duction employing isoamyl alcohol may have provided the type 

of activation energy (or quanta of specific frequency) adequate 

to overcome the resonance exhibited by (XLVI). This idea is, 
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of course, purely speculative. It is also possiole that the 

higher temperature of the isoamyl alcohol brought about more 

efficient heat tra.nsfer during the reductions. This latter 

explanation seems less probable, because, in one experiment 

on·ly one-third of the amount of sodium was employed with 

isoamyl a.lcohol as was used with ethanol, nevertheless, 

nuclear reduction did take place in the former case, but 

not in the latter. 

The formation of 3-keto cyclohexaneoarboxylic acid 

(XLVIII), may be postulated as arising from either 3,5 di

methoxy benzoic acid (LXIV) and/or the 1,~ dibydro derivative 

(LXV) through the intermediate 1,4 dihydro m-methoxy benzoic 

a.cid (LXVI) in a manner analogous to the formation of oyclo

hexanone (XL) after hydrolysis of the product of the extended 

reduction of resorcinol dimethyl ether (XXXI), ( 24). 

~ 
cooH c~ 
'• / ·····/ 

oc.H3 

LXV 

LXVI LXVII XLVIII 

The further cleavage of methyl ether groups from (LXIV) would 

yield m-methoxy benzoic acid {XXI) and benzoic acid (LII), the 

latter only being actually isolated. This retention of aromatioity 



under mo~:er~tte reaction conciitioi.s (1·~.1+ atoms Jl sodi·...i.ll,) 

may be considered further evidence of the weR~ influence of 

the carboxyl group by itself in causin~ polarization to the 

De war brid.ge forraula for benzenee .d,aycloi~exenecarooxy .:.i;.:; 

acid (LIII), could have arisen either oy the red:..1ctiJn. of 

benzoic acid (LII), or oy the ether cleav36e of compou~Q (~V~I), 

3-methoxy Ll, eye lohexeneca.rboxylic acid ai;.u/or the isor.1er, the 

~6-~.cid, (LVIIR). Gom;::>ounds (LVII) and (LVlia.) . .~l'ly hHve re-
/ 

sulted from a,~ and p,~ shifts of the olefinic lin~A~e respect

ively of the enol ether (LXVII), postulated as intermediate in 

the formation of the ~etone,(XLVIII). The reduction of bot~ 

(LVII) and (LVIIa) would yield the cis 3-methoxy cyclohexane

carboxylic acid, (LVIII), actually isolated, althou;h infor::1-

Rtion is la.cking to explain why the cis for~. alone should oe 

produced. 

Except in the first reduction of the series, 1\Lere tht~ 

ov8rall recovery of pure material was aoout 70 ce~cefit, tne 

average overall yield for these reju:tions varied i~om 20 ser

cent to 50 pe~--cent (Fisure 3). ·~ne reasons for these rel~tively 

low yields may be attribu~ed to the numb~~r a:1j reactiv.i.t:l of tLe 

compounds produced. Tl1e presence of several .Jroducte in eac~ .. 

ca.se multiplied the problems of isolation ano purification a-itt 

a 0011sequent decrease in the isola.ted yields of each componer.t, 

ae well as in the overall recovery. All of the product~ Pnd 

their supposed inter~ediates are reactive entities under the 

conditions of the reduction, havin~ reactive methylene grou~8 
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a.lpha. to c~.rboxyl groups and, theref:)re, un:ier· the cond:. t io:.s 

obtaining, susceptible to the Claisen condensation with 9~other 

molecule of a ca.rboxylic a.cid. These rea_.ctive methyle11e ~1·ou~s 

could also add to olefinic linka.ges, the latter also bein~ 

exposed to the possibility of polymerizatio11. In these ways, 

and doubtless in many more that have not been mentioned, the 

rec0very of single identifiable substances would be drAstically 

curtailed. 
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SUMW\RY 

In contrast to the reduction of gallic acid (XLV) where no 

non-phenolic products could be isolated, the benzenoid nucleus 

of trimethyl gallic acid (XLVI) was successfully reduced by a 

chemical agent, sodium and isoamyl a.lcohol. The course of the 

reduction, as discovered by the results and discussion in this 

Thesis, is summarized in Figure 9. Of the compounds shown in 

Figure 9, (LXIII), (LXIV), (LXVI), (XXI), (LXVII), were not 

actually isolated but are postulated ae intermediate to other 

reduction products. Of the former (LXIII), (LXVII) are the 

enol ethers of (LIV) and (XLVIII), respectively, and would not 

be expected to survive acidification of the crude reduction 

product. Substance (LXVI) would be hydrogenated far too easily 

to (LXVII) to be recovered as such. m-Methoxy benzoic acid 

(XXI), was not isolated, although Semmler (20) using ethanol 

in his sodium reduction succeeded in doing so. This difference 

would indicate that under the present conditions (XXI) would 

undergo nuclear reduction. The fact that 3,5 dimethoxy benzoic 

acid, (LXIV), was not isols.ted makes it possible that this step 

was shortcirouited. It is also possible that future work will 

show that (LXIV) reduces under these conditions to compounds 

such as the cyclic ~ diketone (LIV) and the monoketone (XLVIII). 

several new compounds were isolated during the research. 

