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GENERAT, INTRODUCTION

Cyclohexylaldehyde, I, i1s a reactive substance
reported to be polymerized by a trace of alkali to a
high-boiling oil of the same composition and undetermined
molecular weight (1). Since the aldehyde contains only
one a-hydrogen atom, it is likely that the high-boiling
0il is a linear condensation product of the aldol type, II.

o
= H _-CHOH_ CHOH__ CHOH _..

I II

It is also likely that 3,4,5-trihydroxycyclohexyaldehyde,

III, would produce the polymer IV under similar conditions,

@
3!
CcH e CHOH CHOH CHOH
O O O o O o O @)
o O O o
H = B H 53 H H = H Ao H
IT1 Iv

A polyhydroxy linear polymer of type IV is of great theoret-
ical infterest because its properties could be compared with
those of other linear polymers, especially cellulose and

polyvinyl alcohol. Such comparisons would be highly
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informative in regard to tie relationship of substitution
and degree of polymerization to physical and chemical pro-
verties, If a convenient synthesls were available, the
polymer IV might also find a use in the polymer field as,
possibly, an adhesive or synthetic resin, A versatility
in properties analogous to that possessed by cellulose
might be anticipated since four hydroxyl groups per unit
might be either partially or completely substituted by

esterification, etherification, or by other reactions,

The main interest of the present work was to

study synthetic methods likely to yield 3,4,5-trihydroxy-
cyclohexylaldehyde, III, the unknown monomer for the desired
polymer. The first approach consisted of efforts to syn-
thesize acetals of phenolic aldehydes like gallic aldehyde
(3,4,5-trihydroxybenzaldehyde) in the hope that the acetal
group would survive the conditions necessary for the cataly-
tic hydrogenation of the aromatic ring. The free aldehyde
could then be obtained by mild acid hydrolysis of the result-

ing hydroxylated cyclohexylacetal.

Although several new acetals of hydroxybenzalde-
hydes were isolated, these compounds, like the few previously
known, were extremely unstable to acid, even to the acldity
of laboratory air. Investigation showed however that their
stability to anhydrous alkali was greater than might have

been expected and that the acetal could be in part recovered
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after high pressure hydrogenation under certain anhydrous
conditions and with various catalysts, During hydro-
genation unfortunately the stability failed Jjust short of
conditions generally néeessary to effect nuclear reduction
to a cyclohexyl compound, and the acetels yielded aromatic

products derived from hydrogenclysis of the acetal group.

A less direct alternative method Tor the synthe-
sis of III was next considered. The nuclear reduction
of ethyl gallate to 3,4,5-trihydroxy-l-carbethoxycyclohexane
was successfully carried out after proper conditions were
discovered in pilot experiments with p-hydroxybenzoic ester
and pyrogallol. Since proven methods are available to
convert aliphatic acids in high yield to aldehydes, this
aspect of the research ceased with the conversion of the
trihydroxycyclohexyl ester to the free acid and lactone,
It was considered more adventageous to complete the Thesis
with a fundamental study of cis-trans isomerism in the little-

known hexahydrogallic acid series,

3ix cis-trans hexahydrogallic acids are possible
and all might well be formed by the hydrogenation of gallic
acid, The six isomers are represented by structures Va-f
in which trans orientations are represehted by dotted bonds.
Cne of these coufigurations, Vb, had been assigned to di-
hydroshikimic acid (2), a derivative of shikimic acid

isolated from the fruit of a Japanese plant (Shikimi or
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Tllicium religiosum). The hydrogenation mixture from
ethyl gallate has been found Uo contain a large proportion
of a trihydroxycyclohexane carboxylic ester which was not
dihydroshikimic acid and which was not readily isolable

in zood yield by purely physical methods. Studies of the
corresponding lactone, isopropylidene acetal, and similar
derivatives not only revealed a more efficient method for
isolating the substance, but showed that its configuration

probably corresponded to Va or Ve,

HO, HO HO
o O @)
l/ I I
HO C% HO C% HHO-- C
OH /! OH é)kﬂ
H HO HO
a b c
HO HO HO
O
r i i
HO -(% HO ~ﬁ: HO-- -
OH ), O+ é)%ﬁ
HO HO HO
d e il



-5 -

HISTORTICAL INTRODUCTION

Synthesis of Acetals

Acetals, whose general formula is RCH(ORY)g
where R,R1 are alkyl or aryl radicals, were first men-
tioned by Liebig (3) in 1833, The interaction of an
aldehyde and an alcohol is an equilibrium reaction thought
to proceed with formation first of an unstable hemiacetal,
and then the acetal, The latter undergoes hydrolysis back
to the aldehyde and slcohol in aqueous acid but is charac-
teristically stable in alkaline media.

0

I ,OR?
R-C-H+RWOH <— R - C\ eee )
| "0H
H
JOR* ORY
R - $\OH + R GH e R - ?\ORl + Hzo v e (2)
H H

de Leeuw (L4) determined the specific gravities of a series

of aldehyde-alcohol mixtures by the dilatometer method and
found maximum values when the components were present in
equimolecular quantities. Inflection points were also found
by him at this concentration in curves relating boiling
points, molecular heat of reaction, viscosity and refractive
index with the mole fraction of the components., The absorp-
tion spectra of solutions of aldehydes in alcohols (5) and

in water (6) clearly indicated that constitutional changes

occurred with the formation of a new linkage of the type
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postulated in the hemiacetal theory. Hemiacetal forma-
tion was also investigated by Adkins (7). A maximum
deviation of the observed refractive index from the calcu-
lated value was found when the components were present in
equimolecular quantities, a result similar to the earlier
work (4) and again evidence of constitutional changes,
Perhaps also worthy of note is the work of Jacobson (8)
who, in his studies of chlorosubstitution products of ethyl
ether, demonstrated the presence of a chloroether which could
be coupled with sodium alcoholate to yield a true acetal and
which also could be hydrolysed to what he believed to be a
hemiacetal, equations (3) and (4). However, the product
was incompletely characterized and was probably a mixbture
of acetaldehyde and alcohol because the hemiacetal of this
aldehyde has never been isolated, being recognized as a
transient intermediate only (7).

| |

|
CHg - C - O - CgHg + NaOCgHg — CHy - clz -~ 0CgHgs  ...(3)
I

cl | 0CgHs + NaCl
H fll ]
|
CHs - ? - 0CgHg + HgO \—5 CHs - »:l: - 0CgHg| «u.(h)
cl 0H
+ HC1

According to Muller (9) the acetal reaction pro-

ceeds through the formation of a molecular compound of the
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alcohol and the enolic form of the aldehyde according to
the mechanism represented by equations (5), (6) and (7).
0 0
RuCH3—|(|}-H+Rl-OHVAR-CH2-ICE-H...Rl-GH...(S:

CH

H
<> R -~ CH = ¢ \_AR-CHS-CH:O (6]
- OH

NoH .. R® R3

OR?

-~
\——\ R - CHp - CH_ + HgO W (7

RI0OH OR?

He based this conception on the observation that the reaction

of phenyl acetaldehyde and benzyl alcohol was first endother-

mic, and then strongly exothermic. The first change was ex-

plained by the splitting of assoclated molecules and formation
of a molecular compound, while the exothermic change was

caused by the formation of primary valence bonds,

The classical method of Liebig (3) was investigated
by Fischer and Giebe (10, 11) who used a one per cent solution
of snhydrous hydrogen chloride catalyst in alcohol and the
required amount of aldehyde. They secured diethyl acetal
in 50 per cent, and p-anisaldehyde dimethyl acetal in LO per
cent yield, but failed to obtaln the methyl acetals of van-
il1lin, salicylaldehyde and p-hydroxybenzaldehyde. The p-
and o-nitrobenzaldehydes gave high vields of acetals by this
method. These investigators were the first to observe the

irregularity of the phenolic aldehydes in the acetal reaction
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and contrasted the unTavourable eflect of the hydroxyl
substituent with the promotion of acetal formation by the
nitro group. They did not venture to account for the
difference because insufficient data were avallable at

that time. The fact that unsaturated aldehydes gave lower
yields of acetals than the saturated compounds was noted
also, Many variations of the classical method have been
applied, in most cases to the synthesis of aliphatic acetals.
In general, they involve the use of a chloride or nitrate

of a metal, with or without hydrochloric or other acid, in
conjunction with the alcchol and aldehyde (12). A study

of catalysis and equilibrium in acebtal formation, made by
Adkins with Nissen (13) and with Adams (7), differentiated
between two functions exerted by calcium chloride and other
metal salts in the condensations, The salts were shown to
possess the dual role ol true catalyst and denydrating agent
in most cases. For example, calcium chloride and hydrogen
chloride caused the production of the same amount of acetals
if the homogeneity of the reaction mixtures was maintalned
by the use of excess alcohol or of small amounts of the salt
catalyst. This result agreed with the traditional view that
in a homogeneous system the position of eqguilibrium in a
balanced reaction is unaffected by the nature of the catalyst.
Ythen, however, sufficient calcium chloride was used to cause
the separation of an aqueous szlt layer, the percentage of
acetal formed was in some cases almost double that obtained

with hydrogen chloride. The solubility of higher alcohols



-9 -

and acetals in water is so much less that no salt was

needed to separate the water from the sphere of reaction

and in these cases the calcium chloride lost some of its
value as compared with hydrogen chloride. A close cor-
relation was shown to exist between the ability of a salt

to fTorm an alcoholate and its abllity to catalyse acetal
formation (7). All of the salts which catalysed acetal
formetion, in addition to forming alcocholates, were acid

in solution (pH value less than 7) but the catalyst was not
hydrogen ion, and there was no apparent relationship between
acidity and efficiency as an acetal catalyst. For exauple,
zinc chloride was more acidic than calcium chloride yet is
not so good a catalyst. The presence of water in the re-
action was conducive to the production of hydrogen ions by
hydrolysis of the catalyst and ionization of the hydrogen
chloride formed but the velocity constants of the acetal
reaction fell off rapidly as water accumulated. It seened
probable to Adkins that the seét of catalytic activity was

to be found around the anion end of the undissociated acid

or salt rather than in dissociated hydrogen ions, whose
presence was merely incidental. The yields of acetals ob-
tained by means of these improvements on the classical method
varied considerably with the structure of the reactants and
the nature of the catalyst but cases were few in which the
amount of acetal formed exceeded 5C per cent oi theory. This
limitation was connected with the balanced nature of the

reaction.
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Purther extensive investigations of the per
cent conversions and eguilibrium constants in acetal forma-
tion from a variety of aldehydes and alcohols were made
by Adkins and his 3chool (1L, 15, 16, 17, 18, 19). The
reaction was considered to be essentially bimolecular be-
cause the rate-determining stage was the formation of the
acetal from the hemiacetal,equation (2). The first stage,
equation (1), the fTormation of the hemiacetai, was believed
to occur immediately when the reactants were mixed in the
absence of a catalyst (1l4). In his investigations Adkins
used the term "affinity for acetal formation" when referring
to the equilibrium constant, that is to say, to the yield,
When referring to the veloclty constant, the term "reactivity"
was used. The reactions were classified in two ways, first
the condensation of an alcohol with various aldehydes and
second, the condensation of an aldehyde with various alcohols,
The resulits of a large number of experiments were summarized
in several general statements regarding the relationship of
structure to "affinity" and to "reactivity”. Branching and
lengthening of chains at the 2-position of acetaldehyde, and
also unsaturation, decreased the "afiinity" or the yield (15).
Branching of the alcohol chain, except on the carbinol carbon
atom, had little effect on the "affinity". Primary had a
greater "affinity" for acetal formetion than secondary alcohols
wiich, in turn, gave better yields than tertiary alcohols,

This order was reversed as regards "reactivity". The effect
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of unsaturation was less in The alcohol than in the alde-
hyde but the rate was greater with unsaturated compounds.
Unsaturated monoplanar cyclic aldehydes such as benzalde-

hyde and furfural had low affinity values (19).

By far the greatest number of open chain acetal
reactions studied involved aliphatic aldehydes and alcohols
and much data are available in this field. Although
benzaldehyde, anisaldehyde and m-nitrobenzaldehyde were
included, little is known about the behaviour of other

benzaldehyde analogues.

A number of more complicated procedures, based
upon the condensation of an orthoester with an aldehyde,
give higher yields of acetals than the older, better known
method already described, The originator of the orthoester
method was probably Claisen (20) who prepared acetals by
condensing orthoformic esters with aldehydes dissolved in
an alcohol containing an acidic catalyst such as hydrogen
chloride, ammonium chloride or ferric chloride, the by-

product always being a formate, equation (8).

0 0

Il I
0330@0 - H-&-HC(OR)Sw GHSOQCH(OCHS)a + H - C - OCHg

...(8)

A modification was devised by Claisen (21) which differed from

tiie above reacltion by the use of what he called ‘'nascent
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orthoformic ester®, Anhydrous hydrogen cyanide first
forms a formimide hydrochloride ether when dissolved in
an alcohol containing dry hydrogen chloride and, in the
presence of excess alcohol, the desired orthoester and

armonium chloride result; equations (9) and (10).

H-C=N+R - OH + HCl =—H - ¢ = NH,HCL ceel9)
OR
H - c|: = NH.HC1l + 2 ROH === HC(OR)s + NH.C1 ...(10)
OR

Wwhen an aldehyde was added to the mixture an acetal was
formed without the necessity of isolating the orthoester

or adding any further catalyst, This method is complicated
by the necessity of a special apparatus for the preparation
of anhydrous hydrogen cyanide and by the instability of the
"nascent" orthoester, Although the method is cheap and
convenient when large cquantities of acetals are desired,

the use of the more expensive free orthoester, derived from
chloroform and sodium alcoholste, was in general to be pre-

ferred (22).
HCCly + 3 NaOR — HC(OR)g + 3 Nacl c.o(11)

Both modifications gave about the same yields. Claisen
emphasized that the orthoformic ester method was superior

to the classical method (3) especially in the preparation

of acetals ol aromatic aldehydes. The yields of acetals
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from benzaldehyde, m-nitrobenzaldenyde, anlisaldehyde,
viperonal and many similar aldehydes were almost quanti-
tative whereas many 0 itlhem had been obtalined in lower

vield than acetals of aliphatic aldehydes by the older
method (1C, 11). However, no reference was mede by Claisen

to an acetal of an hydroxybenzaldehyde.

Pauly and RButtlar (23) noted that phenolic alde-
hydes exhibited abnormal behaviour not only in the formation
of acetals but in several other reactions including the
Cannizzaro reaction, the benzoin condensation and the
Grignard reaction, They reviewed the existing exverimental
data and compared trhe behaviour of hydroxy-substituted
benzaldehydes with other aromatic and aliphatic aldehydes.
By employing Claisen's orthoformic ester method They suc-
ceeded in preparing methyl acetals of o-, m-, and p-hydroxy-
benzaldehyde for the Tirst time. The p-hydroxy compound
was a crystalline material with a broad melting point,
6C-64°, It was found to be extremely unstable and under-
went rapid hydrolysis to the aldehyde in contact with aqueous
alltalies and acids and in moist air. Tne o- and m-hydroxy
acetals were equally unstable, did not crystallize, and
could not be distilled without decomposition. A number of
substituted benzaldehydes containing phenolic ether groups
all formed acetals in substantially quantitative yields,
These acctals were stable compounds, Attempts to obtain

acetals of protocatachualdehyde, VI, or other dihydroxy-
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benzaldehydes (2,4-; 2,5-; and 2,3~) were unsuccessful;
part of the original aldehyde was recovered from the re-
action mixture but the remainder became resinous,

o

HO &E M

HO

VI

The investigation was extended to the preparation
of thiocacetals from aldehydes and thioalcohols with an acid
catalyst as described by Baumann (24), and therefore analo-
gous in method to the older acetal synthesis; equation (12).

0
R—I(!,~H+2R1-SHT—AR-G(SR1)2+HSO eeo(12)
:

In this reaction all of the phenolic aldehydes, as well as
the other type of aldehyde, readily formed thiocacetals which
were stable compounds, The stability of thioacetals was
noted by Baumann (24) to be somewhat greater than the stabil-
ity of ordinery acetals since the former hydrolysed much

more slowly when heated under reflux with strong acids. The
éxceptional behaviour of the phenolic aldehydes was thus
limite& to their incapacity to form stable acetals by the

ordinary methods.‘ Pauly and Buttlar (23) stated that the
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&

instability was independent of the position of the pheno-
lic oxygen atom in the nucleus and could not be accounted
for by steric influences. In some way, the mere pre-
sence of the hydroxyl group was sufflcient to cause reduc-
tion in the activity of the aldehyde function. These in-
vestigetors presented at considerable length an argument,
based on an obsolebte valence theory, to account for the
facts, liowever, they falled to explain why the cyclo-
carbonate of protocatachualdehyde, VII, resembled the free
phenol in not yielding an acetal although similar zldehydes
wibth phenolic ether groups behaved normaily. It is diffi-

cult to understand their reassoning in view of this exception.

T

O C-H

VII

The original orthoester synthesis of Claisen (22)
has undergone a number of variastions. Wood and Comley (25)
described the preparation of aldehydes via their acetals by
condensing a Zrignard reagent with an orthoformic ester,
The method had been suggested independently by Bodreux (26)
and Tschitschibabin (27) but little information as to the
conditions for a successful preparation was given by the

latter pair. “ood and Comley prepared benzaldehyde diethyl
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acetal, cyclohexylaldehyde diethyl acetal, and a few other
aliphatic acetals. The reaction was recognized to pro-
ceed through two stages because a precipitate imuediately
appeared when the orthoester was added to the Grignard
reagent dissolved in ethyl ether. As the reaction pro-
ceeded, the solid material disappeared. The mechanism
represented by equations (13) and (14) was suggested by

viood and Comley.

(C2Hs) 2 O\\ CeHs
g + HC(OCgHs)s
(CgHs)g 0/ Br L ...(13)
HC(0C2Hs) 5 Cells
~
CoH 4] + ,Mg_z;
( 2 5)2 )// \
(CeHs) 20 Br
CeHs0 _-0(Celis) 2 eoo(1h)
" Mg - + CgHg.CH{OCH) 2
(CoHs) 20"~ -

Unfortunately the reaction lent itself more to the prepara-
tion of aldehydes, obtained by hydrolysis of the products,

than to isolation of the intermediate acetals,

Helferich and Hausen (28) used orthosilicates, the
silicon analogues of the orthoformates, to prepare acetals,

The more easily prepared orthosilicates rendered the method
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superior to Claisen's in some respects, and the claim was
made that thelr use avoided the risk of adding the ele-
ments of the alcohol to double bonds in unsaturated alde-
hydes, An acid or acid salt such as ammonium sulfate was
found to be a suitable catalyst. The method did not al-
ways give the desired result, although it worked smoothly
in many cases, including benzaldehyde,but no phenolic alde-
hydes were studied, Voss (29) used esters of sulfurous
gcid for coupling aslcohols with aldehydes to prepare ace-

tals, his method being based on the reactions:

0 = 3(0R)g + Hg0 v« S0z + 2 ROH ees(15)
0
nga + 2 ROH <——— =R! - C(OR)g + HZ0 .. (16)
I!:

The method appears to orier no advantages over the ortiho-

formic ester method.

The more recent work of Post (30) on thioacetals
provided information about the linkages formed in the pro-
duction of acetals by both the classical method (3) and the
orthoformic ester method (22). The following reactions
were carried out after the method of the originator, Baumann (24).

C. .

Y T S NI L (17)
0*3" -+ LS\JQ o Ll =~ fig=wv + EIQO PO
Nom | HSCeHs | NSC oH,
0 i
CHg-C~H + HC(SCgHg) gx——>H-C-3-CgHg + CHa~CH(SCoHs) s ... (18)
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Post postulated the atbtachment of acidic mercaptan hydro-
gen to the carbonyl oxygen and of the mercaptan sulfur to
the carbonyl carbon atom in (17). Illaking use of this

mechanism, he formulated the course of the orthoester re-

action, (18), as follows, (19).

