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CIS-TRANS ISOHEHISM IN IJOLTIIYDROXY 


GYClOHEXA.. SERIES
rq:g 

The hydrogenation produots ot pyrogallol, 

.!!!!-.2!!....2!!... , ~-!tl..!.-trans- and .£!.!-trens-.2!!.-1,2 .3

oyolohexanetriols, were ot interest as starting mater

ia1s in a war research. Since the latter two isomers 

were tormed in low yield, the present researoh under

took to discover more produotive ways of obtaining them. 

The .!!!!-!!!.-trans-l,2,3-cyclohemnetriol and the 

cls-trans-cis- isomer were aocordlw61y synthesized in 

23% and 1% yield respectively, by the hydroxylation of 

)-cyclohexenol acetate. Isopropylldene-cls-cls-ois-l,2.J

cyclohexanetrlo1 ruld the-lsopropylldene-.2!.!.-.2!!-t;.rans-l,2,J

oyclohexane~riol and same of their derivatives were pre

pared and oharacterized. 

The chemicals neoessary for s1m11ar directed 

syntheses ot the 1.2,lt-oyolohexanet.riols, 1.e .. , It.-hydroxy 

cyclohexene and some of its derivatives, were synthesIzed 

from hydroquinone. 

lsopropylldene-trans-l.2-oyolohexanediol was pre

pared and characterized. 



GENERAL INTRODUOTION 

There are three position isomers or eyelo

hexanetriol, in Which the hydroxyl groups occur at the 

1, 2, J; 1, 2. 4; and 1, J, 5 positions, and each at these 

compounds may exist 1n a number of rorms which are ois-
trans isomers. Although all of the position isomers are 

recorded in the literature, the different geometrical 

isomers have not been completely described, and some ot 

them are not obtained readily by the reoorded methods. 

The object of this research was to prepare oertain of these 

alcohols and to study their ohemistry. 

The main interest of the present work was in the 

various isomerio forms of It 2, J~oyolohexanetrlo1 (pyrogal

litol). This aloohol is oloselyanalogous to glycerol, and 

a study of the properties of the nitrate esters of the cyolio 

triol m€"Jlt be expect.ed to os.st light on the behaviour ot 

nitroglycerine as an explosive. A full documentation ot 

this problem may be round in the thesis of W. R. Ohristian, 

from this laboratory (1). 

PreVious work indicated that the quiokest approach 

to the I, 2, J-oyolohexanetriols was by the hydrogenation of 

pyrogallol. The three scereolsomers If II, and III, were 

obtained by Christian, and eaoh was assigned its proper oon

figuration, but the a. and i3 isomers, I and II, were isolated 

only in small amounts. Nevertheless, at the beginning ot 

http:expect.ed
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the present research, it was anticipated that a tew hydro

genations, carried out on a large scale by Christian's 

methods, would yield all of these aompounds in quantities 

sufficient for testing the explosive and chemical properties 

of the three trin1trates. ~lhen this hope was not realized, 

other ways of preparing the relatively inaccessible tor.ms 

were sought. 

.. 
HO 	 OHI 


I 


OH 	 OH 0104 

I 	 - a. II - 13 III - 1) (a) 

Methods were exa.m.1ned for the oxidation ot oya10

hexene, XIII, to derivatives of )-hydroxy cyclohexene, IV, 

such as the acetate, XV, or the methyl ether (of. VI). The 

double bond was then hydroxylated by standard methods to 

yield mixtures of derivatives of the a- and ~-pyrogallitols, 

and II. Since the separation of the pyrogallitols by the 

previous teohnique (2), which involved the tribenzoates, was 

not entIrely satisfactory, the possibility of a more efficient 

separation via the seleotive formation of Isopropylldene 

derivatives was investigated. 

The study of these ketals led to an examination ot 

(a) 	 Dotted lines indioate a trans configuration. The 
nomenolature at £3 f ~ t is that employed by Lindemann and 
de Lange (2) 
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the condensation of acetone with trans-l,2-cyclohexanediol, 

XXII, and it was found that, contrary to statements in the 

literature (3), this glycol does reaat with acetone. Under 

suitable aonditions, all three of the pyrogallitols con

densed with acetone, and the structures of two of the deri

vatives tormed were proven. 

A rela.tively easy separation of f3-pyrogallltol 

from s~~thetic mixtures ot the a and ~ isomers was achieved 

by fractional crystallization from a mixed solvent composed 

of ethyl acetate and ethanol; however, in order to separ

ate the relatively small amount of (l trio~ present in these 

mixtures, the tribenzoate method mentioned above had to be 

used. 

A brief study was made of the possible applica

tion of these new synthetic methods to the preparation ot 

the isomerio 1,2,4-oyolohexanetriols, XXXIV - XXXVII, the 

synthesis of the starting material, 4-hydroxy cyclohexene, 

XXXIII, and som.e of its derivatives being oarried out in 

oollaboration with Mr. R. Y. Moir. 

The researoh formed part at the oonfidential 

National Researoh Council War Projeot XR-82. 
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HISTOPJCAL INTRODUCTION 

As the name implies, the pyrogallitols were 

first obtained by the hydrogenation of pyrogallol. 

Ohristian (1) and Lindemann and de Lange (2) oarefully 

oonsidered the earlier work in this field by Babatier and 

Maille {l.} and Senderens and Aboulenc (5). and a repeti 

tion of their reviews is omitted trom the present discus

sion. It seems deSirable, however, to summarize the re~ 

suIts of Christian. 

rhe latter author made a detailed study of the 

rates at which the three isomeric pyrogallitols were oxid

ized by lead tetra-aoetate and periodic acid. Sinoe these 

reagents were known to oxidize ois 1,2-g1ycol'units much-

more rapidly than the trans isomers, the rate-plots enabled 

him to cont'irm the configuration previously suggested for 

eaoh pyrogallitol (2). His final results are summarized 

in Table I. together with similar data for the ~- and 

trans-l,2-cyolohexanediols. 

Christian also made a detailed study of the yields 

of the isomeric pyrogallitols obtained by hydrogenating 

pyrogallol with Raney nickel catalyst under various condi

tions of temperature, time, and pressure of hydrogen. '1'he b' 

isomer, III, always preponderated in the mixture and orystal

lized readily trolll it. From the benzoylated residue, a
pyrogallitol, II, was separated as the ethanol insoluble 
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tribenzoate, in rather poor yield. Separation of the 

a. isomer, I, as the ethanol soluble tribenzoate, even in 

very poor yield, was difficult and uncertain at best. 

!I~oreover, this separation was complicated by tIle presence 

of molecular debris from unchanged pyrogallol, which had 

been removed from the original crude hydrogenation product 

by oxidation with air in the presence of ammonia. De

benzoylation of the two tribenzoates, and purification of 

the resulting «- and fi-pyrogailltols, Was also tedious and 

involved substantial loss. 

TABLE I 

PHYSICAL CONSTft}rfS OF THE 1,2 aj-CYClmmXANETRIOLS 

AND THE 1.2-GYOLOIm.KANEDIOLS 

structure m.p. ot velocity constantsb 
benz-oates, e~a 

k X lOS k x lOS 

I - a. 108 1420 	 1.0 0.12 

II - f3 124 1840 	
14 0.60 

III - I 142 1420 	 )6 1.20 

cis-l,2-cyc1o- 98 6)d 54- 1.5-hexanediol 

trana-l,2-cyclo- 104 9)d 2.7 0.22 
hexanediol 

(a) 	Allot the m.p.'s are taken from the paper ot Lindemann 
and de Lange (2) 

(b) 	Units or k are I./mole/seo. The first oolumn reters to 
oxidations with Pb(OAe). at 18.60 

; the seoond volumn rerera 
to oxidations with HIO. at 20.0°. (1).

(o} 	Tribenzoates. 
(d) 	Dibenzoates. 
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Five referenoes to the synthetio preparation of 

the l,2.)-cyolohexanetriols were found in the literature. 

These syntheses all involved the preparation of )-hydroxy 

oyclohexene, IV, or a derivative of that alcohol, followed 

by the addition of two hydroxyl groups to the double bond. 

In order to interpret the previous work in this field, 

the latter reaction will be disoussed briefly. 

Boeseken (6) oonoluded that potaSSium permangan

ate introduoed two hydroxyl groups exolusively, or almost 

exolusively, in the ~ oonfiguration, whereas the glycols 

formed as a result of the action of a peracid on an olefinic 

double bond were trans. An exoeption to the latter state

lllent oocurred when one of the double-bonded earbon atom.s 

carried a phenyl group, in which ease a mixture of the £!! 
and trans glycol was obtained. This exception was proven 

true for only one olefin, phenyl-l-cyclohexene, V. It 1s 

pertinent to note here that the peraoid - ole1'in reaction 

occurs via an intermediate possessing an ethylene oxide 

ring (e.g., IX) which is hydrated, in dilute acid solution, 

to the trans 1,2 glycol. 

OH 

IV v 

In the syntheSiS ot the l,2,J-cyclohexanetriols, 
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the addition of a pair of £!! hydroxyl groups to 3-hydroxy 

oyclohexene, IV, would yield either the ~, III, or the ~, 

II, isomers, and most likely a mixture of these two; the 

addition o~ a pair of hydroxyl groups in a trans oonfigura

tion would be expeoted to yield a mixture of a, I, and 13, 

II, oyclohexanetriols. 

BruneI (7) added the elements of hypoiodous acid 

to the double bond· of 3-ethoxy oyolohexene t VI. The addi

tion presumably proceeded in both possible ways, and a mix

ture of VII and VIII was obtained; treatment of this product 

with solid potaSSium hydroxide in ether gave the oxide IX, 

which Was hydrolyzed quantitatively with boiling water to 

give X. Since the hydroxyl group and the iodine atom were 

probably trans to each other {8}, VII and VIII were actual

ly eaoh a mixture of two geometrio isomers, one of each of' 

which is shown; IX and X likewise consisted of two isomers, 

and one of each of these is shown. 

BruneI separated the two triols by tractional ory

stallization of their benzoates or acetates, and stated that 

almost all of' his triol mixture consisted of the a isomer, I. 

Et Olt ..... OEI 

a H,!0I d j 
O

,1/.0 
( 

J..1 z 
•, 
I OH 


VI VII VIII IX 
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OH1-40 
oEt 01-1 
COl'tc. ,..

loor H8r + 

.....OH 


I 
I

OH OH OJ.! 
X I , II 

The swne author oxidized 3-ethoxy oyolohexene, 

VI, with dilute potassium permanganate and obtained lJ, 

whioh, after removal of the ethyl group, yielded ~-lJ2,3-

oyclohexanetriol, II. Apparently the 0 isomer, III, 

whioh would be expeoted according to the disoussion pre

sented earlier, was not formed. The intermediate ethoxy 

cyclohexanediol, XI, was described as a syrup; this experi

ment was repeated several years later by Hofmann and Damm 

(9), who obtained a solid, m.p. 27 - 280 
, probably identi

cal with Brunel's produot. 

.,..o£t 

OH 01-1 

OH OH 

VI XI 

McRae and Moil' (10) proposed to oxidize 3-methoxy 

cyclohexene with the appropriate reagents and isolate the 

two isomerio oxide inter.mediates (of. IX). Hydration of 

both oxides by the usual methods and demethylation would 

II 
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give a mixture of the a- and p-pyrogallitols, I and II. 

Since I1 could also be By~thesized by permanganate oxid

ation of the Bame olefin, this triol contained one £![ 

pair of hydroxyl groups and also one trans pair. The a 

triol, I, therefore must possess the trans-trans confi

guration. By a process of elimination, the triol, III, 

~~s assigned the cis-cis structure. 

Kotz and Richter (II) prepared, in very low 

yield, a l,2,J-cyclohexanetriol, m.p. 108°, by oxidizing 

the double bond in 3-hydroxy cyclohexene, IV, with perben

zoic acid and hydrolyzing the intermediate XII with aqueous 

acetic acid. 

0# OH(y0H 
V 

01-1 
IV XII ? 

The tribenzoate of this aloohol melted at 165°, 

and a comparison of these m.p.'s with the constants given 

in Table I indicated that the triol prepared was possibly 

a mixture of the a and the ~ isomers, I and II. 

Farmer and Sundralingam (12), and Hock (13)J 

oxidized cyclohexene, XIII, with oxygen under the influenoe 

of ultraviolet light, and then treated the hydroperoxide 

formed, XIV, with dilute sulfuric aoid. The yield on the 
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seoond step of this synthesis, 507;, was that reported 

by Hock (1.3); ·the English workers (12) obtained 1 g" of 

..... OH 

01-1 

XIII XIV n 

What was evidently the pure ~ triol, II, m.p. 124°, from 

4 g. of the hydroperoxide. The reason for this sterio 

selectivity is obsoure. 

A oonsideration of possible methods for the syn

thesis of the somewhat inaccessible ~, lIt and the still 

less acoessible <t-pyrogallitol, I. suggested that the fol

lowing processes were worthy of examination: 

(l) oxidation of cyolohexene, XIII, to .3-hydroxy cy

olohexene, IV, or a derivative of IV, followed by the trans 

addition or two hydroxyl groups to the double bond. Cyclo

hexane itself is easily prepared in quantity (14). 

(2) inversion of the oentral hydroxyl group of -pyro

gal11tol, III, a supply of which is readily available from 

the hydrogenation of pyrogallol. Methods for effecting 

this inversion were devised, but sinoe no experimental work 

was done on this phase ot the problem, these methods are 

more appropriately considered in the disoussion. 

The oxidation ot cyclohexene at the methylene 
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group alpha to the double bond is possible by the reac

tion conceived by Riley, Morley and Friend {15}, and 

adapted by Guillemonat {16} to give J-cyclohexenol ace

tate, ~1r. in 45% yield. Selenium dioxide, in a mixed sol

vent composed of acetic acid and acetic anhydride was 

used in this prooess, the convenienoe of the method com

pensating for the rather low yield .. 

o 
XIII 

Cyclohexene was also oxidized by Crlegee (17) 

vdth lead tetraacetate to give 3~cyolohexenol acetate, 

XV, in 21% yield, together with other products. This re

aotion will be considered in greater detail subsequently. 

As already mentioned, oxidation of cyclohexene to 'the hy

droperoxida XIV was carried out photochemioally, and XIV 

could be reduoed to )-cyclohexenol, IV, in 85% yield with 

sodium sulphite (18). 3-Ethoxy cyclohexene, VI, could be 

prepared in 45% overall yield by the method of Hofmann and 

Damm (9) which involved the reaction of 1.2-dibl'omocyclo

hexane, prepared trom the reaction of bromine ancl cyclohexene, 

with sodium ethoxide. 

Attention was also directed to the reaction 
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reported by Ziegler, Spath, Schaaf, Schumann and Winkel

mann (19) for "che substitution of a bromine atom. for a 

hydrogen atom. in the active methylene group of olefins. 

In this reaction, N-bromosuccinimide, XVI, which was 

readily prepared, was heated under reflux with the oletin 

in carbon tetrachloride solution, and the J-bromoderiva

tive was isolated in high yield. No doubt, J-bromocyclo

hexene, XVII, a oompound containing a reactive halogen atom, 

could be hydrolyzed to the corresponding alcohol with ease. 

