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Ph.D, Chemistry
Charles Jennings Gogek

CIS~-TRANS ISOMERISM IN THE POLYHYDROXY
CYCLONEXANE SERIES

The hydrogenation products of pyrogallol,

¢igecis~cig~, cla-cis~trans- and cls-trens-cis-l,2,3~

cyclohexanetriols, were of interest as sterting mater-
ials in & war research, Since the latter two lsomers
were formed in low yield, the present research under-

took to discover more productive ways of obteining them,

The cis-gcis~trans-1,2,3-cyclohexanetriol and the

cis~-trans~cis-~ isomer were accordingly synthesized in

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

3-gyclohezencl acetate, Isopropylidene-¢is-cig-cis-1,2,3«

cyclohexsnetriol and the isopropylidene-cis-cia~trans-l,2,3-

oyclohexanetrlol and some of their derivatives were rre-~

pared and characterized,

The chemicala necessary for similar directed
syntheses of the 1,2,4k~cyclohexsnetriols, i,e., h-~hydroxy
cvelohexene and some of itz derivatives, were synthesized

from hydroquinons,

Isopropylidene-~trens-l,2-cyclohexanediocl was pre-

pared and charscterized,



GENERAL INTRCDUCTION

Theré are three position isomers of cyclo-
hexenetriol, in which the hydroxyl groups occur at the
1,2, 3; 1, 2, 4; and 1, 3, 5 positions, and each of these
compounds may exist in a number of forms which are gis-
trens isomers, Although all of the position isomers are
recorded in the literature, the different geometrical
isomers have not been completely described, and some of
them are not obtained readlly by the recorded methods,

The object of this research was to prepare certalin of these

alcohols and to study thelr chemistry,

The main interest of the present work was in the
various isomerie forms of 1, 2, 3-cyclohexanetriol (pyrogal-
l1itol). This alcochol is closely analogous 0 glycerol, and
a study of the properties of the nitrate esters of the cyellc
triol migzht be expecied to cast light on the behaviour of
nitroglycerine as an explosive, A full documentation of
this problem may be found in the thesis of W, R. Christisn,

from this leborstory (1).

Previous work indicated that the quickest approach
to the 1, 2, 3-cyclohexanetriols was by the hydrogenetion of
pyrogéllol. - The three stereoisomers I, II, and III, were
obtained by Christian, and euch was assigned its proper con-
figuration, but the a and § isomers, I and II, were isolated

only in small amounts. Nevertheless, at the beginning of
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the present research, it was anticipated that a few hydro-
genatiens, carried out on a large scale by Christian's
methods, would yleld all of these compounds in gquantities
sufficient for testing the explosive and chemical properties
of the three trinitrates. ¥hen thls hope was not realized,
other ways of preparing the relatively inaccessible forms

were sought,

HO ¥ OH HO “OH HJ
OH OH OH

OH

I-a IT - III - % (a)

Methods were examined for the oxidation of cyclo-
hexene, XIII, to derivatives of 3-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 f-pyrogallitols,
I and II, Since the separation of the pyrogallitols by the
previous technique (2), which involved the tribenzoates, was
not entirely satisfactory, the possibility of a more efficient
separation via the selective formation of lsopropylidene

derivatives was investigated,
The study of these ketals led to an exsmination of

{(a) Dotted lines indicate a trans configuration. The
nomenclature a, B, ¥, 18 thal employed by Lindemann and
de Lange (2)
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the condensation of acetone with trams-l,2-cyclohexanediol,
XXII, and 1t was found that, contrary to statements in the
literature {3), this glycol does react with acetone. Under
suitable conditions, asll three of the pyrogallitols con-
densed with acetone, and the siructures of two of the deri-

vatives formed were proven,

A relatively easy separation of B-pyrogallitol
from synthetic mixtures of the o and B isomers was achieved
by fractional crystallization from a mixed solvent composed
of ethyl acetate and ethanol; however, in order toc separ-
ate the relatively small amount of a triol 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 of
the isomerie 1,2,4~cyclohexanetriols, XXXIV - XXXVII, the
synthesis of the sterting materiasl, L4-hydroxy cyclohexens,
XXXITII, and some of its derivatives being carried out in

collaboration with Mr, R. Y. ¥oir.

The research formed part of the confidential

National Research Council War Project XR-82,
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HISTORICAL INTRODUCTION

As the name implies, the pyrogallitols were
first obtained by the hydrogenation of pyrogallol, |
Christian (1) and Lindemann and de Lange (2) carefully
considered the earllier work in this field by Sebatier and
¥ailhe (4) and Senderens and fboulenc (5), and a repebi-
tion of their reviews 1is omitted from the present discus-
sion, It seems desirable, however, to summarize the re-

sults of Christian,.

The latter author made a detalled study of the
rates at which the three isomerie pyrogallitols were oxid-
ized by lead tetra-acetate and periodic acid.  Since these
reagents were known to oxidize cis 1,2-glycol units much
more rapidly than the trans isomers, the rate-plots enabled
him to confirm the configuration previocusly suggested for
each pyrogallitol (2)., His final results are summarized
in Table I, together with similer data for the cis- and

transg-l,2-cyclohexanediols.

Christian also made a detailed study of the yields
of the isomeric pyrogallltols obtained by hydrogenating
pyrogallol with Raney nickel catalyst under variocus condi-
tions of temperature, time, and pressure of hydrogen. The ¥
isomer, III, always preponderated in the mixture and crystal-
lized readily from it. From the benzéylated residue, P~

pyrogallitol, II, was separated as the ethanol insoluble
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tribenzoste, in rather poor yield. 3eparation of the

a isomer, I, as the ethanol soluble tribenzoate, even in
very poor yleld, was difficult and uncertain at best,
Moreover, this aeparation was complicated by the presence
of molecular debris from unchanged pyrogallol, which had
been removed from the original crude hydrogenation produet
by oxldation with =air in the presence of ammonia, De-
benzoylation of the two btribenzostes, and purification of
the resulting a~ and B-pyrogallitols, was also tedious and

involved substantial loss,

TABLE T

3

PHYSICAL CONSTANTS OF THE 1,2,3-CYCIOHFXANETRIOLS
AND THE 1,2-CYCLOHEXANEDIOLS

Structure H.D. et m.p. Of a velocity constants?

benzoates, °C

k x 102 k x 108

I -« 108 142° 1.0 0.12
IT -8 124 184° 14 0.60
11T - & 142 142° 16 1.20
¢is-1,2-cyclo- 98 632 54 1.5
hexanediol
trans-1,2~cyclo- 104 93d 2.7 0.22
hexanedicl

(a) A1l of the m.p.'s are taken from the paper of Lindemann
and de Lange (2)

(b) Units of k are 1./mole/sec, The first column refers to
oxidations with Pb(CAc), 8t 18.6°; the second wolumn refers
to oxidations with KIO, at 20,0°. (1).

(¢} Tribenzoates,

(d) Dibenzoates,
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Five réferences to the synthetic preparstion of
the 1,2,3-cyclohexanetriols were found in the literature,
These syntheses all involved the preparation of 3-hydroxy
cyclohexene, IV, or a derivative of that alecohol, 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 discussed briefly,

Boeseken (6) concluded that potassium permangan-
ate introduced two hydroxyl groups exclusively, or almost
exclusively, in the c¢is configuration, whereas the glycols
Tormed as a result of the action of a peracld on an olefiniec
double bond were trans. An exception to the latter state-
ment occurred when one of the double-~bonded carbon atoms
carried a phenyl group, in which case a mixture of the cis
and trans glycol was obtailned. This exception was proven
true for only one olefin, phenyl-l-cyclohexene, V., It is
pertinent to noteyhere that the perscid - olefin reaction
oceurs via an intermediaste possessing an ethylene oxide
ring {e.g., IX) which is hydrated, in dilute acid solution,

to the'trans 1,2 glycol.

Cs Hs

v v

In the synthesis of the 1,2,3-cyclohexanetriols,
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the addition of a palr of c¢ls hydroxyl groups to 3-hydroxy
cyclohexene, IV, would yield either the §, III, or the B,
IT, isomers, and most likely & mixture of these two; the
addition of a palr of hydroxyl groups in a trans configura-
tion would be expected to yield a mixture of a, I, and §,

IXI, cyclohexanetriols,

Brunel (7) added the elements of hypoiodous acid
to the double bond-of 3-ethoxy cyclohexene, 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 bolling water to
give X. Slnce the hydroxyl group and the iodine atom werse
probably trans to each other (8), VII and VIII were actual-
ly each a mixture of two geometric lsomers, one of esch of
which is shown; IX and X likewise consisted of two isomers,

and one of each of these is shown.

Brunel separated the two triols by fractlionel cry-
stallization of their benzoates or acetates, and stated that

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

OFt
~ O r «0[['
NF L A0 ~J

]

VI VII VIIT IX



OH
40 ) ( OH
HBr
“~OH OH
OH

OH
X I 1T

The same esuthor oxidized 3-ethoxy cyclohexene,

' VI, with dilute potassium permangenate and obtained iI,
which, after removal of the ethyl group, yielded p-1,2,3~
cyclohexanetriol, II. Apparently the ¥ isomer, III,
which would be expected aceording to the discussion pre-
sented earlier, wes not formed. The intermediate ethoxy
cyclohexanediol, XI, was described as a syrup; this experi-~
ment was repeated several years laber by Hofmenn and Damm
(9}, who obtained a solid, m.p., 27 - 28°, probably identi-

cal with Brunel's product.

O C[

VI X1 II

McRae and Moir (10) proposed to oxidize 3-methoxy
cyclohexene with the appropriate reagents and isoclate the
two isomeric oxide intermediates {(ef. IX). ‘ Hydration of

both oxldes by the usual methods and demethylation would
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give a mixture of the a- and p~pyrogellitols, I and II.
Since II could also be gsynthesized by permanganate oxid-
ation of the same olefin, this triol contained one cis

pair of hydroxyl groups and also one trans peir. The ¢

triol, I, therefore must possess the trans-irans confi-
guration. By a process of elimination, the triol, III,

was assigned the cis-cis structure.

Kotz and Richter (11} prepared, in very low
yield, a 1,2,3-cyclohexanetriol, m,p. 108°, by oxidizing
the double bond in 3~hydroxy cyclohexene, IV, with perben-
zoic acid and hydrolyzing the intermedlate XII with aqueous

acetic acid,

r j/OH OH OH
NF | OH

(0] ]
OH
v XII ?

The tribenzoate of this aleohol 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

8 mixture of the a and the B isomers, I and II.

Farmer and Sundralingem (12}, and Hock {(13),
oxidized cyclohexene, XIII, with oxygen under the influence
of ultraviolet light, and then treated the hydroperoxide
formed, XIV, with dilute sulfuric acid. The yield on the
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second step of thls synthesis, 50%, was that reported

by Hock {13); the English workers (12) obtained 1 z. of

~ e O-OH
| 80%, HSO,

S507,
\\\4"; \\\<,/' yield

XIIT XIV 11

what was evidently the pure B triol, II, m.p. 124°, from
4 g. of the hydroperoxide, The reason for this steric

selectivity is obscure,.

A consideration of possible methods for the syn-
thesis of the somewhat inaccessible p, II, and the still
less accessible a-pyrogellitel, I, suggested that the fol-
lowing processes were worthy of examination:

(1) oxidation of cyclohexene, XIII, to 3-hydroxy cy-
clohexens, IV, or a derivative of IV, followed by the trans
addition of two hydroxyl groups to the double bond. Cyclo-
hexene itself is easlily prepared in quantity (14).

{(2) inversion of the central hydroxyl group of -pyro-
gallitol, IIT, a supply of which 1s readily available from
the hydrogenation of pyrogallol. Methods for effecting
this inversion were devised, but since no experimental work
was done on this phase of the problem, these methods are

more appropristely considered in the discussion.

The oxidation of cyclohexene at the methylene
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group alphe to the double bond is possible by the reasc-
tion conceived by Riley, Morley and Friend (15), and
adapted by Guillemonat (16) to give 3-cyclohexenol ace-
tate, XV, in 45% yield., Selenium dloxide, in a mixed sol-
vent compoged of acetic acid and acetie anhydride was
used in this process, the convenience of the method com~

pensating for the rather low yleld.