0
CHg-C-E + (H-C-(3CgHs)s) T + (5CgH)™ ... (19)
3CHs 0
————\ CHg-C-H — N\ CH,-CH(SCgHg)s + H-Icl-scgzzs

O“CH( SGgH5) 2

Cn this basgis, the course of tle thioacetal reaction was
analogous to ordinary ascetsal formation. Attempts by

Post to repeat Pauly and Buttlar's (23) preparation of the
monohydroxybenzaldehyde acetals, using a smell quantity of
sulfuric acid catalyst instead of hydrochloric acid, vere
entirely unsuccessful. Lower yields of aliphatic acetals
were also obtained with the sulfuric acid catalyst than had
been observed by previous workers using hydrogen chloride,

but no explanation of the discrepancy was ventured,

The foregoing survey of acetal formation has been
restricted as much as possible to the relatively few refer-
ences relevant to acetals of substituted benzaldehydes, more
especially so those contalning phenolic hydroxyl groups.

In brief it can be stated that in tle nein, two methods have

been used, first tle classical aldehyde-alcohol reactvion
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which gives low ylelds especially with aromastic aldehydes
except nitrobenzaldehydes, and second,the aldehyde-crtho-
formic ester reaction which is much superior in all cases.
The majority of the recorded data concerns aliphatic alde-
hydes and only one reference to the successful §r§paration
of acetals of hydroxy benzaldehydes was observed, the work

of Pauly and Buttlar (23),

Cyclic acetals have not been considered because
no reference To the successful preparation c¢f a phenolic
cyclic acetal was found, This lack is doubtless because
an application of the orthoformic ester method to cyclic
acetal synthesis is unlikely, and no other method seems
capable of forming the unstable phenolic acetals. Further-
more, cyclic acetals are very readily cleaved by hydrogen
(31), a feature that renders vhem of little interest for

tiie purpose of the present resesarch,

Hydrogenation of Arvomatic Acetals and Aclds

The problem of the reduction of an aromatic nu-
cleus attached to an acetal group has been considered by a
number ¢f investigators. Kuch valuable information on the
zeneral subject of catalytic hydrogenation is available in
a book by Adkins (32), another by Berkmann, Morrell and

Zgloff (33), and in a review by Campbell and Campbell (34).

Sigrund and Marchart (35) were unable to reduce

the methyl and ethyl acetals of phenylacetaldehyde ,VIII,to
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the corresponding hexahydrophenylacetaldehyde acetals, IX,
over nickel in a stream of hydrogen at 180°, Hydrogenoly-
sig occurred and the corresponding methyl and ethyl phenyl

ethers, X, were obtained.

CH;CH©OR), CH;CHOR),

VIIT IX

C:F%EC:kﬂ£CDF?

X

Sigmund (36) succeeded in reducing the dimethyl acetal

to the dimethyl acetal ol hexahydrophenylacetaldehyde in
8l per cent yield over a platinum black catalyst in a
stream ol hydrogen at room ftemperalure, using carefully
purified glacial acetic acid as a solvent. Other solvents

were unsultable for nuclear reduction over this catalyst,

The diethyl acetal of furfural, I{I, was reduced
to the diebthyl acetal of tetrahydrofurfural, XII, by Adkins
and co-workers (31) in 76 per cent yield over a nickel-
kieselguhr catalyst at 175° and with 100-200 atmospheres

pressure of hydrogen.



XI XIT

X111

However, unless a small quantity of any of a number of
aliphetic amines was present, the reaction was primarily
one of hydrogenolysis and hydrogenation to tetrahydro-
furfuryl ethyl ether, {III. Benzyl ethers, IV, were
very readily cleaved over Raney nickel at temperatures
of 100-150° (37), or over palladium catalysts at ordinary

temperatures (38), toluene, XV, and an alcohol being formed

CHOR ——— @CH3+ ROH
A

LIV XV

invariably.

Tiie aryl ethers reduced at a somewhat lower temperature
than the alkyl ethers (32). The readiness of cleavage
of benzyl ethers is an illustration of the well-known effect

of a double bond in the 2-position in labilizing a carbon-
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to-oxygen bond (32). Nickel catalysts supported by
kieselguhr favoured nuclear reduction somewhat while
Raney nickel caused hydrogenolysis of the ethers to a
zreater extent (37). The conditions which were favour-
able to the hydrogenolysis of ethers also resulted in the
hydrogenolysis of acetals (32). Attenpts by Adkins (31)
to reduce the arometic nucleus of a cyclic acetal of
benzaldehyde; benzylidene ethylene glycol, XVI, over
nickel on kieselguhr at 125° resulted 1n hydrogenolysis
to toluene, benzylethyl ether, ethyl ether, ethanol and

the monobenzyl ether of ethylene glycol.

_O—CH,
cH

So—cH,
XVI

Analcgous results were obtained by Adkins (31) in the hy-
drogenation of benzylidene trimethylene glycol, XVII, and

of the 1,2-benzylidene acetal of glycerol, XVIII.

_o-cu, _o-CH,
cH —cH, ca |
So-ch, So-cH
CH-OH
EVII XVIII *

No reference to a successiul hydrogenation of tlie nucleus
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of an acetal of benzaldehyde or substituted benzaldehyde
has been observed in the literature and it was concluded
(32) that the labilizing efrect of unsaturation in the 2-
progition of benzaldehyde acebtals accounted for thelr in-
stability to hydrogen. In phenyl acetaldehyde acetals
however the unsaturation is in the 3-position and the
creater stability of the carbon-oxyzen bonds towards hydro-
cenolysis doubtless accounts for their survivel during the
successful reduction of the nucleus {36). The reduced
compounds more closely resemble alkyl ethers, which are more
stable to hydrogen (32), than the aryl-alkyl or aryl ethers.
The reduction of the furanocid nucleus attached to an acetal
group is of interest because of tThe meny similarities in
the behaviour of furanold and benzenoid nuclei, although
hydrogenation ol the fTormer occurs under somewhat milder

conditions than the latter (32).

The foregoing information has shown clearly the
dirfficulties encountered in attempts to hydrogenate a benze-
noid nucleus directly attached to an acetal group without
nydrogenolysis of the latter. Unfortunately, in the few
cases in which the reaction was investigated, there were no
other substituent groups and the probable efTect of the latter

must be estimated from hydrogenation studies in other series,

The hydrogenation oi a benzenoid nucleus having
two or more substituents will give rise to cis and trans

isomers, e.g. XIX and XX. There have been several attempts
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to Tormulate a general theory to account for the pre-
dominance of either cis or trans configurations under
given hydrogenation conditions, but at present only the
broadest conclusions can be drawn. This matter was re-

viewed by Christian (39) and need not be further discussed

here,
= R
R R
cis trans
XX X

For present purposes the most relevant portion
of the field concerns the hydrogenation of polyhydric
phenolic substances, which was also discussed in detail
by Christian (39) and in the book by Adkins (32). In brief,
the present state of knowledge may be roughly summarized
by stating that the nucleus of all of tie mono- and di-
hydroxy phenols could be saturated with hydrogen over nickel
catalysts at Temperatures ranging from 125-150°, Pyrogallol
underwent reduction very easily at 100° over Raney nickel
{39)., However, the cyclohexyl products were not in general
stable under the reaction conditions and underwent cleavage
by hydrogen with the loss of one or more hydroxyl groups.
The susceptibility of glycols to hydrogenolysis was most
pronounced with 1,3-glycols and somewhaﬁ less so with the

1,2~ compounds (A40). An extensive gtudy of the hydrogena-
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tion of pyrogellol by Christisn (39) showed that the maxi-
mum yield of pure 1,2,3~cyclohexanetriols (pyrogallitols)
was of the order of 30 per cent, and of the diols, 33 per
cent under optimum conditions, This work again illustra-
ted the difficulty of obtaining good yields of polyhydric
alcohols by catalytic hydrogenation particularly when the
hydroxy groups were in a 1,3- or a 1,2- relationship. Un-
desired hydrogenolysis, however, could freguently be kepi

Yo a minimum by careful control of reaction conditions (32).

There is comparatively little information to be
found in vthe literature concerning the catalytic hydrogena-
tion of hydroxybenzolc acids and esters. Balas and Srol
(L1) reduced salicylic acid in ethanol with a platinum black
catalyst; m~- and p-hydroxybenzolc aclds gave the cis-hexa-
hydro derivatives, the latter of which was accompanied by a
small guantity of the trans isomeride, Adkins (31) reduced
salicylic ester over nickel, at 200° and with 175 almospheres
hydrogen pressure, to a mixture of cié and trans hexshydro-
salicylic esters. ABdson (42) investigated the hydrogenation
of benzoic acid, o-, m- and p~hydroxybenzoic acids in aqueous
solution over a platinum oxide catalyst, The hydroxy acids
underwent substantial hydrogenolysis; p-, m-, o-hydroxybenzoic
acids zave 75%, 60% and 10% yields of hexahydrobenzoic acid
respechtively, Low yields of the hexahydrohydroxy acids ac-

companied this product,

liore recently, Farbin and Robinson (43), using =
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new catalyst, 2% pallédized strontium carbonate, in care-
fully purified anhydrous dioxane at 155-160° and 156 at-
mospheres pressure, quantitatively reduced the ethyl ester
of p-hydroxybenzoic acld, XXI, to trans-ij-hydroxy-l-car-

bethoxycyclohexane, LXITI.

1

HO C-oc,H, HO-- c-oc,H,

AXT XIT

Previous to this work, palladium does not appear to have
been employed as an hydrozenation catalyst alt elevated
temperatures. The new catalyst was stated to be superior
to Raney nickel for the reduction of substituted aromatic
compounds such as quinol dimethyl ether and more complex
compounds related to the sterols. liartin and Robinson
stressed bthe necessity for highly pure solvent because the
catalyst was rapidly deactivated when lieated in even slightly
contaminated sclvent under hydrogen without stirring. Ethyl
acetate was suggested as an alternative solvent to dioxane
Tor use in conjunction with this catalyst but no application
of the esgster was recorded. No reference to the catalytic
hydrogenation of di- and trihydroxybenzolc acids or esters

lias been observed.

Chemical reductive methods appear to have been
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more effective than catalytice hydrogenation for the re-
duction of monohydroxybenzoic acids, m-Hydroxybenzoic

acid was reduced to cis-3-hydroxycyclohexene-l-carboxylic
acid by Einhorn and Coblitz {(44) using sodium in ethanol,
also by Perkin and Tattersall (45). Perkin and co-workers
(L6) also reduced the monohydroxytoluic acids by means of
sodium-ethanol and sodium-isoamyl alcohol., They isolated

a varlety of cis and trans isomeric monochydroxy methyl
cyclohexene carboxylic acids. No reference Lo a success-
Tful application of chemical reduction to di- and trihydroxy-

benzoic acids has been found,.

The Hydroxy Cyclohexane Carboxylic Aclds

The monohydroxycyclohexane carboxylic acids have
been preparec, as stated above, by either chemical or cata-
lytic reductive methods from the corresponding hydroxybenzoic
acids, A number of otiiers have been isolated from cyclo-
hexene carboxylic acids derived from cyclohexanone {(L47), but
discussion o:f such syntheses 1s beyond the scope of this
thesis. Very few are known which contain more than a single

hydroxyl group.

fuinic acid, a levorotatory tetrahydroxy cyclo-
hexane carboxylic acld occurring in cinchona bark, was in-
vestigated by TFTischer (48) who believed that the compound was

a 1,3,4,5-tetrahydoxycyclohexane-1l-carboxylic acid, XXIIT,

At that time both the cis-trans confisuration of the hydroxyl
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groups and their positions in the ring were doubtful.
Iischer's conclusions were based partly on the fact that
guinic acid condensed with acetone in the presence of
hydrogen chloride catalyst to yield an acetone quinide,
XXIV, which lost acetone under mildly acidic conditions to
give a quinide, XXV, also obtainable directly from the

acid on heating.

HO c;y4§,c3 HO
OH P OH OH
N
HO CHy O HO
§Z=C) C=0 Ll®)
XXITI IV XXV

The lactone ring was believed to involve the 3~ or ¥-
hydroxyl group in the acetone gquinide in order to conform

to the known preference of acetone for condensation with
contiguous cis hydroxyl groups. Examples of the condensa-
tion were recently reviewed by Gogek (49) in connection with
~a proof of the cis~trans configurations of the pyrogallitols.
During this work, Gogek noted that acetone condensed with
trans-1,2-cyclohexanediol to form the isopropylidene deriva-
tive when special conditions, including the use of p-toluene
sulfonic acid as a catalyst, were adopted. This preparation of
& trans isopropylidene derivative, although unique, ob-

viously weakens the confidence with which the formation of



- 29 -

an isopropylidene acetal can be accepted as diagnostic

of c¢is-1,2-glycols., Karrer, Widmer and Riso (50) in a
subsecuent paper disagreed wibth Fischer's tentative Tor-
mula, XXTIIT, for cuinic acid and favoured a 1,3,L4,6-tetra-
hydroxycyclohexane-l-carboxylic acid, XVI, on the basis
of the Tormation of a dlacetone amide, XVIITI, by the con-

densation of quinic amide, XXVII, with acetone.

CH,
OH OH O-C-cH,
- i
oH OoH o
HO HO o
c=0 c=o I c=0
HO OH HO NH, /O Mo,
ChH, CH,
VI VI SEVITI

However, Fischer and Dangschat (51) disproved structure
ZXVIIT for the diacetone guinic amide by demonstrating that
the compound was not a normsl amide and that the amide group
was actually involved in an acetone ring. The correct

structure for the diacetone amide, ZXIX, was confirmed by Thenm

CH3 _O T
3
c” O—C—CH,
CH; O |
C—N
HO O H

XTX
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by means of a number of other reactions. Having esta-
blished the location of the four hydroxyl groups as 1, 3,

L, and 5, they proceeded to establish the configuration
with respect to the carboxyl group (51, 52). The hydroxyl
group 1in the l-position must obviously be trans to the car-
boxyl group. The 3-hydroxyl was cerbainly cis to the car-
boxyl group in its abllity to {orm a lactone. The L~ and
5-hydroxyl groups were cis because they condensed with ace-
tone to Yorm an isopropylidene acetal and this palr was
inferred to be trans to the cerboxyl group by the fallure

of 3-methyl cuinic acid, XXX, to form a lactone,

HO
oH
HO ’
\Ic=o
CH,O OH
<y

FeWiWW

The occurrence of optical activity in the quinic acid

series was further evidence of the asymmetry of the 3, kL,
and 5 hydroxyl groups, From these arguments, and on the
basis of nmuch additional data, Fischer and Dangschal were

able to assign the configuration :ZXIIT to guinic acid.

HO
OH
HO 4
‘(|:'= o
HO OH

KT
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Shikimic acid, a naturally-occurring 3,4,5-
trihydroxy-at- cyclohexene-l-carboxylic acid, was also
investigated by Fischer and Dangschat (53). Nild reduc-
tion over palladium yielded dihydroshikimic acid, a 3,4,5-
trihydroxycyclohexane-l;carboxylic acld which is one of the
isomeric hexahydrogallic acids, Va-f, The location of the
three hydroxyl groups was established by a guantitative
oxidation with periodic acid, The consumption of exactly
two moles of periodic acid by methyl dihydroshikimate, XZIITT,
and isolation of the methyl ester of tricarballylic acid-
1,5~-dialdehyde, XXXIII, as its bis-p-nitrophenylhydrazone
showed conclusively that the compound contained three conti-

guous hydroxyl groups in the 3,4,5~positions.

HO Q,
,C:"_CHz
1 H 1
HO C-OCHY; CH-COCH,
Q. 7
- O [....rC:—-CHz
XTI XITT

In subsequent papers (2, 54, 55, 56), Fischer and Dangschat
established the configuration of dihydroshikimic acld and

its relationship ©o quinic acid, XTI, A lactone was ob-
tained by heating dihydroshikimic acid at 200°. The lactone
was unreactive to periodic acid and therefore contained no

1l,2-glycol units, Accordingly, the L-hydroxyl group must
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be cis to the carboxyl, and the lactone a &-lactone,
XTIV, The methyl ester of dihydroshikimic acid, CTXITI,
condensed with acetone (2) to form isopropylidene di-

hydroshikimic acid methyl ester, XXXV.

HO CQS
o
CH;C’
\ <
o C-O‘CHs
HO o

-

XXIV XXV

The configuration of dihydroshikimic acid was therefore
known to be represented by structure Vb (p.4). The occur-
rence of opbtical activity in this series also was further
confirmation of the asymmetry of the hydroxyl groups. Di-
hydroshikimic acid, Vb, is levorotatory but its racerie and

dextrorotatory isomer are not known.

Eykman (57) prepared a pentahydroxycyclohexane
carboxylic acid of uncertain structure by an alkaline treat-
ment of shikimic acid dibromide. The hydroxyl groups were
believed to be located in the 1,2,3,4 and b6-positions, CXVI.
In an investigation of the structure of comphorguinone,

Evans and Simonsén (58) obtained a 3-hydroxy-3-methoxymethyl-2,
2~dimethyl-cyclohexane-4-ol~1l-carboxylic acid, XXOVII which

Tormed a Y~lactone,
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OH
OH .
HO c=0 HO C-OH
o
Ho oH =5 CH;O-CH; CHy
OH CH,
XXV TXXVIT

The information presented in this introduction
formed the basis of the Tfollowing investigation of the
preparation and hydrogenation of phenolic acetals and
esters., The work of Fischer on quinic acid and shikimic
acids provéd to be of great value as a guide to the pro-
bable structure of the trihydroxycyclohexane carboxylic

acid that was encountered,
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DISCUSSICN OF RISULTS

Synthesis of Phenolic Acetals

The Claisen method of acetal synthesis (22),
with isolated orthoformic esters, was used and seven
different acetals of substituted benzaldehydes were suc-
cessfully prepared. Only two of them were previously
known, although unsuccessful attempts to obtain two of

the others are recorded.

The aldehydes containing phenolic ether groups
all formed methyl or ethyl acetals (Table I) in substanti-
ally quantitative yields. Kechanical losses of up to 10
per cent occurred, especially when a second distillation
was necessary to yleld an analytically pure product,

These non-phenolic compounds were zll isolated by distil-
lation and were viscous, colourless oils with a pleasant,
lizht aromatic odour. 0f the phenolic acetals, p-~-hydroxy-
benzaldehyde dimethyl acetal was prepared by Pauly and
Buttlar (23) in 87 per cent yield. This high value could
not be duplicated but this highly unstable compound was
obtained in yields of 75 to 80 per cent, Protocatachu~
aldehyde (3,4-dihydroxybenzaldehyde) yielded the new di-
methyl acetal, m,p. 89.5-90°, when great care was taken to
exclude moisture from the reactants and when a slight modi-
fication of the Claisen method was employed. The acid
caebalyst was neutralized with a slight excess of alkali rether

than with the exact amount employed by Claisen (22) and by
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b.p.
mn .,
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261~3° /760
100~105/0.03

100~105/0.04
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102-105/0.01

Yield

per cent

92-95

90-92

89-93

75

70

68-72

56-62

Calcd.68.6

Tound 68.4,68.5

Calecd.62,1

Tound 62.1,62.3

Caled,62.2

Tound 62.2,62,1

Caled,bL.3
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7
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A1l alkoxyl values are calculated as per cent
methoxyl although acetals nos., 1, 3, and 7 were
diethyl acetals,

Reported to be 263°/760 m.m. (R1)

Trimethylgallic aldehyde diethyl acetal crystallized
only after it had been distilled and had stood for
some time at rocom temperature

Attempts to prepare p-hydroxybenzaldehyde diethyl
acetal were unsuccessiul, The crude acetal did not
crystallize and attempted distillation caused decom-
position,

Reported to be 60-64° (23).

Substantial resinous material was always left in the
still after distillation of the two vanillin acetals.
The yields are quoted for a 5 g.-scale preparation,
The preparation of these two acetals on & larger scale
(20 g.) caused & further reduction in yield to about
50 per cent,

The refractive indices, n%s, for the liquid acetals
were: No., 1, 1.4893; No.2, 1.5200; No. 6, 1.5250;
No. 7, 1.5072,
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Pauly and Buttlar (23)., Excess alkali was then removed

as the insoluble carbonate after the alcohol solution had
been treated with an excess of dry carbon dioxide gas. This
minor innovation precluded the possibility of exposure of
the newly~-formed phenolic acetal to esven a trace of hydro-
gen chloride. Pauly and Buttlar failed to isolate this
compound, recovering only part of the original aldehyde
together with a resin. It is probable that hydrolysis
occurred because thelr preparation contained residual
traces of the catalyst. Vanillin also yielded unstable
methyl and ethyl acetals but ylelds were reduced by the
necessity of isolating these compounds by distillation, a
process which brought about their partiel decomposition.
Pischer and Giebe (10) failed to isolate this methyl acetal,
and also acetals of p-hydroxybenzaldehyde and salicylalde-~
hyde by the older synthetical method although the m~-, p-,
and o-nitrobenzaldehydes readily formed methyl acetals as

noted earlier,

Pauly and Buttlar noted colour changes during the
acetal reaction, the colour varying with the aldehyde used
and also changing when the acid was neutralized, Similar
effects were noted in the present syntheses and are recorded
in Table IT. These sharp unexplained colour changes, most
pronounced with the phenolic aldehydes, are probable a clue

te the mechanism of the reaction.