The availability ot XVII may increase the scope of the syn

thetic possibIlities in the trial series. Vfinsteln and 

Henderson (20) showed that replacement of the halogen atom. 

in trans-2-methoxy-cyclohexene-bromide, XVIII. occurred with 

o 
XIII 

hydroxylated without loss ot the halogen atom, it seemed 

possible that the products could be utilized as a source at 

the a- and ~- pyrogallitols, I and II • 

.... Ocl-6 
XVIII 
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It was clear that the synthesis of )-cyolohexe

nol, IV, presents no serious difficulties, and that the 

addition of t'\vo hydroxyl groups to the double bond would 

result in the probable formation of a mixture of two of 

the pyrogallltols. Unfortunately, no generalizations 

ooncerning the effect of a neighbouring group such as is 

present in IV on the course of the hydroxylation can be 

made. In this regard, the work of Brunel (7), Farmer and 

SUndralingam (12), and Hock (13) are especially worthy of 

note. A study of the publioations by Winstein and colla

borators (20) on the effects of neighbouring groups in re

placement reactions indicated that this work will also be 

important in research in this field. 

One of the best methods for the hydroxylation ot 

a double bond appears to be that reported recently by SWern, 

Billen, Findley and Scanlan (21). In this process, which 

was a development of earlier work by these authors, by 

Meerwein, Sohoeller, Sohwenk and Borgwardt (22) and by 

Boeseken (6), the reagent was hydrogen perOxide in formio 

acid. The active agent, probably performic aOid, oxidized 

ethylenio double bonds to glycol monoformates together with 

a small amount of the free glyool. The Amerioan authors 

used the reaotion to hydroxylate a number of open-chain un

saturated fatty materials but the patent of the Ger.man in

vestigators dealt with cyclic compounds, and only the trans 
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glyool was isolated. The course of this reaotion has al

ready been disoussed. 

Hydrogen peroxide in organio solvents, with cata

lytic quantities of certain metallic oxides, has been ex

tensively used as a hydroxylating agent. Osmio acid (23) 

is the most common catalyst; yields ot 30-60% of glyool 

are obtained and both £!! and trans produots, where these 

are possible, have been reported (24). SegUin (25) oxidized 

cyclohexene with hydrogen peroxide using selenium dioxide 

as a catalyst, and obtained only trans-l,2-cyclohexanediol, 

XXII. 

The reaction reported by Prevost (26), in which 

olerins were treated with silver benzoate and iodine in bol1

ing benzene, gave the corresponding glycol dlbenzoate, otten 

in excellent yield. Prevost stated that where the possib

ility of ~-trans isomerism existed, the produot was pre

dominantly or exclusively the trans isomer. However, the 

experiments on which this conclusion was based were not des

cribed. No experiments with cyclohexene, perhaps the 

simplest olefin which yields two geometrioally isomeric diols, 

were presented. 

Merourio acetate oxidizes some olefins (27) to 

glycols. The reaotion with ayclohexene in methanol appeared 

to be an addition of the elements of methoxy mercurio aoetate 

to the double bond to give XIX (2B).No sucoessful attempts 

to replace the -HgOAo group in the adduct by the hydroxyl 
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OC~ o 1-!.70/lc 

XIII :XIX 

group have been reported. 

'rhe use of lead tetreacetate tor the hydroxyl

ation of double bonds was introduced by Griegee (17). In 

the reaction of this salt with cyclohexene in glacial ace

tic acid. Criegee isolated J-cyclohexenol acetate, XV, in 

21% yield. a mixture of cis- and trans-l,2-cyolohexanediol 

diaoetates (7%) and an unidentified oyclorH~xenediol diaoe

tate (l~}. Alt..l1ough some uaddi tionn of aoetoxyl groups 

to J-cycloliexenol acetate, XV, would be expected, no triol 

derivative was isolated. It is well known that the reagent 

used oleaves l,2-g1ycols to two oarbonyl units, and the 

major produots in the above oxidation may have been deriva

tives of adipio dialdehyde. Nor was any triol derivative 

isolated from the action of lead tetraaoetate on any ot the 

other olefins employed by Crieges. These fs.cts discouraged 

experiments which might have been designed to prepare the 

pyrogallitol triaoetates from.flylohexene in a single oxida

tion. An important factor favoring peracid oxidat~ion of 

the double bond is that the oonfiguration of the diol is al

most always prediotable, but no similar generalization oan 

be applied to oxidation with tetravalent salts of lead. 
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Another method tor the preparation of a 1,2

glyool from an olefin involved the bromination of the double 

bond to form a dibromide, followed by replaoement of the 

halogen atoms with hydroxyl groups by a suitable reagent. 

suoh as silver acetate (this reagent actually yields an aoe

tate ester \vhlch muot be saponified to obtain the glycol). 

Since the meohanism of trans addition of bromine to an ole

fin Is now aooepted (29) t replacement of the halogen atoms 

would necessarily have to proceed without inversion, or with 

an even number of inversions, in order to obtain a mixture 

of the a- and ~-pyrogallitols, I and II, by this method. 

Winsteln and Buckles (8) obtained a 70% yield ot a produot 

that was 98% trans-l,2-cyclohexanediol, XXII, after saponi

fying the initIal product, XXIJ obtained by the action of' 

silver acetate in dry aoetic acid on trans-l,2-dibromocyolo

hexane, XI. ~~en the same authors used moist acetic aoid, 

0._1/1_1:....,. 001-1 
" --·OH 

XIII XXII 

the final produot was almost entirely £!!-l,2-cyclohexanediol, 

XXV. A mechanism explaining these results was presented in 

'the papers referred to above. 

The addition of hypohalous acids to the double bond 

to give halohydrins is well known. Winstein and Buokles (8) 
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prepared ~rans-2-bromooyolohexanol, XXIII, from oyclohexene, 

XIII, and N-bromoacetamide, XXIV, in 79% yield. This pro

duct could be transforn~d into trans-l,2-cyolohexanediol, 

XXII, or to its ois isomer, XXV, in excellent yields by the-
method mentioned above. The application of this prooess 

to syntheses in the pyrogallitol series was obvious. 

Earlier in this thesis, dissatisfaotion with 

Lindemann and de Lange's method (2) for isolating the a

pyrogallitol, I, and to a lesser extent the ~-isomer, II, 

¥ms mentioned. An investigation of the literature revealed 

XIII XXIV XXIII XXII 

that a simple, effioient process (J} which had been used by 

several workers ()O}()l)(l) to separate the two isomerio 

l,2-cyclohexanediols. XXII and XAlr. could probably be applied 

sucoessfully in the pyrogallitol series. This method was 

based on the generalization that cis-l,2-diols, but not the-
isomeric trans compounds, condensed with acetone in the pre

sence of an acid catalyst to yield acetals whose solubilities 

and other physical properties were quite different from those 

of the parent alcohols. A typioal acetal of this type was 

that obtained fram XXV and aoetone, in the presenoe of 
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hydroohloric acid f and fit dehydrating agent such as an

hydrous sodium. sulfate to absorb the water formed in the 

reaotion. 

The acetal ):xvI boiled some 50· below rxv and 

was muoh more soluble than .t::l.V in organic solvents such 

as benzene or petroleum ether. After the condensation 

was oom.plete. the aoid cHtalyst was neutralIzed, and the 

acetal could be distilled, leaving any ot' the tran!-l,2

cyolohexanediol t un t rocoverable in good yleldtrom the 

residues. Acetals of this type (e.g., D::VI) were hydro

lyzed in exoellent yield in acid media to regenerate the 

alcohol (e.g•• :a.v). 

Ol'l..ly a single case 01: the oondensetion ot a trans 

1,2 glyool was known; t,:r;aps-l,2-cycloheptaned!ol. yielded an 

isopropyl1dene aaetal when hydrochlorio acid wa5 used as a 

catalyst () .. Since, however, t~nA-lt2-C101ohe::mned1o1t 

X,-x,iI, Wl.',\S inert toward aoetone, t11ere was 8. sound basis for 

the view that ll-PYl"ogallltol, II, would condense with the k..... 

tone to give XXVII, whereas a.-py'rogallitol. r,. would not 
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react. ~ixtures of I and XXVII could probably be sep

arated as the two cyclohexanediols had been. 

011 ,,/c" 
+O=C 

OH 'c~ , ,, , 
0# OH 

II XXVII 

A com.plication whioh existed for the pyrogal

litols was the possibility that acetone might condense 

with the 1,3-hydroxyl groups. Isopropy1idene acetals of 

a few 1,3-g1yools have been reported. Boeseken and 

Hermans (32) condensed acetone and trimethylene glycol 

sllcoess.tully; Boeseken, Schaefer and Hermans (33) prepared 

both mono- and di-isopropylidene pentaerythritol; Haworth 

and Porter (34) proved that a six membered ring was present 

in acetone-xylose, and Reichstein and Gruesner (35) proved 

that the same was true of sorbose; Hibbert and Morazain ()6) 

oited the preparation by Carter of isopropylidene-~-methyl 

glycerol; Fischer, Taube and Baer ()7) synthesized isopropy

lidene-l,)-dihydroxyacetone. All of these condensations 

are, however, exceptional. 

No inVestigation of the reaotion of the two 

1,3 cyclohexanedlo1s (resoroitols) with aoetone has been made. 

Fischer and Dangschat ()8) proved that acetone-quinide, and 

isopropylldene-shikimic-acid-methyl-ester had the struotures 
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:x:x:vIII and XXIX. This research, together with the other 

work just disoussed, lent credence to the view that ~-

a /OC~
,\ C=o 

........ c, 

9 

....OHo 
\ 0 ~ 

flC--C""' flC--C""'-O 
l \ J \ 

c~ c~ 

XXVIII XXIX 

pyrogallitol, II, would, under suitable conditions, react 

with acetone to form XXVII. and that a-pyrogallitol would 

not react. 

A prooedure for the preparation of isopropylidene 

glycerol, recently developed by Newman and Renoll (39), 

used p-toluenesulfonic acid as the catalyst, and described 

the removal of the wnter tormed in the reaction by azeotro

. pic distillation with petroleum ether of boiling point 30 

~o. SInce this method avoided the acid concentrations 

employed by Derx (3) for the preparation of these acetals, 

it appeared to be entirely suitable for the reaction con

templated with the pyrogallitols. 

In anticipation of the suooessful preparation of 

isopropylidene-~- and J-pyrogallitols, for which XXVII and 

XXX appeared to be the probable formulae, methods for 
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determin.ing the struoture of these new compounds were 

sought. The free hydroxyl group in these acetals could 

probably be methylated, and the products would give, 

OC~ 

OH 

011 0/-1 ON 

XXXII 

after hydrolysis of the acetal bonds in mildly acidia 

media. XXXI from XXVII and :x:xxII from x:x:I. 

The earlier work on the rate of oxidation ot 

isomerio polyhydroxy glyoo1s with lead tetraacetate and 

periodio aoid was reviewed by Christian (I), who also re

ported data for the rate of oxidation of the two 1,2-oyolo

hexanediols, XXII and XXV, and the three isomeric pyrogal

litols, I, II, and III, wit.h these reagents. This work 

formed the basis for the determination of the structures ot 

the p- a~d I-isopropylidene pyrogallitols, which were pro

bably XXVII and XXX, by oxidation of the methylat~d and hy

drolyzed derivatives, probably XXXI and XXXII. 

Only two referen.ces to these alcohols were found 

in the literature. ~Jenderens and Abouleno (5) hydrogenated 

1,2,4-trihydroxybenzene and obtained what was described as 

a vitreous mass, b.p .. 260 - 280·. Zelinski1 and T1tova (40) 
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synthesized a oompound which softened at 104- and melted 

at 122- by the action of either potassium permanganate or 

perbenzoic acid on 4-hydroxy cyclohexene, x:x:xrII. The 

compound was very hygroscopic, was insoluble in benzene and 

ether, but soluble in ethanol and in water. In the light 

of the discussion presented earlier, the four possible ~ 

trans isomers XXXIV - XXXVII would be anticipated fram these 

OH OH 

01-1 
.. 

....OH~ 
OH 

,• 
OH 

XXXIV XXXV 

ON OH 

~ 
XXXIII 

.. 
'OH' 

:OH OH 
xxx-vr XXXVII 

two rea.ctions. Presumably allot these trials could be 

resolved into optical enantiomorphs. 

The 1,3,2-Cyclohexanetrlo1s 

The l,J,5-cyclohexanetriols exist in the c1s-oi8

£!! form, XXXVIII, and the m-trans-,gll form, XXXT'lC, neither 

of which 1s capable of optioal resolution. 

Wis11cenus (41) isolated 1 - 2 g. of a l,J,5-cyolo

hexanetr101 by the reduction of 10 g. of phloroglucinol with 
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sodium El.lTl8.leam.. The crystalline triol melted at a bout 

115°. resolidified, Hnd melted again at 184 - 185°; it was 

insoluble in ether and benzene, and soluble in water and 

ethanol.. The product fonned a dihydrate, and crystallized 

in the fOl~d of needles, anhydrous, from ethyl acetate. No 

configuration was assicned to this compound 

OH 01-/ 

HO HO OH 
XXXIX 

Senderens arid Abouleno (5) hydrogenated phloro

glucinol at 135 - 140°, under 40 kg. pressure of hydrogen. 

The cyclohexanetriols distilled at 245 - 260°, and combined 

with three moles of acetic acid. 

Lindemann and Baumann (42) prepared two isomers, 

one melting as described by Wislicenus and the other melting 

at 145°, by the hydrogenation of phloroglucinol. The fo~er 

was designated the a isomer, the latter the ~ isomer, but 

configurations were not assigned to these products. From 

126 e. of the phenol, 25 g. of the a. and about 14 g. of" the 

p-phloroglucitols were obtained. The two oompounds were 

separated by fractional crystallization from acetone in which 

the « isomer was much less soluble than the P form. 

No fU~her experimental work on the 1,3.5 cyc1o

hexanetrlo1s was found reoorded 
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DISCUSSION 0]' R.Ti:SULTS 

A total of six hydrogenations of pyrogallol, 

the results of five at which are shown in Table II, 

were oarried out. The produots obtained from the five 

reduotions tabulated were worked up by the same methods, 

but the crude pyrogailltol fraction obtained in the sixth 

reduction was used, {al to test for the presenoe of the 

a~ and the ~-pyrogallitols, I and II, in the acetone in

soluble (III) traction; and (b) to examine the possibil

ity of separating the a and the ~ isomers by the isopro

pylidene acetal method. 

TABLE II 

YIELDS OF Q-, p- J and ~-PYp.OGALLITOLS BY 

IrmROGENATION OF PYROGAlLOL 

Pyrogallol Oyclohexanetriols 

I isomer 
mot;e. 146- 14Z· 

~-tribenzoate 
m,p. 176-180 0 

a.-tribeIizoate 
mot!'. 1;6-1;8

g. %B. B. %a g. %a 

3l6b 40.0 12 .. 4 6.6 0.6 0.4 O.OJ. 

316b 39.5 12.3 40.0 3.7 7.6 0.7 

316b 76° 24 3.1 0.3 none 

316b 47.8 14.. 9 18.9 1.7 12.1 1.1 

94.5d 6.1 6.3 2.7 0.8 2.2 0.7 

(a) Peroent of theory. 
(b) With Raney Niokel oatalyst. 
(0) M.p. 130 - 137°. This would y1eld approx. 60 g., m.p.146 - 147°. 
(d) With nickel on supercel catalyst (43). 
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In 'th~ first 

101 '<vas destroyed by the procedure of Christian (I), in 

which any phenols present in crude, filtered reduc

tion product were destroyed by oxidation with air in the 

presence ammonia. The separation or pyrogallol from 

the 'criols by ether 6;;.:traction was just as efficient, and 

avoided the oxidized products tormed in Christian's pro

cedure" The ether extraction appeared to remove the cy

clohexanediols too (see, however, page 36), but a simple 

process for recovering these, and free pyrogallol from the 

ether extract, could doubtless be devised. In addition, 

the crude products from the hydrogenation were distilled 

after removing the Raney nickel catalyst, but before re

moval of the pyrogallol. This change in the procedure of 

Christian, who destroyed the pyrogallol in his crude fil

tered produot, gave clean materials during the succeeding 

operations. 