O = O

XIII v

Cyciohexene was also oxidized by Criegee (17)
with lead tetrmacetate to give 3-cyclohexenol acetate,
XV, in 21% yleld, together with other produects. This re-
action will be considered in greater detail subsequently.
As already mentioned, oxidation of cyelohexene to the hy-
droperoxide XIV was carried out photochemically, and XIV
could be reduced to 3-cyclohexenol, IV, in &5% 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-dibromocyclo-
hexane, prepared from the reaction of bromine and cyclohexene,

with sodium ethoxide.

Attention was also directed to the reaction



reported by Ziegler, Spéth, Schesaf, Schumann and Winkel-
mann (19) for the substitution of & 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 olefin
in carbon tetrachloride seolution, and the 3~bromo deriva-
tive was isoleted in high yield. No doubt, 3-bromocyclo-
hexene, XVII, a compound contalning a reactive halogen atom,
could be hydrolyzed to the corresponding alcohol with ease,
The avelilability of XVII may increase the scope of the syn-
thetic possibilities in the triol series, Winstein and
Henderson (20) showed that replacement of the halogen atom
in trans-2-methoxy-cyclohexene-bromide, XVIII, occurred with

predominant retentlion of configuration, and if XVII could be

Hye” Ha¢” "\
r *+ ] -8 — oL NH
F zC\C/ A "'C\c/
0 V X0
X111 xvI XVII

hydroxylated without loss of the halogen atom, it seemed
possible that the products could be utilized as a source of

the a- and §- pyrogallitols, I and II,

By

~OCH,

IVIII
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It was clear that the synthesis of 3-cyclohexse~
nol, IV, presents no serious difficulties, and that the
addition of two hydroxyl groups t%o the double bond would
result in the probable formation of a mixture of two of
the pyrogellitols, Unfortunately, no generalizations
concerning the effect of a neighbouring group such as is
present 1n IV on the course of the hydroxylation can be
made, In this regard, the work of Brunel (7), Farmer and
Sundrelingam {12), and Hock (13) are especially worthy of
note, A study of the publications 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 fileld,

One of the best methods for the hydroxylation of
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, Schoeller, 3chwenk and Borgwerdt (22) and by
Boeseken (6), the reagent was hydrogen peroxide in}formic
acid. The active agent, probably performic acid, oxidized
ethylenic double bonds to glycol monoformates together with
a small amount of the free glycol. The American authors
used the reaction to hydroxylate a number of open-chain un-
saturated fatty materials but the patent of the German in-

vestigators dealt with cyclie compounds, and only the trans
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glycol was isolated, The course of this reaction has al~

ready been discussed,

Hydrogen peroxide in organic solvents, with cata-
lytic guantities of certein metallic oxides, has been ex-
tensively used as & hydroxylating agent. Osmic acid (23)
is the most common catalyst; yields of 30-60% of glycol
are obtained and both cis and transg products, where these
are possible, have been reported (24). Seguin (25) oxidized
cyclohexene with hydrogen peroxide using selenium dloxide
as a catalyst, and obtained only trans-l,2-cyclohexanediol,

XXIT.

The reaction reported by Prevost (26), in which
olefins were treated with silver benzoate and lodine in boll-
ing benzene, gave the corresponding glycol dibenzoate, often
in excellent yield. Prevost stated that where the possib-
il11ty of cls~-trans isomerism existed, the product was pre-
dominently 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 ylelds two geometricelly isomeric diols,

were pressented.

Mercuric acetate oxidizes some olefins (27) to
glycols. The reaction with cyclohexene in methanol appeared
to be an addition of the elements of methoxy mefcurie acetate
to the double bond te give XIX (28). ‘No successful attempts

to replace the ~HgOAc group in the adduct by the hydroxyl
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OCH,

Z N ~HgOAc

XIIY XIX
group have been reported.

The use of lead tetrascetate for the hydroxyl-
ation of double bonds was introduced by Criegee {(17). In
the reaction of this salt with cyclohexene in glacial ace-
tic acid, Criegee isolated 3-cyclohexenol acetate, XV, in
21% yield, & mixture of cis- and trans-l,2-cyclohexanediol
diacetates (7%) and an unidentified cyclohexenediol diace-
tate (1%). Although some “"addition" of acetoxyl groups
to 3-cyclohexenol acetate, XV, would be expected, no triol
derivative was isolated. It is well known that the reagent
used cleaves 1l,2-glycols to two carbonyl units, and the
ma jor produets in the above oxidation may have been deriva-
tives of adipic dlaldehyde, Nor was any triol derivative
isolated from the actlion of lead tetrascetate on any of the
other olefins employed by Criegee. These facts discouraged
experiments which might have been designed to prepare the
pyrogallitol triacetates fromisgplohexene in a single oxida-
tion. An important factor favoring peracid oxidation of
the double bond is that the configuration of the diol is al-
most always predictable, but no similar generalization can

be applied toc oxidation with tetravalent salts of lead,



Another method for the preparation of a 1,2~
glycol from an olefin involved the bromination of the double
bond to form & dibromide, followed by replacement of the
halogen atoms with hydroxyl groups by a sultable reagent,
such ag silver acetate (this reagent actually yields an sace-
tate ester which must be saponified to obtain the glycol).
Since the mechanism of trans addition of bromine to an ole-
fin is now accepted (29), replacement of the halogen atoms
would necessarily have to proceed without inversion, or with
an even number of inversions, in order tu obtain a mixture
of the a~ and B~pyrogellitols, I and II, by this method.
Winstein and Buckles (8) obtained a 70% yield of & product
that was 98% trans-l,2-cyclohexanediol, XXII, after saponi-
fying the initial product, XXI, obtained by the action of
silver acetate in dry acetic acid on trans-l,2-dibromocyclo-

hexsne, XX, When the same authors used molist acetic acid,
L= 1 — —(

N ~Br ~~OAe ~OH
XTIT XX XTI XXIT

the final product was almost entirely cis-l,2-cyclohexanediol,
XXV, A mechanism explaining these results was presented in

the paypers referred to above,

The addition of hypohslous acids to the double bond
to give halahydrias is well known, VWinstein and Buckles (8)
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prepared trang-2-bromocyclohexanol, XXIII, from cyclohexene,
XIII, and N-bromoscetamide, XXIV, in 79% yield. ‘This pro-
duct could be transformed into trans-l,2-cyclohexanediol,
XXII, or to its ¢is isomer, XXV, in excellent yields by the
method mentioned above. The application of this process

to syntheses in the pyrogallitol series was obvlous,

¥arlier in this thesis, dissatisfection with
Lindemann and de Lange's method (2) for isolating the a-
pyrogallitol, I, and to a lesser extent the p-isomer, II,

was mentioned, An investigation of the literature revealed

CH3
é=—-‘0 H ~ OH
| + AN_y+HOo— — |

N N Br NS OH

\
Br
XITT IV XXIII XII

that a simple, efficlent process (3) which had been used by
several workers (30)(31)(1) to separate the two isomeric
1,2«cyclohexanediols, XXII and XXV, could probably be applied
successfully in the pyrogallitol series. This method was
based on the generallzation that g¢is-l,2-dlols, but not the
isomeric trans compounds, condensed with acetone in the pre-
- sence of an acld catalyst to yileld acetals whose solubilities
and other physical properties were qulte different from those
of the parent aleohols. A typical acetal of this type was

that obtained from XXV and scetone, in the presence of



OH
+ 0=C Pl \ +H,O
OH o CH

P S ZIXVI

hydrochloric ecid, and s dehydrating agent such as an-
hydrous sodium sulfate té absorb the water formed in the

reaction.

The amestal ZXVI bolled some 50° below XXV and
was much more soluble than XXV in organic solvents such
as benzene or petroleun ether, After the condensation
was complete, the acld catalyst was neutralized, and the
acetal could be distilled, leaving any of the trans-l,2-
cyclohexsnediol, IXIT, xcecoverable in good yield from the
resldues, Acetsls of this type (e.z., XXVI) were hydro~-
lyzed in excellent yield in scid medis Lo regeneraste the

alcohol (e.g., XV},

Only = single case of the condensation of a trans
1,2 zlycol was known; trans-l,2-cyclohepianediol ylelded an
isopropylidene acetal when hydrochloric acid was used ss a
catelyst (3). Since, however, Lrans-l,2-cyclohexanediol,
TXII, was inert toward ascetone, there was s sound basis for
the view that f-pyrogallitol, II, would eondenses with the ke~
tone to glve XXVII, wherees a-pyrogallitol, I, would not
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react, Mixtures of I and XXVII could probably be sep-

arated as the two cyclohexanediols had been,

OH cH, o cH,
ro=c = X +Ho
OH CH, O CH;

oH OH

II XXVII

A complication which existed for the pyrogal-
litols was the possibillity that scetone might condense
with the 1,3-hydroxyl groups. Isopropylidene acetals of
a few 1,3~glycols have been reported. Boeseken and
Hermans (32) condensed acetone and trimethylene glycol
successfully; Boeseken, Schaefer and Hermans (33) prepared
both mono~ and di-isopropylidene pentaerythritol; Haworth
and Porter’(Bh) proved that a six membered ring was present
in acetone~-xylose, and Reichstein and Grussner (35) proved
that the same wag true of sorbose; Hibbert and Morazain (36)
cited the preparation by Carter of isopropylidene-f-methyl
glycerol; Fischer, Taube and Baer (37) syntheslized isopropy-
lidene-l,3-dihydroxyacetone, All of these condensations

are, however, exceptional.

No investigation of the reaction of the two
1,3 cyclohexanediols {resorcitols) with acetone has bsen made,
Fischer and Dangschat (38) proved that acetone-quinide and
isopropylidene~shikimic-acid-methyl-ester had the structures
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ZXVIII and XXTX, This research, together with the other

work just discussed, lent credence to the view that g~

o ocH
/ 3
HO 2 c=0
’/ \ [
Q
g g N
" C"C\/O “ C,C\/o
CH, CH,
XXVITT IXIX

pyrogallitol, II, would, under sultable conditions, react
with acetone to form XXVII, and that a-pyrogallitol would

not react.

A procedure for the preparation of isopropylidene
zlycerol, recently developed by Newman and Renoll (39),
used p-toluenesulfonic acid as the catalyst, and described
the removal of the water formed in the reactlion by azeotro-
" ple distillation with petroleum ether of bolling point 30 -
60°. 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 successful preparation of
isopropylidene-p~- and ¥§-pyrogallitols, for which ZXVII and
XXX appeared to be the probable formulae, methods for
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determining the structure of these new compounds were
sought, The free hydroxyl group in these acebtals could

probably be methylated, and the products would give,

o\c SH, --OCH, OCH,
7\
O CH, OH OH
OH OH

oH

XX XTI XZXTT

after hydrolysis of the acetal bonds in mildly acidic
media, XTI from XIVII and XXXITI from XXX,

The earlier work on the rate of oxidation of
isomeric polyhydroxy glycols with lead tetraacetate and
pericdic acid was reviewed by Christian (1), who also re-
ported data for the rate of oxldation of the two 1,2-cyclo-
hexanediols, XXII and XXV, and the three isomeric pyrogal-
litols, I, II, and IIT, with these reagents, This work
formed the basis fdr the detemmination of the struectures of
the B- and ¥-isopropylidene pyrogallitols, which were pro-
bably XXVII and XXX, by oxidetion of the methylated and hy-
drolyzed derivatives, probably XXXT and XXXII.

The 1,2,4-0vclohexanetriols

Only two references to these alcohols were found
in the literature. Senderens and Aboulenc (5) hydrogenated
1,2,4~trihydroxybenzene and obtained what was described as
a vitreous mass, b.p. 260 - 280°, Zelinskil and Titova (AO).
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synthesized a compound which softened at 104° and melted

at 122° by the action of elther potassium permesnganate or
perbenzoic acid on L4-hydroxy cyclohexene, XXXIIT,. The
compound was very hygroscopiec, was insoluble in benzene and
ether, but soluble in ethanol and in water, In the light
of the discussion presented earlier, the four possible cis-

trans isomers XTIV - XXXVIT would be antieipated from these

QWQ Q

OH

XXXV
XXTIT
OH

XXXV XXXVIT

two resctions., Presumably all of these triocls could be

resolved into optical enantiomorphs.