Several attempts were made, observing the utmost
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TABLE IT

COLOUR CIANGES IN THE CRTHOFCORMIC ESTER

~ATDSHYDE REACTTION

Acetal
Preparation

p-anisaldehyde
diethyl acetal

veratraldehyde
dimethyl acetal

trimethyl gallic
aldehyde
diethyl acetal

p-hydroxybenzaldehyde
dimethyl acetal

(a)
p-hydroxybenzaldehyde
diethyl acetal

protocatachualdehyde
dimethyl acetal

vanillin dimethyl
acetal

vanillin diethyl
acetal

Golour

in acid

pale red
pale yellow

pale orange

pale orange

purple
orange red
bright red

bright red

(a) See note (d), Table I,

in base

orange

pale orange

pale yellow

blue

red

orange

orange

deep blue
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precautions to exclude moisture and acidic gases, to pre-

pare an acetal of gallic aldehyde (3,4,5-trihydroxybenzalde-
kyde) but all were unsuccessful, A viscous oil with an
alkoxyl content approximeting to the calculated value for
gallic aldenyde acetal, was obtained, but the oil could not

be crystallized or indeed maintained in its original,
colourless state for very long, The liquid rapidly darken-
ed and became resinous on standing in a sealed, dry container.
Lttempts to methylate the phenolic hydroxyl groups of wvhatb

was believed to be the transient acetal fsiled to yield g
deTinite product. However, methylation of the unstable
protocatachualdehyde dimethyl acetal with diazomethane con-
verted 1¢, in part at least, t0 vanillin dimethyl acetal

(16 per cent yield). It is interesting to note that the
product retained the original p-hydroxyl group which apparent-
1y was not methylated by diazomethane, This result is some-
what analogous to the ease with which trimethylsallic acid,
XXXVIITI, is demethylated in the para position to syringic

acid, ZXIZX, in the presence of concentrated sulfuric acid

(59).
CHyO cH., QO
@ I
C Hz;O C-OH HO C-OH
CH;O C HO

TLLVIIT TKTX
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The present result is another example of the reduced ten-
dency of a phenolic hydroxyl group, para to a carbonyl

group, to form an ether,

In the light of the work which has been done on
phenolic acetals by Fischer and Giebe (10), Pauly and
Buttlar (23) and by the present author, it appears that
hydroxysubstituted benzaldehydes are inhibited in the ace-
tal reaction and that the acetals, if formed at all, are
unstable to traces of acid. Increasing numbers of pheno=-
lic groups appear to increase the difficulty encountered
in isolating these compounds. The collective results
bear out the contention of Pauly and Buttlar that the position
of such groups in the aromatic ring is not the major deter-
nining factor; their mere presence, irrespective of position,

is sufficient to cause instability in the acetal,

A series of experiments (Tables III and IV) was
carried out to investigate the reported instability (23) of
the acetals in alkaline media, since acetals as a class are
well-known to be very stable in such conditions, As expected,
the acetals containing phenolic ether groups were stable in
alcoholic alkaline solutions and could be recovered over 90
per cent whether or not the medium was entirely anhydrous,

The phenolic acetals were partially recoverable from anhy-
drous alcoholic alkaline solutions only, the presence of

water apparently causing complete hydrolysis even in the
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TABLE TTT

Acetal Temp. Time, Recovery
°C ifours per cent
p-anisaldehyde 20 L8 91
diethyl acetal
veratraldehyde 20 2l 93
dimethyl acetal
trimethyl gallic 20 L8 92
aldehyde
dimethyl acetal 1¢0 L8 &9
p-hydroxy 20 L8 75
benzaldehyde
dimethyl acetal
vanillin dimethyl 20 L8 19
acetal
redistillation only (a) &7
vanillin diethyl 20 L8 17
acetal
76 1.5 1L
redistillation only (4} 64
protocatachualdehyde 20 L8 72
dimethyl acetal
100 L 17

(a)=-{d) on page L2.

ACTTALS FROM AMHYDROUS AXCOHCLIC SCDIUNM HYDROXIDE SOIUTIONS(a)

Analysis(b) and/or m,p.
Caled, CHz0, L4.3
Found: L3.7
Celed. CHz0, 58.8
Tound: 57.9
m.p. R7-29°

n.p. 26-29°

m.p. 75-77° {(c)

caled. C, 6k.33 H, 7.lh4; CHs0, 36.9

FPound: €, 64.1, 64,3 I, 7.16, 7.25;
CHa0, 36.7

1
b
o

1

Calecd. CHgz0, 47.0
Tound: Lo .U
LO .5
Caled. CHz0, 41.2
Tound: LO 7
LG .5
LO L7

Caled. CHgO, 33.7; Tound:
m,p. 86-89°

ound: CHz0, 33.1

m.p., 86-89°

33 vo
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The mole ratio of acetal: scdium hydroxide was
10:1 and the acetal concentration was 10 per cent
by weight.

See note (a) page 36.

The revnorted melting point for p-hydroxybenzaldehyde
dimethyl acetal 1s 6C-64° (23)., This value was also
found for the synthesized acetal but, after recovery
from alkaline solutions, the material nelted at 75-
77°. It was analysed agein but the C, H, and CHZ0
content were unaltered. Apparently the alkaline
treatment puritfied the sample.

Conbtrol experiments in which the acetal was redlstilled

only in order to estimate losses during neating ana
manipulation,
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TABLE TV

RECOVERY OF ACETALS FROL ALCOHCLIC 3CDIUM

ALCOHOLATE SOLUTIONS AT 100°(8) 7oR FOUR HOURS

Acetal Ilole matio TRecovery Anal,
Acetal:Base per cent and/or
mopt
Trimethylzallic 10:1 91 26-29°
aldehyde diethyl
acetal
p-hydroxybenzaldenhyde 10:1 26 75-77°
dimethyl acetal CHz0,
Caled., 37.0
Found 37.0
protocatachualdehyde 10:1 43 &8-90°
dimethyl acetal CHs0,
Calcd. 33.7
Found 33.1
" " 5:1 25 &7-88°
CH,0,
Found 33.0
" " 1:1 21 90-91°
CH30,
Found 33.3
(b)
" " 1nc base 38 86-88°
CH50,
Found 32.9
(c)
u " 1c:1 0

{and water)

(a) The solutions contained 10 per cent acetal by weight.
(b) A control experiment carried out without alksli,
{c) A control experiment with water present, L moles per

mole of acetal, and sodium hydroxide, one tenth of a
mole per mole oi acetal.
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presence of alkali, It is believed that the recovery
flgures exaggerate the extent of decomposition because,

being obtained by mechanical methods, substantial loss

of the sensitive acetals must have occurred during recovery
by distillation or recrystallization. The control experi-
ments in Table III bore out this belief. A more accurate
method of estimating aldehyde~acetal mixtures seemed desir-
able and was sought for in the literaﬁure. The formation

of some aromatic acetals (7) has been followed by determining
the aldehyde present in the reaction mixture by oxidation to
the corresponding acid with alkaline hydrogen peroxide, the
acid formed being subseguently determined by back-titration of
the excess sodium hydroxide with sulfuric acid, However, the
method is not quantitative with phenolic aldehydes because the
oxidation contunues to a quinone,. lieasurenent of the hydrogen
absorption during reduction of the aldehyde to an alcohol

by catalytic hydrogenation was another method considered,

but benzaldehyde, vanillin and salicylaldehyde cannot be
rapidly and quantitatively reduced even at 2-3 atmospheres
pressure of hydrogen, over platinum or palladium catalysts
(60,61). The method employed, although rough,was sufficient
to establish the fact that the phenolic acetals possessed at
least a degree of stability toward anhydrous alkali which
offered some encouragement for the proposed hydrogenation of
these compounds. Pauly and Buttlar stated that phenolic

acetals were unstable to aqueous acids and alkalies. The
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statement is correct bul misleadinz because no remarks

were made concerning stability to anhydrous alkalies.,

These results also tend to explein the fallure of a few
attempts to isolate the dimethylacetal of p-hydroxybenzalde-
hyde by the classical method, using the aldehyde in a large
excess of anhydrous mcthancl and one per cent hydrogen
celoride catalyst. No acetal wes obtained but the aldehyde
was recovered unchanged, just as Tischer and Giebe (10)
reported. It can be assumed that the aldehyde-alcohol
equilibiium, in the case of phenolic aldehydes, lies far on
the side of the aldehyde and prevents the isolation of even
a small quantity of the unstable acetal. In the Claisen
reaction, however, the equilibrium seems much more favour-
able to the acetal and isolation of the latter is facilita-
ted by the absence of water in the products. The volatile
nature of the formate by-product and of sny excess ortho-

formic ester also improve tihe chance for isolating the acetal.
dod ]

Any attempt to rationalize the reduced affinity of
the aldehyde group in phenolic aldehydes Tor acetal formation
must account for the fact that the position of the phenolic
hydroxyl group is independent of the effect, The pronounced
difference in stability between the acetals of phenclic as
opvosed to phenolic ether and nitro aldehydes must &lso be
explained. Hydroxyl and elkoxyl groups ordinarily produce
very similar mescmeric effects on groups which are ortho or

para to them (62). For example, when in the ortho and para
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positions tiey depress tie lonization of benzoic acid;

when in the meta position they enhance ionization, Accord-~
ing to a modern electronic theory (62) the nitro group in
all positions increases the lonization of an aromatic car-
boxylic acid; through a reverse mesomeric effect when in
the ortho and para positions, and through an inductive
effect when meta. The tendency of electronic theory to
align methyl phenolic ethers with phenols, rather than with
nitro compounds seems not ©o be consistent with the relative
stabilities of the aromatic acetals and suggests that an
explanation of the latter anomalies is not to be found in
such theories, Perhaps the great instabllity of the phenol-
ic acetals is connected with the mobility of the phenolic
hydrogen atom which may co-ordinate with the acetal, Simi-
lar co-ordination of the phenolic with the carbonyl group
was assumed by Lieff and Hibbert (63) in vanillin to account
for the abnormal behaviour of the carbonyl group in the

Grignard reaction,

Hydrogenation of Phenolic Acetals

Vanillin dimethyl acetal was the most convenient
member of the present group vc preprare, because of the
availability of the aldehyde,and the comparative ease of
distillation of the acetal. Hecrystallizations of large
cuantities of the solid phenolic acetals were tedious and

wasteful. 7or these reassons vhe vanillin acetal wag
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selected for study under hydrogenation conditions, Vari-
ous solvents, catalysts and reaction conditions were used
but in no case did nuclear reductlcon occur before disrup-
tion of the acetzl group. In anhydrous methanolic sodium
hydroxide over Raney nickel the acetal was converted mostly
%o a solid phenolic condensation product of resinous nature
which was not investigated further. It was assumed o
resexble the dimer, vanillyl creoscl, XL, obtained by 3t
Pfau (64) from the catalytic hydrogenation of vanillin over

a palladium catalyst.

HQ OCH,
CH,O CH; oH
XL

In anhydrous methanol over Raney nickel in the
presence of n-heptylamine, vanillin dimethyl acetal under-
went hydrogenolysis to L-hydroxy-3-methoxybenzyl methyl
ether, XLI, vanillyl alcohol, XLII,and creosol, XLITII, at
100-120° (See Tables XII and {III).

HQ@CH OCH, HO@C H, HO@CHs
CH.O

CH.O

XLT X1IT XLIIT
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The course of the reaction had obviously followed the
usual hydrogenolysis pattern obgerved by Adkins and co-
workers (31, 32). The methyl ether, XLI, at first
isolated as an o0il by distillation, was contaminated with
small quantitites of the other two products but was ob-
tained in a pure condition as its crystalline 3,5-dinitro-
benzoyl derivative. Heither compound has been reported
previously. It was interesting to note that the methyl
ether strongly resembled phenol, rather than vanillin in

its odour and taste.

Vanillin dimethyl acetal exhibited some stability
to hydrogenolysis at higher temperatures in anhydrous di-
oxane over Raney nickel in the presence of n-heptylamine.
Comparatively 1little hydrogen absorption occurred at 135°
during thirty minutes and some ilmpure acetal was recovered
from the products. The low recovery figure (22 per cent)
could not have represented adequately the amount of acetal
still present, because the latter had poor stability to
distillation in the presence of contaminants, especlally
when one of them was traces of water derived by hydrogenoly-
sis. When the temperature was raised to 195-200° for forty:
five minutes, hydrogenolysis occurred and the three products
isolated (X1I, XII1T, XLIII), were the same as those obtained

when methanol was the solvent. Little absorption occurred

over & nickel-kieselguhr catalyst in anhydrous methanol up
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to 195° over a period of seventy three minutes, This
catalyst was used successfully by Adkins (31) to prepare
tetrahydrofurfural diethyl acetal from the furfural deri-
vative, Again impure acetal was recovered, Over 2 per
cent palladized strontium carbonate catalyst in anhydrous
dioxane, hydrogenolysis occurred at 155° and the same
products as those isolated from the Raney nickel experi-
ment were obtained (Table XV). These regults are sum-
marized in Table V. A control hydrogenation of vanillin
in dioxane over Raney nickel at 135° gave vanillyl alcohol
in almost quantitative yield. Thus the acetal group pro-
vided a degree of protection because vanillin and vanillin
acetal were isolated from the reaction products of hydro-
genation {c), Table V, with conditions identical to those
of the control experiment, The hydrogen absorption figures
indicated in every case that substantial hydrogenolysis had
occurred because little, if any, of the hydrogen was used
to saturate the ring. It should be pointed out that the
absorption figure is not very accurate because the measure-

ment had to be taken over a broad temperature range.

These hydrogenation studies of vaniliin dimethyl
acetal showed that the acetal group was unlikely to afford
an adequate means of protection for the aldehyde carbonyl
group during reduction of the nucleus. It is of interest
to note that the hydrogenolysis Tollowed the same course

as with ordinary unsaturated acetals. The acetal linkage



TABLE V

HYDROGENATIONS OF VANTIILIN DIVZTHYIL ACETAL

Catalyst Solvent Other Temp. Time He Fain Products
Material °C. min, Absn
¥oles
per mole
(a) Raney nickel methanol sodium 130° 60 Lok resin
hydroxide
A " " " n-heptyl- 115-120° 3C 2.8 methyl ether, X1I,
(1) amine vanillyl alcohol
i 1 1 " 100¢° 90 2.1 and creosol
(c) " " dioxane " 135¢° 30 0.9 crude acetal
{(a) " " i " 195-200° L5 2.8 nethyl ether, XLI,

vanillyl alcohol
and creosol

(e) Nickel~- methanol " 195¢° 73 1.1 crude acetal
kieselguhr

(f) palladized  dioxane 155¢° 15 2.8 methyl ether, XLI,
strontium vanillyl alcohol

carbonate and creosol.

-Og..
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was evidently labilized in characteristic fashion (65)

by the double bond in the 2-position of the aromatic ring.
It is also probable that the formation of the secondary
products, vanillyl alcohol and creoscl, occurred via two
routes; the first being hydrogenolysis of the acetal to
the methyl ether, XILI, then to wanillyl alcohol, XLII,

and to creosol, XLIITI, and water. A second series

of reactions, starting with the reduction of vanil-

lin, which would certalnly be formed by acetal hydrolysis
in the presence of the water from the first scheme, would
also yield wvanillyl alcohol and creosol, but would fail to
yield vanillyl methyl ether (Figure 1l).

HO CH,OCH; + CH,OH

CH,O
— / (‘C%\l H, + CH,OH
O'CHB
L4
HO@C\H HO@C,H __a.. H s

CHO C:F43C)
HxCN Ha. + H,0
R
HO CH + 2CH,OH
CHLO

Fig. 1 Hydrogenolysis of Vanillin Dimethyl Acetal
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The other phenolic aoetalé were not examined
extensively under hydrogenation conditions, in view of
the results obtained with the methyl acetal of vanillin.
A Tew preliminary sttempts, carried out under conditions
similar to the above, ylelded mixtures of hydrogenation
products of an analozous nature rather than cyclohexyl-
acetals. These preliminary ettenpts, however, are not
now regarded as conclusive, because Gleason's recent work
in this laboratory (66) clearly demonstrated that the sub-~
stitution of a methoxyl for a phenclic group in an aroma-
tic nucleus increased the temperature requisite Tor the
hydrogenation of the latter by at least 40°. This work,
together with the results of the present research, suggest

that the acetal of a non-methylated phenolic aldehyde might

be reduced at a temperature low enough to avoid hydro-
genolysis of the acetal unit. Raney nickel with anhydrous
dioxane, or nickel-kieselguhr with anhydrous methanol, would

geem to be sultable conditions.

In view of the results of the experiments with
phenolic acetals the approach to the problem of synthesizing
polyhydroxycyclohexane carbonyl compounds was albtered, as
mentioned earlier (page 3 ), o a consideration of the
catalytic hydrogenation of hydroxybenzoic acids or their

esters,
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Hydrogenation of Zthyl Callate and Lelated Compounds

Martin and Robinson (43) gave no detailed method
for the preparation of their palladium strontium carbonate
catalyst which was used exclusively in the following work,

A sultable method of preparation, described in the experi-
mental sectlon, resembled those used for other supported
palladium catalysts such as palladium on barium sulfate (67).
In the preseunt case, however, the busic properties oi the
carrier mede it unnecessary to employ the customary sodium
hydroxide solution to precipitete palladium, in interesting
feature of the work was that palladium catalysts do not
appear to have been employed previously for hydrogenations

at elevated temperatures (43).

The activity of the new catalyst was checked by
hydrogenations of ethyl p-hydroxybenzoate, ZXI, at 180-185°
to trans-L-hydroxy-l-carbethoxycyclohexene, ZXIT, in almost
guantitative yilelds. These hydrogenations also served to
standardize the apparatus, for good agreement between the
vield of reduced product and the hydrogen absorption was
found in meny cases (Fig. 2 and Table XVI). As llartin and
Robinson (43) observed, the catalyst was occasionally less
active and the absorption rate was reduced unless somewhat

higher than the customary teuperature was used,

o)

Pyrogallol was hydrogenated for the first Time

over this catalyst. The hydrogen absorption was cquantitative
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Fig. 2 Absorption of Hydrogen by ethyl p-hydroxybenzoate (©). and pvrosallol (o
See Tables XVI and XVII e v (o), pyrogallol (0).
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(Fig. 2 and Table IVII), no cyclohexanediol fraction was
found on fractional aistillation of the products and a

5C per cent yield of ¥-pyrogallitol (cis-cis-cis~-1,2,3-
cyclohexanetriol) was isolated in a pure condition., The
remainder of the reduced material was not examined ex-
tensively because a careful separation of the other 1iso-
meric pyrogallitols (a and B) is complicated and tine-
consuming (39, 49). The coumbined yield of 75 per cent of
the pyrogallitols, including 50 per cent of the pure ¥-
isomer, is believed to be the highest yield so far obtained
in this reaction. Over Raney nickel, the combined yield
of the three isomeric primary products was reported to be
of the order of 30 per cent (39), the ¥-isomer comprising
five-sixths of this quantity. It is noteworthy that the
¥-isomer was the predominating product cover beth the nickel
and palladium catalysts. Also of great importance was the
apparent lack of any hydrogenolysis over the latter cata-
lyst, to judge from the Lheoretical hydrogen absorption and

the absence of any low-boiling diols in the product.

The method of estefifying zallic acid with ethanol
containing sulfuric acid was similar to those reported (68)
and the yields were of the same order (70 per cent). A
rapid recrystallization of the crude product by an azeotro-
pic distillation of an ethanol-benzene sclution was employed
and this method of purification is an improvement that does

i

not appear in the literature. Various melting points for
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ethyl gallate have been reported (69, 70, 71, 72) probably
because very slight traces of impurities, such as water,
produce a marked depression from the true value of 160°

(73). The material was considered sufficiently pure for
hydrogenation purposes if it melted at 158° or higher.