Since one of the objectives of this research was 

to find a convenient souroe of the ~, II, and more especially. 

the {l 'trial J I, an examination of -(jUS hydrogenation process 

for possible defects which might be avoided was made, and 

other preparative schemes were also devised. 

The oonditions of the hydrogena.tion itself were 

adapted from the work of Christian (1), and were not further 

investigated. The separation of the ~-, III, from the a
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and p-triols, I and II, by means of acetone was examined 


carefully. This separation was fairly efficient, but 


not quantitative, and it was proven that some loss of the 


a and the p isomers occurred here. However, this proof 


involved several recrystallizations and the small yields 


of these two isomers did not Justify the work necessary 


.for their isolation. 

Other work, discussed later in this thesis, in

dicated that acetone reacted with the pyrogallitols, and 

that its use as a solvent in the above separation intro~ 

duced complications. Qualitative evidenoe for this re

action was obtained t for the produo'&s which had been in 

contact with this ketone frequently possessed the odor char

acteristic oltha acetal. In additIon, this solvent had 

no axclusiva advantages; the separation of the 1) isomer oc

curred mainly because of its great predominance in the 1so

merio mixtures .. As an alternative solvent, the use of 

ethyl acetate, mixed, possibly wi th n small amount of' e-thanal. 

to increase the solubility of the triola, is suggested. Thia 

solvent was not employed to separate the lS-pyrogallitol, but 

in view of its successful use in the separation of the S 

isomer from a synthetic mixture of the a- and B-pyrogallitols, 

and considering again the high percentage of the f'orm ob

tained in the hydrogenation experiments, it appears worthy 

of trial for the purpose suggested. 

The yields obtained in the benzoylation of the a
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and p-triol fraction were not alwr~ys satisfactory. ']u:m

ever triels whose purity was certain were benzoylated, the 

esters were isolated almo qunntitatively. In those 

benzoylations in which. only a 75:; yield of the triester 

was obtained, the development of a brown color in the re

action mixture frequently occurred, but the nature of the 

impurities responsible for the discoloration remained un

knO\vn. Crude pyrogallol-free products from the hydrogena

tions behaved in this way, althoue,h the only impurity sus

pected was a small amount of l,2-cyclohexanediols. 

Vii tht.he foregoing considerations in mind J 'the 

hydrogenation of pyrogallol was abandoned as a convenient 

source of the a- and p-pyrogallitols, and other synthetic 

methods were sought. The oxidation of oyclohe:xene using 

selenium dioxide in a mixture of acetic acid and acetic an

hydride was a rapid means for the preparation of 3-cyclo

hexenol acetate, XV, although the yields reported by Guille

monat (16) could not be duplicated. In this connection, it 

may be noted that Bartlett and Woods {44) could not repeat 

-tho French author's prepe.ration of 2-cyclohexe~lone by the 

sarne :method, and Whitmore and Pedlow (45) devised another 

s3~thesis tor the same ketone. 

The hydroxylation of' XV was preceded by an in

vestigation of -t.he same reaction with cyclohexene, XIII. Of 

the two methods of hydroxylation which appeared to be among 

the best available, that of Seguin (25) and that of ~~ern, 
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. 
Billen, Findley and Scanlan (21), the contention of 

Seguin that the product obtained by his method was ex

clusively trans-l,2-cyclohexanediol was confirmed. The 

procedure of the American authors was carried out with 

cyclohexene for the first time. This reaction also 

yielded the pure trans diol, and none of the cis compound; 

further, it was shown that benzoylation of the free hydroxyl 

group in trans-l,2-cyc1.ohexanediol monoformate, which was 

'I:;he main product in this reaction, occurred readily, and 

partial saponification of the diester to yield trans-I,2

cyclohexanediol monobenzoate was also easily accomplished. 

The ease with which the for.mate esters are selectively 

hydrolyzed may prove useful in future work. No experiments 

were conducted to determine whether tran~-1,2-cyclohexane

diol monorormate (or monobenzoate) could be as readily 

transforw~d into a derivative of cis-l,2-cyclohexanediol as- . 
was the case with the monoacetate of the trans diol (20). 

3-Cyclohexenol aceta"te J XV, was the only substi

tuted olefin which was hydroxylated in this research, al

though qualitative experiments showed that the same reaction 

could be carried out with 3-cyclohexenol itself, and there 

is no doubt that the reaction with 3-alkyl ethers of the 

olefinic alcohol would occur successfully too. The use of 

ethers in this reaotion was of particular interest beoause 

of the work of Brunel (7) and Hofmann and Damm (9) which 

indioated tha.t the products obtained by these authors Viere 
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predominantly, and in one case exclusivelYt of a single 

configurational type. A disadvantage attending the use 

of the simple alkyl ethers is that drastic conditions are 

generally necessary to regenerate the alcohol, and the 

yields are often unsatisfaotory. The use of the trityl 

ether, XL, which is easily hydrolyzed (46), and 1s con

venientlyanalyzed (47), would oiroumvent this difficulty. 

XL 

The average yield in the hydroxylation of 3

oyolohexenol aoetate was 35% (crude product), which was 

somewhat disappointing in view of the much higher yields 

obtained in the same reaction with oyclohexene. In the 

case of the hydroxylation of j-cyolohexenol acetate with the 

formic acid - hydrogen peroxide reagent, a second product 

containing a carbonyl group whioh reacted with 2,4-dinitro

phenylhydrazine was isolated in fair yield. The same com

pound probably accounted for the low yield in the experiment 

in which hydrogen peroxide in glaoial acetic aoid was used. 

The struoture of this substance was not determined. 

There was no decisive advantage in any of the 

three methods employed in the hydroxylation, but for 
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convenience the use of hydrogen peroxide in formic acid 

(21) was preferred. Hydrolysis of the esters which were, 

the initial produots of the reaction by a small quantity 

of sulfurio aoid in ethanol, and separation of as muoh of 

the ~-pyrogallitol, II, as possible by repeated orystal

lization from a mixture 01' ethyl acetate and ethanol, were 

the most satisfaotory methods of arnapleting the synthesis. 

The hydroxylation of XV wa.s a good souree for {3 ...pyroga1l1

tal, but the u isomer was obtained in low yield, and the 

best means for preparing this isomer appears to be from 

the hydroxylation of ethers of ) ....hydroxy oyolohexene, IV. 

The search for a simple, convenient, quantitative 

method for the separation of the a- and ~-pyrogallitols led 

to an investigation of the isopropylidene oompounds 01' 

these triols. This researoh revealed same new and interest

ing facts. 

The condensation 01' trans-l,2-oyclohexanediol, XXII, 

by the recently developed prooedure 01' Newman and Renoll (J9), 

in which p-toluenesulfonic acid was used as the catalyst and 

the water formed in the reaction was distilled azeotropi

cally with petroleum ether 01' bolling point JO - 60°, oocur

red readily, and yielded an oil, b.p. 77 - 78°/20 mm., ~O 

1 ..4468, possessing all the properties of the aoetal XLI. 

'This result was surprising, since several experiments re

ported in the literature (3)(JO}(Jl). indicated that the re

action did not take place. Allot the authors referred to, 
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XXII XLI 

however, used hydrochloric acid gas as the catalyst, and 

anhydrous sodium sulfate to absorb the water for.med in the 

reaction. 

Some ot the present experiments indicated how 

easily the trans-l,2-cyclohexanediol isopropylidene acetal, 

XLI, when prepared using hydrochloric acid as the catalyst, 

could be over-looked. Vlhen the trans dial was treated with 

acetone and dry hydrogen chloride of concentration 0.1% or 

1% by weight, a small amount of the acetal XLI was isolated) 

and muoh of the unchanged dial could generally, though not 

always, be recovered. A 3~ yield was a maximum value, ob

tained with the more dilute oonoentration of hydrogen ohlor

ide; when a 1% oonoentration was emp~oyedJ the yield was 

even lower, not more than 1% of the acetal being isolated. 

Den (J) s'team distilled the acetals J after sodium 

sulfate was removed by filtration and the aoid catalyst was 

neutralized; a small amount of the trans-diol isopropylidene 

derivative might have been hydrolyzed in this operation, or 
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may have remained dissolved in the water phase in the sub

sequent extraction with ether. Subsequent workers ()O) 

(31)(1) used Derx t method to separate mixtures of the two 

isomeric glycols, and the small amount of trans diol which 

may have gained entrance into the £!! fraotion as the iso

propylidene compound, would probably be lost without notioe 

in reorystallizing the .2!!. diol. Also, it seems rea.son

able topresume that in mixtures of these two aloohols, the 

cis fo.rm. would oondense preferentially, perhaps to the 6X-
olusion of the trans isomer. Maan (48), using Derx' 

methods, examined the reaotion of some substituted trans• 

1.2-cyolohexanediols, and noted the formation of small 

amounts of steam volatile fluids. but, without examining 

this material, conoluded that it consisted of condensed pro

ducts of the aoetone itself. 

Boeseken and his collaborators (48) devised the 

following methods for determining whether a 1.2 glyool 

possessed a ~ or a trans oonfiguration, where both pos

sibilities existed: 

(1) Borio aoid solutions exhibited an enhanoed conduc

tivity in the presence of a £!! but not a trans glyool. This 

hypothesis was valid in many cases, e.g., the 1,2-cyolopen

tanediols, but with the 1,2-cyolohexanediols the results were 

inconclusive (49) 

(2) Q!!-1,2-glyeols tormed acetone derivatives, whereas 
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the trans glyools did not. Boeseken and Den (50) ob

served only a single exception to this rule, for both the 

ill,- and trans-l,2-cycloheptanediols condensed with ace

tone. As far as has been discovered, this was the only 

exoeption observed up to the time of the present work. 

From the study of a number of 1,2-glycols, 

Boeseken and his collaborators (51) ooncluded that borio 

acid and acetone condensed with adjaoent hydroxyl groups 

which were in a single plane and whose proximity was favor

able for the reaction. The products in the case of the 

boric acid reaction were borospirans (e.g. XLII), and the 

acetone condensation gave the usual five-membered ring (e.g. 

XXVI) • 

XLII 

Derx (3) interpreted his results in the 1,2-cyclo

hexanediol series in the following manner. An examination 

-of the spaoe models of the two cyolohexanediols revealed that, 

in the ~ diol the hydroxyl groups and the carbon atoms to 

which they were attaohed were in the same plane and these 

hydroxyl groups were also favorably spaced when the cyo10

hexane ring was in the r'boat", but not in the flchair" form. 
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(52); in neither the "chair" nor the "boat" for.m of the 

trans 
I 

diol, however, were the contiguous hydroxyl groups 

in the same plane as the carbon atoms carrying them, and 

the distance between these two groups was unfavorable for 

the acetone condensation. Derx concluded that the ois-
1,2-cyclohexanediol was fixed in the "boat!t form, at least 

in part, under trle conditions of the acetone condensation, 

and that probably much less ot the £1! glycol wes in the 

same form under the conditions of the boric acid reaction, 

The present work indicated that these views were 

not justified. Derx' observation that the two hydroxyl 

groups, and the two carbon atoms bearing them were not in 

the same plane in trans-l,2-cyclohexanediol was checked 

using Fisher-Hirsohrelder-Taylor models, and round to be 

correct. Using these models, a form of the trans diol in 

which the proximity of the hydroxyl groups was such that 

only 8. slight strain would be incurred in the acetone con

densation oould be built. 

The explanation of the superiority of the method 

of Newman and Renoll (39) for the condensation of trans-l.2

oyclohexanediol with acetone remains obscure. The very 

slight acidity employed in this procedure, much less than 

when hydrogen chloride was the cs.talyst, may be an important 

factor. Although a large excess ot the water-absorbing 

agent was employed 1nthe experiments using hydrogen ohloride, 
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the ineffectiveness of this agent in driving the reaction 

to completion was manifest. Nevertheless, the explanation 

of this anomaly may be more subtle than the fore-going 

statement suggests, for with the £!! diol the same reaction 

does proceed to completion with the same dehydrating agent. 

Clarification of the vmole problem demands more experimen

tal work to determine the equilibrium constants and the 

role of the catalyst. 

Winstein and Buckles (20) recently observed that 

trans-l,2-cyc1ohexanedio1 oondensed with ethyl orthoaoetate, 

XLIII, to form XLIV, an ortho-ester with a olose structural 

resumblanoe to isopropypidene trans-1,2-oyo1ohexanediol, 

XLI. The procedure used was strikingly similar to that of 

Newman and Reno11 (39), p-to1uenesu1fonic acid being the 

catalyst, and the ethanol formed being removed by fractional 

distillation of the reaction mixture. A yield of 60 - 70% 

CH3 

\ OE& ~);-a FM
C~OEt :::I ~\:J +2EtOH 
'OEt ". OEt 

XXII XLIII XLIV 

of the pure ortho-ester, ;(1IV, was· obtained. The oondensa

tion of optically active trans-l,2-cyclohexanediol, which is 

fairly easily prepared {53}, and the isolation of an optical

ly active cyclic acetal would oonstitute a confirmation of 

the course of the reaction. 
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A crude pyrogallitol mixture obtained by the 

hydrogenation of pyrogallol, and from which most of the 

J isomer, III t had been removed by the method of Lindemann and 

de I,ange (2) f VJaS condensed viith acetone according to the 

procedure of Newman and Renoll (39), and the acetals were 

fractionally distilled. The identification of isopropylidene 

trans-l,2-cyclohexanediol, XLI, led to the investigation 

discussed above. It was noteworthy that none of the corres

ponding acetal of £.!.!.-1,2-cyclohexanediol was found although 

SOmB of the cis glycol was produced in the hydrogenation (l).-
By acid hydrolysis of the higher boiling acetal fraction, 

and separation and identification of the pyrogallitols ob

tained, it was proven that all three of the isomeric 1,2,3

cyclohexanetriols condensed with acetone under the conditions 

employed. From the residue left after all of the acetals 

were distilled, ll-l,2,)-oyclohexanetriol t I, and only 1, was 

recovered. 'rhess facts were tentatively explained by as

surning that a-pyrogallitol condensed with aoetone at a much 

slower rate than did the ~ isomer, II, whioh predominated in 

the crude triol fraction, and probably very muoh more slowly 

than the ~ isomer. III. The amount of the latter in the mix

ture acetonated was about the same as that of the a for.m, I. 

If further rate data on the condensation are accumulated, a 

partial separation of the a-pyrogallitol from the p and the 

forms by acetonation may be possible. 

Several experiments were carried out on isopropylidene
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a- and -'2I-pyrogallitols, :UVII and :X:X:::X:, which were pre

pared from the pure triols, II and lIlt and acetone, with 

both hydrogen chloride and p-toluenesulfonic acid as the 

oondensation catalysts. The struotures reterred to anti

oipate the disoussion whioh follows. 