The 1,3,5~-Cyvclohexanetriols

The 1,3,5-cyclohexanetriols exist in the cis-cis-

cis form, XXXVIIT, and the cis-trans-cis form, XXXIX, neither

of which is capable of optical resclution,

Wislicenus (41) isolated 1 ~ 2 g. of a 1,3,5-cyclo-
hexanetriol by the reduction of 10 g. of phloroglucinol with
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sodium amalgamn, The crystallline triol melted at about
115°, resolidified, and melted agein at 184 - 185°; it was
insoluble in ether and benzene, and soluble in water and
ethanol, The product formed a dihydrate, and crystallized
in the Torm of needles, anhydrous, from ethyl acetats, No

configuration was assigned to this compound

OH OH

HO OH HO OH

TXVITI XTX

Senderens and Aboulenc (5) hydrogenated phloro-
glucinol at 135 - 140°, under 4O kg. pressure of hydrogen,
The cyclohexanetriols distilled at 245 - 260°, znd combined

with three moles of acetic scid.

Lindemann and Baumann (42) prepared two lsomers,
one melting as described by Wislicenus and the other melting
at 145°, by the hydrogenation of phloroglucinol, The former
was deslignated the o isomer, the latter the 8 lsomer, but
configurations were not assigned to these products, From
126 ¢. of the phenol, 25 g. of the a and about 14 g. of the
f~phloroglucitols were obtalned. The two compounds were
separated by fractional crystallization from acetone in which

the ¢ isomer wes much less soluble than the 8§ form,

No further experimental work on the 1,3,5 cyclo-

hexanetriols was found recorded
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DISCUSSION OF HESULTS

A totsl of six hydrogenations of pyrogallol,

the fesults of five of which are shown in Table II,

were carried outb. The products cobtained from the five
reductions tabulated were worked up by the same methods,
but the crude pyrngaliitol fraction obtained in the sixth
reduction was used, (a) to test for the presence of the
a~ and the B-pyrogasllitols, I and II, in the acetone in-
gsoluble (IITI) fraction; and (b) to examine the possibil-
ity of separating the a and the B isomers by the isopro-

pylidene acetal method,
TABLE II

YIELD3 OF a-, B-, and §~PYROGALLITOLS BY

HYDROGENATION OF PYROGALLIOL

Pyrogallol Cyclohexanetriols
. 8 isomer B~-trivenzoate  a~tribenzoate
e m,p, 146-147° m,p, 176-180° m.p, 136-138°
B %2 e %> 8. %
316P 0.0  12.4 6.6 0.6 0.k  0.04
316P 39.5 12.3  40.0 3.7 7.6 0.7
316P 76° 24, 3,1 0.3 none -
316° . 47.8 149  18.9 1.7 12,1 1.1
94,59 6.1 6.3 2.7 0.8 2.2 0.7

Percent of theory.

With Raney Nickel catalyst,

M,p. 130 - 137°, This would yield approx., 60 g., m.p.146 « 147°,
With nickel on supercel catalyst (43).

A Ny e "~
Lo oe
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In the first hydrogenation, unchanged pyrogal-
lol was destroyed by the procedure of Christian (1), in
which any phenols present in the crude, filtered reduc~
tion product were destroyed by oxidation with alr in the
presence of ammonia, ™e separation of pyrogallocl from
the triols by ecther extraction was Jjust as efficient, and
avoided the oxidized products formed in Christian's pro-
cedure, The ether extraction appeared to remove the cy-
clohexanediols too (sece, however, page 36}, but a simple
process for recovering these, and free pyrogallol from the
ether extract, could doubtless be devised, In sddition,
the crude produects 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 product, gave clean meterials during the succeeding

operations,

3ince one of the oblectives of this research was
to find a convenlient source of the §, II, and more especially,
the a tricl, I, an examination of the hydrogenation process
for possible defects which might be avoided was made, and

other preparative schemes were also devised,

The conditlons of the hydrogenation itself were
adapted from the work of Christian (1), and were not further

investigated, The separation of the §~, III, from the a-



and p~tricls, I and II, by means of acetone was examined
carefully. This separation wes fairly efficlent, butb
not quantitative, and 1t was proven that some loss of the
a and the 3 isomers occurred here, However, thls proof
involved several recrystallizetions and the small yields
of these two isomers did not Jjustify the work necesgsary

- 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 evidence for this re-
action was obtained, for the products which had been in
contact with this ketone frequently possessed the odor char-
acteristic of the acetal. In addition, this solvent had
nc exclusive advantages; the separation of the § isomer oc-
curred mainly because of its great predominance in the iso-
meric mixtures, As an alternstive solvent, the use of
ethyl acetate, mixed possibly with a smell amount of ethanol
to increase the solubllity of the triols, is suggested, This
solvent was not employed to separate the ¥-pyrogallitol, but
in view of its successful use in the separation of the
isomer from a synthetic mixture of the a- and 3-pyrogallitols,
and considering again the high percentage of the form ob~
tained in the hydrogenation experiments, it appears worthy

of trial for the purpose suggested,

The yields obteined in the benzoylation of the a-
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end S-triocl fraction were not always satisfactory. ‘hen-
ever tricls whose purity was certain were benzoylated, the
esters were isolsted almosc guanvitatively, In those
benzoylations in which only a 75% vield of the triester
was cbtéined, the development of a brown color in the re-
ection mlzbture frequently occurred, but the nature of the
impurities responsible for the discoloration remained un-
known, Crude pyrogallol-Tree products from the hydrogensa-
tions behaved in this way, although the only impurity sus-~

pected was a small amount of l,z»eyclbhexanediols.

With the foregolngz considerations in mind, the
hydrogenation of pyrogallol was abandoned as a convenient
source of the a~ and B-pyrogallitols, and other synthetic
methods were sought, The oxidation of cyclohexene using
selenium dioxide in s mixture of acetic acid and acetic an-
h&dride was a raplid means for the preparation of 3~cyclo=-
hexenol acetate, XV, although the ylelds reported by Guille-
monat (16) could not be duplicated. In this connection, it
may be noted that Barbtlett and Woods (44} could not repeatb
the Prench author's prepsration of Z2-cyclohexenone by the
same nmethod, and Whitmore and Pedlow (45) devised another

gynthesis for the same ketone,

The hydroxylation of XV was preceded by an in-
vestigation of the same reaction with cyclohexene, XIII. OFf
the two methods of hydroxyletion which appeared to be among
the best available, that of Seguin (25) and that of Swern,



- 28 -

Billen, Findley and Scanlan (21), the contention of

3ezuin that the product obteined by his method was ex-
clusively trang-l,2~-cyclohexanediol was confirmed. The
procedure of the American authors was eafrieé out with
cyclohexene for the first time, This reaction also

yielded the pure trans diol, and none of the ¢is compound;
further, it was shown that benzoylation of the free hydroxyl
group in trans-l,2-cyclohexanediol monoformate, which wes
the main product in this reaction, occurred readily, and
partial saponification of the diester to yield trans-1,2~
cvelohexanediol monobenzoate was also easily accomplished,
The ease with which the formate esters are selectively
hydrolyzed may prove useful in fubure work. No experiments
were conducted to determine whether trans-l,2-cyclohexane-
diol monoiormate (or monobenzoate) could be as readily
transformed into a derivative of cis~-l,2-cyclohexanediol as

was the case with the monoacetate of the trans diol (20).

3-Cyclohexenol acetate, 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 doudbt that the reasetion with 3-~alkyl ethers of the
‘olefinic aleochol would occur successfully too. The use of
ethers in this reamction was of particular interest becsuse
of the work of Brunel (7) and Hofmann end Damm (9) which
indiceted that the products obtained by these authors were



predominantly, and in one case exclusively, of a single
configuratlional type. A disadvantage attending the use
of the simple alkyl ethers is that drestic conditions are
generally necessary to regenerate the slcohol, and the
yvields are often unsatisfactory. The use of the trityl
ether, XL, which is easily hydrolyzed (46), and is con-
veniently analyzed (47), would circumvent this difficulty.

| Cetls
I/To— C '\" C‘, /‘_/;
N C, H,

IL

The average yield in the hydroxylation of 3~
cyclohexenol acetate was 35% (crude product), which was
somewhat dlsappointing in view of the much higher yields
obtained in the same resction with cyclohexene, In the
case of the hydroxylation of 3-cyclohexenol acetate with the
formic scid - hydrogen peroxide reagent, & second product ‘
containing a carbonyl group which reacted with 2,4~dinitro~
vhenylhydrazine was isolated in fair yield. The same com-~
pound probably accounted for the low yield in the experiment
in which hydrogen peroxide in glacial acetlic acld was used.

The structure of this substance was not debtermined,

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, Bydrolysis of the esters which wers
the initial products of the reaction by a small quantity
of sulfuric acld in ethanol, and separation of as much of
the B-pyrogallitol, II, as possible by repeated crystal-
lization from a mixture of ethyl acetate and ethanol, were
the most satisfactory methods of completing the synthesis,
The hydroxylation of XV wes a good source for B-p&rogalli-
tol, but the o isomer was obtained in low yield, and the
best means for preparing thls isomer appears to be from

the hydroxylation of ethers of 3~hydroxy cyclohexene, IV,

The search for a simple, convenient, quahtitativa
ﬁethod for the separation of the a- and B-pyrogallitols led
to an investigation of the isopropylidene compounds of
these triols. This research revealed some new and interest-

ing facts,

The condensatlon of trans-l,2-cyclohexanedlol, XXII,
by the recently developed procedure of Newman and Renoll (39),
in which p-toluenesulfonic ascid was used as the oétalyst and
the water formed in the reaction was distilled azeotropi-
cally with petroleum ether of boiling point 30 - 60°, occur-
red readily, and ylelded an oil, b.p. 77 - 78°/20 mm., ngo
1.4468, possessing all the properties of the acetal XLI.
This result was surprising, since several experiments re-

ported in the literature (3){(30){(31), indicated that the re-
action did not take place. All of the authors referred to,
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CH,
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XXII 1T

however, used hydrochloric acid gas as the catalyst, and
anhydrous sodium sulfate to absorb the water formed in the

reaction,

Some of the present experiments indiceted how
easily the trans-l,2-cyclohexanediol isopropylidene acetal,
X1I, when prepared using hydrochloric acid as the catalyst,
could be over-~looked. When the trans dlol was treated with
acetone and dry hydrogen chloride of concentration 0.1% or
1% by welight, a small amount of the acetal XLI was isolated,
and much of the unchanged diol could generally, though not
always, be recovered. A 3% yield was a maximum value, Obw-
tained with the more dilute concentration of hydrogen chlor-
ide; when a 1% concentration was employed, thé yield was

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

Derx {3) steam distilled the acetals, after sodium
sulfate was removed by filtration and the acld catalyst was
neutralized; a small amount of the trans-diol isopropylidene

derivative might have been hydrclyzed 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 (30)
(31)(1) used Derx' method to separate mixtures of the two
isomeric glycols, and the small amount of trang diol which
may have gained entrance into the ¢is fraction as the iso-
propylidene compound, would probably be lost without notice
in recrystallizing the c¢is diol., Also, 1t seems reason-
able toyresume that in mixtures of these two alecohols, the
cis form would condense preferentially, perhaps to the ex-
clusion of the trans isomer, Meman (48), using Derx'
methods, examined the reaction of some substituted trans-
l,2~cyclohexanediols, snd noted the formation of small
amounts of steam volatile flulds, but, without examining
this material, concluded that 1t consisted of condensed pro-

ducts of the ascetone itsgelf,

Boeseken and his collaborators (48) devised the
following methods for determining whether a 1,2 glycol
possessed a ¢i1s or a trang configuration, where both pos-
sibilities existed:

(1) Boric acid solutions exhibited an enhanced conduc-
tivity 1n the presence of a cis but not a trans glycol. This
hypothesis was valid in many cases, e.g., the 1,2-cyclopen-
tanediols, but with the 1,2-cyclohexanediols the results were
inconclusive (A49)

(2) Cis-1,2-glycols formed acetone derivatives, whereas
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the trans glycols did not. Boesecken and Derx (50) ob-

served only a single exception to this rule, for both the
cig- and trans-l,2-cycloheptanediols condensed with ace-
tone, As far as has been discovered, this was the only

exception observed up to the time of the present work,

From the study of a number of 1,2-glycols,
Boeseken and his collsborators (51) poncluded that boric
acid and acetone condensed with adjacent 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).