Any remalining impurities could not have been responsible

for the variable rates of hydrogenation observed, for the
sanme behaviour was characteristic of samples of ethyl gallate

purified until they melted sharply at 160°.

In the presence ol ihe new hydrogenation catalyst
and in anhydrous dioxane, ethyl gellate was found %o undergo
hydrogenation at 155-165°, 1C0-2C0 atm. pressure. Three
of the Tive hydrogen absorption curves in Figure 3 show a
fair agreement, but the other two illustirate reactions which
were considerably slower despite the fact that the temperature
was raised 5 to 10° above the 155-165° range which gave good
results in the three cases, This effect, in all probability
connected with the inherent sensitivity of this catalyst to
deactivation, could not always be avoided, despite the pre-
caubtions which were taken to maintain a high standard of
purity of reagents, solvent and ethyl gallate. The thermal
instability of this catalyst would make a study of the rele-

veant reaction kinetics a difficult problenm,

In the three cases in which rapid reduction occurred,
nos. 2, 5 and 6, the conversion averaged nearly 80 per cent,

This ligure was obtained by the dirirerence bebtween the 1initial
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Fig: 3 - Absorption of Hydrogen by Ethyl Gallate. See Table XIX.
Hydrogenation No.2 (©), No.3 (&), No.4 (x), No.5 (o), and No.6 (a).
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weight of ethyl gallate and the welght of purified, recovered
ethyl gallate, The poor conversions in the two revarded re-~
actions, nos. 3 and 4, ranged from 55 to 60 per cent. In

all cases the hydrogen absorption was 10 to 15 per cent higher
than the theoretical value calculated from the per cent conver-
sion, The error in the hydrogen asbsorption figures could not
have been large because the absorptions in the control hydro-
genations of ethyl p-hydroxybenzoate and pyrogallol closely
checked the other experimental data, It was concluded there-
fore that some hydrogenolysis of the primary product, ethyl
hexahydrogallate, must have occurred ©to account for the dis-
crepancy, as would be expected from The well-known suscep-
tibility of glycols to cleavage by hydrogen (32). By ana-
logy with the hydrogenolysis of the pyrogallitols (39, 74),
ethyl hexahydrogallate, XLIV, might be expected to yield a
diol ester, XLV. The failure ©to detect such diols in the
crude reaction product from ethyl gallate (see below) was
evidence that in the present case hydrogenolysis played only

a minor role.

HO
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The data listed in Tables VII, XVIII, XIX, and
in flgure 3 were all obtained from hydrogenations carried
out in a 400 ml, Parr stainless steel bomb using no glass
liner. Neither was a liner used for four larger scale
hydrogenations (150 g. ethyl gallate) in a non-stainless
steel 25C0 ml. bomb made by the imerican Instrument Co.

In this bomb the conversion rarely exceeded 50 per cent
before the rate became negligible, In addition, the pro-
duct was contaminated with deep blue-coloured insoluble
material, The latter was believed to be the ferric com-
plexes which are reported by Zwenger and Ernst (70) to be
Tormed by ethyl gallate in the presence of ferric salts.

In no case did the product from the small stainless steel
bomb have any appreciable colour, It is probable that either
the iron surface or the grealter period of time necessary to
raise the temperature of the larger bomb to the absorption
range, or both these factors together, contributed to the
deactivation of the catalyst before the reaction could pro-

ceed very far,

The crude mixture oil unchanged ethyl gallate and
reaction products was usually & colourless semi-crystalline
material. It dissolved readily in water I'rom which the ethyl
gallate was recovered by seversl ether extractions according
to the method developed by Gogek (49) for the recovery of un-’
reduced prrogallol in similar hydrogenations, The residual

material was a2 micreoerystalline mass varying in colour from
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and crude reduced ethyl gallate (@) in 0.00750M periodic acid solution

at room temperature. See Tables XX and XXI.
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nearly white to a pale brown, extremely scluble in water,

and with no phenolic reactions, As described later, this
residue yielded a small amount of a crystalline hexahydro-
gallic ¥ -lactone, ¥IVI, in addition ©to much of the corres-

ponding crystalline ester.
HO

HO c=0

o/

ZLVI

The cxrude extracted material was analysed on one occasion
(hydrogenation no. 1, Tables VI and VII) both for ethoxyl

and unsubstituted 1,2-glycol units, the latter determina-
tion being made by the periodate method as described by
Price and Xnell (75). A simple equation, based on the as-
sumption that the mixture consisted entirely of ester, XLIV,
and lactone, {LVI, showed that the latter were present in a
molar ratio of 0,77 to 0.23 {average molecular weight 193)
when the alkoxyl analysis of 17.9 per cent was used as a
basis of calculation, but the ratio became 0.64 to 0,36 when
the glycol determination was employed, This discrepancy
suggested that & third substance, and presumably an ethyl di-
hydroxyhexahydrobenzoate, XLV, was also present, 3ince the
trihydroxyester, XTIV, The trihydroxy acid lactone, XIVI, and
the presumed dihydroxy ester, XLV, have molecular weights of

2CL, 158 and 188 respectively, it is possible to set up the
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following three simultaneous equations to express the
observed alkoxyl percentage and glycol content (as moles
H104 consumed per gram sample; in terms of the mole frac-

tions x, y, and 2z, of the three constituents of the mixture,.

ﬂ
-t

eo. (1)

X +y+z

4500 (x + =)
20Lx + 158y + 188z

per cent OCgHg = 17.9% ...(ii)

22X + ¥y t+ 2
204x + 158y + 186z

moles glycol = 0,00875 ...(iii)
per gram

These equations are based upon the absence of an
alkoxyl group in the lactone, the presence of one glycol
group both in the lactone and the dihydroxy ester and of
two glycol units in the trihydroxy ester, Solution of
the equations (Table VI) suggests that 0,68 moles (x) of
ethyl hexshydrogallate, 0.24 moles (y) of hexahydrogallic
acid lactone and 0.08 moles (z) of the dihydroxy ester were

present in the original mixture.

Although the calculation tacitly assumes the accur-
acy of the analytical data and the absence of a fourth com-
ponent or other contaminant in the mixture, the result
stronzly suggests that little or no hydrogenolysis of the
carboxylic ester groups had occurred. The hydrogenolysis
of hydroxyl groups, leading to compounds analogous to XLV,
was also of little importance and, indeéd, no substances of

type XLV were found. It was nevertheless possible that more
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were present originally but were removed, together with
unchanged ethyl gallate, when the agueous solution of the
crude hydrogenated product was extracted with ether. The
cccurrence of products of tihe type XLV in the ether ex-
tract would account for the slightly excessive (10 to 15
per cent) hydrogen absorption observed in most cases

(Table XVIII).
TABLE VI

ANATYSES 0F CRUDE ETHYIL HUEXAHYDROGAILATE

Compound Caled. Calcd, Ifol,
% O0CpHe Moles H10,4 W,
HO o
XLIV HO{(::>}&0¢¢# 22,0 2.0 204
HO ‘
He,
XIVT HODM 0.0 1,0 158
o=
v Ho<::>>gocgg 23.9 1.0 188
HO
Found: 17.9 0.00875(a){duplioate
analyses)

Caled. Iolar ratio of ZXILIV: XILVI: XLV = 0.68:0.24:0,08
(a

)Holes glycol per gram sample, see Fig. 4 and Table XXT,

By means of a tedious fracticnal crystallization
of the crude extracted reduction product from annydrous

acetone, one of the six theoretically possible ethyl hexa-
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hydrogallate isomers was isolated (m.p. 146-147°). The
vield of this pure isomer ranged from 16 to 20 per cent
calculated on the ethyl gallate reduced, but high mechani-
cal losses were incurred in the recrystallizations. The
ethyl hexahydrogallate came out of solution as a voluminous
mass of very thin plates which caused plugging in the filter.
In the preliminary stages of preparation these crystals

were difficult to handle without considerable losses. These
factors indicated the necessity of finding a more efificient,
chemical method of isolating this compound after some know-

ledge of its chemical behaviour had been collected,

The mother liquors from the recrystallizations,
after standing for several days, ylelded well-formed, rod-
like crystals of a different compound which, on further puri-
fication by recrystallization from ethanol or acetone, melted
at 186-189° and analysed for the ¥-lactone, XLVI, of a hexa-
hydrogallic acid. The yield of pure lactone, 2 to 7 per cent,
was naturally much lower tLhen the 24 per cent already estimated
t0 be present in the crude mixture from hydrogenation 1 (see
Tables VI and VII). The combined yield of pure, crystalline
ester and lactone constituted together between 2C and 25 per
cent {in one case, no, 4, Table VII, 4O per cent) of the
weight of the ethyl gallate reduced. further work on the
residues, using various solvents, falled to yield any other
chemical individual despite the Tact that 55 per cent or more

of the material remained, The mother ligquors yielded only
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TABIZ VIT

SUMFARY OF PRODUCTS TROM ETHYL GAITLATE HYDROGENATIONS

Crude lilxture “ther-sxtracted Ether Combined
from Bomb Water-3oluble Ixtract % Yield
Fraction bthyl Gallate Calcd. as
Ethyl Ether ‘/ater Solu- Recryst, irom Residue Reco~ Reduced Hster on
Gallate Ixbract Dble Residue Acetone Acetonated vered (by d4iff) Reduced
2. 2. P nster Lactone Acetone-Lacione g, £, % Ethyl Callate
28.2 8.3 18.5 L.53 0.55 7.0 21,1 75 Rly
35.0 20.5 14.6 L.30 0.36 2.90 13.9 21,1 60 36
35.0 19.3 15.7 7.70 - 1.00 16.0 19.0 54 L5
4500 1009 31.8 7080 - 7400 807 36g3 81 L}O
L5.0C 11.5 32.5 7.50 - 6.90 9uly 35.6 79 L0

"‘39"
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sticky amorphous precipitates which could not be Turther
purified by physical methods alone, Distillation was
attempted in one instance but these products, probably

by virtue of the reactive ester or lactone groups, were
susceptible to decomposition, and perhaps transesterifica-~
tion on heating. They ylelded glassy solids, presumably

of the following type, XIVII.

HO HO C— -
Q <
HO -O C-O

HO o o OH

C=0 !
|
---O
HO OH

XIVIT

Chemical Reactiong of the Ethyl Hexahydrogallate

Before a chemical method of isolating the pro-
ducts of the hydrogenation could be worked out, it was
necegsary to study the reactions of the lsomer isolated by
crystallization from acetone, A selective reaction was
needed to permit a more efficient method of separating this
compound, which appeared to predominate in the mixture., In
addition, information about the configuration of the sub-

stituent groups in this isomer was considered desirable,

The condensation of acetone with glycols was the
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nost logical reactlion vo investigate Tirst, in view of
the close gtructural relationship of tlhie hexahyvdrogallates
to the pyrogallitols, whose condensation with acetone was

recently studied by Gogek (49},

Suitable conditions for converting the new ester
to its free acid were worked out first. A difficult saponi-
fication with excess barium hydroxide solution under reflux,
over a period of ten hours or more, gave the acid in aboutb
66 per cent yield. Although the reaction was not studied
extensively, lactone formation was believed to have csaused
some loss of the main proauct. The hexahydrogalllc acid
crystallized as white microcrystals, m.p. 199-200°, which
were very soluble in water, sli:htly soluble in acetone, butb
insoluble in ether. The acid was converted in part to a

lactone when kept near its melting point for several hours,

CH; O
EL//

A Y

-
CHy; O c=0

XIVITI

Both the ester and the Tree acid yielded the
same isopropylidene lactone, probably structure XIVIIT,
when they were condensed with acetone using dry hydrogen

chloride catalyst. This product was easily purified by
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recrystallization from etinanol and formed large thin trans-
parent crystals, Although tle lactone could not be dis-
tilled, 1t was found to underzo sublimation above its melt-
ing point (170°) and was recoverable in almost quantitative
amounts when heated at this temperature under reduced pres-
sure, It was a stable, not appreclably hygroscopic sub-
stance, Hydrolysis under mildly acidic conditions removed
the isopropylidene residue and yielded the same lactone,
m.p. 186-189°, as that directly isolaz®ted from the hydrogena-
tion of ethyl gallate, The consumption of exactly one mole
of periodic acid by one mole c¢f this lactone, XIVI, esta-
blished the fact that the two hydroxyl groups it contained
were adjacent to each other and that, in consequence, the
lactone ring engaged a meta hydroxyl group and was Tive-
membered, This lactone was also obtained directly although

in low yield, by heating the ester in anhydrous dioxane,

Considering Tirst the lasctone ring in XIVI, it is
certain that the 3-hydroxyl group is cis with respect to bthe
carboxyl because no case oif lactone Tormation in the cyclo-
hexane series has ever been observed involving a carboxyl
and an hydroxyl group in the trans comfiguration. Also, an
examination of Fischer-Hirschfelder-Taylor models of the
various possibilities indicated that hydroxyl groups in the
¥ and & positions are favourably located for lactone formeation

providing they are cis to the carboxyl group (Figs. 6 and 7).
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As regards the isopropylidene lactone, XLVIM, acetone is
known to condense readily with conbtiguous hydroxyl groups
when dry hydrogen chloride 1s the catalyst, provided the
groups are cis. As already mentioned, the sole known
exception to this rule was Gogek's discovery {(49) that iso-
propylidene-trans-l,2-cyclohexanediol formed, although in
only 3 per cent yield, from the Lrans diol and acetone in
presence of dry hydrozen chloride. No case of a condensa-
tion with a c¢is or trans-1,3-cyclohexanediol has been re-
ported although isopropylidene acetals of a few 1,3-glycols
in the open chain series are known (76). The very reason=-
able inferences were that acetone engaged adjacent cis hydro-
xyl groups in XIVIII, and that XILVIII, like XIVI, was a ¥ -
lactone. Since lactones in the hydroxycyclohexane car-
boxylic acid series are known to form only when the hydroxyl
and carboxyl groups are on the same side of the ring, it
appears probable that the free acid corresponding to the

lactone under discussion was eilther Va or Ve,

HO HO
R i
HO C -OH HO e C=OH
HO HO
Va Ve

The Tformer acid may be regarded as a derivative of cis-
cis-cis pyrogallitol and the latter as derived from the cis~

cis-trans isomer.
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Attenmpts were made (o differentiate between
these structures by noting the rate at which the ester
was oxidized by periodic acid, but, unlike Christian's
experience in the pyrogallitol series (39), no satisfac-
tory bimolecular rate constant could be obtained., 4although
the overall rate of oxidation was nearly the same as that
observed for cis-cis-trans pyrogallitol by Christian, and
was much too fast To belong to a cis-trans-cis (a-pyrogalli-
tol) structure, in the circumstances little weight could be
attached to the observations and they are omitted from the
Experimental Procedures, Preliminary experiments with
the lactone (XLIX or L) gzave similar unsatisfactory results,

HO HO

HO C:O RO ~C=O
o———l o"—————}

TIX L

snother attempt Lo distinguish between structures Va and

Ve was based upon the fact that the former was that of a
symmetrical, optically inactive moliecule whereas the latter
was that of a raceme, theoretically capable of resolution
into optically active D and L forms. The free trihydroxy-
cyclohexyl carboxylic acid was accordingly converted to the
highly crystalline brucine salt and the latter was fraction-

ally crystallized from several solvents. A11 fractions,
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however, possessed specific rotations lying between the
limits F0.9° and no resolution was brought about. Less
extensive experiments with the crystalline cinchonine salt
also failed to resolve it, and the free acid failed to

form & salt with strychnine in the conditions tried., Much
of the base, indeed, crystallized out of the solution in-
dependently. These results, although constituting negative
evidence, point strongly to the symmetrical configuration

Va as the more likely.

The tentative conclusion that the hexahydrogallic
acld isolated in the present researci possesses the all-cls
configuration Va is not inconsistent with the fact that the
all-cis §-pyrogallitol was the preponderating isomer formed
when pyrogallol was hydrogenated over Reney nickel (39, 49,
74L) . The same isomer also preponderated when the hydrogena-
tion was carried out over palladium-strontium carbonate during
the present research, It is supposed that the formation of
such products, with all the substituents in the cis configura-
tion, probably arises through the addition of hydrogen to one
gide of bthe aromatic ring. On the cther hand, the hexahydro-
gallic acid sctually isolated displayed great similerity in
its chemical behaviour (Figure 5) to quinic acid, and guinic
acid, XXXI, is Yormulated as an a-hydroxy derivative of the
configurational structure Ve (51). Both substances readily
formed 1,3-lactones which were readily oxidized by periodic
acid, and the two adjacent hydroxyl groups they therefore

possessed condensed readily with acetone, With anhydrous
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Fig. 5 - Summary of Ethyl Hexshydrogallate Reactions
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ammuonia, the isopropylidene yuinic lactone, XXIV, readily
formed a crystalline iscopropylidene hydroxy amide, LI,

and the corresponding lactone, XIVIII, from the hexahydro-
zallic acld, a new substance of melting point 170.5-171°,
was found to behave similarly. These resumblances btend
to suggest that the letter substance was a derivative of

the structure Ve.

Cng/O HO
< OH
CH; O g HO E-OH
\Cl'zo
HO N H, HO
1T LTI

Fischer and Dangschat (56) showed that the con-
version of the naturally-occurring levorotatory quinic acid,
XTI, to shikimic acid, LII, and thence to dihydroshikimic
acid, Vb, involved an inversion of the configuration of the
carboxylic aclid group. The cis-cis~-trans configuration of
the hydroxyl groups in this substance, as well as in guinie
acid, were proved by the fact tiiat both were strongly revo-
rovatory. Dihydroshikimic acid, however, readily formed
a lactone, JZOUIV, that was stable tc periodic acid and
possessed no adjacent hydroxyl groups. This lactone was
obviously of the 1,4 variety. Tre methyl ester of dihydro-
shikimic acid, XZ{II, readily formed an lsopropylidene

derivative, XXXV, wibthout the elimination of the ester group
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(2. Such differernces prove the non-identity of dihydro-
shikimic acid, Vb, and the isomer under discussion, 1t
is worth mentioning that the different melting points of
the two substances, 1&63-4° and 199-200° respectively, did
not prove this non-identity, since the former was an opti-

cally active form and the latter might have been the cor-

responding raceme.,

* s

Inspection of the formula Vb for dihydroshikimiec
acld shows that one of the two meta-hydroxyl groups, as well
as the para hydroxyl, is cis to the carboxylic acid group.
Nevertheless, the only known lactone is of the 8§ ~variety,
XTIV, although the formation of af -lactone seems equally
probable, The esnomaly suggests that the c¢yclohexane ring
in dihydroshikimic acid has a non-planar, but strainless
Sachse-liohr shape (77, 78) that favours the formation of a
8 -lactone and inhibits ring closure in the ¥ -position.
Linstead (A47), noting the greatly increased stability of ¥ -
cyclohexanolides whien substituted with alkyl groups in the
¥ -position, concluded that the ease of lactone formation
depended on the nature of the substituents in neighbouring
positions as well as on the location of the hydroxyl group
which reacts, The polar elffects of adjacent hydroxyl groups
can be surmised to infivence lactone formation elther by al-
tering the Sachse-liohr configuration of the ring or by alter-

ing bond strengths,

Mechanical models of the probable alternative
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structures Va and Ve for the new trihydroxy cyclohexane
carboxylic aclid were constructed from a Pischer-ilirschfelder-
Taylor set, in which relative atomic sizes and bond lengths
are preserved. Figure &6 reproduces photographs of both
structures, each being represented in one "chalr” and one
"boat™ form, and Figure 7 illustrates the same four forms
diagramatically. It is ©o be noted especially that when
all three hydroxyl groups are cis to the carboxyl group
(structure Va), the "boat™ form (C) suggests either a Y -

or S -lactone 1is almost equally probable. The "chalr®

form (Z) greatly favours the ¥ -lactone because the hydroxyl
in the fourth position 1s removed from the carboxyl group.
The '"chair" form of structure Va 1s therefore consistent

with the observed Tormation of a ¥ -lactone from the cyclo-
hexane carboxylic acid under discussion. On the other hand,
both the "boat"™ and "chalr® forms of the alternative struc-
ture exclude the easy formation of any but a) -lactone., This
study of molecular models therefore failed to decide between

the competing structures Va and Ve,

The work done in this thesis appears to provide a
basis for a future decision to be made between Va and Ve along
lines used by Fischer (51) in his proof of the configuration
of gquinic acid. Selective allkaline hydrolysis of the lactone
ring in the isopropylidene lactone, XLVITI, should yield an
isopropylidene carboxylic acid, LIII. lethylation of this
acid with silver oxide and methyl iodide, to form LIV, Follow-

ed by acid hydrolysis of the isopropylidene and ester groups,



Vea

Ve

Fig. 6 Photographs of Fisher-Hirschfelder-Taylor Models
' of Structures Va and Ve

C, black; H, gray; O, white. Hydroxyl oxygen atoms
bear number of ring carbon to which attached. ¢€=0-=X
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Fig. 7 - Diagrams of one "boat" form and one
"chair" form of Structures Va and Ve.