The 13 acetal was isolated in a pure, crystalline 

state, m,p. 50.2 - 510 t b.p. 130 - 132 0 /18 mm., but the 

acetal was not crystallized and was probably not absolutely 

pure. The latter substance was very readily hydrolyzed, 

and reverted fairly rapidly to the parent pyrogallitol, 

even when the distilled product was kept in a tightly stop-

pared flask, The stability, ot course, might have been 

greater it the substance had been obtained in a rigorously 

pure condition. 

Both XXVII and XXX vrere converted into monobenzo

ates and monomethyl ethers by standard reactions. The ethers 

were prepared from samples of the acetals synthesized with 

both of the catalysts mentioned~ but were not isolated, since 

some hydrolysis of the acetal bonds during the methylation 

with silver oxide and methyl iodide was antioipated. The 

orude methylated acetals were therefore hydrolyzed to the 

corresponding monamethoxy oyclohexanedio1s, XXYJ and XXXII. 

The identity at the l-pyrogallitol monomethyl 

ethers, XXXII, prepared using the two catalysts was proved 

by a mixed m.p.; both ethers melted at 69.5 - 71·, and no 
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..-OH 


OH 


OCH., 

XLV 

depression of the mixed M.p. was observed. The a-mono

methyl ethers. x.xx:r, were both extremely hygrosoopio solids, 

m.p. 35.5 - 37°, and a mixture of the two samples melted 

at the same temperature. These facts proved that the ace

tonation of p- and ~-pyrogallitols with either oatalyst gave 

acetals of the same ring stru.oture. 

In order to determine their ring sizes, oompounds 

XXXI and XXXII were oxidized with lead tetraacetate under the 

conditions outlined by Hookett and McClenahan (54) for the 

seleotive cleavage of 1,2 glycols. The results (Fig. 1 and 

Table III) confirm the fact that the two samples of XXXI 

were identical; the slight discrepancy in the corresponding 

plots was attributed to the ciroumstance that one of these 

ethers (plot 2) was sli~~tly less pure, m.p. 35.5 - 37°, than 

the other {plot 3} t M.P. 36 - 37-.. Figure 1 also shows that 

both XXXI and XXXII were l,Z-Glycols, since nearly one mole 

of the oxidant was rapidly used up, in ciroumstances where 

the consumption by a 2~methoxy-l.3-cyclohexanediol would have 

been negligible. Moreover, the rate plota for the ~-pyrogal-

litol monomethyl ether are almost superimposable on that at 
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the ~ isomer, in which the exposed 1,2 glycol unit is 

certainly cis. It follows that the pair of hydroxyl-
groups in the torn~r case is also ~, and that the e 
isomer is XXXI, and not XLV. If the reverse had been the 

case, the rate of oxidation of the ~ isomer would have been 

close to those of trans-1,2-cyclohexanediol or ot a-pyro

gal1itol~ I, in which the pairs of adjacent hydroxyl groups 

are all trans to each other. Christian's (1) data for a 

comparable oxidation of the latter substanoe are reproduced 

in Figure 1. 

l'hese syntheses and oxidations confirm the struo

tures of the ~- and ~-pyrogallltols as proven by Christian 

(l). It is unfortunate that Christian continued his lead 

tetraacetate oxidations for only about eight hours, at the 

rather unusual temperature of 18.60 • Because of lack of 

material, the structure of iaopropylidene-a.-pyrogallitol 

w~s not determined. 

Some oomment on the benzoates at the isopropyli

dene-13- and l-pyrogallitols is necessary. From the work 

on ·the methyl ethers of the same acetals t the two benzoates 

would be expeoted to have the struotures XLVI and XLVII. 

o-c-c J-lII 6 rs 
o 

/0 
O-C-C~ 

/
CJ.{, 

XLVII 
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Although good analyses were obtained for both 

of these oompounds, and the melting point of XLVI was 

sharp at 102 - 10).5°, repeated reorystallization and sub

limation failed to yield a constant value for XLVII, the 

observed values being 72.7 - 73.7°~ 71.5 - 73.lo~ 72 

The cause of this behaviour is not 

known. It ;'tFl.S originally intended not to isolate these 

compounds but to hydrolyze them directly to the corres

ponding triol monobenzoates. For this reason, both XLVI 

and XLVII were heated under gentle reflux with dilute hy

drochloric acid, and the fact that there were two phases 

present during the reaction presumably aocounts for the ab-

Sence of hydrolysis. The experiment should therefore be 

repeated, omitting the acid treatment entirely. 

As was noted earlier in this thesis, another pos

sible route to the inaccessible a-pyrogallitol, I, consist 

ed of inverting the configuration of the central hydroxyl 

Group in the readily available ~~pyrogallitolJ·III. The 

most promiSing method for effeoting suoh a transformation 

appears to be based on a reaotion disoovered by W1nstein and 

Buckles (20). who observed that when cis-l,2-oyclohexene

ethyl-orthoacetate, l:LVIII, was heated with aoetic anhydride 

XLVIII 




- 42 

for ten hours, and the product fractiomu1ydistilled, 

the distillate oonsisted of t,;ra.ns-l, 2-cyelohexanediol 

diacetate, the amounti corresponding to a 437~ yield. A 

further small amount of trans-l,2-cyclohexa.nediol, XXII, 

equivalent to 11% of XLVIII was ~ecovered trom the residue. 

Similar results were accomplished by heating XLVIII in a 

mixture ot acetio anhydride and acetic acid with dry hy

drogen chloride and lithium ohloride. The product, is

olated in 63% yield, was the trana-l-aeetoxy-2-chloro~ 

oyelohexane, which was oonverted in 36% yield to trans-

l,2-cyclohexanediol. The other product of this reaotion. 

isolated in 29% yield (total yield, 92~) was £!!-l,2-oyalo

hexanediol diacetate. 

On the basis of this work, the following synthe

sis might be feasible: 

OH 01{ 

III nIX 

This reaotion, by analogy with the corresponding 

one with oi8- (or tr~s-) l,2-cyclohexanediol, should pro

eeed in 60 - 70% yield. The product should undergo partial 

inversion by the methods outlined above to yield a mixture 

of all three pyrogall1tols. It seems advisable to prove 



that tlle oxygen contuinine: ring in XLIX is five, and not 

six membered, for both compounds are "theoretically possible j 

it may also prove essential to block the free hydroxyl 

group (see page 37). 'rhe essay by Pacsu (55) is an ex

callent discussion of the oarbohydrate orthoesters. 

A second possible method for the inversion ot the 

oentrel hydroxyl group of ~-pyrogallitol, III, vms based on 

the probable existenoe of La Although no aoetals of the 

l,3-cyolohexanediols have been reported, Hann and Hudson 

( 56) have shO\~'n that in the oarbohydrate series t fomalde

hyde preferentially oondenses with cis-l.J-glyool units to 

form six membered cyclic aoetal rings. Even if a pro

portion of the five membered isomer were encountered, the 

separation of such mixtures is not generally difficult (57) .. 

01-1 
+c~o 

OH 

III L 

Assuming the availability of a compound of the 

type of L, the inversion of the free hydroxyl group might 

be oarried out by oxidation to give LI, followed by reduo

tion of the ketone to the aloohol. Similar epimerizations 

have been suocessful; for example, that of the hydroxyl 
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group in the third pO:3ition of cholesterol, LIl (58). 

LI 

In 'the projected transformation, however, the initial 

oxidation might encounter difficulty, for the hydroxyl 

HO 

LII 
HO 

group appears to be effeotively shielded by the acetal 

structure. 

Although other methods for this inversion were 

devised, the work of Winstein and his collaborators (20) 

made the suooessful aooomplishment of these schemes seem 
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very unlikely, and further discussion 01' them has been 

omitted. 

The l.2.4-Glclohexanetriols: 

The suocessful hydroxylation of 3-cyclohexenol 

acetate to mixtures of the pyrogallitols suggested that 

similar hydroxylatlons of derivatives of 4-hydroxy oyclo~ 

hexene t XXXIII, might yield mixtures 01' the isomeric 

l,2,4-cyolohexanetriols. The preparation at the starting 

materials, XXXIII, LIII, and LIV enoountered no difficulties 

LIII 

and requires little comment. Hydroquinone, or its mono-

methyl ether, was readily hydrogenated to l,4-cyclohexane

dial or the oorresponding monomethyl ether. Dehydration 

by distillation with a little sulfurio aoid introduoed the 

double bond and yielded XXXIII and LIII, a neW compound, 

Benzoylation of XXXIII gave LIV, 

b.p. 149 - 150°/12 mm., another new compound. Both UII 

and I,IV possessed the properties to be expeoted of substances 

ot this type. 
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The out stianding probloH is the determinetion 

of the configuration of the four sterebisomers, X}:xIV 

x:o..'YII, and this Viill be discussed in detail. It is 

essential that both I,V and 1,VI, which would be prepared 

o-c-c I-l 
~ 6:S

O 

, OH 
OH OH 

LIT LV LVI 

by the trans hydroxylation of LTV, be isolated in a pure 

state and in reasonably large quantities; the intermediate 

ethylene oxide miGht also be isolated (59), althoUfft this 

step is not absolutely necessary. The separation of LV 

and LVI would probably have to be accomplished by the tech

nique of fractional crystallizations, and should not prove 

impossible. The trityl ethers, which have several advan

tages (46), and which were used to separate the two isomeric 

resorcitols (42) t mighti prove advantageous in the present 

case. 

The second step in proving the structu~e of the 

1,2,4-cyclohexanetriols would involve the mono-esterifioation 

of both LV and LVI, preferably, for reasons to be mentioned 

later, with p-toluenesulfonyl chloride. This reaction was 

accomplished successfully, ~md in good yield, with tran,s-1,2
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oyolohexanedlo1, XXII, by Crlegee and Stanger (60). From 

IJV (or I,VI) two pairs of oompounds LVII and LVIII (and 

LIl: and LX) would be obtained, and the separation of these 

mixtures by fractional orystallization is oonsidered essen

tiel. If the monotrltyl ethers of LV and LVI are avail

able, a not unreasonable possibility, another route to 

O-C-~f.I. 
~ os O-C~C,I-Is o-C~C6~ o-C~C6~V ~O ~O ~O 

(a) 

, 
" 'OTsI '011 t 01-1••OH OTst OH OTsL 

LVII LVIII LIX LX 

these oompounds is available. 

With the preparation of these diesters, preferably 

all four, the problem is largely completed. On oxidation, 

LVII should yield the ke'tone LXI, and the oarbonyl group in 

this compound should be oapable of elLmination (e.g., by 

the Clemmensen method) to give LXII, a resoroitol derivative 
O-C~C6J..1S O-C-C II. 

~O ~6~ 

(s.) 

o 
LXI LXII 

whose struoture oan be related to authentic trans resorcitol 

by conventional methods. In a a1m1lar fashion LVIII would 

(8.) Tel:= p-toluenesulfonyl 
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yield a £i! quinitol diester. The same operations could 

of course be carried out with LIX and LX, the cyclohexane

dial derivatives which these two compounds would yield 

being clear. Only relative configurations could be assign-

ad to the tour l,2,4-cyclohexanetriols on the basis of this 

work, since the ubsolute configurations of the quinitols is 

not known and the proof ot the configuration of the resorci

tols is not complete (42)(61). 

Criegee and stanger (60) and Winstein and Buckles 

(20) showed that trans-l,2-cyclohexanediol-monoparatoluene

sUlfonate-monoacetate 	could be inverted, in excellent yield, 
-

to a derivative of £!!-1,2-cyclohexanediol. This reaction 

has been mentioned previously, and its application to the 

preparation of derivatives of l~(xIV and XXXV seems practicable. 

Perhaps a simpler approach to assigning the con

figurations would be to condense the pairs XXXIV - XXXV and 

XXXVI - XXXVII with formaldehyde. As already explained, 

the methylene acetals so tormed would probably engage the 

1,3 hydroxyl groups that were cis to each other, or, in other 

words, !!! membered cyclic acetals would torm only with XXXIV 

and XXXVII. Such an observation, together with the confirma

tion of the ~-trans relationship of the adjacent hydroxyl 

groups by the lead tetraacetate method, would go far toward 

elucidating the stereO-Chemistry of the four possible 1,2,4

cyclohexanetriols. 
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EXPERIMENTAL 

The following chemicals were prepared by the 

methods noted: cyolohexene (14); 1eadtetraacetate (62); 

Raney nickel oatalyst (63); hydrogen peroxide in tert

butyl aloohol (64). 

stook acetone was purified by allowing it to 

stand over oaloium chloride for twenty-four hours. The 

solvent was deoanted, heated under reflux with a few ory

stals of potassium permanganate and distilled after any 

a.cids had been neutralized with an excess of anhydrous pot

assium carbonate. 

Stock chloroform whioh had been washed with water 

repeatedly to remove any alcohol present was dried over 

caloium ohloride for twenty-four hours, decanted, and stored 

in an amber oolored bottle. 

All melting points are uncorreoted. 

Rydrot>enation of Pyrogallol (I) 

The phenol, 316 g. (2.5 moles), was dissolved in 

ethanol (tota.l volume of solution, 1,000 ml.)) 50 e. of 

Raney nickel oatalyst was added t and -the mixture 'Was hydro

genated in the usual apparatus for three hours at 1400 under 

,,000 pounds initial pressure of hydrogen. Over this period 

of time, 8.2 moles of gas were absorbed; the amount of gas 

necessa.ry to saturate the ring alone \vas 7.5 moles. 

http:necessa.ry
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The catalyst was removed by filtering. and ethanol 

was distilled from the filtrate; the residue distilled at 

90 - 135%.05 mm. to give 290 g. of a olear, oolorless, 

partially crystalline 011. This material was dissolved in 

water and the solution, volume 500 ml., was extracted oon

tinuously for forty-eight hours with ether. At the end 

of this time the extract gave no color when tested for 

phenolic substances with a solution of ferric chloride in 

methanol. By oxidation with standard sodium hypoiodite (I) 

it was found that theether had extracted 30 g. of unchanged 

pyrogallol. After all solvent had been removed from the 

aqueous phase, the yellowish gum remaining was distilled at 

120 - 140%.02 mm., to give a white solid product weighing 

90.7 g. This corresponded to a yield of JJ% of the mixed 

1,2,3-cyclohexanetriols. No fraction corresponding to cy

clohexanediols, b.p. 85 - 100%.02 mm. (1) was isolated trom 

the hydrogenated mixture, presumably beoause they had been 

extracted by the ether. There is no doubt, however, that 

some cyclohexanediols were in the "trlo1 ff traction (see page 

55) 

The mixture of solid triols was heated under reflux 

for one-half hour with 200 ml. of aoetone, cooled, and after 

standing over-night, the crystals were recovered. on recry

stallization from a solution of 200 ml. of acetone and 25 ml. 

of water, 40.0 g. of l-l.2,3-cyclohexanetriol t m.p. 145.5 

1470 were obtained as white needles. A second recrystalliza

tion from ethanol afforded purer material, m.p. 147 - 1480 
• 
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The mother liquor was worked up, and yielded an additional 

2.0 g. of the same compound, m•.p. 147 -1M3". These melt

ing points are correct for the ~ isomer. 

On evaporation of the first acetone filtrate, 

11.7 g. (0.085 moles, calc'd as pyrogallitol) of a bro\~ 

oil remained. This oil was dissolved in 200 ml. of 

pyridine and 65 ml. of benzoyl chloride (0.56 moles) was 

added slowly .. After the initial heat of reaction had 

subsided, the mixture was heated on a water bath at 60 0 

for one-half hour. The solution, which darkened rat;her 

quickly to a deep red color, \~S poured into one litre of 

water. The brovm semi-solid settled to the bottom of the 

beaker and the pale yellow 3uperna.tant liquid was deoanted. 