>ca_ o<
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Derx (3) interpreted his results in the l,2-cyclo-
hexanediol series in the following manner. An examination
-of the space models of the two cyclohexanediols revealed that,
in the c¢ls dlol the hydroxyl groups and the carbon atoms to
which they were attached were in the same plane and theéa
hydroxyl groups were also favorably spaced when the cyclo-

hexane ring was in the "boat", but not in the "chair" form
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{52); in neither the "chair" nor the "boat" form of the
trans diol, however, were the contiguous hydroxyl groups
in the same plane as the carbon atoms cerrying them, and
the distance between these two groups was unfavorable for
the acetone condensation, Derx coneluded that the c¢ls-
1,2~cyclohexanediol was fixed in the "boat" form, at least
in part, under the conditions of the scetone condensation,
and that probably much less of the e¢ls zlycol was in the

same Torm under the conditions of the boric scid resction,

The present work indlcated that these views were
not justified, Derx' cobservation that the two hydroxyl
groups, and the two carbon atoms bearing them were not in
the same plane in trang-l,2-cyclohexanediol wae checked
using Fisher-Hirschfelder~Taylor models, and found to be
correct, Using these models, a form of the trans diol in
which the proximity of the hydroxyl groups was such that
only a slight gtrain would be incurred in the scetone con-

densation cculd be built,

The explanation of the superiority of the method
of Newman and Renoll (39) for the condensation of trans-l,2-
cyclohexanediol with acetone remains obscure. The very
slight acidity employed in thls procedure, much lass'than
when hydrogen chloride was the catalyst, may be an important
factor, Although a large excess of the water-absorbing

agent was employed in the experiments using hydrogen chloride,
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the ineffectiveness of thils 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 ¢is diol the same reaction
does proceed to completion with the same dehydrating agent.
Clarification of the whole problem demsnds more experimen-
tal work to determine the equilibrium constants and the

role of the catalyst,

Winstein and Buckles (20) recently observed that
Lransg-l,2-cyclohexanediol condensed with ethyl orthoacetats,
XLITII, to form XLIV, an ortho-ester with a close structural
resumblance to isopropypldene trang-l,2-cyclohexanediol,
ALT, The procedure used was strikingly similar to that of
Newman and Renoll {39), p-toluenesulfonic acid being the
catalyst, and the ethanol formed being removed by fractional

distillation of the reaction mixture., A yleld of 60 - 70%

-OH \ } Ok -0,
Q + C-—O.é't J__k:[\o +2ELOH
‘O£t

XXIT LI IV

of the pure ortho-ester, XLIV, was obtalned. The condensea-

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

fairly easily prepared {53), snd the isolation of an optical-
ly sctive cycllic acetal would constitute a confirmation of

the course of the reactlion.
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L crude pyrogallitol mixture obtained by the
hydrogenation of pyrogsllol, and from which most of the
¥ isomer, ITI, had been removed by the method of Lindemann and
de lange (2), was condensed with scetone 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
discusged above, It was noteworthy that none of the corres-
ponding acetal of c¢ig-l,2-cyclohexanediol was found although
scme of the cis glycol was produced in the hydrogenation (1).
By mcid 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. Prom the residue left after all of the acetals
were distilled, a-l,z,B»cyelohexanatrial,lI, and only I, was
recovered, These facts were tentatively explained by as-
suming that a-pyrogallitol condensed with acetone at a much
slower rate than did the g isomer, II, which predominated in
the crude triol fraction, and probably very much 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 form, I.
If further rate data on the condensation are accumulated, a

partial separation of the a~pyrogallitol from the 3 and the

forms by acetonation may be possible,.

Several experiments were carried out on isopropylidene~
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p- and ~¥-pyrogallitols, XXVII and XXX, which were pre-
pared from the pure triols, II and III, and mcetone, with
both hydrogen chloride énd p-toluenesulfonic acid as the
condensation catalysts. The structures referred to anti-

cipate the discussion which follows.

The P acebal was isolated in a pure, crystalline
state, m,p. 50.2 - 51°, b,p. 130 - 132°/18 mm,, but the
acetal was not erystallized and was probably not absolutely
pure, The latter substance was very readily hydrolyzed,
end reverted fairly rapldly to the parent pyrogallitol,
even when the distilled product was kept in a tightly stop-
pered flask, The spability, of course, might have been
greater if the substance had been obtained In a rigorously

pure condition,

Both XXVIT and XXX were converted into monobenzo-
ates and monomethyl ethers by standard reactions, The ethers
were prepared from samples of the acetels 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 anticlpated. The
crude methylated acetals were thergfore hydrolyzed to the

corresponding monomethoxy cyclohexanediols, XTI snd XXXII,

The identity of the ¥~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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depression of the mixed m.p. was observed, The B-mono-
methyl ethers, XXXI, were both extremely hygroscopic solids,
m,p. 35.5 « 37°, and a mixture of the two samples melted
at the same temperature. These faols proved that the ace-
tonation of g~ and ¥-pyrogallitols with either catalyst gave

acetals of the same ring structure,

In order to determine their ring sizes, compounds
XXXI and XEXTIT were oxidized with lead tetraascetate under the
conditions outlined by Hockett and McClenshan (54) for the
selective cleavage of 1,2 glycols. The results (Fig. 1 and
Table III) confirm the fact that the two samples of XIXI
were ildentlcal; the slight discrepancy in the corresponding
plots was attributed to the circumstance that one of these
ethers {plot 2) was slightly less pure, m.p. 35.5 - 37°, than
the other (plot 3), m.p., 36 ~ 37°. TFigure 1 also shows that
both XXXI and XXXII were 1,2-;lycols, since nearly one mole
of the oxidant was rapidly used up, in circumstances where
the consumption by & 2&meﬁhoxy~i,3~cyclohexanediol would have
been negligible, Moreever, the rate plots for the B-pyrogal-

litol monomethyl ether are almost superimposable on that of
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Fig.l. Rates of oxidatiom »ith excess C.005705 M lead tetraacetate at 20.0°.
Flot 1. <v-Pyrogallitol-l-monomethyl ether. Plots 2 and 3, pg-pyrogallitol mono-
methyl ether. Plot 4, q-pyrogallitol, data of Christian (1).
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the ¥ isomer, in which the exposed 1,2 zlycol unit is
certainly cis, It follows that the pair of hydroxyl
groups in the former case 1s also ¢is, and that the §
isomer is X , &and not XLV, I the reverse had been the
cagse, the rate of oxidation of the § 1somer would have been
close to those of trans-l,2-cyclohexanediol or of a-pyro-
gallitol, I, in which the pairs of adjacent hydroxyl groups
are all trans to each other. Christiants (1) data for a
comparable oxidstion of the latter substance are reproduced

in Figure 1.

These syntheses and oxidations confirm the struc-
tures of the B~ and UJ-pyrogallitols as proven by Christian
(1), It is unfortunate that Christian continued his lesd
tetraacetate oxidations for only about eight hours, at the
rather unusual temperature of 18.,6°., Because of lack of
material, the structure of isopropylidene-a~pyrogallitol

was not determined,

Some comment on the benzoates of the isopropyli-
dene~-3~ and P-pyrogallitols is necessary, From the work
on the methyl ethers of the same acetals, the two benzoates

would be expected to have the structures AILVI and XLVII,

~0-C =Gt O—C—Cothy
o O
o 0
Cf:g:ﬁ/ /
O// 3 O-—-/C“" C/"{,
CF/‘, Cl‘{,

XIVI ' XLVII
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Although pood znalyses were cbtained for both
of these compounds, and the melting point of XIVI was
sharp at 102 - 103.5°, repeated recrystallization and sub-
limation falled to yield a constant value for XLVII, the
observed values being 72.7 - 73.7°, 71.5 ~ 73.,1°, 72 -
75.5°, 71.5 - 76°, The cause of this behaviour is not
known, It a3 originelly intended not to isclate these
compounds but to hydrolyze them directly to the corres-
ponding triocl monobenzoates, For this reason, both XLVI
and XLVII were heated under gentle reflux with dilute hy-
drochloric acid, and the faect that there were two phases
present during the reaction presumably accounts 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 o~pyrogallitol, I, consist-
ed of inverting the configuration of the central hydroxyl
group in the readily availeble J~pyrogallitol, III. The
most promising method for effecting such a transformation
appears to be based on s reaction discovered by Winstein and
Buckles (20), who observed that when cisg-l,2-cyclohexene-

ethyl-orthoacetate, XLVIII, was heated with acetic anhydride
A
7\
O OFt

ILviiz
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for ten hours, and the product fractionally distilled,

the distillate consisted of i{rans-l,2-cyclohexansdiol
diacetate, the amount corresponding to a 4L3% yield, A
further small amount of trans-l,2-cyclohexanediol, xXII,
equivalent to 11% of XIVIII was recovered from the residue.
Similar results were accomplished by heating XIVIII in a
mixture of mcetic anhydride and acetic acid with dry hy-
drogen chloride and lithium chloride. The product, is-
olated in 63% yield, was the trans-l-acetoxy~2-chloro-
cyclohexanse, which was converted in 36% yleld to trans-
1,2~cyclohexanediocl, The other product of this reaction,
isolated in 29% yield (total yield, 92%) was cis-1,2-cyclo-

hexanediol diacetate,

On the basis of this work, the following synthe-
sis might be feaslible:

OH \’ OFEL o 05,5
. c—-ozz — Q +2ELOH
Ol \ o’ ¢ H,
OH

IIT 1LIX

This reaction, by analogy with the corresponding
one with cis~ (or trgns-) 1,2~cyclohexanediol, should pro-
ceed in 60 - 70% yield, The product should underso partial
inversion by the methods outlined above to yleld a mixture

of all three pyrogallitols. It seems advisable to prove



that the oxygen conteaining ring in XLIX is five, and not

six membered; for both compounds are theoretically possible;
it may also prove egsentiel to block the free hydroxyl
group (see page 37). The essay by Pacsu (55) is an ex~

cellent discussion of the carbohvdrate orthoesters.

A second possible method for the inversion of the
central hydroxyl group of ¥-pyrogallitol, III, was based on
the probeble existence of L. Although no acetals of the
1,3~cyclohexanediols heve been reported, Hann and Hudson
(56) have shown that in the carbohydrate series, formalde-
hyde preferentially condenses with ¢is-1l,3-glycol units to
form six membered cyclic acetal rings, Even if a pro-
portion of the five membered isomer were encountered, the

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

OH o,
+ CH,O —=— \
OH ~OH ¢
OH 0/

111 L

+H,0
2

Assuming the availability of a compound of the
type of L, the inversion of the free hydroxyl group might
- be carried out by oxidation to give LI, followed by reduc-
tion of the ketone to the alcohol. Similar epimerizations

have been successful; for example, that of the hydroxyl
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group in the third position of cholesberol, LII (58).

o,

0

LI

In the projected tranaformation, however, the initial

oxidation might encounter difficulty, for the hydroxyl

' Q" R' R" . ‘
. $ . HO
-——-)- /
HO O \ R' R“

LII
HO

group appears to be effectively shielded by the acetal

structure,

Although other methods for thls inversion were
devised, the work of Winstein and his collaborators (20)

made the successful accomplishment of these schemes seem
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very unlikely, and further discussion of them has been

omitted.