See Fig. 6
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would then yield the monomethyl ether, LV, of the hexa-
hydrogallic acid. If the latter had the structure Ve,
the alternative structure Tor the monomethyl ether would
be, LVI, the position originally occupied by the lactone

ring being taken up by the methoxyl group in both cases.

CH; O CH

\ £
~< _5 Q
cH, O czo — cf, 0 c&-oH
o—————! HO
XLVIII LITI
CH3 @) HO
o o
0 C-OCH; —N 1o C-OH
CH O
v
HO
)t
HO --C-0Ok4
CHL S
LVI

Since in 1V, the remaining meta hydroxyl group is cis

to the carboxylic acld group, a ¥-lactone should readily
form, even if the molecule retained a "chair" form that
made a §-lactone unlikely. Structure LVI, in which both

of the remaining hydroxyl groups are trans to the carboxyl,
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would nolt be expected to produce a monomeric lactone of
any kind, If the monomethyl ether, LV or LVI, were
available, 1t would be desirable to study its oxidation

by periodic acid or lead tetraacetate, since the presence
of only two adjacent hydroxyl groups, instead of the origi-
nal three, might simplify the course of the oxidation and
provide rate plots readily interpreted in terms of cis or

traus configuration.

Tmproved Separation of the IHydrogenated HEthyl Gallate Iiixture

As already mentioned, an squeous solution of the
crude product was extracted with ether to remove unchanged
ethyl gellate, and, perhaps, some ethyl dihydroxycycloiniexyl
carboxylic esters, XLV. Some of the ethyl hexahydrogallate,
and a little of the corresponding lactone, were separated
Trom the residue by tedious recrystallizations from acetone.
The preceeding research, by showing that the ethyl ester
vielded the lactone when heated, suggests that tne latter
arose from the former during the hydrogenation or isolation,
Both these substances readily yielded the same highly crystal-
line isopropylidene lactone when condensed with acetone, The
residues Trom the acetone mother licuors in the original pre-
paration were accordingly condensed with fresh, dry acetone
exactly as described for the pure ester or acid, Substantial
amounts of the same isopropylidene lactone were obtained and
the overall ylelds of crystalline products were increased

from sbout 20 to about 40 per cent in most cases, In one
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case (Table VII, no. 5), the residues from the acetonation
were heated under reduced pressure to the melting point
(170°}) of the isopropylidene lactone and an additional 7
per cent of the latter was isolated by sublimation to give
an overall yield of 47 per cent. The nature of the re-
meining syrup was not dGetermined, but, if other of the six
isomeric hexahydrogallates were present, each isomer was
probably present in smsll cuantities only and probably did

not condense with acetone,

The above observations snowed that the isopropy-
lidene lactone could readily be prepared in feir yield from
ethyl gallate by a two-stage synthesis involving hydrogena-
tion and subsecuent acetonation, Little difiiculty is
anticipated in the synthesis from this lactone of the corres-
ponding cyclohexylaldehyde, III, winose production forms the
ultimate object of the research. Lcetylation of tie isopro-
pylidene lactone with an acidic catalyst should eliminst®e
the isopropylidene residue and produce the triacetate, LVII,
Palladized barium sulfate and hydrogen at atwospherlic pres-
sure should reduce @ bolling xylene solutlon of the correspond-
ine acid chloride, IVIII, (The foseamund reaction (79)) to the
triacetate of the reguired aldehyde, LIX, in an overall yield

of 70 to 80 per cent.

AcO AcO AcO
Ac O COH AcO 2Ol AO EH
AcO AcO Ac O

LVIT LVIII LTx
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Polymerization of the substituted cyclohexyl-
aldehyde, the final step in the pro?osed scheme, could
probably be achieved either before or after removal of
the acelyl groups Lo yield the desired polyhydroxycyclo-
hexyl aldol coundensation product, IV. It is however.
possible that the aldehyde, like cyclohexylaldehyde (1),
mizht be extremely susceptible to polymerization and be

difficult to isolate as the monomer under some conditions.
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EXPERIMENTAL PROCIDURES

Yaterials and Purification

Solvents
A considerable number of reagents and starting
materials were used in the experimental work., The majority
of the methods of purification and synthesis were well-

known and merit a brief description only,

Stock methanol and ethanol were heated under re-
Tlux in the usual manner (80, 81} over sufficient magnesium
alcoholate to render them anhydrous. They were distilled

shortly before use.

The dioxane employved in the hydrogenations was
purified by the method of Fleser (80). In brief, stock
dioxane was heated under reflux with hydrochloric acid to
hydrolyse any acetal present, and a continuous stream of
nitrogen was bubbled through the solution to carry away the
acetaldehyde formed, The acid and water were removed by
means of potassium hydroxide pellets and final drying was
effected by heating under reflux for twelve hours over sodium,
and finally by distillation. To ensure a peroxide-free pro-
duct, this distillation was carried out within an hour or

two of the charging of the hydrogenation bomb,

Stock acetone was dried for several days over an-
hydrous calcium chloride, The solvent was decanted, heated

under reflux with & Tew crystals of potassium permenganate
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and distilled after any acids had been neubtralized with

excess potassium carbonate.

Aldehydes
p-Anisaldehyde was prepared exactly as described
by Tiemann and Herzfeld (82) by methylation of p-hydroxybenz-
aldehyde {Zastmen Kodak Co,) in methanolic potassium hydroxide
solution with methyl iodide, The methylation of vanillin
(Howard Smith Co.) with dimethyl sulfate as described by

Buck {33) vielded veratraldehyde.

Gallaldehyde was prepared from gallic acid (Ceneral
Chemical Co.) essentially by the synthesis described in de-
tail by nosenmund and Zetsche (84). The acid was acetylated
to triacetylgallic acid which was converted to the acid
chloride with thionyl chloride by the usual method (85) instead
of with phosphorus pentachloride. Thre latter reagent, in
the older method used by Dosenmund, suffered from the dis-
advantage that its by-products were more difficult to elimin-
ate than those from thionyl chloride. Triacetylgallic acid,
25 g. (0,096 mole), m,p. 169-170°, purified thionyl chloride,
15 ml, (24 g., 0,20 mole) and anhydrous benzene, 75 nl., were
heated under rerflux until soclution was complete (one and one
nalf hours) and then for an additional half hour., The unused
thionyl chloride was tihoroughly removed by co-distillation
with benzene and the white crystelline residue, m.p. 105-108°,
was obtained in theoretical amount. It was found unnecessary

to remove the product from the Tlask before proceeding with
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the reduction of the acid chloride to the aldehyde. This
reduction was accomplished by bubbling hydrogen at atmos-
pheric pressure through a solution in 200 ml, of dry, boil-
ing xylene in which 5 per cent palladized barium sulfate (67)
was suspended, The acetylated aldehyde was subseguently
hydrolysed to free gzllaldehvde by an ethanolic solution of

potassium acetate in an inert atmosphere,

Trimethylcallaldehyde was also obtained from zallie

acid. The latter was nmethylated with dimethylsulfate [86)
then converted to the trimethyl acld chloride with thionyl
chloride in benzene by the method alrezdy described for the
preperation of triacetylgalloyl chloride, The aldehyde
vas finelly obtained by a Rosenmund reduction of the acld
chiloride by Wierenstein's (87) application of Rosenmund's (84)

riginal method over 5 per cent palladized barium sulfate (67)

gin
n boiling xylene.

p~Hydroxybenzaldehyde (Zastman Kodak Co.) was re-
crystallized from water and thoroughly dried, m,p., 116-117°,
Protocatachualdehyde (3,4-dihydroxybenzaldehyde, Kahlbaum Co.)
was recrystallized from water =nd thoroughly dried, m.p. 153-4°
Vanillin (Howard Smith Co.) was recrystallized from water,

agueous ethanol and thoroughly dried, m.p. 80-8l°,

Orthoformic esters

Ethyl orthoformate was obtained by the method of

Hood and Comley (25) by condensing chloroform with sodium
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ethylate, The product was identicel with their product

in its physical properties,

Vethyl orthoformate was prepared in essentially
the sane way from chloroform and sodium methylate and the
product, b.p. 99.5-99.7 (corr}, n§5 1.3773, was obtained
in 4O0~45 per cent of the theoretical amount. Deutsch (88)
reported a boiling point of 101-102°, but no yield data,
Sah and Tsu Sheng Ma (89) observed a boiling point of 103-
105°, a refractive index of n§5 1.3773, and a yield of 30

per cent of theory.

Diazomethane

Arndt's (90) method was used, a 4 per cent agqueous
potassium hydroxide solution being treated with the necessary
amount of N-nitrosomethylurea (91) at 0° with stirring in
contact with ethyl ether,. The etherial sclution of di-
azomethane was separated and dried for four hours over pure
potassium hydroxide pellets before use in the methylation
experiments, A gas mask was worn at all times during the
handling of this extremely poisonous coumpound and all the cus-

tomary precautions were observed (92).

Hydrogenation Catalysts

Raney nickel catalyst was prepared by the method
- of Mozingo (93) from a nickel-aluminium alloy (Gilman Paint

and Varnish Co,, Chattanooga, Tenn,)

A nickel-kieselguhr catalyst was derived exactly
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as described by Adkins (31) from nickel nitrate and kiesel=-
zuhr, upon which the nickel was precipitated by means of
ammonium carbonate. Just prior to use the catalyst was
reduced by heating at L50° for one hour in a stream of hy-

drogen,

The preparation of a palladium-strontium carbvonate
catalyst was an adaptation of the ususl method of prepara-
tion {for palladium on barium sulfate (67). Twenty Tive
grams o: strontium carbonate {llerck, C.P.) was dissolved in
50C¢ ml, of water containing 40 ml, of concentrated hydro-
chloric acid. The solutlon was healted to approximately
60° and the strontium was reprecipitvated as the carbonate
by adding an excess of a hot saturated solution of sodium
carbonate (20 g. of anhydrous sodium carbonate in approximate-
ly 50 ml. of water). The precipitate was washed repestedly

th distilled water and the washings were removed by siphon

[

W
after the solid had setiled, Washing was continued until

the washings were Iree of chloride iomn,

One gram of palladium chleride (Johnson Matthey Co.)
vias dissolved in 570 ml. of water containing 5 ml., of concen-
trated hydrochloric acid, with stirring and heating to 60°,
The pH of the solution was adjusted to approximately 4 by
careful addition of sufrficient concentrated sodium carbonate
solution to neutralize the acid, If too much of the salt

was added, a sharp deepening of colour occurred and tihiis mis-

hap could be corrected by addition of the appropriate amocunt
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ol hydrochloric acid. The hot solution was filtered to
remove traces of inscluble matter and was added to the
freshly precipitated and washed strontium carbonate, sus-
pended in 500 ml. of water at approximately 60°, 3eventy
five millilitres of 40 per cent formalin was poured in and
the mixture was heated to the bolling point with continuous
stirring. The cclour changed from a pale brown through
gray to black as the reduced precipitated materizl was ad-
sorbed on The carrier. “hen there was no further deepening
of the colour, the mixture was boiled for an additional Tive
ninutes, then allowed To cool and settle. After a few min-
utes, the colourless supernacent liquor was removed through
a giphon, and the catalyst was washed repeatedly with dis-
tilled water, the washings being conveiently removed in the
same way. Ten to twelve litres of wash water was found
sufTiclent to remove chloride ion. The washed catalyst was
collected on a Blchner funnel and dried thoroughly over pot-
assium hydroxide pellets in a vacuum desiccator Tor threec or

four days. Prior to use, the dry gray-coloured cake was

3
-4
£
©
£
o
el
|

n a morbtar to a dust. The yleld of catalyst was

liiscellaneous Compounds

Salicylic acid (lierck and Co,) was fused with pot-
assium carbonate at 240° Tor one and one half hours to yileld
phenol and p-hydroxybenzolc aclid exactly as described by

Buehler and Cate {(9L4).
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p-Eydroxybenzoic acid was esterified with ethanol
by the method of Hewitt and Winmill (95). The ester was
recrystallized from z mixture of ether and petroleum ether

and nelted at 115-116°,

n-Heptylamine was prepared by a synthesis from
heptaldehyde (Xahlbaum Co.). The aldehyde was converted
to the oxime (96) and the latter reduced to the amine by

sodium in ethanol (97).

Melting points are uncorrected unless otherwise

.
=

Preparation of Acetals of Substituted Benzaldehydes

By the method of Claisen (22)

A series of acetals of a number of substituted
benzaldehydes was prepared, in evefy case by means of a slight
odificetion of the method of Claisen using an orthoformic
ester and dry hydrogen chloride catalyst. Because this method
was used exclusively in the preparation of all of the compounds

listed in Table I, The msjority of them beling reported for the

first time, the method will be described once only in detail,

The aldehyde was dissolved in a minimum of the ap-
ropriate anhydrous alcohol and 1.1 molar equivalents of the
corresponding orthoformic ester was added, Enough of the same
anhydrous alcohol, previously made 0.05 N with hydrogen chloride,
was added to introduce 0.0l mole of the gas per mole of alde-

-

hyde, and the acldic solution was refluxed for five minutes in
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a system protected from exbernal moisture with a drying
tube contealining soda-lime. At the end of ©this time, the
solution was cooled and 1.05 molar ecuivalents of sodium
hydroxide, contained in an ¢,05 N anhydrous alcoholic solu-
tion was added to neutralize the acid catalyst and to ensure
a slightly alkaline solution. The latter was transferred
cuickly to a Claisen flask and concentrated under reduced
pressure aﬁ not more than 50° in a continucus stream oi 4ary

P

carbon dioxide gas introduced through a caplillary during at
least Three hours 1o ensure complete neutralization of the
excess base. The residue, alter complete removel of the sol-
vent and cooling, crystallized in two cases only (nos. 4 and 6
Table I) otherwise it was a viscous oil. All residues cor-
responded closely in weight with the theroetical weight of the
acetal. The licuid acetals were immedistely distilled under
reduced pressure through a 3-inch Vigreux type column, The
main fraction was nearly always analytically pure acetal but
occasionelly a second disgtillation of the product was necessary.
The crystalline acetals were Taken up in approximetely 20 per
cent more ether than the minimwa necessary to dissolve them,
and the tightly stoppered container was placed in the reiriger-
ator at 0° or less overnight. After this period the sclution
was Tiltered qguickly to remove the inorganic salts which had
precipitated, and the filtrate was mixed with sufficient low-
boiling petrcleum ether To cause incipient cloudiness alt room

temperature. Gradual ccoling and occasional rubbing with a
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glass rod caused crystallization to start., The first

crop was generally analytically pure. Second and chizrd

to the mother licuors, but these latter crops generally
required one additional recrystallization from the same sol-
vents to raise their purity to that of the first crop. The
vields quoted in Table I include first crops and secondary
recrystallized crops. At all times, all possible precau-
tions were takén to exclude moisture snd acidic gases from

these sensitive compounds.

In most cases a sharp colour change was observed
after addition of the catalyst to the reactants and the
colour deepened during the reflux period, A Turther colour
change was also observed when the catalyst was neutralized
and the solution made slightly elkaline. PThese phenomena
were most pronounced during the vreparation of phenolic ace-

tals. The different effects are recorded in Table IT,

All of the acetals were enslysed within twenty lour
hours of their preparation. This precaution was found to be
absolutely necessary in the case of tihe phenolic acetals be-
cause of their rapid hydrolysis, even in well-stoppered con-
tainers at low temperabtures. Indeed, it was found difficult
t0 obtaln two acceptable values 1n consecutive anslyses of the
same sample, the second Tigure alweys exhibiting a wider

divergence from the theoretical value than the first owing %o
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hydrolysis during the brief interim. Alkoxyl values

vere generally somevhat below theory, especially when

the latter was 4O per cent or more. llowever, when extra
rrecautions were btaken, such as quick closure of the appar-
atus after intoduction of the sample ané a gentle applica-
tion of heat at the start, hizher vealues, near the theoreti-

cal, were obtained,

Attempted Preparation of an acebtal of Gallaldehyde

By the method of Claisen (22)

Gallaldehyde, 3.1 g. (0.020 mole}, was dissolved
in a minimum of enhydrous methancl and the solution was
mixed with 1.1 wmolar ecuivalents cof methyl orthoformate
before 0.01 molar equivalents of dry hydrogen chloride in
0.C5 ¥ methasnolic solution was added. The remainder of the

method described for the preparation of the acetals listed

in Teble I was followed exzctly.

The residue, after removal of ©The solvent, was
always a brown resinous material which rapidly solidified to
a dark grey mass, although it was contained in a tightly
closed systen, In several attemplts to isolate the acetal
the brown resin was extracted with pure ether immedaiately
after evaporation of the solvent. The colourless oil which
remained after filtration of the extract and evaporation of
the ether under reduced pressure at not more then 25° welghed
avproximately 60 per cent of the original weight of gallalde-

hyde. This residue showed no tendency Lo crystallize, 1lndeed
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it became discoloured in a Tew minutes and, aiter a nalfl
mhour it was a gray-coloured amorphous solid only slightly
soluble in ether but very soluble in water. Several
attempts to obtain consistent alkoxyl analyses for the un-~
stable o0lil gave various results,
Anal, Caled. zor (HO)3CeHgCH(OCHg)e: CHs0, 31.00.
Found: 32.3, 29.5, 26.2

Attempts to distil Tthe o0il were unsuccessiul, The

material darkened and resinifled rapidly on heating.

Two atltenmpts were made to methylate the ether-solu-
ble oil obtained from the reaction of galleldehyde and methyl
crthoformate and to 1solete & methylated acetal from the re-

action,

The ether solution, LU ml., convaining the olly
product from the reaction between gellaldehyde, 0,88 g,
{0.0057 mole), and methyl orthoformate, C.67 g. (0.0063 mole),
was cooled to C°, To it was added a solution of 0.88 g.
(C.021 mole) of diazomethane in a tightly stoppered flask
in 31 ml. of dry ether. The vellow solution was Xept at
¢° Tor ten minutes in one case, and for two hours in the se-
cond case,. At the end of ¥tie period the diazomethane and
ether were removed by distillation under reduced pressure at
rnot more than 25° but Lhe orange-coloured, viscous, oily
residue (0.53 &.) showed no tendency to crystallize. Attemp-

ted distillation caused decomposition of the oil to a dark
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Methylation of Protocatachualdehyde Gimethyl acetal

Protocatachualdehyde dimethyl acetal, m.p. &9-
90°, 1,47 z. {(0.0080 mole), was dissolved in 20 ml. of
pure ether, The solubion was cooled to C° and to it was
added a solution of 0.8l g. (0.019 mole) of diazomethane
in 29 ml. ol ether, The yellow solution was kept in a
tightly stoppered flask at ¢ to 5° for two hours. Ho
colour change was observed during this period, At the
end of this time the etler and diazomethane were removed
by distillation under reduced pressure at not more than 25°
and the orange-coloured o0ily residue {(1l.44 g.) was distilled.
A emall fraction (0.20 g.) of a viscous, colourless olil was
obbtained, b,p. 98-101°/C.05 mm,., néS 1.5249, The remainder
of the material in the still had undergone decomposition to

a dark resinous mass, The relfractive index of wvanillin

25
D

value obtained for this compound.

dimethyl acetal (n 1.5250) was almost identical with the
Anal, ©Caled. ior vaniilin dimethyl acetal:CHgz0, 46.97.

Found: CHs0, 46.3

The oil was left to stand in an open tubve for
three days after which time it had become completely crystal-
line and possessed the characteristic odour of vanillin., The
white material was recrystallized from water and yielded
needle-like crystals, m.p. 80-81°, A mixed melting point

with vanillin was not depressed. The 0,20 g. of vanillin
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dimethyl acetal represented z yield of 16 per cent of the

theoretical amocunt.