The product Vl8S washed twice with 500 ml .. portions of water, 

once with dilute sodium bioarbonate, then with ,00 ml. of 

water containing a few ml. of sulfuric acid, and finally 

with water. The brown gumrn.y solid VIas then warmed with 

100 ml. of ethanol, and the mixture was cooled and filtered. 

The tan-colored precipitate beoame pure white upon 

washing with 75 ml. of ethanol. After drying, this solid 

weighed 7.9 g., and melted at 174 - 180°. Three recrystal

lizations, each from 100 ml. of f~laclal acetic acid t yielded 

6.0 g. of pure ~-1,2,3-cyclohexanetriol tribenzoate, with the 

melting point of 182 - 183.5° {of. Table I}. 

The ethanol mother liquors were evaporated to approx. 

,0 ml., and kept at -15 0 • On standing tor a few days, a 
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This pl"(xluct 

;rccryst.alllzHtlon. e S'~Hl1 Ull'..ount oi.' ~-1,2.3-cyclo!Hitmlletr101 

tr1oenzcrate. w'n.loh was nearly lnrml\lOle in the boIling 301

had orystallized. 

short needles. 

14("' - 141~ (Table I). 

147 

ide t 12 ml. Co .10 mole} V,,'iJ,S ndded to the well-ctJOled solution. 

After th.u in!t.1J.~1 heat of reaotion lied. fl;lJbsi<l$d, tu('! pale 

stalllzation from 6D mi. of ethanol, 6.1 g. of white orystals 
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Demonstration of the Presenoe of the a and B Isomers in 

the Acetone Insoluble Plro&allltol Fraction 

A sample of a mixture of tihe three pyrogallitols, 

weighing 38,,5 g., and prepared as described by the hydro... 

genation of pyrogallol, was carried through the prooedure 

of Linden~nn and de Lange (2), and an effort was made to 

make the process as quantitative as possible. The sample, 

b.p. 130 - 135%.05 mm. was very faintly yellow, but did 

not give a coloration with a solution of ferric chloride 

in methanol. 

The sample was ground in a mortar with aoetone, 

filtered, and the precipitate was washed with the same sol

vent. The white insoluble solid, which weighed 28.4 g •• 

was recrystallized from 200 ml. of ethyl aoetate tmd 100 ml. 
, 

of' ethanol. Yield, 18.2 g. of lS-pyrogallitol. Itl.P. 145 

147&, in the for.m of fine white needles. The mo'thar liquor 

was evaporated to dryness, and the residue was recrystallIzed 

twioe from an ethyl acetate-ethanol mixture. Yield, 4..5 g. 

of J-pyrogallitol, m.p. 147 - 148°. The mother liquors ob

tained in the last steps were combined and evaporated to dry

nells .. The residue distilled at 120 - 130%.04 mm., as a 

yellow gum. On the addition of 10 mI. of aoetone, this pro

duct partially crystallized to form a white solid, weighing 

1.3 g., m.p. 124 - 128°, and a solution, whioh on evaporation 

yielded 1.6 g. at a very pale yellow solid. The white solid 

ViaS reorystallized from ethanol, and gave 1.0 g. of .
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pyrogallitol, m.p. 147 - 1480 
• 

The yellow solid was dissolved in pyridine and 

benzoylated in the usual way. l~e mixture of esters was 

fraotionally orystallized in the manner described and the 

following fractions were isolated~ 

(I) p-pyrogallito1 tribenzoate, m.p. 181 - 183°, 1.9 g. 

This m.p. indicated a. slight impurity in the ester. 

(2) a-pyrogailitol tribenzoats, m.p. 140 - 141°, 0.4 g. 

In admixture with authentic ~-pyrogal1itol tribenzoate the 

m.p. was 121 - 137°, but a mixed m.p. with pure a-pyroge.11i

tol trlbenzoate of the same m.p. was not depressed. In iso

lating this ester, the use of methanol containing small am

ounts of water, about , was advantageous in the recrystal

lizations. 

Attempted Se;earetion of the COIDJ2onents ot the Acetone Soluble 

PlTogallitol Fract~on by the Isopropylidene Acetal Method 

The acetone soluble material obtained in the above 

separation (page 53 ), and presumably containing all of the 

a and ~-pyrogallitols, but little, if any, of the isomer, 

was made up to 150 ml. with acetone, and to the clear solution 

150 ml. 0:1:' petroleum ether (b.p .. 30 - 60 0 
) and a few crystals 

of p-toluenesulfonic aoid monohydrate were added. The solu

tion was set up in the apparatus for an 8.zeotropic distillation 

described on page 62. This distillation was continued 

for forty-eight hours; during the final twelve hours of this 
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period, the level of water in the trap did not ohanee. 

The yellow solution was neutralized with sodium 

aoetate, solvents were evuporated, and the oily residue 

was then distilled. The following fractions were col

lected: 

{a} b.p. 83 - 86~/23 rom., 2.4 g., a olear colorless 

oil with a strong pepper.mint odor. 

(b) b.p. 128 - 133°/23 mm., 8.2 g., a clear oolor1ess 

oil with a sweet smell. This traction was redistilled 

twice, and the possibility that any of fraotion (0) was 

oarried over mechanically was negligible. 

(o} b.p. 130 - 140%.05 nuu., a yellow gum which ory

stallized slowly, weight 0.7 g. 

Fraction (a) was dissolved in 50 rol. of ethanol, 

J ml. of concentrated hydrochlorio aoid was added, and the 

solution was heated on the steam bath for one hour. The 

solvents were then evaporated, and when a deep green color 

developed, the error in tailing to neutralize the aoid seemed 

evident. The dry residue, on recrystallization from ethyl 

acetate, yielded 0.3 g. of a white solid, m.p. 103 - 104.3°. 

This product was benzoylated according to the directions of 

Shriner and Fuson (65), and the benzoate was reorystallized 

three times from aqueous ethanol, when it melted at 92 - 93°~ 

The melting pOint of trans~1,2-cyclohexanediol dibenzoate 
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prepared from the pure trans glycol (see page 58) was 

92 .. 5 - 93.8°, and a mixed melting point of these two com

pounds was 92 - 93.8 0 
• 

No other product was isolated trom this fraction. 

This result was!:;he first indication that trans-l,2 glycol 

units were condensing with acetone. 

A portion of fraction (b) weiehing 3.2 g. v~s hy

drolyzed by retlux1ng a solution in 50 ml. of ethanol with 

3 ml. of concentrated hydrochloric acid ():t,. the steam bath 

tor one hour. The acid was neutralized with basic lead 

carbonate, the mixture was filtered, and the filtrate was 

evaporated ,to dryness. Yield, 1.5 g. of crude product, 

a white solid. s solid was dissolved in 25 ml. of hot 

ethyl acetate and al1ow8c to crystallize. The crystals 

were distinctly heterogeneous, consisting of needles, and 

small, apparently spherical particles. 11he m.l' .. of this 

solid was 70 - 113°. 

It was essential to establish the constitution ot 

this solid, and this was aooomplished by fraotionally cry

stallizing the banzoates. The solid was dissolved in 25 ml. 

or pyridine, and 4.5 ml. of benzoyl chloride was added to the 

solution. The benzoates were isolated in the manner des

cribed previously. In the usual way, 1.1 g. of ~-pyrogalli-

tol tribenzoate. m.p. 182 - 183.5 was separated. The mother 

liquors yielded a solid whioh was recrystallized four times 
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from aqueous meth8.1101 containing approximately l07~ or 
water. A white solid t in the fonn. of needles which ory

stallized in clusters, was obtained; yield, 0.35 g., m.p. 

137 - 139°. Further crystallization did not raise this 

melting point. In admixture with authentic lS-pyrogalli

tol tribenzoate, the meltinc point was 119 - l34Q, but a 

mixed melting point with authentic a-pyrogallitol tribenzo-

This produot was therefore a-pyrogalli

tol tribenzoate, and it was evident that a-pyrogallito1 was 

condensing with acetone under the conditions described above. 

rhe methanol mother liquors VJere evaporated to dry

ness, and tt16 solid residue Vlas recrystallized three times 

from aqueous methanol; a substance crystallized in the ferm 

of short white needles, which did not cluster in the manner 

characteristic of the a-pyroeallitol tribenzoate. These 

crystals melted at 139 - 140°, and a mixed melting point with 

authentic ~pyrogallitol tribenzoate was not depressed, but in 

admixture VIi th a-pyrogalli tol tribenzoate the m.elting point 

was 122 - 1360 The yield of this compound, which was l• 

pyrogallito1 tribenzoate, was 0.3 g. It v~s clear that 

'6-pyrogallito1 condensed with acetone to form. an isopropyli

dene acetal under the conditions of this experiment. 

No further examination of this fraction was made. 

The recoveries reported above are far from quantitative but 

inevitable losses attended the process of fractional crystal

lization. 
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Fraction (c) was dissolved in 30 ml. of ethyl 

acetate, and the solution was allowed to crystallize in the 

Gold room. The solid was recovered and recrystallized from 

10 ml. of' ethyl acetate; yield, 0.10 g .. m.p. 109 - 110°. 

A mixed melting point wlth pure a-pyrogallitiol of the same 

rneltinf; pOint was not depressed. The tribenzoate, prepared 

by the method of Shriner and Fuson (65) melted at 140 - l41~, 

and a mixed melting poin-Ii with the same ester prepared syn

thetically was not changed. 

SYAthesis of trans-l,2-cyclohexanediol; XXII 

(a) By c;he hydro:qlfltion of cyclohexene with hydrogen 

peroxide using selenium dioxide as catalyst {~ 

Cyclohexene, 25 g. (0.30 mole) was mixed with a 

solution of hydrogen peroxide in tert-butyl alcohol, 150 ml., 

containing 11.32 g. (0.33 mole) of the peroxide. Selenium 

dioxide, 1.33 g., was almost completely dissolved in the solu

tion by shaking for a few minutes, and the mixture was then 

60kept at 5 - for sixty-five hours. 

A~ the end of this time, the solvents were distilled 

in the vacuum of a water pump at room temperatu.re. The red 

color of the solid residue indicated the presence of selenium 

from which the product was extracted with 75 ml. of' ethanol. 

After distillation of the ethanol under reduced pressure, the 

yellow residue distilled at 107 - 122°/14 mm.tio give a white 

crystalline solid. The t'iistil1ate,·m 9 P. 85 - 105°, weighed 

http:temperatu.re
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19.1 g.~ corresponding to a 54:% yield of the crude product. 

When this solid was recrystallized twice from 

ethyl aoetate, the melting point was not improved. Reory

stallization from benzene (53) proved effective; using this 

solvent, 11.5 g. (33) ot trans-l,2-cyclohexanediol, m.p. 

103 - 1040 was recovered. In addition, 0.4 g. of someWhat 

less pure material, melting at 100 - 1040 was obtained from 

the mother liquors. 'rhe melting point reoorded 1n the 

literature is 103 - 1040 (31). No depression with trans-

1,2-cyclohexanediol prepared by method (b) was observed. 

No cis-l,2-cyclohexanediol was isolated in this-
experiment; if formed, this compound was present only in 

very small runounts. 

(b) By the reaction of clclohexene with hydrogen 

p~,r.0~lde Informic acid (2l) 

Superoxol, 116.2 g. (1.025 moles of hydrogen per

oxide) was added over a period of twenty minutes to a mix

ture of 82 g. of cyclohexene {l mole} and 300 ml. of formic 

acid (87%). The mixture was stirred continuously and main

tained below 40° for throe hours. At the end of this time, 

the temperature had ceased to increase spontaneously, and 

the solut1on, now homogeneous, was kept at 35° overnight. 

'T'he solution then gave only a faintly positive test for 

peroxides with acid1fied potassium iodide. 
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'Phe solvents ';rere removed in vaouo, and the 

main product was distilled at 100 - 120",/12 Dlm. This 

material was redistilled through a 20 inch Vigreux column, 

and gave 107.2 g. of a clear, colorless oil, b.p. 109 

111()/12:mm. On standing in the cold, the oil partially 

crystallized. 

After recovery of the crystalline portion. two 

recrystallizations from benzene gave 10.5 g. of trans-l,2

oyclohexanediol, m.p. 103 - 104°. The dibenzoate of this 

glycol, prepared using a slight excess of benzoyl chloride 

in pyridine, melted at 92 - 93°, in agreement with the 

value reported in the literature (53). 

Preparation of trans-l,Z-cyclohexanediol monobenzoate trom 

a pr?duct of this reaction 

'l'he liquid portion of the product had a saponifi

cation equivalent of 131, whereas the theorErtice.l value for 

a cyc1ohexanediol monotormate is 144. The product probably 

contained a small amount of cyclohexanediol diformate. 

A small sample, 5 g. of this li(iUid was treated with 

5 g. of benzoyl chloride (1.02 moles, assuming that the 

starting material was pure l,2-cyclohexanedio1 monoformate), 

in a solvent mixture composed of 15 ml. of pyridine and 15 

ml. of chloroform. The solution was allowed to stand at 

room temperature for twenty-four hours, and was then washed 

successively with 100 ml. of water. 50 ml. of normal sulfuric 
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acid, 50 mI. of a saturated solution of sodium bicarbonate, 

and finally with water. After the chloroform had been 

removed at the water pump. the residue was distilled, and 

5.5 g. of a clear, colorless oil, b.p. 195 - 205°/18 Mm. 

was collected. r.l:his fluid was redistilled -twice, b.p. 

199 ~ 202°/18 rom., and 117 - 119%.05 rom., but it did not 

crystallize. The small solid residue in the distillation 

flask was not examined. 

SUlfuric acid, 0.7 IDl. and water, 2 rol •• were 

added to a solution of this product in 50 IDl. of ethanol, 

and the solution was heated a.t 45 - 50 0 for ninety minutes. 

The solution was neutralized with sodium bicarbonate, and 

when about four-fifths of the solvents had been eVaporated 

the oil which separated crystallized. This solid was re

covered, and after three recrystallizations from petroleum 

ether, it melted at 89.5 - 91.5°. A further recrystalliza

tion from 200 ml. of we"ter a.nd 50 ml. of ethanol gave 0.5 g. 

of orystals, fine white needles, melting 90 - 91°. Tran~-

1,2-oyclohexanedio1 monobenzoate melts at 91 - 92° (53). 

c 70.86% H 7.34~1t 


Found c 70.J2}b I-I 7.61% 


Condensation of trans-l,2-clclohexanediol with acetone to 

give XLI 

(a) bl the method of newman and Renoll (J2l 

In a 500 ml. round bottom flask was plaoed 7.0 g. 
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of trans-1,2-oyc10hex8.nedi01, m.p. 103 - 104, (0.06 moles), 

150 ml. of aoetone (119 ., 2.04 moles), 150 mi. of petro

leum ether (b.p. 30 - 60°), and a few orysta1s of p-toluene

sulfonic acid monohydrate. The aoid oata1yst was not 

weighed, but the amount added was certainly not more than 

0.1 g. 

'l~e flask ·was fitted with a condenser, the jaoket 

of which was partially (about one-half) filled with water. 

A water-trap of the ordinary type, carrying a second con

denser in Which a rapid flow of water waS maintained, was 

attached at the top of the first condenser. The condenser 

attached to the flask returned acetone vapor to the flask 

effectively, but the petroleum ether vapors reached the 

second condenser. 