Oyclohexanedione 3,5 carboxylic acid (LIV), m.p. 166 - 1.57° ~a 
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characterized by analysis, catalytic hydrogenation, ultra

violet absorption spectra and by analogy with similar reductions 

with pyrogallol trimethyl ether (XXXIX). Compound (LIII), was 

isolated a.s the methyl ester {n~0 1.4770, d~-1.0939) and ten

tatively assigned the structures corresponding to either 3-

methoxyA, cyclohexenecarboxylic acid (~III), or the correspond

ing46acid or a mixture of both. These alternatives were 

supported by analytical data and by the fact that on extended 

reduction the ~ 3-methoxy cyclohexanecarboxylic acid (LVIII) 

was isolated as the methyl eeter (n~0 1.4510, d~0 - 1.0351). 

The latter wae identical with the methyl ester of (LVIII) 

prepared synthetically. Although the ~ keto acid (XLVIII) 
?Q 

was a known compound, the methyl ester (n~ 1.4640, b.p. 76 -
D 

78 I 1 mm.) was chara.cterized appa.rently for the first time. 

A new catalytic hydrogenation producing high yields (5o;) of 

the cis cyclohexanol-3 carboxylic acid (XI) ~as developed usin~ 

Raney nickel as catalyst at an initial hydro~ell pressure of 

2000 pounds per square inch. 

Three new p-bromphenacyl esters of known compounos were 

produced: the p-oromphenacyl ester of ~ cyclohexanol-3 

carboxylic acid (XI), m.p. 136°, of A,cyclohexenecarooxyiic 

acid (LIII) m.p. 97°, and of 3-keto cyclohexa.::lecarboxfl'lc Rcid 

(XLVIII) m.p. 121 - 122°. 

Two cyclic ~ diketones, cyclohexanedione 3,5 carooxylic 

acid (Liv), and 5,5 dimethyl cyclohexanedione 1,3 (Ll) were 

observed to consume periodate when oxidized at room temperature 
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and pH 4.0, one mole being absorbed rapidly and an additional 

mole being consumed· much mor·e slowly. It was beyond the scope 

of this thesis to investigate this rea.ction any further. 

Two standard analytical n1etbode, one determining the 

bromine number by means of the '1bromide-oromate u rea.gent and 

the other determining the percent of uenol 11 form, were modifiea 

for the a.nalysis of semi-micro quantities of .na.teria.l~. 



CLAIMS TO ORIGINAL RESEARCH 

(1) Nuclear reduction of trimethyl gallic acid {XLVI) was 

successfully accomplished by means of sodium and isoamyl 

alcohol. The course of the reduction was followed by 

varying the amount of alkali metal used and noting the 

products isolate·d. An electronic mechanism for this re

duction was suggested, consistent with other reductions 

of ca.rbon to carbon multiple bonds and with the nuclear 

reduction of other phenol ethers. 

(2) Gallic acid did not yield any non-phenolic products when 

the same reducta.nt was used. No reduced substances of 

any kind could be isola.ted becR.use of the dee!J seated 

degradation that occurred. 

{3) The principal products of the reaction with 5.5 atoms of 

sodium per mole of trimethyl gallic acid (XLVI) was cyclo-

hexa.nedione 3,5 carboxylic acid {LIV) m.p. 166-167°, with 

1g.4 atoms of sodium, 3-keto cyclohexanecarboxylic acid 

(XLVIII) m.p. 76°, with 36.9 atoms of sodium,~, cyclo-

hexenecarboxylic acid {LIII) m.p. 3g-39°. 

(4) several new compounds were isolated during the research. 

Cyclohexanedione 3,5 carboxylic acid, (LIV), wa~ character

ized by analysis, catalytic hydrogenation, ultravi~let 

absorption spectra and by analogy with si~ilar reductions 

of pyrogallol trimethyl ether (XXXIX) carried out o:/ other 



workers. A substance, having the empirical formula 

CgH12o3, was isolated as the methyl ester (n~0 1.4770, 
20 

d4 - 1.09g9) and tentatively assigned the etructures 

corresponding to 3-methoxy~• cyclohexenecarboxylic acid, 

(LIII), or the correepondingA6 acid or a mixture of both. 

These alternatives were supported by the fact that on 

extended reduction the £i! 3-methoxy cyclohexanecarboxylic 

acid (LVIII) wae isolated as the methyl ester (n;o 1.4510, 
20 ~ 

d4 - 1.0351). The latter was identical with the methyl 

ester of (LVIII) prepared synthetically. The methyl ester 
20 

(nD 1.4640, b.p. 76 - 78° I l mm.) of the known compound 

3-keto cyclohexaneoarooxylic acid (XLVIII) was character-

ized apparently for the first time. 

(5) Three new p-bromphenacyl esters of known compounds were 

prepared: the p-bromphenacyl ester of £i! cyclohexanol-3 

carboxylic acid (XI), m.p. 136°, of4,cyclohexenecarooxylic 

acid (LIII) m.p. 97°, and of 3-keto cyclohexanecarboxylio 

acid (LVIII) m.p. 121 - 122°. 

(6) A new catalytic hydrogenation of m-hydroxy benzoic acid 

producing a high yield (50%) of ~ cyclohexanol-3 carooxyli~ 

acid (XI) was developed using Raney nickel as cntalyst at 

an initial hydrogen pressure of 2000 pounds per square inch. 

(7) Two cyclic ~ diketones, cyclohexanedione 3,5 carooxylic 

acid (LIV) and 5,5 dimethyl cyclohexanedione 1,3 (LI) were 

observed to consume periodate when oxidized at room temper-
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ature and pH 4.0, one mole bein~ aosorbed rapidly A~~ 

an additional mole being consumed much more sl,:.:;wly. 

(~) Two standa.rd analytical methods, one detertnining the 

bromine number by means of the 11 bromid.e-brornate" reagent 

and the other determining the percent of "enol" for:n, 

were modified for the analysis of semi-micro quantities 

of material. 
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