Hecovery of Acetals from Anhydrous Alkaline Sclutions

The aceta.s 1listed in Table I were dissolved in
anhydrous alcoholic sodium hydroxide and also in a few
cases in sodium alcocholate solutions and were Kept in sealed
glass tubes maintained at a constant temperature for various
pericds of time. ATter this Treatument, dry carbon dioxlde
gas was bubbled rapidly through the cooled solutions until
no further precipitation of sodium carbonate occurred, The
salt was removed by rapid filtration in a closed, moisture-
free system and the zolvent was evaporated from the filtrate
at not more than 50° under reduced pressure, The acetals
were recovered as cuancitatively as possible, either by
crystallization from ether-petroleum ether in the case of the
solid acetals, or by distillation in the case of the liquid
acetals, The alkoxyl content of the recovered mabterial was
used to confirm its identity with the original and also to
determine purity. In some cases the melting point only was
determined, The data obtained are recorded in Tebles III and

Iv,

Hydrogenations of Vanillin Dimethyl Acetal (see Table V)

(a) In 0.1 N anhydrous methanolic sodium hydroxide over

Raney nickel

-

Freshly prepared vanillin dimethyl acetal,

13.5 g. (0.0682 mole,, was dissolved in 68,2 ml., of an 0,1 N
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solution of sodium hydroxide in anhydrous methanol (C.0682
rmole of sodium hydroxide) contained in a ;lass liner for a

50¢ ml, Parr Hydrogenation bomb, Daney nickel, 3.0 g.
(weighed wet) was added and the liner was immediately capped
and placed in the bomb. The latter was closed, flushed

three times with hydrogen at 500-60C p.s.i. then charged with
hydrogen to a pressure of 230C p.s.i. “he shaker was sbarted
and the bomb was heated at a rate of approximately L°® per
ninute, Absorption of hydrogzen started alt approximaetely 125°
and the temperature was subsequently held at 130° (fl°) until
the absorption was complete {one hour). The total absorption
was approximately 0.30 mole or 4.4 moles per mole of acetal,
Teatlng and shaking were discontinued and the bomb was quenched
in cold water. The pressure was released when the bomb had
cooled Lo room temperature and the contents were removed and
Tiltered virough sintered glass. 4 quanbtity of pale brown
resinous material remained mixed with the catalyst on the fil-
ter, The resin was separated from the latter by washing with
cold water on a ilter peper and, aiter Garying, welghed 0,50 g,
Jry carbon <{loxlide Wa.s bubbled raepidly through the pale yellow
netheanol filtrate for four hours alfter which time the liguid
was concentrated under reduced pressure, The Tlocculent pale
browvn resiaue, 11,4 =., was extracted with three 35 ml. pcr-
ticns ol etier and thils extract was concenvrated to 4,40 2z,

of a cclourless oil. Thie latter was aistilled under reduced

.

pressure o yield owwo rather inderinite fractions exhibiting

N

phiienolic reactions,
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T4BIE VIIT

DISTIITATION OF Z-Z-H~3CLUBLE PRCDUCT THCLI

FYDROGENATICH (a)

Fraction b.p. n%ﬁ CHgO Appearance Jeight
°C per cent g.
1 135-175°/0.1 mm., 1.5111 25.1 fluid white 0.70
oil
2 175-300°/0.1 mm, 1.5865 - vellow tacky 1.0
resin
5till - -, - charred 2.20
residue

The bulky resinocus ether-extracted material was
slightly soluble in hot water but much more soluble in cold
aqueous 0,05 I sodium hydroxide, from which it was repreci-
viteted by acidification with 0,05 N hydrochloric acid,

The reprecipitated material, after washing with cold water,

weighed 4,50 ¢. and was considerably lighter in colour than

the crude material, Tt sofvened at 35-45° snd rescolidified
on cooling to a brittle pale brown glass,

Anal. Caled. for vanillyl creosol (CigHigO4)
E— (64): CHZ0, 22.6

Found: CHz0, 2.7, 21.5

To summarize,13.5 £. of vanillin acetal on hydro-
genation yielded 5.0 ¢. of 2 browvm resin and 4.4 5, of ether
solubles. The Tormer zgave a cotal of 1,70 g. ol volatile
products and left 2.20 ¢. as & charred residue wiacn vacuum

distilled These phenolic condensavion and hydrogenolysis
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products were not investigated further.

(b) In anhydrous methanol over Raney nickel in the

presence of n-heptylamine

Vanillin dimethyl acetal was hydrogenated in an-
hydrous methanol as already described. However, a small
quantity of n-heptylamine was used as an alkaline reagent
in the present case instead of sodium hydroxide, Two
hydrogenations (A and B) were carried out at different tem-
peratures with an initial pressure of 2000 p.s.i. of hydro-
gen, The conditions and quantities are recorded in Table

IX.
TABLE IX

HYDROGENATTONS CF VANTTLIN DIEETHYL ACETAL

IN METHANCL OVER RANEY NTCKEL

Hydro~- Acetal lethanol Raney n-heptyl- Approx. Temp Time Total

genation g. ml, nickel  amine initial °C (min) absn.
mnoles gl(wet) g, absn. moles
tenp. per
mole
A 15.8 119 3.0 C.31 100° 115~ 30 2.8
0.080 120°
B 18.9 120 3.8 1.20 60° 160° 90 2,1

In both cases the methanol solution, after removal of the
catalyst, was water white and concentration at a maximum
temp. of 60°/20 mm. yielded a pale yellow oil, The crude

products were fractionated by distillation through a 3-inch
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Vigreux-type column under reduced pressure and similar
fractions were obtained in ecach case, The results are
recorded in Tables X and XTI,

TABLE X

FRACTIONAL DISTILIATION OF CRUDE OIL

FROM. HYDROGENATION (b) A.

Fraction No. 1 2 3 L
b.p. °C 55-60°/0,15 60-61°/0.15 65-85°/0.1L4 83-85°/0.13
Bath Temp. 830 8950 97-1150 1155135
n2’ (ngo 1.5260)  1.5346 1.5360 1.5380
CEz;0, per cent 0.6 23.0 34,2 35.0
weight, g. 1.5 3.6 1.2 3.7
appearance -white needleglin colourless -colouriess oils~-
oil-
soly. hot water Yes Yes No No
Initial weigzht of crude oil 11.9

Total weight of distillates 10.0

3till residue 0.9
Losses 1.0 z.

A11 of the fractions from the distillations were phenolic
in character, In order to ildentily the main products,
fractions A-2, B-2, A-L4 and B~3 were individually treated

in the Tollowing manner.
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TABLE XT

FRACTIONAL DISTILIATION CF

CRUDE OIL

FRON HYDROGENATICN (b) B

Fraction No. 1 2
b.p. °C 50-52°/0,C5 51-77°/0,02
mln.‘ Inm‘.

Bath Temp. 81-90° 92-120°
25 -
CHzC0, per cent 20.3 23.5

weight, g. 2,6 4.0

appearance -vhite needles in colour-

less oil-
soly., hot water Yes Yes

Initial weigihv ol crude oil
Total weight of distillates
3till residue

losses

3 L

76-77°/0.01 78°/0.C1

. mm,
120-160° 16C-180°

1.5369 1.5280
34.2 -
Lol 0.3

-colouriess olls-

No No

13.8
11.0
0.8

2.0 2.
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Tdentification of Fractions A~2 and B-2:- The

pasty mass was transferred Lo a small Tunnel contalning

a glass nail and filter paper and the crystalline portion
was relieved of as much of the adhering oil as possible

by epplying suction Ior three hours. The crystals were
then removed from the filter and pressed between filter
papers. Two recrystallizations from benzene yielded white
needles, m,p., 114-115°, A mixed melting point with an
authentic sample of vanillyl alcohiocl, m.p. 115° {98) was
not depressed. The product, like vanillyl alcohol, gave

a brilliant red colouration on heating with concentrated

sulfuric acid (99).

The olly filtrate, assumed to be impure creosol,
ZLIIT, (wol. wt., 138) was dissolved in epproximately ten
times its volume of dry pyridine and treated with 1.1 molarx
equivalents of 3,5-dinitrobenzoyl chloride to convert it to
the dinitrobenzoate by the method of Phillips and Keenan
(1loe). The reactants were heated under reflux for one
hour, cobled, and poured into ccld 5 per cent sulfuric acid
solution from which the crude ester precipltated. The
sclid material was taken up in ether, washed with water, 2
ver cent sodium hydroxide solution, and finally again with
water, The ether solution wag evaporated and the crystalline
residue was recrystallized twice from ethanol. White crystals
were obtained, m,p. 168-169°, A mixed melting polnt with

an authentic sample of creosol 3,5-dinitrobenzocate was not
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depressed, The reported melting point is 170.6° (100).
The yields of wveanillyl alcohol and creosol 3,5-dinitro-
benzoate obtained from fractions A-2 and B-2 are listed in

Table XIT.
TABLE XIT

YIELDS TF VANITLYI AICOHOL AND CRECSCL 3,5-DINITROBENZOATE

FROM FRACTIONS A-2 AND B-2

Fraction ‘eight ‘Weights of Pure Pure
g. crude crystals Vanillyl Creosol
and Tiltrate Alcohol dinitrobenzoate
g £. e
4-2 3.6 Crystals 1.8 0.3
Filtrate 1.6 1.5
Filtrate 2.6 2.0

Tdentification of Fractions A-4 and B-3:- Fractions

A-l and B-3 (Tables X and XI) had very similar cheracteristics
and represented the bulk of the highest boiling products in
each case, For these reasons they were assumed to be simi-
lar and were treated in the following manner. Fraction A-4,
2.0 g., was washed with 2.0 ml., of water,redistilled and
analysed, The main fraction consisted of 1.2 g., b.p. &1~

§2°/0,06 mm,, n§5 1.5387.
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Anal,
Calecd., for creosol, CgHieOz: C, 69.6; H, 7.25; CH30, 22.5.

vanillyl CgHyeO4: C, 62.3; H, 6.50; CHg0, 20.1.
alcohol,

h=hydroxy-3- CeHy03: C, 64.2; H, 7.14; CHz0, 36.9.
methoxybenzyl-
methyl ether

Found: C, 63.;5, 6306; I'Ig 7023, 7-13; CH(BO’ 3502, 3504'

Fraction A-L redistilled, and fraction B-3 were
accordingly assumed to consist mainly of L-~hydroxy-3-methoxy-
benzylmethyl ether (mol. wt., 168), XLI, and were separately
converted to the 3,5-dinitrobenzoyl derivative with 1.l molar
equivalents of 3,5-dinitrobenzoyl chloride in pyridine by
the method already described, The crystalline product in
each case, after three recrystallizations from 95 per cent
ethanol, consisted of white needles, m,p. 115,5-116.5°, A

mixed melting point was not depressed.

Anal.

Caled, Tor Ci1gHi4Ng0g (mol., wt. 362):
C’ 53004’; I{’ 3'87; i 3 7073; CESO’ 17010

Found: C, 53.0, 53.1; d, 3.92, 4.00; N (micro-Xjeldahl),
7065, ?070; CHGOQ 3—6-93 17000
The yields of benzylmethyl ether dinitrobenzoate are recorded

in Table XITII.

The yields of methyl ether in column 5, Table XIII,
were calculated on the basis of pure dinitrobenzoate actually

isolated. These figures could not accurately represent the
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amount of methyl ether orizinslly present in the products
because of the inefficliency of the distillations, benzoyl-
ations and recrystallizations. The same statement holds
with regard to the yields of wvanilly alcohol &nd creosol.
The methods used were considered satisfactory in that they

served to identify the three major products of the reaction.

TABLE XTTT

YTIELDS O NMETHYI, ITHER DINTTROBENZOATE

PROM FRACTIONS A-4 AND B-3

Fraction vieight Dinitro-~ Yield of ester YTield of methyl
used for Dbenzoatbe Calcd. on weight ether from
deriva- m.p., 115.5- of crude ether, acetal,

tive 116,5° per cent ver cent,
2. &
A=k 1.0C 1.20 55 9

(washed and .

redistilled)
B-3 4,10 L.02 L6 13

(¢} In anhydrous dioxane over Raney nickel in the presence

of n-hepiylamine

Vanillin dimethyl acetal, 15.3 . (0.077 nole), was
hydrogenated in 100 ml, of dioxane containing 0,3C g. of n-
heptylamine and 3.0 g. Raney nickel at zn initial pressure of
2000 p.s.i. The bomb temperature was raised rapidly (7-8° per
min,) until. absorpticn of hydrogen began at approximately 125°,

The temperature was subsecuently maintained at 135°(%2°) for
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thirty minutes during which time the absorption rate was
very low and the total absorption was approximately C,07
mole or 0,9 mole per mole of acetal, The bomb was guenched
and the products removed, filtered and concentrated under
reduced pressure as ovefore. The viscous olily residue, 15.1
¢., darkened gradually on svanaing in a sealed flask, Its
odour resembled tinat of vaniilin aimethyl acetal. The

crude oil was distilled under reduced pressure and yielded
one fraction, a pale brown oil, 3.4 &., n§5 1.5275, b.p. 124~
127°/0.03 mm. (bath 165-19C°) strongly resembling the original
acetal, n§5 1.5250. Substantial decomposition occurred

during the distillation and the still residue consisted of

charred soclid material,

L sample of distillate yielded red crystals on
treatment with 2,4-dinitrophenyl hydrazine and hydrochloric
acid. The gsolid, after recrystallizetion from acetic acid,
nelted at 267-268°, A mixed wmelting point with vanillin
2,4-dinitrophenyl hydrazone, prepared by the same method (101},

was not depressed,

(d) In anhydrous dioxane over Reney nickel in the presence

of n-heptylamine

Vanillin dimethyl aceca’, 22.3 g. (0.11 mole), was
hydrogenated in 100 ml. oi dioxane conteining O.45 g. of n-
heptylamine (2 per cent of the acetal weight) and 4.5 g£. of

Raney nickel at an initial pressure of 2000p.s.i. at 20°
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The temperature was raised rapidly (9-106° per min.) until
absorption started at approximately 130°, The rate of
heating was decreased and the temperature was raised more
slowly (2¢ per min.) but at no point was theré any sharp
increase in the rate of absorption. The bomb was finally
neld at 195-200° for forty five minutes, The absorptiocn
rate was very low at the end of this period and the total
absorption was approximately ©.31 moles or 2.8 moles per
mole of acetal, - The bomb was gquenched and the contents
removed, filtered and distilled after removal of the solvent
as before, The products obtained in the distillation are
listed in Table XIV. A11 of thé products were phenolic
and sbtrongly resembling vanillyl alcohol fractions A-2, B-2
of run (b). Fractions 1 and 2 were tested with a few drops
¢ concentrated sulfuric acid and heated. Both gave the
brillisnt red colouration chiaracteristic of wvanillyl alcohol.
They were not examined further, being assumed to consist of
vanillyl alcohol, creosol and some dloxane, A portion, 2.0 g.
of fraction 3 was treated with dinitrobenzoyl chloride as
before and yielded the same dinitrobenzoaﬁe, 2.30 ., m.p.
115.5-116,5°, obtained previously {(run (b} p.l02). A mixed
welting point was not depressed. A vield of benzylmethyl
ether, XLI, was therefore 7,5 per cent based on the amount of

dinitrobenzoate isolated.
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TABLE TV

DISTIIIATION COF CRUDE PRODUCT

FROL. FYSRCGOHATION (4)

Fraction Ho. 1 2 3
b.p. °C 90-125°/19  125-145°/19  1i45-150°/19
mm, i, rm,
Bath Temp. 125-140° 1L0-165° 165-180°
n? 1.5178 1.5208 1.5293
CHa0, per cent 22,8 - 34k
weight, g. 8.7 2.8 2.6
appearance -colourless oils-
soly. hot water Yes Yes o

Initial weight of crude oil 17.7

Total welght of distillates 14.1

Still residue , 1.2
Losses 2. =.

{(e) In anhydrous methanol over a nickel kieselguhr

catalyst in the presence of n-hneptylamine

Vanillin dimethyl acetal, 18.6 g. (0.094 mole),
was hydrogenated in 120 ml. of anhydrous methanol containing
C.20 g. of n-neptylamine (approximately 1 per cent of the

o

acetal weight) and 2.0 g, of nickel kieselguhr catalyst at
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an initial pressure of 1400 p.s.i. The temperature of

the bomb was rasied rapidly to 195° over fifty three minutes
but practically no absorption of hydrogen occurred, After
holding the temperature al 195° Tor an additional twenty
minutes, during which time only slight absorption occurred,
the bomb was cooled rapidly and the contents removed, Til-
tered and concentrated as before. The overall absorption
was C,1C mole or 1.1 mole per mole of acetal, The viscous
white o0il, 16.9 g., resembled the acetal. It rapidly
became yellow in a sealed flask after removal of the solvent.
Distillation yielded one fraction only, of impure acetal,
hu5 g., b.D. 125-129°/0.03 mm. (bath 170-200°), ni’? 1,5265,

and a large quantity of dark, resinous gtill residue,

Anal,

Calcd. for vanillin dimethyl acetal
(Ci0H140g): CH30, L7.0

Found: L3.1

A sanple of distillate, treated with 2,4-dinitro-
phenyl hydrazine with hydrochloric acid as before, run (c),
yvielded red crystals which, after recrystallization Trom
acetic acid, melted at 267-268¢, A mixed melving point with
an authentic sample of vanillin 2,4-dinitrophenylhydrazone

was nol depressed.

(f) In anhydrous dioxane over 2 per cent palladized

gtrontium carbonate

Vanillin dimethyl acetal, 15.5 g. (0.078 mole),
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was hydrogenated in 100 ml., of dioxane over 7.C g. of 2 per
cent palladized strontium carbonate catalyst at an initial
pressure of 2000 p.s.i. The tewperature of the bomb was
raised rapidly (8° per min.) and absorption of hydrogen
started at approximately 1l40° bult was very slow,. The temp-
erature was raised to 155° at a lower rate (C.5-1° per nmin.)
and held at this temperature for fifteen minutes after which
time no more absorption occurred, The total absorpiion was
approximately 0,22 mole. or 2.8 moles per mole of acebal.
The bomb was cooled and the contents removed, filtered, con-
centrated and distilled as before, The products were simi-

lar to those obtained over Kaney nickel (see runs (b), (d)).

TABLE XV

DISTITIATTION CF CRUDE PRCOUCT

FRCM HYDROGENATTION (f)

Fraction 1 2 3
S.p. °C 53-55°/0.06  58-76°/0.03  93-95°/0.05
T, mm, i,

Bath Temnp. 85-95° 95-125¢° 125-14L5¢°
nt> 1.5180 o 1.4990 1.5296
CH;0, per cent 23.0 - 34.9
weight, =. 6.1 2.6 3.0
appearance -colourless oils-

Welght of crude oil 13.1

Total weight of distil- 11.7

ates

5till Residue C.4

lLosses 1.0 g.
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Practions 1 and 2 were phenclic and gave a brilliant red
colouration with sulfuric acid as before. A portion,

2.0 g., of fraction 3 yielded 2.C5 g. of the 3,5-dinitro-
benzoate derivative, m.p. 115.5-116.5°, A mixed melbing
point with an guthentic sample of L-hydroxy-3-methoxybenzyl-
methylether 3,5-dinitrobenzoate was not depressed, The yield

o

of methylether Trom the acetal was 1l per cent based on the

- »

amountc of dinltrobenzoaste 1sclated,

Hydrogenation of Vanillin

A control hydrogenatlon of vanlllin was made du-
plicating as closely as possible the conditions of hydro-

zenation (c¢) of wvanillin dimethyl acetal.