The 1,2,4k~Cvclohexanetriols:

The successful hydroxylation of 3-cyclohexenol
acetate to mixtures of the pyrogallitols suggested that
similar hydroxylations of derivatives of L-hydroxy cyclo=-
hexene, XXXIII, might yield mixtures of the isomeric
1,2,4-cyclohexanetriols, The preparation of the starting
materials, XXXIII, LIII, and LIV encountered no difficulties

OCH,

A

LIIY

and recguires little comment, Hydroquinone, or its mono-
methyl ether, was readily hydrogenated to l,Lh-cyclohexane-
diol or the corresponding monomethyl ether, Dehydration

by distillation with a little sulfuric acid introduced the
double bond and yielded XXXIII and LIII, a new compound,

b.p. 135,5° - 136,5°, Benzoylation of XXXIII gave LIV,

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

and 1IV possessed the properties to be expected of substances

of this type.
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The oubtstanding problem is the determination
of the configuration of the four stereoisomers, XIXIV -
XEXVII, and this will be discussed in detail, It is
egssential that both LV and IVI, which would be prepared
O—CCeHs O-C—C,H, O-C-C.H,

N\ 6’75
\\C) §§Z) .\%9

& “~OW OH

OH OH

LIV v IvVI

by the trans hydroxylation of LIV, be l1solated in a pure
state and in reasonably large guantities; the intermediate
ethylene oxide might also be isolated (59), although this
step is not absolutely necessary. The separation of 1LV
end 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 isomeriec
resorcitols (42), mizht prove advantageous in the present

case,

The second step 1n proving the structure of the
1,2,k-cyclohexanetriocls would involve the mono-esterification
of both LV and LVI, prefersbly, for reasons to be mentioned
later, with p-toluenesulfonyl chloride, This reaction was

accomplished sucecessfully, and in good yield, with trans-l,2-
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cyclohexanediol, XXII, by Criegee and Stanger (60). From
1LV (or LVI) two pairs of compounds LVII and LVIII (and

LIX and 1X) would be obtained, and the separation of these
mixtures by fractional crystallization 1s considered essen-
tial, If the monotrityl ethers of LV and LVI are avail-

able, a not unreasonable possibility, another route to

O O—-C—CH, O~CCH; "y c

*C
%
Q Q [] )
07}[ Orist

OH OTs( énz

ILVII LVIII LIX 1X
thege compounds is avallable,

With the preparation of these dlesters, preferably
all four, the problem is largely completed. On oxidation,
LVII should yield the ketone LXI, and the carbonyl group in
 this compound should be capeble of elimination (e.g., by

the Clemmensen method) to give LXII, a resorcitol derivative

—C—C, Hy O—C—C,H,
Yo No 7
\, ~~073/ 075l (2)
o,
LXT ILXI1:

whose gstructure can be related to authentic trans resorcitol

by conventional methods. In a similar fashion LVIII would
(a) Tel = p~tolwenesulfonyl
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vield a ecis quinitol diester. The same operations could

of course be carried out with LIX and 1X, the cyclohexsne-
diol derivatives which these two compounds would yilsld

being clesar, Only relative configurations could be assign-
ed to the four l,2,4~cyclohexanetriols on the basis of this
work, since the ubsolute confilgurations of the quinitols is
not known and the proof of 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-monocacetate could be inverted, in excellent yield,
to & derlvative of g;g}l,2~cyclohexanediol. This reaction
has been mentioned previously, and its application to the

preparation of derivatives of~XXXIV and XXXV seems practicable.

Perhaps a simpler approach to assigning the con-~
figurations would be to condense the palrs XXXIV - XXXV and
XXXVI -« XXZVII wlth formasldehyde. As already explained,
the methylene acetals so formed would probably engage the
1,3 hydroxyl groups that were cis to each other, or, in other
words, six membered cyclic acetals would form only with XXXIV
and XXIVII. Such an observation, together with the confirme~
tion of the cis~-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: cyclohexene (14); lead tetraascetate (62);
Raney nickel catalyst (63); hydrogen peroxide in tert-
butyl alcohol (64).

Stock acetone was purified by allowing it to
stand over calcium.chloride for twenbty-four hours. The
solvent was decanted, heated under reflux with a few cry~
stals of potassium permenganate and distilled after any
acids had been neutralized with an excess of anhydrous pot-

assium carbonate,

Stock chloroform which had been washed with water
repeatedly to remove any alcohol present was dried over
calcium chloride for twenty-four hours, decanted, and stored

in an amber colored bottle.
All melting points are uncorrected.

Hydrogenation of Pyrogallol (1)

The phenol, 316 g, (2.5 moles), was dissoclved in
ethanol (totael volume of solution, 1,000 ml.}, 50 g. of
Raney nickel catalyst was added, and the mixture was hydro-
genated in the usual apparatus for three hours at 140° under
3,200 pounds initial pressure of hydrogen. Over this period
of time, 8.2 moles of gas were absorbed; the amount of gas

necessary to saturate the ring alone was 7.5 moles,
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The catalyst was removed by filtering, and ethanol
was distilled from the filtrate; the residue distilled at
90 - 135°/0.05 mm, to give 290 g. of a clear, colorless,
partially crystalline oil. This meterial was dissolved in
water and the solution, volume 500 ml,, was extracted con-
tinuously for forty-eight hours with ether, At the end
of this time the extract zgave no color when tested for
phenolic substances with a golution of ferric chloride in
methanol, By oxidetion with standard sodium hypoiodite (1)
it was found that theether had extrected 30 g. of unchanged
pyrogallol. After all solvent had been removed from the
aqueous phase, the yellowish gum remaining was distilled at
120 - 140°/0,02 mm,., to give & white solid product weighing
90.7 8. This corresponded to a yield of 33% of the mixed
1,2,3~cyclohexanetriols, No fraction corresponding to cy-
clohexanediols, b,p. 85 - 100°/0,02 mm, (1) was isolated from
the hydrogenated mixture, presumably because they had been
extracted by the ether.' There 13 no doubt, however, that

some cyclohexanediols were in the "triol"” fraction (see page

55)

The mixture of solid triols was heated under reflux
for one-half hour with 200 ml. of acetone, cooled, and after
standing over-night, the crystals were recovered, Oh recry-
gtallization from & solution of 200 ml, of acetone and 25 ml,
of water, 40.0 g, of U¥=1,2,3~-cyclohexanetriol, m.p. 145.5 -
147° were obtalned as white needles. A second recrystalliza-

tion from ethanol afforded purer mabterial, m,p. 147 - 148°,
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The mother liquor was worked up, and yielded an additional
2.0 g. of the same compound, m,p. 147 - 148°, These nmelt-

ing points are correct for the § isomer.

On evaporation of the first acetone filtrate,
11.7 ¢. (0,085 moles, cale'd as pyrogallitol) of a brown
0il remained. This oil W&s'dissolved in 200 ml, of
pyridine and 65 ml, of benzoyl chloride (0.56 moles) was
added slowly, After the initisl heat of reaction had
subsided, the mixture was heated on a water bath at 60°
for one-~-half hour, The solutlion, which darkened rather
quickly to a deep red color, was poured intc one litre of
water, The brown seml-solid settled to the bottom of the
beaker and the pale yellow supernatant liguid was decanted,
The product was washed twice with 500 ml., portions of water,
once with dilute sodium bicarbonate, then with 500 ml., of
water containing e few ml, of sulfurlc acid, and finally
with water, The brown gummy solid wes then warmed with

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

The tan-colored precipitate became pure white upon
washing with 75 ml, of ethanol. After drying, this solid
weighed 7.9 g., and melted ét 174, - 180°, Three recrystal-
lizations, each from 100 ml, of glacial acetiec acid, ylelded
6.0 g. of pure B3~1,2,3~-cyclohexanetriol tribenzoate, with the

melting point of 182 ~ 183,5° {cf. Table I).

The ethanol mother liquors were evaporated to approx.

50 ml,, and kept at -15¢, On standing for a few dsys, a
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white ~20lid ﬁrystallizaﬁ, and wos iltered, This product
was reorystellized twies {rom 50 ml, of metbanol., On each
rearveballization, s small cnouni ol JBel,2,3-cyclohexsnstriol
tribenzoate, whlech was neerly iusoluble in the bﬂiiing 801~
vent, was removed by I{iltretion before any of the o Lrisater
had erystellized, This meverstion was simplified by the
Pact thet the j-pyrogailitel tribenzoste crystallized as
very small shopeless erystals, while the a trisater formed
short nesdles, In this manner, C.4 g. of a-~pyroggallitol
trivenzoate, m.p. 136 « 138° wne obleined., Two more re-
orystallizotions {rom smeihanol yislded the pure o3ler, M.P.

14 = 142° {Table 1},

Preparation of ¥=1

Two prems {(G.015 wole) of the ¥ triol {(m.p. 147 -
148%) were dissolved in 6C ml, of pyridine, Tenzoyl chlor-
$1de, 12 ml. (0.1C mole) wus cdded to ithe wellesooled solutlion,
After tho inltisl heat of resction had subsided, the pule
yellow solution was heaited under reflux for one-halfl hour,
The mixture was Lhen poured indo 300 ml, of water wiih stire
ring; the ester precipltated ss n pale orange umorphous solid,
which was Tilbered, snd washed with hot water., After recry-
stallization from 60 ml, of ethanol, 6.1 g. of white erystels
{needles), melting a8t 137 - 138,7° were obtained, The ester
vag reeryatallized o second time from &5 »dl. of ethenol; yield

§06 fiwy (g3t5;}t B.D. 1;#3 - li&lgu ’
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Demonstration of the Presence of the a and somers

the Acetone Insoluble Pyrogallitol Fraction

A sample of a mixture of the three pyrogasllitols,
welghing 38.5 g., and prepasred as described by the hydro~
genation of pyrogellol, was carried through the procedure
of Lindemann and de Lange (2), and an effort was made to
make the process as quantitative as possible, The sample,
b.p. 130 - 135°/0,05 mm, was very falntly yellow, but digd
not give a coloration with a solution of ferric chloride

in methanol.

The sample was ground in a mortar with acetone,
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 acetate and 100 ml,
of ethanol, Yield, 18,2 gl of ¥-pyrogallitol, m.p. 145 -
147°, in the form of fine white needles, The mother liguor
was evaporated to dryness, and the residue was recrystallized
twice from an ethyl acetalte-ethanol mixture, Yield, 4.5 g.
of {@-pyrogallitol, m.p. 147 - 148°, The mother liquors ob-
tained in the last steps were combined and evaporated to dry-
nezs. The residue distilled at 120 - 130°/0.04 mm,, &s a
yellow gum, On the addition of 10 ml, of acetone, this pro-
duct partially crystallized tc form a white solid, weighing
1.3 g., m.,p. 124 ~ 128°, and & solution, which on evaporation
yielded 1.6 g. of a very pale yellow solid, The white solid

was recrystallized from ethanol, and gave 1.0 g. of §-
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The yellow so0lid was digsolved in pyridine and
benzoylated in the usual way, The mixture of esters was
fractionally crystalllized in the manner described and the

following fractions were 1solated:

(1) p~pyrogallitol iribenzoate, m,p. 181 - 183°, 1.9 g.
This m.p. Indicated a slight impurity in the ester,

(2} a-pyrogallitol tribenzoate, m.p. 140 -~ 141°, 0.4 g.
In admlixture with authentic ¥-pyrogallitol tribenzoate the
m.p, was 121 - 137°, but a mixed m.p. with pure a~pyrogalli-
tol tribenzoate of the same m.p. was not depressed. In iso-
lating this ester, the use of methanol containing small am-
bunts of water, about 5%, was advantageous in the recrystal-

lizations,

Attempted Sevaration of the Components of the fcebone Soluble

Pyrogallitol Fraction by the Isopropylidene Acetal Method

The acetone soluble material obtained in the above
separation (page 53 }, eand presumably containing all of the
o and P-pyrogallitols, but little, if any, of the isomer,
was made up to 150 ml, with acetone, and to the clear solution
150 ml, of petroleum ether (b,p. 30 - 60°) and & few crystals
of p-toluenesulfonic acid monohydrate were added. The solu-
tion was set up in the spparatus for an azeotropic distillation
described on page 62 . This distillation was continued
for forty-eight hours; during the finsl twelve hours of this
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The yellow solution was neutralized with sodium
acetate, solvents were evaporated, and the olly residue
wag then distilled, The following fractions were col-

lected:

(a) b.p, 83 ~ 86°/23 mm., 2.4 g., & clear colorless

0il with a strongz peppermint odor.

{b) b,p. 128 -~ 133°/23 mm,, 8.2 g., a clear colorless
0il with & sweet smell. This fraction was redistilled
twice, and the possibility that any of fraction (c) was

carried over mechanically was negligible,

(e} b.p. 130 - 146°/0,05 mm,, & yellow gum which cry-

stallized slowly, weight 0,7 g.