'rIle mixture was heated under gentle reflux for 

sixty hours, during which time it slowly turned yellow, and 

decreased in volume by about 75 ml., owing to a slow loss of 

vapors.• l'\ilJo phases formed in the water-trap, and the 

aqueous phase contained a small amount of acetone, evident 

from its odor .. 

Sodium acetate was added to neutralize any tree 

p-toluenesulfonic aoid, and the solvents were distilled under 

reduced pressure, at room temperature. The main product, 

a clear colorless all possessl~3 a strong peppermint odor, 

and weighing 5.5 g., distilled at 77 - 78°/20 mm. 
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The residue in the distilling flask was extraot

ed with 50 ml. of boiling benzene, and the insoluble mater

ial was disoarded. On cooling, the benzene solution 

yielded 0.9 g. of white orystals t whioh, atter two more re

crystallizations tram benzene, yielded 0.6 g. of trans-l,2

cyclohexanediol, m.p. 103 - 104.2°. A mixed m.p. with an 

authentic sample of the same compound showed no depression. 

The yield of the acetal was 67% of the theoreti

cal amount; the density was d~g, 0.98052, and the refractive 

index. Dn20 ' 1.4468. 

Calc'd tor an isopropylidene cyclohexanediol, C,Hls0a: 

o 69.18~ II 10.31% Mol .. Refraction, 42.66 

Found C 69.55% II lOJ3~ Mol. Refraction, 42.57 

The acetal waS allowed to stand for several weeks 

at-l5°, but it did not crystallize. The corresponding 

acetone derivative of cis-l,2-cyclohexanediol melts at -6.5°-
(3). 

Hydro1lsls of isopropzlldene-trans-l,2-olo1ohexanediol 

A solution oontaining 1.0 g. of the acetal, 3 mI. 

of concentrated hydroohlorio acid, and 50 ml_ of e"thanol WaS 

heated under reflux on the steam bath for one hour. At 

the end of this time, the acid was neutralized with basic 

lead oarbonate and the precipitate was filtered and disoarded. 

The riltrate was evaporated to dryness and reorystallized rrom 



- 64 

15 ml. of benzene. The white solid product, in the form 

of short needles, melted at 10; - 1049 
, alone and in ad

mixture with authentic trans-l,2-cyolohexanediol. Yield, 

0.73 g., or 98% of theory. 

(b) Using hzdrochlorle acid as cat;.lx;st 

;rans-I,2-cyclohexanediol, 5 g., m.p. 103 - 1049 

(0.04 mole) was dissolved in 300 ml. of aoetone, (238 g., 

4.1 moles) through which dry hydrochloric aoid gas had 

been bubbled until the acid conoentration was 0.1% by 

weight. Anhydrous sodium sulfate, 3.0 g., was added to 

this solution and the mixture was mechanically shaken for 

five days. 

At the end of this time the liquid was pale yel

low, and the acid in solution was neutralized with basic 

white lead. The solids were removed by filtration, and 

the filtrate, Which was still acid to litmus, was made al

kaline with dry ammonia gas. The solvents were then dis

tilled under reduced pressure and the yellow residue was 

extraoted with 100 ml. of pet;roleum. ether, b.p. 30 - 60 0 
• 

The mixture was filtered, and after the solvents had been 

removed from the filtrate under reduced pressure, a clear 

colorless oil distilled at 76 - 789 /23 mm., weight 0.20 g. 

(;% of theory). This liquid possessed the strong peppermint 

odor charaoteristio at the isopropylidene aoetal. 

Since this liquid was obtained in such small 
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amount, it was identified only by hydrolysis. The entire 

product ~ dissolved in 15 ml. of ethanol and 1 ml. of 

concentrated hydrochlorio aOid, and the solution was heat

ed on the steam bath for one hour. The aoid was then 

neutralized with basic lead carbonate, the mixture was 

filtered, and the filtrate was evaporated to dryness. The 

white solid residue was reorystallized twice from 10 ml. 

of benzene. A yield of O.lOS g. (73%) of pure trans-l.2

cyclohexandiol, m.p. 103 - 1040 was obtained. A mixed 

melting point of this material with authentic trans-l,2

cyolohexanediol was also 103 - 104°. 

The petroleum ether insoluble material (see above) 

was recrystallized three times from benzene. The white 

solid product, which weighed 2.7 g., melted at 103 - 104·, 

and a mixture of this substance with authentio 1irans-l.2

cyclohexanediol melted at the same temperature. 

A similar experiment. in which the acid oonoentra

tion was 1.0%, was also carried out. This reaction mixture 

was shaken for only thirty hours, at the end of whioh time 

the liquid was bright yellow in color. The process employed 

for the reoovery o~ the aoetal and the unohanged glyool was 

the same as that desoribed above. 

The aoetal-oontaining distillate boiled at 60 

65°/23 mm., andwelghed 0.80 g. The odor of the acetal in 

'this fluId was distinct, but on hydrolysis acoording to the 
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procedure described above, only 35 mg. of pure trans-l,2

cyclohexanediol, m.p. 103 - 1040 unchanged on admixture 

with authentio trans-l,2-cyclohexanediol, was isolated. 

It is possible that some of this distillate consisted of 

a low boiling condensed derivative of acetone. 

The yield of pure trs.ns-l,2-cyclohexanediol cor

responded to a 0.7% yield of pure isopropylidene-trans-l,2

cyclohexanediol. The crude yellow residues, isolated in 

the manner desoribed, .weighed 4.0 g., but six recrystalliza

tions from benzene gave material melting poorly, at 85 - 90°. 

Synthesis of j-oyolohexenol acetate, XV 

(a) HZ the oxidation of clclohexene wi-tin lead tetra

acetate (lZl 

The procedure employed was that described by 

Or-iegee (17), and the details are -t.herefore not presented 

here. A yield of 16.2% of the pure ester, b.p. 59 - 61°/ 

10 mIn. \WiS obtained; Oriegee's yield of the same compound 

was 21% 

(b) HZ the oxidation of clclohexene with selenium 

dioxide (16) 

This experiment. which has been repeated three 

times, is described in detail because the yields obtained 

were very much lower than those reported (16). 

The selenium dioxide used was a high grade 
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commercial product, kindly supplied by Canadian Copper 

Refineries, Montreal, {<~uebec. 

Over a period offour to five hours, 389.5 g. 

(3.5 moles) of selenium dioxide was added to a solution 

of 820 g. (10 moles) of oyclohexene (b.p. 82 - 84°) in 

500 g. of acetic acid and 300 g. of acetic anhydride. A 

three-neoked flask equipped with a reflux condenser and a 

stirrer was used as the container. The mixture was maln

tained at 70 - 80 0 during this time; heating Vias required 

to reach this temperature t ""but the reaction was strongly 

exothermic and the temperature remained in -the stated range 

without further applioation of heat during the gradual 

addition of the selenium diDxide. The dark red solution 

was refluxed for thirteen hf>urs atter addition ot the oxide 

was complete. 

In order to hydrolyze any remaining acetic anhy

dride. 70 ml. of water was added slowly to the black opaque 

mixture. steam distillation ot this mixture yielded 140 g. 

of cyclohexene, b.p. 82 - 84°, and 92.4 g. of )-cyclohexenol 

acetate, b.p. 81 - 8)°/25 mm.. 

Water was distilled from the residue under dimin

ished pressure, and the heavy black gum Which remained was 

pyrolyzed at 200° tor several hours under a. vacuum ot 25 mm.. 

A brown oil distilled very slowly. This 011 was washed wlth 

water until the aqueous phase lvas neutral, and was then 
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distilled .. A light yellow mixture ot 3-oyclohexenol 

aoetate and 2-cyclohexenone, b.p. 80 - 86°/26 l.'l'ml., weight 

171.0 g., was obtained. Tllis liquid was shaken with 50 

ml. of a 40% aqueous solution of sodium hydrogen sulphite 

for two hours, and the white precipitate was removed by 
• 

filtration. The ester in the filtrate was separated, 

washed with water, and dsitilled. Yield, 132 g., b.p. 

81 - 83°/25 mm., a clear colorless fluid whioh did not re

act with 2,4-dinitrophenylhydrazine. 

The solid sodium bisulphite-ketone oomplex, weigh

ing 6.7 g.t was decomposed with dilute hydrochloric acid. 

The ketone was recovered by ether extraotion and distilla

tion; yield, 3.1 g. ot 2-cyolohexenone, b.p. 65 - 67°/24 mm. 

The boiling points recorded here a.re very olose to 

those reported in the literature (16). The total yield of 

the ester was 224.4 g. t or 19.3~0 of the theoretioal amount, 

and the yield of ketone, :;.1 g., was 0.4% of theory, oalou

lated on the basis of the amount of oyolohexene whioh re-
I 

aoted; Guil1emonat's yields, oaloulated on the same basis, 

were 47% for the ester, and 10% for the ketone. 

By careful treatm~nt of the blaok residue from the 

f'ina1 pyrolysis with conoentrated nitric acid, almost all of 

the selenium dioxide was reooverable. 

Saponifioation of 3-cyclohexenol aoetate 

The ester was saponified by shaking with an 
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equivalent amount of aqueous barium hydroxide for one 

hour. The unsaturated alcohol vms extracted with benzene, 

und isolated in the usual way. Yield, 68% of the theoreti

cal amount, b.p. 60 - 62 0 /12 rom. The boiling point re

oorded in theliteratur~(16) was 67°/15 mm., but the yield 

was not reported. 

Synthesis of Q- and ~-~lrosal1itols tram )-cyclohexenol 

acetate, x:v 

(a) By the method of Se5uin (22) 

To 275 ml. of a solu'tion ot hydrogen peroxide 

in tert-butyl alcohol containing 0.58 moles of the peroxide 

was added 79.7 g. (0.57 moles) of the unsaturated ester, 

and 2.3 g. of selenium dioxide. Atter a few minutes' 

shaking, all of the oxide dissolved, and the solution was 

kept at 60 tor six days. The amount of catalyst corres

ponded to 4.0 g. per mole of ester. 

'i'he solvent Vias distilled in vacuo (water pump) 

at room temperature; the temperature was then raised) and 

.7 G. of the unchanged ester, b.p. 82 - 85°/29 mm. was 

collected. The black residue was heated at 0.1 mm. pres

sure, and 31.3 g. of a light yellow gum, containing a trace 

of red selenium, distilled at 120 - 130 0 /0.05 mm. Yield, 

44% calculated on the basis of the amount of ester whioh 

reacted, and assuming that the produot was a mixture of a-

and ~-1,2,3-cyolohexanetriol-l-aoetates. The viscous 

black residue in the distilling flask gave evidenoe ot the 
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presence of carboxylic acids when tested with sodium Di

carbona.te solution, but it was not further examined. 

1'he product was treated with 10 ..1 g. 01' potas

sium hydroxide dissolved in 125 ml. of methanol for one 

hour. The potassium chloride which precipitated on add

ing 15.1 ml. of concentrated hydrochlorio aoid was separ

ated by filtration. Solvents were evaporated from the 

filtrate in vacuo. The residue, on distillation at 0.02 

0.03 mm. pressure. yielded a pale yellow semi-orystalline 

gum, b.p. 115 - 12,5°, weighing 24.8 g. This yield is 

practioally quantitative. 

Benzoyl chloride, 140 ml., (1.2 moles), was added 

to a cold solution of this produot in 200 ml. of pyridine. 

'l'he mixture of tribenzoates was worked up in the manner pre

viously described. Yield. 57.2 g. of crude ~-pyrogallitol 

tribenzoate, m.p., 174 - lSlo; recrystallization from 400 ml. 

of glacial acetic acid afforded 45.4 g. of the same ester as 

a micro-crystalline powder, m.p. 180.5 - lB2.5°. The mother 

liquors yielded 4.7 g. of an impure product, m.p. 130 - 160°. 

The yield of a-l,2,3-cye1ohexanetriol, recrystallized twice 

from methanol, was 3.7 g., m.p. 1,38.5 - 140°, and the mother 

liquors yielded a further 0.4 g. of a slightly less pure 

product, m.p. 132 - 137°. 

Total yield on the benzoylation was 63.0 g. of 

crude produot (75.5%). The overall yield of the p isomer 

http:carbona.te
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calculated as the t.riol, was 24.6%, and of the a isomer, 

2%. 

(b) Bl the method of Meerwein, Sohoeller, Schwenk and 

Borrnrdt (221 

A solution containing 44.7 g. of hydrogen peroxide 

(30%,0.395 moles), 44.7 g. of glaoial aoetic acid, and 

4.. 6 g. of oonoentrated sulfurio acid was added, with stirring, 

to 50 g. ot )-oyclohe:x:enol acetate (O,,36 mole) over a period 

of one hour. After stirring for about five hours at 10 

15°, the mixture became homogeneous. The solution was main

tained at this temperature for fifty-six hours, at the end 

of whioh time it \~S heated with stirring for three hours 

at 40 - 50°. 

When the solution was neutralized with the calou

lated G.mount. of concentrated sodium hydroxide. two layers 

appeared, and the upper layer was combined with a benzene 

extraot of' the lower aqueous phase. Water \vas distilled 

from the latter solution in vaouo, and the residue was ex

tracted with acetone. The insoluble inorganic salts were 

disoarded. The organic solutions were combined, and when 

the solvents had been removed, 3.1 e. of 3-cyclohexenol ace

tate, b.p. 75°/27 mm., was distilled. The dark brown resi

due, whioh contained a high percentage ot inorganic matter, 

distilled in part at 120 - 127%.05 mm., to give 29.0 g .. of 

a light yellow gum. This was a yield of 50%, assuming that 

the product was a monoacetate ester of 1,2,3-cyclohexanetriol. 
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After stallding for a period of about one month, 

this product partially crystallized, and had a saponifica

tion equivalent of 258. Sinoe the theoretioal value tor 

the monoester is l71h it was concluded that some of' the 

aoetate groups had been hydrolyzed during the reaction. 

In the light of other work (see page 60), this conolusion 

appeared reasonable. 

The mixture was saponified with 4.3 g. of potas

sium hydroxide (the theoretical amount, caloulated on the 

basis of the above saponifioation equivalent) in 45 ml. ot 

methanol for one hour at roam temperature. The solution 

was acidified with concentrated hydrochlorio aoid, filtered. 

and solvents were distilled from the brown filtrate at the 

water pump_ The residue distilled at 130 - 132%.08 mm., 

giving a distillate which weighed 13.7 g. 

Separation of this triol mixture into the two 

isomers was aocomplished by the usual crystallization of 

the tribenzoates. The benzoylation was carried out in a 

mixture or 125 ml. of chloroform and 125 ml. of pyridine 

with 50 ml. of benzoyl chloride {O.43 mole}. At the end 

of twenty-four hours, the tribenzoates had precipitated. 

After filtration, the white precipitate was washed thoroughly 

with hot water. 

By the usual methods, described previously in this 

thesis t 34.8 g. of ~-1,2,3-cyolohexanetriol tribenzoate, m.p. 
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181.5 - 183°, wa.s obtained from this precipitate. 

trhe chloroform filtrate was evaporated, and the 

residue was oombined with the ethanol extract (100 ml.) 

obtained from the separation of the p-triester. The solu

tion vias cooled for tvventy-four hours in the refrigerator, 

emd the resulting precipitate was recrystallized from meth

anol three times. In this manner, 0.8 g. of a-pyrogalli

tol tribenzoate, m.p. 139 - 140°, was obtained. 

The crude tribenzoetes obtained in this experi

ment weighed 42.0 g., a yield of 91%. The overall yield 

of the ~ isomer, calculated as the triol, was 22.9%, and of 

the a isomer, 0.5%. 