Vanillin, 11.7 z. (0.077 mole) was hydrogenated

Lt

in 100 ml, of dioxane containing 0.30 g. of n-heptylamine

and 3,0 g. of Raney nickel at an initisl pressure of 2000
p.s.1. ‘The bomb temperature was. raised rapvidly (7-8° per
min.} to 135° and held at that terperature for thirty minutes.
Absorption had started at approximetely 1C0° but the rate
increased rapidly with rising temperature. Although it
appeared complete after six minutes at 135°, this temperature
was maintained for the same length of time as in (c). The
botal absorption was (.10 mole or 1.3 moles per mole of van-

illin,

The mixture was removed from the bomb, Tiltered and

concentrated as before, The white crystalline residue (12.C g.)
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was recrystallized from benzene and large, white needles,
1¢.8 ., m.p. 113-115°, were obtained, One additional
recrystallization raised the melting point to 114,5-115°

A mixed melbting point with an sutheantic sample of vanillyl
alcohol, m.p. 115° (98) was not depressed,. The yield was

therefore 91 per cent of the theoretical amount,

Trial Hydrogenations with Pailladized Strontium Carbonate

Catalyst

it

Hydrogenation of ethyl p-hrdroxybenzoate, XTI, to trauns-

L-hydroxy-l-carbethoxycyclohexane, XXII

Ethyl p-hydroxybenzoate, 17.9 g. (0.108 mole),
m.,p, 115-116°, was hydrogenated in 35.8 ml. of purified di-
oxane with 6.0 g. of 2 per cent palladized strontium car-
bonate catalyst according to the method of llartin and Robinson

(L3). The reaction was carried out in a Parr 400 ml. stain-

less steel bomb without a liner,

Hydrogen absorption started at approximately 140°
but was not rapid at this temperature. At 180-185° the
reaction rate increased and the absorption was substantially
complete (2,78 moles per mole of starting material) after one
hour, The data for the hydrogen absorption at 1860-185°¢ for
a typical experimeunt are listed in Table XVI (see also Fig. 2).

Zero time was taken as the moment the bomb reached 180°.

The bomb was guenched in cold water and the contents

removed, The catalyst was removed by filtration through a
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sinctered glass filter and was washed with 10 ml. of ether.
The combined filtrate and washings were concentrated under
reduced pressure and the colourless, oily residue (18.5 g.)
was distilled. The distillate consisted of one fraction,
15.5 g. of a water white non-phenoclic mobile liquid, b.p.
175-180°/33 mm., n§5 1.4610-1.4632, having a pleasant
fruit-like odour. The still residue, 1.90 g., was pheno-
lic in nature but was not examined Turther. It was assumed

to be crude, unreduced ethyl p-hydroxybenzoate,

TABIE ZVI (See Fig. 2)

AB3CRPTICN OF HYDROGIN BY ETHYL p—thROXYBENZOATE(a)

Time Hydrogen Absorption
(minutes) (moles per mole of reactant)
0 1.11
3 1.58
5 1.94
10 2.31
31 2.59
66 2.78 (93% of 3.0)

(a)At 180-185°, over palladized strontium carbonate and
with about 2000 p.s.i. initial hydrogen pressure.
The yield of crude trans-4-hydroxy-l-carbethoxy-
cyclohexane, 11T, was 84 per cent of the theoretical amount.

It was not analysed but its refractive index (n§5 1.4626)
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corresponded closely with the reporbted value (43), 1.463.

The crude ester (15.5 g.) was hydrolysed by heat-
ing under reflux for three hours with 1.1 molar ecuivalents
of 10 per cent aqueous potassium hydroxide. At the end
of this time the solution was cooled and the alkali weas
neutralized with a slight excess of 3 N hydrochloric acid.
The acidic agueous scolution was saturated with ammonium
sulfate and extracted with ether, The etner extract, after
drying over anhydrous magnesium sulfate, yielded a crystal-
line residue (m.,p. 115-118°) which was dissolved in & mini-
mum of hot ethanol, This solution slowly deposited crystals
of trans-f-hydroxycyclohexane-l-carboxylic acid after standing
overnight. The total yileld, consisting of several crops of
recrystallized material, amounted to 11,0 g., or 85 per cent
of the theoretical amount, m.p. 1l20-121°, The melting point
reported for the trans compound is 120-121° and 152° for the

cis isomer (102).

Hydrogenation of Pyrogallol

The 400 ml, Parr bomb contained 33.3 g. (0.264
moles) of pyrogallol (Fisher, C.,P.), 21C ml. of anhydrous
dioxene freshly distilled over sodium and 12.0 z. of 2 per
cent palladized strontium carbonate catalyst, After admit-
ting hydrogen to a pressure of 2400 p.s.l, the temperature
was ralsed as raﬁidly as possible to 13C0° at which point
some absorption of hydrogen had already taken place, The

temperature was carefully maintained at 130-135° until the
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abscrption reached the theoretical level of ©.79 moles.

TABLE XVII (See Fig. 2)

ABSORPTICN OXF HYDHOGEN BY PYRCGALLOL(a)

Time Lioles of Hyarogen per
(minutes) mole of nyrogallol

0 0.11
3 0.30
6 0.49
11 .72
16 .91
19 0.99
29 1,40
38 1.70
L6 1.92
56 : 2.12
6l 2,31
104 2.69
121 2.85
141 2.9L
147 2.95

(a)

At 130-135°, over palladized strontium carbonate and
with 2400 p.s.i. initiel vpressure of hydrogen.

It was found that the rate decresed to an almost impercep-
tible value at this stage and the heating and shaking were

discontinued,
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The hvdrogenatlion mixture contalined a large
guantity of white crystalline material mixed with the cata-
lyst, This solid mixture was recovered by Tiltratvion,
shaken with 125 ml. of water and Tiltered to remove the
catalyst, and the filtrate vas extracted with four 50 ml,.
portions of stock ether prior to concentration under
reduced pressure, A white nmicro-crystalline solid, 17.8 g.,
resulted which, after two recrystallizations, once from
ethanol and once from acetone, gave 15,2 g, of cis-cis-cis
or ¥ -pyrogallitol, m.p. 1lL46-147°, The ether extract, after
evaporation to dryness, yielded 1.0 g. of a crvstalline met-
erial, One recrystalilization r'rom ethanol yielded an addi-

tionel C.4 g, of ¥-pyrogallitol, m.p. 146-148°,

The originel dioxene Tiltrate was concentrated
under reduced pressure to & pale yellow, olly residue which
was ailuted with 15 ml, of arhydrous ethanol. Lfter stand-
ing Tor twenty four hours in the cold, the solution deposited
2.4 z. ol c¢rystals. Une &dcivional recrystallization Irom
ethanol yielded another 2.0 g. of ¥-pyrogallivol, m.p. 146-

147¢°,

The ethanolic mother licuors from the lavter two
recrystallizations were concentrated and the olly residue,
which gave a positive phenolic reaction with ferric chloride,
was distilled under reduced bpressure. The single fraction

obtained, 12.4 &. of a pale yellow oil, b.p. 125-130°/0.02 mm.
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(bath 160-180°) was also partly phenolic, After the
latter constituent had been extracted from an agueous solu-
tion, 50 ml,, by ether, the remainder was recovered as a
semi-crystalline mass, weight 9.4 g. Repected recrystal-
lization of this non-phenolic fraction from acetone and
ethanol failed to yield a product with a sharp melting poiut
(successive melting points were: 125-128°, 126-129°, 126-
129°). The reported (74) melting points for the pyro-
gallitols are: a, 108°; g, 124°; ¥ , 148°.

The total yield of ¥Y-pyrogallitol was 17.6 g.,
m,p., above 146°, This was a yield of 50 per cent of the
theoretical amount calculated on the original weight of
pyrogallol hydrogenated (33.3 g.). The residual 9.4 ¢g.,
almost certainly a mixture of cis~trans-cis, or a-pyrogal-
1itol, and cis-cis-trans, or p-pyrogallitol, raised the total
recovery to 75 per cent of theory. Christian (39) studied

the tedious separation of similar mixtures in detail,

PREPARATION AND STRUCTURE OF HEXAHYDROCGATLIC ACID

Preparation of ethyl gallate

A solution of 225.6 g£. of gallic acid monohydrate
(General Chemical Co.), (1.20 moles), in 1200 ml, (950 g.,
20.7 moles) of stock anhydrous ethanol containing 45 ml.
(0.81 mole) of concentrated sulfuric acid was heated under
reflux for three and one half hours. The dark brown liguid
was transferred to a two-litre Claisen flask and the solvent

was removed as completely as possible on the steam bath under
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reduced pressure; the residue, a pale brown caie, being
redissolved in 2 litres of stock ether, Acidic material
was neutralized by the coutious addition, with stirring,

of an equivalent quantity (140 z.) of sodium bicarbonate

in a saturated agquecus solution. The washed ether layer
was separated and dried Tor several hours over anhydrous
magnesium sulfate, Piltration and removal of the solvent
tien ylelded a hard white cake of the crude product which
was taken up in approximately 400 ml, of stock anhydrous
ethanol, It was found convenient to carry out the next
step with approximately &0 ml. batches of the ethanolic
golution, The 80 ml, was first diluted To 15C0 ml. by
addition of benzene, The =solution was heated to the boil-
ing point on the steem bath, treated with decolourizing
charcoal, cooled by about 10°, and filtered. The filtrate
was transferred to a two-litre distilling flask and subjected
to an azeovropic distillation to remove & large portion of
the ethanol, and thereby to cause the product to come out of
soluvion as a flocculent white mass which formed a dense
white slurry in the distilling flask. This precipitation
occurred quite suddenly after the collection of 500-6C0 ml.
of distillate, At this point heating was stopped and the
mixture was allowed to cool slowly to 10°, the product was
collected on a Buchner funnel and the total yield after drying
viag 155-160 z., or 65-68 per cent of the theoretical amount,

Zthyl gallate was a wnite powder, m.p. (after sintering at
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150°) 158-160°, This product was found to be satisfac-

tory for hydrogenation purposes.

Additional smail smounts of less pure ester were
recovered from the mother licuors but it was necessary to
reprecipitate them Two or three times before they were as
pure as the first crop. The totel yield was raised to 70
per cent by including these crops, Illowever, in most cases
tne mother licuors were saved Tor solvent reccvery and the

tedlous purification or the secondary crops was not carried

- - -

out. Benzene alone could be used Tor lLihe recrystalllization
of ethyl gallate but its low solvent capacity made it im-

practical for the large cuantities ol ester desired,

Ilvdrogenation of Zthyl CGallate

Ithyl gallate was hydrogenated in anhydrous dioxane
with 2 per cent palladized strontium carbonate catalyst, the
relative guantities used in six different aydrogenatlons being
recorded in Table XVIIT. The reactions in all cases were
carried out in a LCO ml. stainless steel Parr Hydrcgenation

bomb, The initial aydrogen pressure abt R0° was 2000-23C0

p-S.l.

As soon as the bomb had been closed and charged
with hydrogen, the sheking apparatus was set in notion, and
the temperature wes raised as rapidly as possible up to the
absorption range (155° approximately). In some cases the

ebsorption was less raoid and the temperature was raised an

+ )

addivional 10-15° %o increase the rate.  /nen the temperature
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TABLE XVITT

SUMMARY OF ETHYL GALLATE HYDROGENATION CONDITIONS

Zthyl Cata- Dioxane Time from Tenp. Total Per Per cent
Gallate lyst ml, 20° to range absorp. ceut Gallic
& S temp. range °C moles Hy absorp ester,
min, and Time, per mole (b) reduced'®.
min, (Db} (by
Irecovery;
28,2 10.0 93 43 145-16G° 2.36 78 75
25
35.0 12.0 210 45 155-160° 2.89 96 79
90
35,0 1l2.0 210 39 165° 2,27 76 60
109
35.0 15.0 210 &8 165-170° 1.88 63 5L
9k
L5.0 13.0 210 35 155-160° 2.70 9G 8l
65
L5.,0 13.0 210 38 155=-160° 2.78 93 79
&0
(a) The hydrogen absorption data were not plocted in
thils instance because the tewnperature range was
too broad.
(b, See Table XIX, Fig, 3

3ee Table VII
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TABLE XIX (3ee Fig.3)

ETEYL GATLATE MYDROGEID ABRSCRPTION DATA

Hydrogenation Time lloles g per
No. (minutes) mole ethyl gallate

2 (155-160°) 0 C.75
17 1.65
23 1.87
28 2.10
38 2.33
L6
23
69
86
90

- -

* » -

(96% of 3.00)
3 (165°)

-

0
L7
66
89

109

L (165-170°) 0
31
L9
72
8¢
94

5 {155-160°) ¢
5

22

L2

55

60

70

(155-160°) 0
10
26
35
51
62
71
80

»

(765 of 3.C0)

-
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at which absorntion occurred reasonably culckly (0.05 moles
per min,) had been reached, the heater controls were mani-
pulated to maintain temperature control within as narrow

a range (%*2.,5°) as possible. After sixty to ninety minutes
the absorption rate was low and shaking was discoatinued
even if the hydrogen absorption Iigure was below the theoret-
ical value, as occasionally happened since the catalyst used
is liable to sudden inactivation (43). This precaution was
necessary in order to reduce contamination of the primary,
by secondary nroducts, After guenching the bomb in cold
water, the dioxane solution was removed and filtered thirough
sintered glass to remove the catalyst. The filtrate was

e water white solution. The catalyst was washed in the
filter with 15-2C ml. of acetone to remove a small cuauntity

of product which had crystallized from the dioxane solution.

b3

The filtrate and washings were combined and the
solvents were removed as completely as possible under reduced
pressure on a steam bath. The residue, a viscous colourless
0il, became partly crystalline on standing, and corresponded
closely in welght with that of the ethyl gallate uéed. The
product was dissolved with slight warming in suificient water
to make the solution 25 per cent by weight (e.g. 35 2. in

105 ml. water} and the solution wess extracted with ether until
the extracts gave @ negative phenolic test with a ferric
chiloride solution, The ether solution was dried over magne-

sium sulfate for several hours, then concentrated o give a
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white crystalline residue, consisting substvantially of
unreduced ethyl gallate. This material was recrystallized
from ethanol-benzene as already described and the welghts of
pure recovered ethyl gallate are noted in column &, Table
VII. Per cent conversions (column 10) were based on the dif-
Tference between the weight of ethyl gallate initlally used

end the welght recovered.

The ether-extracted aqgueous solution was concentra-
ted under reduced pressure on tie steam bath to a white or
grayish-white crystalline material, which was thoroughly
dried under reduced pressure for several hours {(weight, column
L, Table VII). This fraction, which consisted of the reduced
ethyl gallate products, was taken up under reflux in approxi-
mately 10 per cent more dry acetone than the minimum necessary
to dissolve it all, after a rapid filtration, and gradual
cooling to 15°, & voluminous crop of thin crystals was obtained.
In most cases this Tirst crop melted at 145-147°. OUne recry-
stallization from dry acetone vielded larger Ilake-like white

crystals, m.p. 146-1L7°.

Anal,

Calcd. for ethyl hexahydrogallate,
CoH160s (mol. wt. 204): C, 52.94; H, 7.8L4; CgHgO, 22.C

Found: C, 52.9, 52.95 H, 7.8k, 7.83; CgHsC, 21.8, 21.7

Semples, 18,56 mg. and 20.40 mg., consumed 24.28 ml., and
26.80 ml, of 0.0075C Ii periodate after two and a half hours,

Calcd. for 2.0 moles of periodate per mole of ester, 24,27 ml.



- 122 -~
and 26,67 ml.

A pure sample of the ester, 16.56 mg. (0.00009C9Y
mole), was cuanbtitatively oxidized at room temperature in
0.00750 M periodic acid solution buffered at pH 4.0. The
course of the oxidation was followed using the method of
Price and ¥nell (75), the data being listed in Table XX

(See Fig., L).

TABLE XX (See ¥ig, 4)

ERICDIC ACID CCNIUMPTICN OF ETHYL

ETLARYDROGATIATE (8)

Time 10, consumption
(minutes) (moles per mole of ester)
o 0

6 1.56
15 1.63
L1 1.84
85 1.96
130 1.98
154 2,02

(a} At pH 4.0, room temperature, initially 0,00750 U1
in periodic acid and 0.C00909 ¥ ester.
In two such hydrogenations (1 and 2, Table VII)
the product was isolated by fractionsl crystallization only.
Many fractionations from acetone yielded only small additional

crops of this isomer (m.p. 146-147°). After standing for
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several days some of the acetone mother licuors deposited
crystals of & different compound, in some cases alone, and
in others, together with the {first product. This second
compound (later found to be lactone, XLVI, derivable from
the ester) occurred as hard, rod-like crystals which could
be separated mechanically from the flake-like ester crystals.
After two or three recrystallizations from ethanol this
second product melted at 186-189°, Further purification did
not alter the melting point, The yields varied and were
low (Table VII). 4s noted later in the Experimental Jec-
tion (p.131;) this compound did not depress the melting point
of a lactone obtained fro~ the ester, The lactone 1solated
by crystallization only was oxidized with periodic acid at

PE 4.0,

Samples, 43.14 mg. and 40.20 mg., consumed 36,76 ml., and
34.57 ml, respectively of 0,00750 Ik periodate (buffered at
pH 4). Caled. for 1 mole of periodate per mole of ¥ -lactone
(mol, wt. 158) 36,40 ml, and 34.71 ml,

Alkoxyl, Caled, Cc.0 Found: (.0

In the remaining four lLiydrogenations the reduction
products were isolsted by combined physical and chemical
methods and the total yield was substantially improved to
about 40 per cent. In one case (No, 4) for no apparent reason
the yleld of ester isolated by crystallization alone was near-

ly double the usual value and the combined yields in this
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instance were 45 per cent.

The crude material in the last four hydrogenations
was subjected to one recrvstallization only. The first
crop was recrystallized if necessary to raise the melting
point to 145°, In one case some lactone was isolated as
well (No. 3) but in the remaining ones no atbempt was made
to isolate this slowly crystallizing compound because the
manipulation tended to cause reduction in overall yield by
mechanical losses (Ho. 3). Thie combined moﬁher liguors
were concentrated and the residue dried thoroughly for the
purpose of subjecting 1t to ciemical treatment described

in a later section.

In one case only, that of run No, 1, the crude
dry, water soluble, ether-extracted product (18,5 g.) was
analysed for alkoxyl and oxidized cuantitatively with perio-
dic acid at pH 4.0, rToom temperature, by the method of
Price and Xnell (75). I'he solution was initially 0.0075 M
in periodic acid and contained 3C.29 nmg. of crude dry product
per 1CO ml, of solution, The oxidation data are tabulated

in Table XXT.

Anal,

Alkoxyl (calcd. as per cent ethoxyl) Calcd. for ebhyl
hexahydrogallate: 22.0

Tound: 17.9, 17.9
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TARLE XTI (See Fig. 4)

PERIODIC ACID CCHOUMPITION CF CRUDE HEDUCED

ITHYL GarraTz(e)

Time I04 consumption
(minutes) (lioles per 193 g. of product)
6 1.20
30 1.40
50 1.50
76 1.56
120 , 1.60
141 1.63
1110 1.69 (0.C0875 moles per
grem)

—
o

In a 0,0075 I periodate solution buffered at pH
L,0 and containing initially 30.29 mg. of crude
dry product per 100 ml. of solution at rcom
temperature,

Saponification of Zthyl Hexuhydrcgallate, XLIV, to Hexahydro-

gallic Acid

Tthyl hexshydrogallate, L.40 g., (0.0216 mole)
m.p. 146-147°, was dissolved in &5 ml., of water to which
barium hydroxide octahydrete, 6.5C ¢, (0.0216 mole, 1C0 per
cent excess;, was added, The nixture wvas shaken with warming
to dissolve the base and was subsecuently heated under gentle

reflux in a nitrogen atmosphere ifor eighteen hours,
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At the end of this period, dilute sulfuric acid
exactly equivalent to the base (0,0216 mole] was added to
the hot solution. The resulting mixture, which contained
suspended barium sulfate, was digested at &C to 9C° for one
hour, then filtered by gravity through a dense paper. The
precivitate was washed with 10 ml., of water, the combined
filtrate and washings were transferred Uo a Claisen flask
and the water wes removed under reduced pressure, The
s0lid white product, after further drying for several hours
under reduced pressure at 50 to 60°, was then dissolved in
38 ml, of boiling glacial acetic acid, filtered and cooled
slowly to 15°. The first crop consisted of 2.3C g. of
white microcrystals of hexahvdarogallic acid, m.p. 198-2CC°.
The mother liguor yielded a second crop after it had been
concentrated and this crop, after one additional recrystal-
lization amounted to 0.20 g., m.,p. 197-199°. The total

vield was 66 per cent of the theoretical amount,

A small sample of the first crop was recrystallized

~

Tor analysis and melted at 199-2C0°,

Ansal,
Calcd. Tor CoHig0g (mol., wb., 176): C, 47.72; I, 6.82.
Found: c, 24»7.2&; 14—7.6; H, 6.75: 6-95c

Neutrelization equivalent, Calcd. 176.0, ¥Found: 175,2, 176.8.
Foles of periodic acid consumed per mole of product:

Calcd. 2,00; ¥ound: 1,97, 1,98,
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Condensation of fGthyl Hexahydrogallate, LIV, with Acetone

to Yield an Isopropylidene lLactone, ZXLVIIT

Fischer's method (48) was used, Zthyl hexahydro-
gallate, 1,60 g., m,p., 146-147° (0.0078 mole) was dissolved
in 4C nl., of pure, snhydrous acetone containing 3 per cent
of dry hydrogen cihloride by weight. The solution was kept
in a glass-stoppered flask at room temperature for twenty
four hours. The acid in the pale yellow liquid was then
neutralized by shaking for thirty minutes with a slight
excess (4.50 g.) of basic white lead (2PbC0O;.Pb(CH)z). The
so0lid matericl was removed by filtretion and the filtrate
was concentrated under reduced pressure to a white crystalline
residue which was recrystailized from anhydrous ethancl. The
Tirst crop, thin platelike crystals, consisted of an isopro-
pylidene lactone, XLVIII, 1.C g., m,p, 170.5-171°. The
nobher licuor was worked up and yielded 0.3C g. of impure
starting material, m.p. 145-147°, The yleld, calculated on

1.60 5. ester, was therefore 65 per cent,

Anal.,
Calcd. for Ci1qH1404: C, 60.60; #, 7.07; Lcetone, 29.3.
Pound: ¢, 60.8, 60.5; I, 6.93, 7.25; Acetone, 29.0, 29.5.