Fraction (a) was dissolved in 50 ml, of ethanol,
3 ml, of concentrated hydrochloric scld was added, and the
solution was heated on the stecm bath for one hour, The
solvents were then evaporated, and when a deep green color
developed, the error in falling to neutralize the acid seemed
evident, The dry residue, on recrystallization from ethyl
acetate, ylelded 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 recrystallized
three times from agueous 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 & mixed melting point of these two com-

pounds was 92 - 93,8°,

No other product was isolated from this fraction,
This result was the first indication that trans-1,2 glycol

units were condensing with acetone,

A portion of fraction (b) weighing 3,2 g. was hy=-
drolyzed by refluxing & solution in 50 ml, of ethanol with
3 ml, of concentrated hydrochloric acid or the steam bath
for one hour, The acid was neutralized with bagic lead
carbonate, the mixture wés filtered, and the filtrate wes
evaporated to dryness,. Yield, 1.5 g. of crude product,

a white solid, This solid was dissolved in 25 ml, of hot
ethyl acetate and allowed %o crystallize. The crystals
were distinctly heterogeneocus, consisting of needles, and
small, apparently spherical particles. The m.p. of this
solid was 70 - 113°,

It was essential to establish the constitution of
this solid, and this was accomplished by fractionally cry-
stallizing the benzoates, The solid was dissolved in 25 ml.
of pyridine, and 4.5 ml. of benzoyl chloride was added to the
solution, The benzoates were 1solated in the manner des-
cribed previously. In the usual way, 1.1 g. of B-pyrogalli-
tol tribenzoate, m.p. 182 - 183.,5 was separated, The mother

ligquors yielded & solid which was recrystallized four times
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from squeous methanol containing approximately 10% of

water. A white so0lid, in the form of needles which cry-
stallized in clusters, was obtained; yleld, 0.35 g., m.p.

137 - 13G°, Purther crystalllzation 4id not raise this
melting peint. In admixture with authentic ¥-pyrogalli-
tol tribenzoate, the melting point was 119 - 134°, but a
nixed melting point with authentic a-pyrogellitol tribenzo-
ate,was 137 ~ 139°, This product was therefore a-pyrogalli-
tol tribenzoste, and it was evident that a-pyrogallitol was

condensing wlith acetone under the conditions described above,

The methanol mother liquors were evaporated to dry-
ness, and the s50lid residue was recrystallized three times
from aqueous methanol; a 8ub§tance crystallized in the form
of short white needles, which did not cluster in the menner
characteristic of the a-pyrogallitol tribenzoate, These
crystals melted at 139 - 140°, and a mixed melting polint with
authentic $-pyrogallitol tribenzoate was not depressed, but in
admixture with oa-pyrogallitol tribenzoate the melting point
was 122 - 136°. The yield of this compound, which was ¥~
pyrogallitol tribenzoste, was 0.3 g. It was clear that
%-pyrogallitol condensed with acetone to form an isopropyli-

dene acetal under the conditions of this experiment,

HNo 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 wes sllowed to crystalllize in the
20l1d room, The solid was recovered and recrystallized from
10 ml, of ethyl acetate; ylield, 0.1C g., m,p. 109 - 110°,

A mixed melting polint with pure e-pyrogellitol of the same
melting point was not depressed. The tribenzoate, prepared
by the method of Shriner and Fuson (65) melted at 140 - 141°,
and a mixed melting point with the same ester prepared syn-

thetically was not changed.

Synthesis of trans-l,2-cyclohexanediol: XXII

(a) By she hydroxylation of cyclohexene with hydrogen

peroxide using selenium dioxide as catalyst (25)

Cyclohexene, 25 g. (0,30 mole) wés mixed with a
soluticn of hydrogen peroxide in tert-butyl alqohol, 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

kept at 5 - 6° for sixty-five hours,

At the end of this time, the solvents were distilled
in the vacuum of a water pump at room temperature. The red
color of the solid residue indicated the presence of selenlum
from which the product was exbracted with 75 ml., of ethanol.
After distillation of the ethanol under reduced pressure, the
vellow residue distilled at 107 - 122°/1k mm. to give a white
crystalline solid. The distillate, m,p. B85 - 105°, weighed
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19.1 g., corresponding to & 54% yield of the crude product,

When this solid was recrystallized twice from
ethyl acetate, the melting point was not improved, Heery-
stallization from benzene (53) proved effective; using this
solvent, 11,5 g. (33) of itrans-l,2-cyclohexanediol, m,p.
103 ~ 104° was recovered, In addition, 0.4 g. of somewhat
less pure material, melting at 100 -~ 104° was obtained from
the mother liquors, The melting point recorded in the
literature is 103 - 104° {31). No depression with trans-

1,2«cyclohexanedicl prepared by method (b) was observed,

No c¢is~l,2-cyclohexanediol was isoclated in this
experiment; if formed, this compound was present only in

very small amounts,

{b) By the reaction of cyclohexene with hyvdrogen

reyrcxide in formic acid (21)

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 (1 mole) and 300 ml, of formic
acid {(87%). The mixture was stirred continuocusly and main-
tained below L0° for three hours, At the end of this time,
the temperature had ceased to increase spontaneously, and
the solution, now homogeneous, was kept at 35° overnight,
The solution then geve only a faintly positive test for

peroxides with aclidified potassium iodide,
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The solvents were removed in vaguo, and the
main product was distilled at 100 = 120°/12 mm, This
material wes redistilled through a 20 inch Vigreux column,
and gave lO?.é 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-
cyclohexanediol, m,p, 103 ~ 104°, The dibenzoate of this
zlycol, prepared using a slight excess of benzoyl chloride
in pyridine, melted st 92 - 93°, in agreement with the

value reported in the literature (53).

Preparation of trans-l,2-cyclohexanediol monobenzoste from

a product of this reaction

The liquid portion of the produect had a saponifi-
cation equivalent of 131, whereas the theoretical value for
a cyclohexanediol monoformate is 1ii. The product probably

contained a small amount of c¢yclohexanedicl diformate,

A small sample, 5 g. of this liguid was treated with
5 g. of benzoyl chloride (1.02 moles, assuming that the
starting meterial was pure 1,2-cyclohexanediol mbnofOrmate),
in a solvent mixture compeseé 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 ml, of a saturated solution of sodium bicarbonate,
and finelly with water, After the chloroform had been
removed at the water pump, the residue was distilled, and
5.5 ¢. of & clear, colorless oil, b.p. 195 - 205°/18 mm.
was collected, This fluid was redistillied twice, b,p.

199 ~ 202°/18 mm,, and 117 - 119°/0,05 mm., but it did not
crystallize, The small solid residue in the distillation

flask was not exsmined,

Sulfuriec acid, 0,7 ml, and weter, 2 ml., were
added to & solution of this produet in 50 ml, of ethanol,
and the solutlion was heated at 45 = 50° 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 solld 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 water and 50 ml, of ethancl gave 0,5 g,
of crystals, Tine white needles, melting 90 - 91°, Trans-

1,2~cyclohexanediol monobenzoate melts at 91 - 92° (53},

Cale'd for CigHigls ¢ C  70.86% H 7.34%
Found : C 70.32% H 7.61%

Condensation of trans-l,2-cyclohexanediol with}acetone to

give XII ;
(a) by the method of Newman and Renoll (39)

In a 500 ml, round bottom flask was placed 7.0 g.
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of trans~-l,2-cyclohexanediol, m,p, 103 - 104, (0.06 moles),
150 ml. of acetone (119 5., 2.04 moles), 150 ml, of petro-
leum ether {(b.p. 30 - 60°), and a few crystals of p-toluene-
sulfonic acid monohydrate. The acld catalyst was not
weighed, but the ampuuﬁ‘addeﬁ was certainly not more than

0.1 g,

The flask was fitted with a condenser, the Jacket
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 meintained, 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,

The mixture was heated under gentle reflux for
sixty hours, during which time it slowly turned yellow, and
decreased in volume by about 75 ml., owlng to a slow loss of
vapors.. Two 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 sny free
p~toluenesulfonie acid, and the solvents were distilled under
reduced pressure, at room temperature. The main product,

a clear colorless oll possessing 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 extract-
ed with 50 ml, of boliling benzene, and the insoluble mater-
1al was discarded. On cooling, the benzene solution
yielded 0,9 g, of white crystals, which, aftér two more re-
erystallizetions from benzene, yielded 0,6 g. of gggggyl,z-
eyclohexanediol, 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 dgg, 0.98052, and the refractive
index, nge, 1.4L68.

Cale'd for an isopropylidene cyclohexanediol, C¢H;g0g:
C 69,18 H 10.31% Mol. Refraction, 42,66
Found c 69.55% H 1033% Mol. Refraction, 42.57

The acetal was allowed to stand for several weeks
at ~15°, but it 4id not crystallize. The corresponding
acetone derivative of cis-l,2-cyclohexanediol melts at -6.5°

(3).

Hydrolysis of isopropylidene-~trans-l,2~cyclohexanediol

A solution containing 1.0 g. of the acetal, 3 ml.
of concentrated hydrochlorie acid, and 50 ml. of ethanol was
heated under reflux on the steam bath for one hour, At
the end of this time, the acid was neutralized with basic
lead carbonate and the precipitate was filtered and discarded.

The filtrate was evaporated to dryness snd recrystallized from
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15 ml, of benzene, The white solid product, in the form
of short needles, melted at 103 - 104°, slone and in ad-
mixture with authentic trans-l,2-cyclohexanediol, Yield,

0,73 g., or 98% of theory,

(b) Using hydrochloric acid as catalyst

Trans~l,2-cyclohexanediol, 5 g., m.p. 103 ~ 104°
(0.04 mole) was dissolved in 300 ml. of acetone, (238 g.,
4,1 moles) through which dry hydrochloric acid gas had
been bubbled until the aeid concentration was 0,1% by
weight. Anhydrous sodium sulfste, 3.0 g., was added to
this solution and the mixture was mechanically shaken for

five days,

At the end of thls time the liquid was pale yel-
low, and the acid in solution was neutralized with basiec
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 solventis were then dis-
tilled under reduced pressure and the yellow residue was
extracted with 100 ml, of petroleum ether, b.p. 30 - 60°,
The mixture was filtered, and after the solvents had been
removed from the filtrate under reduced pressure, a clear
colorless oil distilled at 76 - 78°/23 mm., weight 0.20 g.
(3% of theory). This liquid possessed the strong peppermint

odor characteristic of the isopropylidene acetal,

Since this liquld was obtained in such small
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amount, it was identified only by hydrolysis. The entlire
product was dissolved in 15 ml, of ethanol and 1 ml. of
concentrated hydrochloric acid, and the solution was heat-
ed on the steam bath for one hour, The acid was then
neutralized with basic lead carbonate, the mixture was
filtered, and the filtrate was evaporated to dryness. The
white solid residue was recrystallized twice from 10 ml.
of benzene. A yleld of 0,108 g. (73%) of pure trans-1,2-
cyclohexandiol, m.p. 103 - 104° was obtained. A mixed
melting point of this material with authentic transg-~1,2-

cyclohexsnediol 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 authentic trans-1,2-

cyclohexanediol melted at the same temperature.

A similar experiment, in which the acid concentra-~
tion was 1,0%, was also carried out. This reaction mixture
was shaken for only thirty hours, at the end of which time
the liquid was bright yellow in color. The process employed
for the recovery of the acetal and the unchanged glycol was

the same as that desceribed above,

The acetal-containing distillate boiled at 60 -
65°/23 mm., and welghed 0,80 g. The odor of the acetal in
this fluid was distinct, but on hydrolysis according to the
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procedure deseribed above, only 35 mg. of pure irans-l,2-
cyclohexanediol, m,p. 103 ~ 104° unchanged on admixture
with authentic trans-l,2-cyclohexanediol, was 1isolated,
It is possible that some of this distillate consisted of

a low boiling condensed derivaitive of acetone,

The yield of pure trans-l,2-cyclohexanediol cor-
responded to & 0,7% yleld of pure isopropylidene-trans-1,2-
cyclohexanediol, The crude vellow residues, isolated in
the manner described, weilghed 4.0 g., but slx recrystalliza-

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

Synthesls of 3-cyvclohexenol acetate, XV

(a) By the oxidation of cyclohexene with lead tetra-

acetate (17)

The procedure employed was that described by
Criegee (17), and the detalls are therefore not presented
here, A yleld of 16,2% of the pure ester, b.p. 59 - 61°/
10 mm, was obtalned; Criegee's yield of the same compound

was 21%

{b) By the oxidation of cyclohexene with selenium
dioxide {(16)

This experiment, which has been repeated three
times, is described in detail because the yields obitained

were very much lower than those reported (16).