(c) Bl: the method of SWerI'l, Bll1en, Findley and Scanlan (21} 

(1) Hydrogen peroxide, 58.1 g. (30%, 0.502 moles), was 

added over a period of fifteen minutes to a mechanically 

stirred mixture of 70 g. of 3-cyclohexenol acetate (O.50 

moles) and 150 ml. of formic acid (87%). The initial re

action was fairly exothermic, and the temperature \-vas not 

allowed to rise above 55°. After two or three hours, exter

nsl oooling was unneoessary, and the olear oolorless solution 

was kept at 55° for a further sixteen hours. 

At the end of this period, the preparation was 

brOwn in color and had deposited a small amount of dark resi-

IlOUS material. After the removal of solvents at 20 mm. 

pressure, -che residue on vaouum distillation yielded a pale 
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yellow oil, b.p. 120 - 135 % .05 rom., weighing 53.2 g. 

~his product was heated under reflux with 100 

ml. of water tor one hour, and after cooling, the mixture 

was extracted with ether. During the heating, the water-

insoluble portion darkened considerably. The ether ex

tract was set aside, but was not further examined. Water 

was distilled from the aqueous phase, and the light brown 

residue gave a very pale yellow gum, b.p. 130 - 133/0.05 mm., 

weighing 26.8 g., which deposited crystals slowly on stand

ing. The saponification equivalent of this material was 

389, indicating that most ot the eater groups had been 

stripped off during the reaction or in the subsequent pro

cessing. 

The remainder of the prooedure employed in work

ing up this mixture was identical with that outlined in 

section (b) above. A yield of 21.6 g. of triols (redistilled 

b.p. 125 - 130%.05 rom.) was obtained on complete saponifica

tion t and from thiS, 45.6 g. of ~-pyroga11itol tribenzoate, 

m.p. 181.5 - 183°, and 2.5 g. of a-pyrogallitol tribenzoate, 

m.p. 139 - 140· were obtained. This corresponded to an over

all yield of 20.0% for the ~-isomer J and l.l~b for the a. form.. 

The yield of crude tribenzoates in this experiment was 55.0 g., 

or 55% of the theoretical amount .. 

(2) The following experiment is a duplicate of the one 

Just desoribed, but same of the methods employed in working 

up the reaction mixture were new and are therefore presented 

http:133/0.05
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in detail. The quantities of reactants used were the same 

as before, but the reaction was :rmitted to continue for 

twenty-four hours at room temperature. .li.t the end of this 

time, the solution waslicht yellow in color. 

The solvents were distilled in vacuo, and the 

residue was dissolved in 150 ml. of ethanol and 25 ml. of 

water. Concentrated sulfurio aoid, 3 ml., was added to 

the light brown solution, wh:i.ch waS heated on the water

bath at 45 .... 50° for one and one-half hours" The solution 

was neutralized'with sodium bicarbonate. :filtered, and the 

solvents were distilled. rrhe residue yielded a yellow gUlli, 

b.p. 120 - 135%.02 rom., weighing 36.3 g. 

The mixture obtained after this gum was shaken 

mechanically with 100 ml. of ethyl acetate for one hour was 

filtered, and the white precipitate, weir)llng 18.6 g., melted 

at 107 - 115°. This solid was recrystallized :five times, 

each time from a mixture consisting of 75 ml. of ethyl ace

tate and 15 ml. of absolute ethanol, and the m.pfs after the 

successive recrystallizations were as tollows: 118 - 123°, 

121 - 123.5°, 122.5 • 124°, 124 - 125°, 124 - 125°. The 

final product, weighing 11.5 g., was pure a-pyrogallitol. 

These crystallizations occurred rapIdly. 

Further attempts to separate the two isomeric 

pyrogallitols In the mother liquors by orystallization from 

ethyl acetate were unsuccessful. All of the solutions were 

oombined and evaporated to dryness. The yellow reSidues, 
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weighing 6.4 c;., were dissolved in 50 ml. pyridine and 

benzoylated with 21 mI. of benzoyl chloride (0.18 mole) 

according to the procedure of' Shriner and }l'uson (65).. The 

yield of crude, slif':htly yellow product was 21.3 g., or 

99% of the theoretical amount. This mixture of' esters was 

separated in the manner already described, and yielded 17.4 

g. of {3-pyrogallito1 tribenzoate, m.p. 181.5 - 183°, and 

2.0 g. of' tt-pyroga111tol trlbenzoate, m.p. 139 - 140°. 

The solvent in tille ethyl acetate solution (see 

above) was distilled, and the residue, distilled subse

quently, yielded 17.5 g. of a yellow oil, b.p. 120 - 135°/ 

0.15 IDm. f which did not crystallize. This oil vms soluble 

in ethyl acetate, benz6u6, and ethanol, but was insoluble 

in water; with 2,4-dinitrophenylhydrazine, a bright red 

precipitate formed. This observation indloated that the 

011 contained a carbonyl eroup, but no further tests on 

this product were made. 

The overall yield of the p-isomer, calculated as 

the trial, was 24.6% and of the a.-isomer, 0.9% 

Condensation of B- and J-pyrogallitols with acetaone to 

~ive XXVII and XXX 

(a) Erthe method of Newman and Renoll (39) 

This experiment was carried out exactly as des

cribed previously for the condensation of trans-l,2-cyclo

hexanediol and acetone. 
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In the case of lS-pyroc:a1litol, 5 g., (O.O!. mole 

m.p. 147 - 148~) was used, and the other reagents were in 

the quanti ties employed previou sly (page 61 ). The triol 

dissolved completely after about fifteen hours, and the 

condensation was continued for two days in all. After 

neutralization and removal of' solvents, the reaction mix

ture was extracted with benzene, the benzene was removed 

by distillation, and the acetal distilled at 113 - 115°/ 

18 mm. The product was a clear colorless oil weighing 

6.0 g. {921~ of the theoretical amoun't} .. 

~-Pyrogallitol, 4.2 g., (0.03 mole, m.p. 124

125°) was condensed with acetone according to the same pro

cedure. Solution of the triol occurred within one hour, 

and the reaction was continued for a further twenty-nine 

hours. The mixture vms then worked up in the usual way; 

when the solvents were distilled, the acetal orystallized 

completely. The crystalline mass was dissolved in 50 ml. 

of hot ~thyl acetate, but crystallization of the solute did 

not occur. The ethyl acetate was Bvaporated, and the aoetal 

was distilled.. The product was a clear, oolorless oil, 

b.p. 128 - 1)1°/19 mm., weighing 2.19 g., (539~ of the theo

retical amount). 

(b) UsinS hydrochloric Icid aa oatalyst 

I-Pyrogallito1, 5 g., (0.04 mole, m.p. 147 - l4g0), 

was condensed with acetone, 300 ml. (238 g., 4.1 moles), in 

the presence of dry hydroohloric acid gas, 1% by weight, and 
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anhydrous sodium sulfate, 3 g. The reaction was carried 

out as scribed, ·with. mechanical sha}:::int: for twenty-four 

hours, and the reaction mixture was worked up in usual 

way {see page 64 }. The average yield of the acetal, ob

tained as a olear, colorless oil, was 6~%, b.p. III - 114°/ 

16 mIll. Toward the end of the distillation white orystals, 

in the form of needles, appeared in the neok of the distil

ling flask. Probably these crystals were a Sli1.all amount of 

the free triol, but this conjeoture was not proven. 

B-Pyrogaliltol, 5 g., (O.04 mole, m.p. 124 - 125°), 

was condensed with dry acetone, 200 mI., (158 g., 2.7 moles), 

in the presence of dry hydroohloric acid gas, 0.2% by wel€":bt J 

and anhydrous sodium sulfate J .3 f:. The mixture was shaken 

for forty-two hours. The product was worked up as described 

(see page 64), and distilled at 1.30 - 132°/18 mIll. The aver-

yield of the acetal, obtained as a olenr, colorless oil, 

was 71%. This oil was orystallized by dissolving it in 

petroleum ether {b.p. )0 - 60°}, and cooling the solution 

below DO .. On recrystallization fram the same solvent, there 

wes obtained 2.9 g. (4.5%) of fine white needles, m.p. 50.2 

c 62.76% R 9.37% 
.Found . c 62.95% H 9.51% 

Both of these new compounds are soluble in benzene, 

acetone, methanol, ethanol, petroleum ether, and are prac

tically insoluble in water. 
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!fhe aoetone compound of 6-pyrogallit;.ol is un

stable, and although severnl combustiorl analyses on this 

substanoe Viere attempted, closely ohecking results were 

never obtained, even though sample was kept in a 

tightly stoppered container. The best analysis was the 

following: 

H 9.37% 

Found G 62.4 % II 8.9 5f..t 

A duplicate analysis 011 I:; he same produot, carried 

out hurrediately after the first analysis had been completed, 

yielded the following result: 

c 61.3;0 

A sample of this compound was stored in a tight

ly stoppered flask for two weeks) and was then completely 

crystalline. 'fhis solid was re crystallized from acetone 

and from ethanol. and gave pure '()-pyrog€~:~litol* m.p. 147 

148<>. 

A solid sample of the f3-pyrogall1tol acetal 

deteriorated very slowly on standing in a tightly-stoppered 

test tube. After a few weeks, "t:.he pure acetal. 'INhich Vias 

originally quite white (m.p. 50.2 - 51 0 ), became very light 

brovm in color. 

http:6-pyrogallit;.ol
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Attempted :t:re~al"ation of the benzoate esters of isopro12Z1i

dene-p- and ~l2yrosallitol, XLVI and XLVII 

The acatels employed, XXVII and XXX, were pre

pared using hydrochloric acid as the catalyst. 

The acetal, 5.0 g. (0.0) mole}, was dissolved in 

15 ml. of ohloroform and 15 ml. of pyridine, and benzoyl 

ohloride J 5 ml. (6 €;., 0.04 mole) ViaS added to the solution. 

The mixture vias allowed to stand at room temperature tor 

tvrenty-four hours. Crystals occasionally deposited during 
-

this period, but tlu~se. were '_£tnt isolated. The addition of 

10 ml. of hydroohlorio acid caused two layers to separate, 

end when .30 mJ.. of acetone were added to the mixture these 

layers did not coalesce. This liquid mixture was heated 

gently under reflux for one-half hour. and the two phases 

did not unite under this treatment. 

The mixture was neutralized with sodium bioarbon

ate solution, and approximately two-thirds of the solvents 

were distilled in vacuo (water pump). The residue was ex. 
tracted three times with 50 ml. portions of benzene; the 

combined extracts were washed with water, and the benzene 

was evaporated. The oily residue crystallized, and was re

crystallized sClveral times from 40 or 50~t aqueous et.hanol. 

yield of the crude product, 7.4 g., (92% 

of theory) was obtained., lart.,c; losses occurred in the re-

crystallizations. 
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Atter three recrystallizations, the produot ob

tained from the ~wpyrogallitol acetal oonsisted of white 

needles, 1.0 g., m.p., 72.7 - 73.7e • On being stored 

under ordinary oonditions, this melting point ohanged to 

A small sample which was sublimed at 0.02 

mm. had m.p. 72 - 75.5°, and the sample tor analysis melted 

at 71.5 - 73 .. 10 

Oaletd for Cl&H2004 : C 69.52% H 7 • .31% 

Found : C 69.50% H 7.48% 

rehe empirioal. formula CleR.oO .. oorresponds to an 

isopropylidane-l,2,J-oyolohexanetriol monobenzoate. 

Afte:::o five reorystallizations from aqueous ethanol J 

the white produot obtained \men the ~-pyrogallitol aoetal was 

the starting material melted at 101.5 - 103.5°; the yIeld of 

this substance, in the for.m of rather broad needles, was 

3.5 g., or 4.3% of the theoretical amount. For analysis, 

a small sample resubl1med at 0.02 mm., lIl.p. 102.0 - 10) .. 5° 

was prepared. 

Calotd for CleR.oO. c 69.52% IT 7.31% 

Found : c 69.21% H 7 • .37% 

Both of these SUbstances were soluble in benzene, 

aoetone, chloroform, alcohol. petroleum ether, and were in-. 

soluble in water. 
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8lAthesls or the Monomethyl Ethers of @- and 6-pyro

sallltol, XXXI and XXXII 

The isopropylidene acetal of eaoh triol, pre

pared by both procedures outlined previously, was methy

lated by the Purdie method (66). A total of four methy

lations were therefore carried out. The reaction pro

duct was treated with acid under appropriate conditions to 

remOTe the acetone residue, and leave a monomethoxy cyclo

hexanediol. Only a single typical experiment is described 

.in detail. 

The isopropylldene acetal of the ~- or ~yrogal

litol, 2.5 B., was dissolved in 20 • of methyl iodide and 

5 g. of freshly precipitated and dried silver oxide was 

added to the solution. These quantities corresponded to a 

large excess of the theoretical amount neoessary for complete 

methylation or the acetal. The mixture was heated under 

very gentle reflux with stirring, for eight hours. At the 

end of this time, the mixture was extracted twice with hot 

methanol, and filtered. The yellow filtrate was acldli'led 

with 2 ml. of concentrated hydrochloric acid, and heated 

under reflux for one hour. The solution was cooled and 

neutralized carefully with basic lead carbonate. The preci

pitate was removed by filtration, washed with hot methanol, 

(~nd solvents \vere distilled from the yellow filtrate. The 

brown residue was distilled at 0.02 mm. The average 

yield of crude product was 1.2 g., or 57;~ of the theoretioal 



- 83 

amount. 

The I-pyrogallitol monomethyl ether vms sublimed 

twice at 65% .. 02 rom., and was "t.hen reorystallized twice 

from petroleum ether, b.p. 60 - 70°. The products obtained 

from both methylatlons consisted white needles, m.p. 

69.5 - 71°; the average yield of this recrystallized mater

ia1 was 1.0 g. A mixed melting poin-t of the t'wo products 

Calofd for CvH140a : C 57.49% H 9.65% 


Found C 57.79% H 9.38% 


~he ~-pyrogallitol monomethy1 ether did not 

crystallize on distillation. The clear, colorless oil, 

b.p. 66 - 67°/0.02 rom., analyzed as follows: 

Calcfd for CvH1.0a : C 57.49% H 9.65i 


Found : C 56.31% H 9.83% 


This-analysis indicated a slightly moist pro

duct, and when the ether was kept in a vacuum desiccator 

over phosphorous pentoxide, complete crystallization to a 

white solid ooourred, and this was analyzed. 

Calctd tor CvH140a : C 57 .4~;b H 9.65% 

Found : C 57 .. 10% H 9.58% 

This solid ~~s extremely hygroscopic. The m.p., 

taken in a highly evacuated pyrex tube of diameter 3 mm. was 

36 - 37° for the product prepared from ~-isopropylidene 

http:67�/0.02
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pyrogallitol synthesized by the method of Newman and Renoll 

(39). and 35.5 - 37° for the sample prepared from 13-isopro

pylidene pyrogallitol synthesized using hydrochloric acid 

as the o~rtalyst. The mixed m.p. was 35.5 - 37°. 

These compounds were soluble in water, alcohol, 

benzene and acetone.. The lS-monomethyl ether was slightly 

soluble in petroleum ether, but the p-monomethyl ether ab

sorbed moisture when shaken with this solvent and remained 

insoluble. 