This compound was found to undergo sublimation when
heated to its melting point under reduced pressure (0.05 mm,).

It was recoverable in almost quantitative amounts.
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Condensation of Hexahydrogallic Acid with Acelone to Give

an Isopropylidene Lactone, XLVIIT

The experimental conditions used in this reaction
were similar to the conditions applied to the condensation

of ethyl hexahydrogallate with acetone.

Hexahydrogallic acid, €.95 g., m.p. 199-200°
(C.054 mole) was dissolved with continuous shaking and warm-
ing to 50° in 100 ml. of purified anhydrous acetone contain-,
ing 5.3 ver cent of dry hydrogen chloride by weight, The
acid, unlike its more soluble ethyl ester, dissolved gradually
over a period of about one hour. The colourless solution
was left to stand in a glass-stoppered flask st room Tempera-
ture for twenty four hours, alfter which time it had become
pale yellow. The hydrochloric acid was neutralized by
shaking Tor thirty minutes with a slight excess of basic white
lead (21.4 g. in all). The solid material was removed by
Tfiltration, washed with a few millilitres of dry acetone
and the solvent was removed from the combined filtrate and
washings under reduced pressure. The white crystalline resi-
due was recrystallized from a minimum of anhydrous ethanol
and yielded the same isopropylidene lactone, XLVIII, obtained
from the ethyl ester. The first crop was C.6C g., m.p. 170.5-
171°, Concentration of the mother liquor yielded a second
crop, 0.15 g., m.p. 170-171°, The combined yileld was 70 per
cent of the theoretical amount. A mixed melting point with a

sample of the isopropylidene lactone, obtained from the con-

densation of the ethyl ester with acetone, was not depressed.
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Hydrolysis of the Isopropylidene lactone of Hexahydrogallic

Acid, XIVIII, to Lactone, XIVI

Following Fischer's method (4&), isopropylidene
hexahydrogallic lactone, 1,70 ., m.,p. 170.5-171°, (0.0086
mole), was dissolved in 25 ml, of 0.1 N agueous hydrochloric
aclid at 5C° with shaking. LTter Ten minutes the solid mat-
erial had gone completely into solution and the mixture was
maintained at 50° for an additional sixty minutes, The
hydrochloric acid was then neutrelized by agitation Tor
Tifteen minutes with approximately a 2C per cent excess of
the theoretical amount of silver carbonate (0.42 g. in all).
ATter Tiltration, the residue was washed with 5 ml, of werm
water and the combined {filtrate and washings were concentra-
ted under reduced pressure on the steam bath. The volumin-
ous white solia residue, when dried over night under reduced

pressure, darkened to a lisht brown colour.

The crude product was extracted with five 10 ml.
vortions of boiling anhydrous ethanol and the combined ex-
tracts were riltered to remove the undissolved material,

ATter concentration under reduced pressure to 1C-12 ml, and
graduel cooling, 0,80 g. of & lactone was obtained as small,
well-Tormed crystals m,p, (after sintering at 178°) 186-189°,
Further concentration yielded a second crop, ¢.10 &, m.p.
(sintered at 178°) 18L-1E9°, Two additional recrystallizations
of the first crop did not alter tiie melting point. The

second crop yielded C.08 <., m.p. (sintered at 178°) 185-189°,
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after one recrystallization from ethanol. The yield of
material melting above 185° was 65 per cent of the theoret-
ical amount. A mixed melting point with a sample from the
mother liguors obtained from the hydrogenation of ethyl

gallate (p.123) was not depressed.

Anal.

Caled. Tor CoHieO04: C, 53.16; 11, 6,33; Alkoxyl, 0.C
Found: C, 53.1, 53.3; 1I, 6.4C, 6.36; Alkoxyl, 0,0

The lactone was oxidized at room termperature with
vericdic acid buffered at pH L by nmeans of sodium acetate
and sulfuric acid, The solution initially was 0.00273 M
in the lactone, and 0.00700 K in periodic acid. The lac-
tone cousumed 0,996 mole of periodic acid per mole in thirty
minutes, 1.0l moles per mole in seventy Tive minutes, and
the value 1.0l was unchanged ailter four and a half hours.

Celed., Tor a ¥-lactone: 1,00 mole; Tor a é-lactone, 0.0 mole.

Partial Lactonization ol HEthyl ilexahydrogallate

Ethyl hexahydrogallate, 2.0 g. (0.0098 mole), m.p.
146-147°, was dissolved in 150 ml. of pure dioxane and heated
to 160-170° in the Parr bomb under hydrogen with no catalyst.
After eight hours the bomb was cooled and the colourless
solﬁtion was concentrated under reduced pressure, The white
microcrystalline residue, 1,9 ¢., was dried thoroughly Tor
several hours under reduced pressure at 60°, The nelting

point wes broad, 120-~157° approximately.
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Anal,

Calcd., for ethyl hexahydrogallate, alkoxyl (as CgHSC):
22,0

Found: 13,1, 13.2

The crude material was recrystallized from acetone
and yielded 0.80 g, of impure ester which, after one addi-
tional recrystallization from the same solvent, melted at
145-147°. The mother liguor from the first recrystalliza-
tion of the ester was left to stand at 10°. After one
week a small crop of crystals, 0.25 g., was obtained which,
after recrystallization from ethanol, melted at 186-189°,

A mixed melting point with an authentic sample of the¥ -

lactone, XLVI, previously obtained was not depressed.

Ammonolysis of the Isopropylidene lLactone, XIVIII, to an

Isooropylidene Amide

Azain following Fischer (51), anhydrous ethanol,
50 ml,, was cooled to ~10° in a 125 ml, suction flask and
saturated with dry smmonia gas, the solution being protected
from external moisture by means of calclum chloride drying
tubes. The saturated solution was transferred Lo a 125 ml.
class-stoppered Erlenmeyer flask and was mixed with 1.90
(0.0096 mole) of isopropylidene lactone, m,p. 170.5-171°,
obtained from the condensation oi ethyl aexahydrogallate,
with acetone. The glass stopper was wired firmly in position,
the mixture was subjected to mechanical shaking at room tem-

perature and, after about six hours, the so0lid had completely

dissolved, Torming a colourless solution, The solution was
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then allowed to stand for four days at room temperature.
After evaporation at nct more than 50° and under reduced
pressure, the crude white crystalline residue (2.00 g.)

was recrystallized from 30 ml, of boliling anhydrous ethanol.
The first crop consisted of flat crystals, 1.10 5., m.p.
203-205° with evolution of ammonia, Concenbtration of the
mother liquor and recrysteliization of the second crop thus
obtained yielded an additional ¢.50 g., m.p. 204-205° (with
deconp] . The yield of isopropylidene trihydroxy cyclo-
hexylcarboxamide calculated on these two guantities was 78
ver cent of Tiie theoretical amount, Further recrystalliza-
tion of these fractions did not raise the melting points.
¥When rapid heating was obtained by inserting the sample

into the melting point bath at 190°, the melting point was

raised to 205-207°.

Anal,
Caled. for CieHi,NOg: C, 55.81; II, 7.91; N, 6.51.
Found: C, 55.7, 55.7; H, 7.7, 7.8.,; N (micro Xjeldahl,
6.45, 6.46,

Zondensation of Crude Hydrogenation Products with Acetone

The crude hydrogenation products of ethyl gallate
which remained in the zcetone and ethanol mother licuors
after removal of the crystalline ethyl hexshydrogallate
and some lactone (Table VII) yielded gray-coloured solid
residues, Fach residue was dried thoroughly under reduced

pressure for several hours and was then dissolved in acetone
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containing about 3 per cent of dry hydrogen chloride, “he
condensations in every case yielded one crystalline product
only, namely the 1lsopropylidene dihydroxycyclohexanolide,
ALVIITI, (m,p. 170.5-171°) obtained in identical fashion from
the pure ester and the pure acid as already described. The
first crop was of high purity {(m.p. 170-171°) and swmall
second crops (5-10 per cent of the weicht of the first crops)
melted above 167°, One =zacitional recrystallization of the
second crops from ethanol gave a product m,p. 170-171°, The
welchts listed in Table VII consist of the combined yields

of materisl melting 2t 170-171°,

The amounts obtained varied considerably in the
different hydrogenations, but the combined per cent yield
of ester, lactone and isopropylidene lactone (calculated as

ester) was Tairly constant at L0 per cent of Theory.

The ethanclic mother liguors from the recrystal-
lization of the acetonated residue Tfrom hydrogenation number
5 were concentrated vo a browva-ccloured viscous oil (12.5 g.)
which was distilled under reduced pressure. One Traction
cnly was obtained, 3.2 g., as a white crystaelline solid which
sublimed into the receiver at a bathAtemperature of 170-18C°/
.04 mm. recrystallization from ethanol yielded 2.1 g., of
the isopropylidene lactone, XLVIII, m.p. 169-170°, The
residue in the distilling {lask was @ dark gummy material,

very soluble in water.
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The isolaticn of the sbove lactone fraction, in
addition to the previous isolation of the same lactone,
ZIVI, and of hexahydrogellic ester, XLIV, from the hydro-
cenation of ethyl gallate (run 5) raised the total recovery
of crystalline material from 40 per cent (Table VII) to

L7 per cent of tcheory.

Attenpted Hesolution of Hexashydrogallic Acld into COptical

Isomers

(a) ¥ith brucine

Hexahydrogallic acid, C.A4C00 ., (0.C023 mole) was
dissolved in 38 ml, oi ethenol and brucine, 0.896 g. (0.0023
mole), was added, ‘e alkeloid dissolved gradually when
the mixture was sently warred, The solution was filtered
and allowed to cool to room Tenperature. Crystallizgation
occurred after it was induced by scratehing and the first
crop consisted of C.48 &, of white crystals, Tre mother
licuor was concentrated by the removal of 14 ml. of solvent

-

by distillation. During gredual ccooling to room

A
¥

emperature,
a second crop, 0.16 g., was obtained, A third crov, ¢.20 g.,

eparated in identical fashion after the removal of an addi-

0
et

tional 7 ml. of ethanol from the mother liquor. Concentra-
tion of the final mother licuor gave a residue, C,43 2., which
ves recrystallized Trom ethanol and yielded a Tourth crop,
.35 g., of white crystals, ‘'he Tour crops were Gried sep-
erately for ssveral hours at 60° under reduced pressure and

thelr robtations were determined in waler using a one decimeter

tube,
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TABLE ZCITT

SPECIFIC RCTATIONS OF BRUCINE HEXAHYDROGALLATE

FRACTIONS
. 20 .
Fraction [a]D in water C
No.

1 -22.1 2.0
2 -21.3 1.6
3 "'20 . 2 2 .O
L -21.2 1.8

The experiment was repeated using identiceal
quantities of the acid, brucine and solvent. Four crops
of the salt of approximately equal weilghts were obtained
in the same fashion, Fach crop was treated in the follow-
ing manner, The crystals {(approximately 0.2 g.j were
dissolved in 6 ml. of water and 0.3 ml. of concentrated
ammonium hydroxide (0.00L mole avproximately) was added,
The precipitated alkeloid was removed by extraction of the
aqueous solution with two 2 ml, portions of chloroform, and
the extracted agueous solution was diluted to exactly 1C ml,.
with water. The agqueous solutions, containing the ammonium
selt of the acid, were individually examined in the polari-
meter using a one decimeter tube, No rotation, beyond the
limits of experimental error of the method (%f2.,5°), was ob-

served in any of the four cases, Lach sample was acidified
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with concentrated hydrochloric acid and re-examined, A4S

before, no rotation was observed,

(b) Wwith cinchonine

Hexahydrogallic acid, C.4C0 g. {0.0023 mole), was
added to 30 ml. of ethanol. Most of the acid dissolved when
the solvent was boiled, To the boiling mixture 0,668 g.
(0.,0023 mole) of cinchonine was added and all of the solid
material dissolved after boiling for a few more minutes.

The solution was flltered wnd allowed to cool slowly. Scrat-
ching with a glass rod and cooling to 10° failed to induce
crystallization, The solution was concentrated by distilling
12 ml, of solvent, and 15 ml, ol dry acetone was added, Grad-
ual cooling to 10° caused the appearance of 0,50 g. of long
feather-like crystals. Two additional crops, 0,23 g. and
0.18 ¢, were obtained by further additions of acetone. The
three crops were dried at 60° under reduced pressure for
several Lhours znd their rotations were determined in water

using the same tube as before.

TABIE Z{ITT

SPECITIC ROTATIONS OF CINCHONINE HEXAHYDROGALLATE

FRACTIONS

Praction [ce] %G in water c
No.
1 +124L.8 2.0
2 +124.3 2.0

3 +124.5 1.8
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No resolution had been efrlected.

(c¢) With strychnine

Hexahydrogallic acid, C.4C0 . (0.0023 mole),
and sbrychnine, ¢.760 g. (0.0023 mole) were dissolved in
60 ml, of boiling ethanol. The solution was Tiltered and
allowed to cool slowly to room temperature. Crystalliza-
tion occurred very slowly and, after standing overnight,
a crop, 0.30 g, or large symmetrical’crystals was obtained.
After drying, the material melted at 273-276° with reapid
heating. A mixed melting point with a sample of pure
strychnine was not depressed. The crystals were dissolved
in chloroform and examined in the polarimeter in a one deci-

meter tube,

Found: [a]%o in chloroform -138.4 (C=2.0)
Reported Tfor strychnine (103): -137.7 (C=2.5)
=146.,7 (C=1.5;

The mother liguor deposited similar crystals after standing
for several aays bul the experiment was not pursued, since
the formation of strychnine hexahydrogallate was obviously

incomplete.
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SUMMARY

A study of the preparation and properties of
acetals of hydroxybenzaldehydes revealed that the
compounds were partially recoverable from anhydrous
alkaline solutions nevertheless they were insufficient-
ly stable under hydrogenation conditions to be suitable
starting materials for the synthesis of hydroxylated
cyclohexylaldehydes. Attempts to prepare an acetal
of 3,4,5-trihydroxybenzaldehyde were unsuccessful,
Vanillin dimethyl acetal, b.p. 97-100°/0.03 mm.,
vanillin diethyl acetal, b.p. 102-105°/0.01 mm,., and
protocatachualdehyde dimethyl acetal, m,p. 89.5-90°,
were isolated and characterized for the first time, and
they were found to behave like the few previously known
phenolic acetals in being unstable to traces of moisture,
Acetals of benzaldehydes containing methyl ether sub-
stituents were prepared for purposes of comparison of
which veratraldehyde dimethyl acetal, b.p. 100-105°/0.04
mm., and trimethylgallaldehyde diethyl acetal, m.p. 26~
29°, were prepared and characterized for the first time.
The non-phenolic acetals were found to be stable to an-

hydrous or agueous alkaline conditions as anticipated.

A recently developed catalyst, palladized strontium
carbonate, was investigated to determine its suitability

for the hydrogenation of polyphenolic aromatic nuclei.



- 139 -

Pyrogallol yielded 50 per cent of cis~cis-cis cyclo-
hexane-1,2,3-triol and 25 per cent of mixed isomeric
triols. Comparatively little hydrogenolysis of these
susceptible compounds was shown tec have occurred over
the new catalyst which was therefore much superior to
Raney nickel and other catalysts in the reduction of

polyphenolic compounds,

Palladized strontium carbonate was subsequently used
in the hydrogenation of ethyl gallate and this compound
was successfully reduced for the first time to give the
desired ethyl hexahydrogallates, The hydrogenation
mixture was shown to contain a Y -lactone, m.p, 186~
189°, derived from the mejor product, an ethyl hexshydro-
gallate isomer, m.p. 146-147°, either during the course
of the reduction or during isolation of the products. A
condensation with acetone permitted the isolation of the
ester and related lactone as an isopropylidene lactone,
m.,p. 170.5-171°, which amounted to L7 per cent of the

reduced material,

A number of reactions of the new ethyl hexahydro-
gallate isomer were investigated in an effort to esta-
blish the cis-trans disposition of the substituents, In
addition to the ¥-lactone and isopropylidene lactone,
the free acid, m.p. 199-200°, and an isopropylidene

carboxamide, m.p. R05-207°, were obtained from the ester.
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The reactions indicated that the new acid was not di-
hydroshikimic acid, the only previously known isomeric
hexahydrogallic acid, and that the configuration of

the new compound was limited to cis-cis-cis- or cis-
trans-trans-3,4,5-trihydroxycyclohexane-cis~l-carboxylic
acid. The product has been made a readily accessible
compound and is considered to be a suitable material for
conversion to the corresponding 3,4,5-trihydroxycyclo-

hexylaldehyde by well-known methods.
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CLATMS O ORIGINAL RESEARCH

Published literature implies that acetals of
phenolic aldehydes possess the unexpected property
of being excessively unstable toward alksline as
well as acid hydrolysis, By using a modification
of Claisent's condensation of an aldehyde with an
orthoformic ester, it was found possible to prepare
vanillin dimethyl acetal, b.p. 97-100°/0.03 mm,,
vanillin diethyl acetal, b.p. 102-105°/0.01 mm.,
and protocatachualdehyde dimethyl acetal, m.p. 89.5-
Q0°, for the first time, These acetals swiftly
hydrolysed when exposed to the acidity of the labora-
tory air, but could be recovered in variable yield

from hot alkali, providing the latter was anhydrous,

The dimethyl acetal of vanillin survived fairly
drastic conditions of high pressure hydrogenation at
temperatures up to 195° provided an anhydrous non-acidic
medium was employed. The still more drastic conditions
required to hydrogenate the aromatic ring, however,
could not be attained owing to prior hydrogenolysis of
the acetal group. Hydrogenolysis yielded a new liquid
compound with strong phenolic properties, 4-hydroxy-3-
methoxybenzyl methyl ether, b,p. 81-82°/0.06 mm., which
was characterized as the 3,5-dinitrobenzoate, m.p. 1l1l5.5~-

116.5°.
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Only one reference to the use of a palladized
strontium carbonate catalyst at an elevated tempera-
ture (160°) was found. Triasl showed that this cata-
lyst under such conditions was much superior to those
formerly used for the hydrogenation of pyrogallol to
the isomeric cis-trans cyclohexane-1,2,3-triols and is
the first found to hydrogenate ethyl gallate to the

isomeric ethyl hexahydrogallates successfully.

One of the six possible ethyl hexahydrogallates was
isolated in pure crystalline condition as a new com-
pound, m,p. 146~147°, as the free acid, m.p. 199-200°,
as the ¥-lactone, m,p. 186-189°, as an isopropylidene
lactone, m,p. 170,5-171°, and as the isopropylidene
carboxamide, m.p., 205-207°, Studies of the structural
relationships existing between these compounds made it
probable that the configuration of the acid was cis-cis-
cis- or cis-trans-trans-3,4,5-brihydroxycyclohexane-cis~
l-carboxylic acid. An improved method of separation
showed one or other of these configurations to be the

major product of the hydrogenation,
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