The selenium dioxide used was a high grade
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commercial produet, kindly supplied by Canadian Cop?er

Refineries, Montreal, ‘uebec.

Over a period offour to five hours, 389.5 g.
(3.5 moles) of selenium dloxide was added to a solution
of 820 g, (10 moles) of cyclohexene (b.p. 82 - 84°) in
500 g, of mcetic ascid and 300 g. of acetic anhydride, A
three-necked flask equipped with a reflux condenser and a
stirrer was used as the container, The mixture was main-
tained at 70 - 80° during this time; healing was required
to reach this temperature, but the reaction was strongly
exothermic and the temperature remained in the stated range
without further application of heat during the gradual
addition of the selenium dioxide, The dark red solution
was refluxed for thirteen hnurs after addition of 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 distilletion of this mixture ylelded 140 g.
of cyclohexene, b.,p. 82 ~ 84°, and 92.4 g. of 3-cyclohexenol
acetate, b.p, 81 - 83°/25 mm,

Water was distilled from the residue under dimin-
ished pressure, and the heavy black gum which remained was
pyrolyzed at 200° for several hours under a vacuum of 25 mm,
A brown oil distilled very slowly, This oil was washed with

water until the acueous phase was neutral, and was then

X
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distilled. A light yellow mixture of 3-cyclohexenol
acetate and 2-cyclohsxenone, b.p. 80 - 86°/26 mm,, weight
171,00 g., wag obtained. This liguid was shaken with 50
ml. of a L0% aqueous solution of sodium hydrogen sulphite
for two hours, and the white precipitate was removed by
filtration, The ester in the filtr;te was separated,
washed with water, and dsitilled, Yield, 132 g., b.p.

81 - 83°/25 mm., & clear colorless fluid which did not re-
ect with 2,h-dinitrophenylhydrazine,

The solid sodium bisulphite-ketone complex, weigh-
ing 6.7 g., was decomposed with dilute hydrochloric acid,
The ketone was recovered by ether extraction and distilla-

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

The boiling points recorded here are very close to
those reported in the literature (16). The total yleld of
ﬁhe ester was 224.4 g., or 19.3% of the theoretical amount,
and the yield of ketone, 3.1 g., was O.4% of theory, calcu-
lated on the basgis of the amount of cyclohexene which re-
actéd; Cuillemonat's yields, calculated on the same basls,

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

By careful treabment of the black residue from the
final pyrolysis with concentrated nitric acid, aimost all of

the selenium dioxide was recoverable.

Saponification of 3-cyclohexenol acetate

The ester waes saponified by shaking with an
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equivalent amount of agueous barium hydroxide for one

hour, The unsaturated alcohol was extracted with benzene,
and isolated in the usual way., Yield, 68% of the theoreti-~
cal amount, b,p, 60 - 62°/12 mm, The boiling point re-
corded in the literature (16) was 67°/15 mm., but the yleld

was not reported,

Synthesis of a- and R-pyrogallitols from 3~-cyclohexenol

acetate, XV

{a) By the method of Sezuin (25)

To 275 ml, of a solution of hydrogen peroxlde
in tert-butyl alcohol comntaining 0,58 moles of the peroxide
was added 79,7 . (0,57 moles) of the unsaturated ester,
and 2,3 g. of selenium dioxide. After a few minutes'
shaking, 81l of the oxide dissclwved, and the solution was
kept at 6° for six days, The amount of caetalyst corres-

ponded to 4.0 g. per mole of ester,

The solvent was distilled in vacuc (water pump)
at room temperature; the temperature was then raised, and
22,7 7. 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°/0,05 mm, Yield,
L4% calculated on the basis of the amount of ester which
reacted, and agsuming that the product was a mixture of a-

and B-1,2,3-cyclohexanetriol~l~acetates, The viscous

black residue in the distilling flask geve evidence of the
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presence of carboxylic acids when tested with sodium bi-

carbonate solution, but it wes not further exsmined.

The product was treated with lG,l g. of potas-
gium hydroxide dissolved in 125 ml, of methanol for one
hour. The potassium chloride which precipitated on add-
ing 15,1 ml. of concentrated hydrochloric acid wes separ-
ated by filtration, Solvehts were evaporated from the
filtrate in vacuo. The residue, on distillation at 0,02 -
C.03 mm, pressure, yielded s pale yellow semi-crystalline
gum, b,p. 115 - 125°, weighing 24,8 g. This yield is

practically quantitative,

Benzoyl chloride, 140 ml., (1.2 moles), was added
to a cold solubtlon of this product in 200 ml, of pyridine,
The mixture of tribenzoates was worked up in the manner pre-
vicusly described. Yield, 57.2 ., of erude B-pyrogallitol
tribenzoate, m.p., 174 - 161°; recrystallization from 4LOO ml,
of glaclel acetic acid efforded L5.4 g. of the same ester as
a micro-crystalline powder, m,p. 180.5 - 182.,5°, The mother
liquors yielded 4.7 g. of an impure product, m,p. 130 - 160°,
The yield of a~1,2,3-cyclohexanetriol, recrystallized twice
from methanol, was 3.7 g., m.p. 138.5 - 140°, and the mother
liquors ylelded 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 product {(75.5%). The overall yield of the B isomer
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calculsted as the triol, was 24.6%, and of the a isomer,

{v} By the method of Neerwein, Schoeller, Schwenk and

Borgwardt {22)

A solution containing 44.7 g. of hydrogen peroxide
(30%, ©,395 moles), 44,7 . of glacial acetic acid, and
4,6 g, of concentrated sulfuric acid was added, with stirring,
to 50 gz, of 3-cyclohexenol acetate (0.36 mole) over a period
of one hour, After stirring for about five hours st 10 -~
15¢, the mixture beceme homogeneous. The solution was main-
tained at this temperature for fifty-six hours, at the end
of which time it was heated with stirring for three hours
at LO - 50°,

When the solution was neutralized with the calcu-
lated smount of concentrated sodium hydroxide, two layers
appeared, and the upper layer wes combined with a benzene
extract of the lower aqueous phase. Water was distilled
from the latter solution in vaecuo, and the residue was ex-
tracted with acetone, The insoluble inorganic salts were
discarded., The organic solutions were combiﬁed, and when
the solvents had been removed, 3,1 g. of 3-cyclohexenol ace-~
tate, b.p, 75°/27 mm,, was distilled., The dark brown resi-
due, which contained a high percentage of inorganic matter,
distilled in part at 120 - 127°/0.05 mm., to give 29.0 g. of
a light yellow gum. This was a yield of 50%, essuming thet

the product was a monoacetate ester of 1,2,3-cyclohexanstriol,



After standing for a period of about one month,
this product partiaily crystallized, and had a saponifica-
tion equivalent of 258, Since the theoretical value for
the monoester is 174, it was concluded that some of the
acetate groups had bsen hydrolyzed during the reaction.

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

apreared reasonable,

The mixture was saponified with 4,3 g. of potes-
sium hydroxide (the theoretical amount, calculated on the
basis of the above saponification equivalent) in 45 ml, of
methanol for one hour at rcom temperature. The solution
wes acidified with concentrated hydrochloric acid, filtered,
and solvents were distilled from the brown filtrate at the
water pump. The residue distilled at 130 - 132°/0,08 mm.,
giving a distillate which weighed 13.7 g.

Separation of this triol mixture into the two
isomers was accomplished by the usual crystallization of
the tribenzoates. The benzoylation was carried out in a
mixture of 125 ml, of chloroform and 125 ml, of pyridine
with 50 ml. of benzoyl chloride (0,43 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, 34.8 g. of p-1,2,3-cyclohexanetriol tribenzoate, m,p.
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181,5 - 183°, was obtained from this precipitate.

The chloroform filtrate was evaporated, and the
residue was combined with the ethanol extract (100 ml.)
obtained from the separation of the J-triester. The solu~
tion was cooled for twenty-four hours in the refrigerator,
and the resulting precipitate was recrystallized from meth-
anol three times, In this manner, 0,8 g. of a-pyvrogallli-

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

The crude tribenzoates obtained in this experli-
ment weighed 42.0 &,, a yield of 91%. The overall yield
of the B isomer, calculated as the triol, was 22.9%, and of

the a isomer, 0.5%.

(c) By the method of Swern, Billen, 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-cyeclohexenol acetate (0.50
moles) and 150 ml, of formic acid (87%). The initial re-
action was fairly exothermic, and the temperature was not
allowed to rise above 55°, After two or three hours, exter-
nal cooling was unnecessary, and the clear colorless solution

wag kept at 55° for a further sixteen hours,

At the end of this period, the preparation was
brown in color and had deposited a smell amount of dark resi-
nous materiasl, After the removal of solvents at 20 mm,

pressure, the residue on vacuum distillation yielded a pale
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This product was heated under reflux with 100
ml, of water for one hour, and after ccoling, the mixture
was extracted wlth 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 acueous 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 materisl was
389, indicating that most of the ester groups had been
stripped off during the reaction or in the subsequent pro-

cessing,

The remainder of the praéedure 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°/0.05 mm.i was obtained on complete saponifica-
tion, and frow this, 45.6 g, of B~-pyrogallitol tribenzoate,
m.p. 181,5 - 183°, and 2.5 g. of a~pyrogallitol tribenzoate,
m,p, 139 - 140° were obtained, Thls corresponded to an over-
all yield of 20,0% for the B-isomer, and l;l% for the a form.
The yleld 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 deseribed, but some of the methods employed in working

up the reaction mixture were new and are therefore presented
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in detail, The quantities of reactants used were the same
as before, but the reaction was permitted to continue for
twenty~four hours at room temperature, At the end of this

time, the solution was light yellow in color.

The solvents were distilled in vacuo, and the
residue wes dissolved in 150 ml, of ethanol and 25 ml, of
water, Concentrated sulfuric acid, 3 ml,, was added to
the light brown~snlutioﬂ, which was heated on the water-
bath at 45 < 50° for oﬁe and one-half hours, The solution
was neutralized with sodium bicarbonate, filtered, and the
solvents were dlstilled, The residue yielded a yellow gum,

b,p. 120 - 135°/0,02 mm,, weighing 36.3 g.

The mixture obtained after thls gum was shaken
mechanicelly with 100 ml, of ethyl acetate for one hour was
filtered, and the white precipitate, weipghing 18.6 g., melted
at 107 - 115°, This sclid 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.p's after the
successive recrystallizations were as follows: 118 -~ 123°,
121 - 123.5°, 122.5 - 124°, 124 - 125°, 124 -~ 125°, The
final produet, weighing 11.5 g., was pure f-~pyrogallitol,

These crystallizations occurred rapidly.