The I-monomethyl ether, XXXII, and both samples 

of the 13-monomethyl ether, XXXI, were oxidized with lead 

tetraacetate at 20.0°. The procedures employed in this 

kinetic study were the same as those adopted by Christian 

(I), except that only five ml. samples of the oxidation solu

tion were withdraWll, and these were titrated with 0.008989 1:1 

instead of approximately 0.02 N sodium thiosulfate solution. 

In all three oxidations, the initial concentration of lead 

tetraacetate was 0.005705 moles/I. The results are shown in 

Table III, and are plotted in Figure 1. 

PrelImina.ry: Experiments in the 1,2.4-0lclohexfinetriol Series 

Synthesis of ~-methoxy phenol! LXIII (with.E. Y. Moir) 

OH 


http:PrelImina.ry
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TABLE III 

OXIDATION OF THE a- AND 15-PYROGALLITOL MOl'lO~mTHYL ]''THERS 

VITTH Pb(OAc). AT 20.0· 

~-monomethll ethera , XXXI, 0.002347 moles/l. (plot J. Fig. 11 

ml. Moles reacted 
Time 0.008989 N per mole K x 103 

0 
hre. Na.S,O. original elyool 1./mole/seo •-

0 6 • .35 	 0 
0.33 5.95 0.15.3 	 25 
0 .. 75 5.6.3 0.276 	 22 
1.50 5.18 0.448 	 22 
2.72 4.71 0.628 	 21 
4.00 4.48 0.716 	 19 
6.11 4.34 0.770 	 15 

11.0 4.00 0.900 	 14 
23.0 3.90 0.939 	 8 • .3 
50.0 3.68 	 1.02 

~-monom8thl1 etherb 
2 XXXI I 0.002427 molesL1. (;Elot 2. :riSe II 

0 6.35 0 	 
0.33 5.93 0.155 	 26 
0.75 5.63 0.266 	 21 
1.50 5.10 0.461 	 23 
2.72 4.65 0.627 	 21 
4.00 4 • .36 0.734 	 20 
6.11 4.06 0.845 	 20 

11.0 3.89 0.907 	 15 
23.0 3.72 0.970 	 11 
50.0 3.50 	 1.05 

'fS-monomethzl ether. ::x::x:xIla O.00270l molesLl. ~12lot 11 Fl£5. li 

0 6.35 	 0 
0.33 5 .. 70 0.216 	 48 
0.75 5.16 0.396 	 41 
1.50 4.61 0.579 	 36 
2.72 4.20 0.715 	 30 
4.00 3.92 0.808 	 28 
6.11 .3.68 0.889 	 26 

11.0 3.56 0.928 	 18 
23.0 3.49 0.951 	 10 
50.0 3.26 	 1.03 

a. 	prepared from the oorresponding lsopropy1idene aoeta1, syn
thesized according to the procedure of Ne~~n and Reno1l (39).

b. 	prepared from the oorresponding lsopropy1idene acetal, syn
thesized using hydroohloric acid as the oata1yst. 

o. 	calculated using the formula k • ~}108blt-Xi' ror a bi
~ a-x 

moleoular reaction. where a • initial concentra ion ot Pb(OAc).t
b • initial concentration of the ether, and x has its usual_.t __ 4 4/114 _____ 
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This compound vms prepared by methylating hydro

quinone with dimethyl sulphate accordinG to the procedure 

of Helfer (67). The yield of the light brovm solid, m.p. 

53.5 - 55° was 401~ of theory; Helfer's yield was 55% ot 

material melting at 53°. This produot was suitable for 

hydrogenation. 

Hldrogenation of ~-meth0!l phenol (with R. Y. Moir) 

p-Methoxy phenol, 771.8 g.t was hydrogenated with 

100 g. of Raney Nickel catalyst, at 180 - 200°, with 2,800 

pounds initial pressure of hydrogen. The gas uptake vms 

extremely rapid, especially at the beginning of the reduc

tion, and close to the theoretioal amount of gas was ab

sorbed. The product was filtered twioe to separate the 

catalyst, and the nearly colorless liquid was distilled. 

The distillate, b.p. 85 - 120°/7 mm., was a slightly yellow 

oil, weight 665.7 g. (83%), and suitable for the next 

reaction. 

Dehldration of ,-methoxlcyclohexanol (68) (with R. Y. Moir) 

OCI-6 OC~ 

OH 
LIIl 
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4-Methoxy oyolohexanol, 603.6 g., was distilled 

in three runs, in the presenoe of 1 ml. of concentrated 

sulfuric acid and 1 ml. of water. Distillation occurred 

over the range 100 - 138°; the bath temperature was 205 

210·, except at the end of the reaction when it was per

mitted to rise to 225°. Water was separated from the dis

tillate. and the wet residue was distilled through a Vig

raux column. The :following fractions were collected: 

(1) B.p. up to 100", weight 45.9 g. t mainly oyclo

hexadienes. This fraction dis~illed with an equal vol

ume, i.e., 45 ml., of water. 

(2) B.p. 135.5 - 136.5°/760 mm•• weight 257.0 g., pure 

4-methoxy cyolohexene. 

The residue in the distilling flask, a brown oil 

weighing 105 g., was again distilled in the presence of 1 

ml. of concentrated sulfuric acid and 1 ml. of water. 

Fractionation of the product yielded 6.0 g. of a fraction 

corresponding to fraotion 1 (see above) and 42.0 g. of 4

methoxy cyolohexene. The residue from this distillation 

was not further examined. The total yield was 58% of 

tl'leory • 

This compound, LIII, has not been described in 

the literature. It is soluble in benzene, ethanol, acetone, 

and insoluble in water. The density d~g was 0.9025 and 
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the refractive index ~o, 1.4566. 

Calo'd tor C9H1SO : C 74.94% H 10.19% U.R. 33.39 

Foun4 

This compound reacted with bromine in carbon te

trachloride Instantaneously, a.nd deoo1oritled dilute potas

siUlR. permanga.llate .. 

Hydro&enatlon or hldroquinone (With, R, Yt lwir) 

Hydroquinone. 525 g., was disso1Ted in ethanol 

(total volume ot solution, 1100 ml.) and the solution was 

hydrogenated in the pl'enence of' 80 g. of Raney niokel cata.

lyst. Hydrogen uptake occurred rapidly at :3 ,000 pounds 

pressure, at 170 0 • 1.~he solutlonobtained was filtered to 

Sel)f:lrate the catalyst, and the solvent in the filtrate was 

removed by distillation. The residue boiled at 140 - 14)°1 

g mm., and crystallized at onoe to a WhIte solid, a. mixture 

of cls- and trans-l,4-oyclohexnnediols. Yield. 527.5 g.t-
or 96% of thoory. 

Dehldratlon ot 1.4-o101ohaxanedlo1 (613) (wl;th R. Y.. Yoir) 

OH 0# 

ON 
LXV 


(,ill. or ...t...,rfA ....)
....l1_.l.s 
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l,4-Cyolohexanedio1, 527.5 g., was distilled 

in the presenoe of 1 ml. of concentrated sulfurio aoid 

and 1 ml. of water over a period of two and one-half hours. 

The temperature of distillation was 100 - 155 0 and the bath 

temperature 190 - 220°. The water layer in the distillate 

was separated, and the oil was dried over anhydrous magnes

ium sulfate. On distillation of this oil through a Vig

reux oolumn at atmospherio pressure, three fraotions were 

oolleoted: 

(a) B.p. up to 110°, weight 85.4 g. t after some water 

had been separated. 

(b) B.p., 110 - 154°, weight 22.5 g. 

(c) B.p., 154 - 157°, weight 168 g. 

The residue in the distilling flask, weighing 52.9 

g., was discarded" 

The three fractions were combined, kept over an

hydrous magnesium sulfate for twenty-four hours, and redis

tilled, to give: 

(a) B.p., up to 100°, 31 g. of an oil, and oonsiderab1e 

water. 

(h) B.p., 100 - 155°, 4.9 g. of an 011, slightly wet. 

(0) B.p., 155 - 161°, 126.4 g. of an oil, slightly wet. 

The large residue.s were strongly aoid, and even the 

distillates were aoid to indioator paper; it seemed evident 
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that further dehydration was occurring during the fractional 

distillation. Fraotion (0) was allowed to stand over solid 

sodium bioarbonate over-night and was again fractionated. 

This distillation yielded 87.2 g. of 4-hydroxy cyclohexens, 

b.p. 164 - 165°, the same b.p. that is recorded in the liter

ature (68). This yield was 195; of theory. 

There is lit;tle doubt that much of the desired 

produot was lost because the original distillate was not 

neutralized. The low boiling fraotions, probably a mixture 

of cyclohexadienes, were combined and set aside. 

Benzoylation of 4-hydroxl cyolohexene to give LIV 

To a solution of 87.2 g. of 4-hydroxy cyclohexene 

(0.89 mole) in 200 ml. of pyridine and 350 ml. of chloroform 

Was added slowly, with cooling, 128 g. of benzoyl chloride 

(0.91 mole). The clear, pale yellow solution was allowed 

to stand at room temperature for sixteen hours. The solution 

was washed wl th saturated aqueous sodium bioarbona.te, and 

then with water. The solvents were distilled in vaouo, and 

the oil remaining was fraotionated twice through a Vigreux 

column. The benzoyl ester of 4-hydroxy cyolohexene boiled 

at 149 - 150°/12 mID; yield, 172 g., or 96% of theory. This 

new oompound 1s soluble in benzene, alcohol, acetone, chloro

form and is insoluble in water; it deoolorized bromine in 

carbon tetrachloride, and dilute aqueous potassium permangan

ate. The density d~g was 1.085, and the refraotive index 

http:bioarbona.te
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n~W 1.5360 .
D 

Ca1c 1 d for CJ.SHJ.402 C 77.18% H 6.98% U.H. 57.6) 

Found C 77.25% H 6.94% M.R. 57.20 
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SUMMARY 

1. Although the hydrogenation of pyrogallol over Raney 

niokel catalyst was known to give the aoetone insoluble 

or ~-ois-ois~pyrogallitol (1.2,J-cyclohexanetriol) in 

rail' yield, only minor amounts of the aoetone soluble 

J3 - (cis-ois-trans) and a- (ois-trans-ois) forms were pro---- ~ .............. 


duoed. Their separation depended on '~he comparative in

solubility of the ~-tribenzoate in ethanol. The principal 

object of this research was to find better methods of ob

taining and separating the inaocessible i3 and a isomers. 

2.. trhe syntheses commenced with the oxidation of cyclo

hexene to J-cyclohexenol acetate with selenium dioxide or 

lead tetraacetata. The reaction of J-cyclohexenol acetate 

with hydrogen peroxide in tart-butyl alcohol, acetic aold, 

and formic acid, with the appropriate catalyst when neoessary. 

gave ~-pyrogallitol in an average overall yield of 23%, but 

that of the a-isomer averaged only 1.2%. The synthesis, 

which involved the direoted trans hydroxylation of the double 

bond in J-cyolohexenol aoetate, was oonsidered suocessful 

only as far as the ~-pyrogallitol was conoerned. 

3. Careful sorutiny showed that in the usual separation of 

the three isomerio pyrogallitols, small amounts of t.he acetone 

soluble 0 and a isomers were lost in the acetone insoluble 

fraction containing the I isomer.. The usual conditions of 

benzoylation often failed to giVe quantitative yields of the 

ethanol insoluble (3-tribenzoate and the soluble a.-trlbenzoate. 
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It was found, however, that :much of the l3-triol could be 

separated from a lesser amount of the a.-isomer by frao

tional recrystallization from a mixture of ethyl acetate 

and ethanol. 

~. p-Toluenesulf6nic acid was more effective than hydrogen 

ohloride (0.1 or 1% by weight) as a catalyst in the condensa

tion of acetone with p- and ¥-pyrogal1ito1s. Isopropylldene

l-pyrogaJ.lltol was a very readily hydroj.yzable oil, b"p. 113 

115°/1g mm"t which yielded a crystalline monobenzoate, m.p. 

71 - 76° and a monomethyl ether. Acid hydrolysis of the 

laGter resulted in 3-ois-methoxy-cis-l,2-cyolohexanediol, 

m.p. 69.5 - 71°, whose structure followed from the fact that 

the adja.cent glyool group it contained Vias readily oxidized 

by lead tetraacetate. In parallel work, isopropylidene-~-

pyroga11itol waa found to be a orystalline solid, Dl.p. 50.2 

51°; the monobenzoate had m.p. 102 - 103.5°, and the monomethy1 

ether on acid hydrolysis yielded 3-trans-methoXY-£![-1,2

cyclohexanediol as an exceedingly hygroscopio solid of M.p. 

As expected, the above new isopropylidene deriva

tives oontained a five-membered ring derived from a ~-l,2-

glycol. 

5. A crude mixture of the three pyrogallltols was condensed 

with acetone and the product was distilled in the hope of 

separating less volatile, unchanged a-pyrogallitol quantita

tively from the more volatile isopropylidene derivatives of 

the ~ and isomers. The cia-trans-cis, or a isomer, however,_. 
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also fel"m.ed an isopropylidene derivetiva and the proposed 

separation was inoomplete. Owing to lack of material, 

this derivative was not isolated. This unexpected conden

sation of aoetone with either a trans 1,2 or a ois 1,3 

glycol unit was supported by the preparation in 67% yield 

of a new isopropylidene-trans-1,2-cyclohaxanediel, b.p. 77 

78°/20 rom., nE° 1.4468, usine p-to1uenesulfOnic acid as tha 

reaction catalyst. 

6. Hydrogen peroxide in formic acid hydroXylated cyolo-. 

hexane mainly to the trans-1,2 die1 monoformate which v~s 

successfully converted to the known monobenzoate. SUccess

ful syntheses were also devised for 4-methoxy cyclohexene, 

b.p. 135.5 - 136.5°/760 mm., n~O 1.4566, and for the benzoate 

of 4-hydrox-j cyc1ohexene, b.p. 149 - 150°/12 mm.s n~O 1.5360. 

The availability of the latter substances opens a route to 

directed sY"'D.theses of the four isomeric l,2 ,4-cyclohexanetriols. 

http:fel"m.ed
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CLAms TO OHIGINJu, HESEARCH 

1. A directed "trans ft hydroxylation of 3-oyclohexenol 

acetate eventually gave a 23% overall yield of ~-pyrogal

litol, which therefore was rendered an acoessible substance. 

The yield of the a-isomer t however, was only about 1% and 

was considered too small to be practioal. A separation 

of muoh of the P isomer by fractional orystalliza"tion from 

ethyl acetate and ethanol was achieved for the first time. 

Certain deteots in the earlier prooedures for the separa

tion of the a-, p-, and ~-pyrogallitols from mixtures of 

the three were demonstrated. 

2. Oyclohexene was hydroxylated with hydrogen peroxide 

in formic acid to yield trans-l,2-cyclohexanediol monotormate 

as the main reaction produot. The latter was converted 

into the known monobenzoate. 

3. The following new oompounds were prepared and charaoter

ized: isopropylidene-trans-I,2-oyclohexanediol; isopropyll

dene-l3-pyrogallitol J and its monobenzoate; isopropylidene

~-pyrogallitol, and its monobenzoate; )-trans-methoxy-l,2

cis-oyclohexanediol; 3-cis-methoxy-I.2-o1s-cyolohexanediolj 

4-methoxy cyclohexene, (with R. Y .. Moir); the benzoate of 

4-hydroxy cyclohexene. Owing to lack 01' material, isopro

pylidene-a-pyrogallitol, whose existence was proven, was not 

characterized. 
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