Further atiempts to separate the two isomeric
pyrogallitols in the mother liquors by crystallizastion from
ethyl acetate were unsuccessful, All of the solutions were

combined and evaporated to dryness, The yellow residues,
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weighing 6.4 ., vere dissolved in 50 ml, of pyridine and
benzoylated with 21 ml, of benzoyl chloride (0,18 mole)
according to the procedure of 3hriner and Fuson (65). The
vield of erude, slightly 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 B-pyrogallitol tribenzoate, m,p. 181.5 - 183°, and

2,0 g. of a~-pyrogallitol tribenzoste, m,p, 139 - 140°,

The solvent in bthe ethyl acetate sclution (see
above) was distilled, and the residue, distilled subse-
quently, yielded 17.5 g. of a yellow oil, b.p. 120 - 135°%/
0.15 mm., which did not crystallize, This oil was soluble
in ethyl acetate, benzene, and ethanol, but was insoluble
in water; with 2,4-dinitrophenylhydrszine, a bright red
precipitate formed. This observation indicated that the
0il contained a carbonyl group, but no further tests on

this product were made,

The overall yield of the 3-isomer, celeulated as

the triol, was 24,.6% and of the a-isomer, 0.9%

Condensation of 3- and ¥-pyrogallitols with acetaone to

give XXVIT and XXX

(a) By the 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 ¥-pyrorallitol, 5 ., (0,04 mole
m,p. 147 - 148°) was used, and the other reagents were in
the quantities employed previously (pege 61 ). The triol
dissolved completely after about fifteen hours, and the
condensation was continued for two days in all, After
neutralizetion and removal of solvents, the reaction mix-
ture was extracted with benzene, the benzene was renoved
by distillation, and the acetal distilled at 113 - 115°¢/
18 mm, The product was a clear colorless oll weighing

6.0 g. (92% of the theoretical amount),

p-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 was then worked up in the usual way;
when the solvents were diastilled, the acetal crystallized
completely. The ecrystalline mass was dissolved in 50 ml,
of hot ethyl acetate, but crystallization of the solute did
not occur, The ethyl acetate was evaporated, and the acetal
was distilled. The product was a clear, coclorless oll,
b.p, 128 ~ 131°/19 mm., weighing 2,19 g., (53% of the theo-

retical amount),

(b} Using hydrochloric acid as catalyst

§~-Pyrogallitol, 5 g., (0.04 mole, m.p. 147 - 148°),
was condensed with acetone, 300 ml, (238 g., 4.1 moles), in

the presence of dry hydrochloric acid gas, 1% by weight, and
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anhydrous sodium sulfate, 3 g. The reaction was carried
out as described, with mechanicel shaking for twenty-four
hours, and the reaction mixture was worked up in the usual
vay (see page 6l ). The average yield of the acetal, ob-
tained as & clear, colorless oil, was 69%, b.p. 111 - 114°/
16 mm, Toward the end of the distillation white crystals,
in the form of needles, appeared 1n the neck of the distil-
ling flask, Probably these crystals were a small amount of

the free triocl, but this conjecture was not proven,

p-Pyrogallitol, 5 g,, (0,04 mole, m,p. 124 - 125°}),
wes condensed with 4ry acetone, 200 mi., (158 g., 2.7 moles),
in the presence of dry hydrochloric acid gas, 0.2% by weight,
and anhydrous sodium sulfate, 3 g. The mixture was shaken
for forty~-two hours. The product wes worked up as described
(see page 64), and distilled at 130 - 132°/18¢ mm, The aver-
- age yleld of the acetal, obtained as a clear, colorless oil,
was 71%., This oill was crystallized by dissolving it in
petroleum ether {b.p. 30 - 60°), and cooling the solution
below 0°, On recrystallization from the same solvent, there
was obtained 2,9 g. (45%) of fine white needles, m,p., 50.2 -

51¢.

Calc'd for CoHigls @ C  62.76% H 9,37%
Tound : 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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The acetone compound of F-pyrogallitol is ﬁn~
gtable, and althougn several combustion snelyses on this
substance were attempted, closely checking results were
- never obtained, even though the sample was kept in a
tightly stoppered container, The best analysis wes the

following:

Cale'd for CyHigls : C 62,76% H 9.37%
Found : 0 62,4 % H 8,9 %

A duplicate anelysis on the same product, carried
out inmediately after the first analysis had been completed,
vielded the followlng result:

C 61.3 % H 10.2 %

A sample of this compound was stored in a tight-
ly stoppered flask for two weeks, and was then completely
crystalline, 'This solid was rscrystallized from acetone
and from ethanol, and gave pure Y-pyrogeilitol, m,p. 147 =

1487,

A solid sample of the f-pyrogallitol acetal
deteriorated very slowly on standing in a tightly-stoppered
test tube. After a few weeks, the pure acetal, which was
originally quite white {m.p. 50.2 - 51°}, became very light

brown in color.,
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Attempted preparation of the benzoate esters of isopropyli-

dene-8~ and -O~pyrogallitol, XIVI and XLVII

The scetals employed, XXVII and XXX, were pre-

pared using hydrochloric acid gas as the catalyst.

The acetal, 5.0 g. (0.03 mole), was dissolved in
15 ml, of chloroform and 15 ml, of pyridine, and benzoyl
chloride, 5 ml. (6 g., 0.04 mole) was added to the solution,
The miiture was allowed to stand at room temperature for
twenty~four hours, Crystals occasionally deposited during
this period, but these were ot isolated., The addition of
10 ml, of hydrochloric gcid causged té; iayers to separate,
and when 30 ml., of acetone were added to the mixture these
layers did not coalesce. This liguid mixture was heated
gently under reflux for one-half hour, and the two phases

did not unlte under this treatment,

The mixture was neutralized with sodium bicarbon-
ate solution, and approximately two-thirds of the solvents
were distilled in vacuo (water pump). The residue was eXx-
tracted three times with 50 ml, portions of benzene; the
combined extracts were washed with water, and the benzene
wes evaporated, The oily residue crystallized, and was re-~
crystallized scveral times from 40 or 50% aqueous ethanol,
Although a high yield of the crude product, 7.4 £., (92%
of theory) was obtained, largs losses occurred in the re-

crystallizations,
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After three recrystaellizations, the product ob-
tained from the ¥-pyrogallitol acetal consisted of white
needles, 1,0 g., m.p., 72.7 - 73.7°. On belng stored
under ordinary conditions, this melting point changed to
71,5 - 76°., A small sample which was sublimed at 0,02
mm, had m.p. 72 - 75.5°, and the sample for analysis melted

at 7105 - 73-10

C  69,52% H 7.31%
C  69.50% H 7.48%

Cale'd for CigHgp04

-

L4

Found

The empirical formula C;gHgqls corresponds to an

isopropylidene-l1l,2,3-cyclohexanetriol monobenzoate.

After five recrystallizations from aqueous ethanol,
the white product obtained when the B«pyrog&llitol acetal was
the starting materisl melted at 101,5 - 103.5°; the yleld of
this substance, in the form of rather broad needles, was
3.5 g., or 43% of the theoretical amount, For analysis,

a small sample resublimed at 0,02 mm,, m.p., 102.0 - 103.5°¢

was prepared,

C 69.52% o 7.31%
C 69.21% H 7.37%

Cale’d for CieHgoO4

e

Found

e

Both of these substances were soluble in benzene,
acetone, chloroform, alcohol, petroleum ether, and were in-

soluble in water,
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Synthesis of the Monomethyl Ethers of 8- and §-Pyro-

gallitol, XXXI and XXXII

The isopropylidene acetal of each triol, pre-
pared by both procedures outlined previously, was methy-
lated by the Purdie method (66). A total of four methy-
latlions were therefore carried out, The reaction pro-
duct was treated with acid under appropriate conditions to
remove the acetone residue, and leave a monomethoxy cyclo-
hexanediol, Only a single typlcal experiment is described
in detail,

The isopropyllidene acetal of the 3~ or §pyrogal-
litol, 2.5 g., was dissolved in 20 g. 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 theoretieal amount necessary for complete
methylatien'of the acetal, The mixture was heated under
very gentle refiux 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 acidified
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 methenol,
and solvents were 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 theoretical
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The §-pyrogzallitol monomethyl ether was sublimed
twice at 65°/0.02 mm,, and was then recrystallized twice
from petroleum ether, b.,p., 60 - 70°, The products obtained
from both methylations consisted of white needles, m.p.

69,5 - 71°; the average yield of this recrystallized mater-
ial was 1.0 g, A mixed melting point of the two products
was also 69,5 - 71°,

Cale'd for CyHy0s : C 57,#9% H 9.65%
Found : G 57.79% H 9.38%

The f-pyrogallitcl monomethyl ether 4id not
crystallize on distillation, The clear, colorless oil,

b.p. 66 - 67°/0.02 mm,, analyzed as follows:

Calc'd for CpHistO0s @ C 57.49% H 9.65%
Found : C 56.31% H 9.83%

This analysis indicated a slightly molst pro-
duct, and when the ether was kept in a vacuum desiccator
over phosphorous pentoxide, complete crystallization to a

white solid occurred, and this was analyzed,

Cale'd for CpHa0s : C 57.49% H 9.65%

Found C 57.10%4 H 9.58%

.

This solid was extremely hygroscopic. The m,p.,
taken in a highly evacuated pyrex tube of diameter 3 mm,., was

36 - 37° for the product prepared from B-isopropylidene
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pyrogallitol synthesized by the method of Newmen and Renoll
{39), and 35.5 - 37° for the sample prepared from j-isopro-
pylidene pyrogallitol synthesized using hydrochloric acid
as the catalyst. The mixed m,p., was 35.5 - 37°.

These compounds were soluble in water, alcohol,
benzene and acetone, The ¥-monomethyl ether was slightly
soluble in petroleum ether, but the pf-monomethyl ether ab-
sorbed moisture when shaken with this solvent and remained

insoluble,

“he §-monomethyl ether, XXXII, and both samples
of the p-monomethyl ether, XXXI, were oxidized with lead
tetraacetate at 20,0°, The procedures employsd in this
kinetic study were the same as those adopted by Christian
(1), except that only five ml., samples of the oxidation solu-
tion were withdrawn, and these were titrated with 0,008989 N
instead of approximately 0.02 N sodium thiosulfate solution.
In all three oxidations, the initial concentration of lead
tetraacetate was 0,005705 moles/1. The results are shown in

Table III, and are plotted in Figure 1.

Prelimlnary Experiments in the 1,2,4-Cyclohexsnetriol 3eries

Synthesis of p-methoxy phenol, LXIII {(with R, ¥, Moir)
ocy,

OH
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TABLE IIT

OXIDATION OF THE B~ AND ¥-PYRCGALLITOL MONOMETHYL ETHERS

WITH Pb(0OAc)g AT 20,0°

p-monomethyl ether®, XXXI, 0.002347 moles/1. (plot 3, Fig, 1)

ml Moles reacted

Time 0,008989 N per mole K x 103 o
hrs, NagSg0g originsl glycol 1./mole/sec”,
0.33 5.95 0.153 25

0.75 5.63 0.276 22

1,50 5.18 C.448 22

2,72 L,71 0,628 21

L,00 L.48 0,716 19

6.11 L.34 0,770 15
11.0 4,00 0.900 1L

23,0 3.90 0.939 8.3
50.0 3.68 1.02 -

g -monomethyl etherb, XXXI, 0,002437 moles/1l. {(plot 2, Fig, 1)

0 6.35 0 -
0,33 5.93 0.155 26
. 5.63 0,266 21
1.50 5.10 0.461 23
2,72 L.65 0,627 21
4,00 L.36 0.734 20
6,11 L4L.06 0.845 20
11.0 3.89 0.907 15
23.0 3.72 0.970 11
50.0 3.50 1.05 - |
Y-monomethyl ether, XXXII, 0.002703 moles/l. (plot 1, Fig, 1)
0.33 5,70 0.216 48
0.75 5.16 0.396 L1
1.50 L .61 0.579 36
2,72 4L.20 0.715 30
L,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 corresponding isopropylidene acetal, syn-
thesized according to the procedure of Newmsn and Renoll (39).

b. prepared from the corresponding isopropylidene acetal, syn-
thesized using hydrochloric acid as the catalyst.

¢. calculated using the formula k = z'ag log&%%%%%, for a bi-

molecular reaction, where e = initial concentration of Pb(0OAc),,
b = initial concentration of the ether, and x has its usual

md e PL mmn
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This compound was prepared by methylating hydro-
quinone with dimethyl sulphate according to the procedure
of Helfer {(67). The yield of the light brown solid, m,p.
53.5 - 55° was L0O% of theory; Helfer's yield was 55% of
material melting at 53¢, This product was suitable for

hydrogenation,

Hydrogenation of p-methoxy phenol (with R, Y. Moir)

_ p~-Methoxy phenol, 771.8 g., was hydrogenated with
100 g. of Raney Nickel catalyst, at 180 - 200°, with 2,800
pounds initial preésure of hydrogen. The gas uptaeke was
extremely rapid, especially at the beginning of the reduc-
tion, and close to the theoretical amount of gas was ab-
sorbed, The product was filtered twice to separate the
catalyst, and the nearly colorless liquid was distilled,.
The distillste, b.p. 85 - 120°/7 mm,, was a slightly yellow
oil, weight 665.7 g. (83%), and suitable for the next

reaction,.

Dehydration of 4-methoxycyclohexanol (68) (with R, Y, Moir)

OcH, ocy,

OH

LXIV LITI
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L-Methoxy cyclohexanocl, 603,6 g., was distilled
in three runs, in the presence 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 2259, Water was separated from the dis-
tillate, and the wet residue was distilled through a Vig-

reux column, The foilowing fractions were collected:

(1) B.,p, up to 100°, weight 45,9 g., mainly cyclo-
hexadienes, This fraction distilled with an egqual vol-

ume, i,e,, 45 ml., of water.,

(2) B.p. 135.5 - 136,5°/760 mm,, weight 257.0 g., pure

L-methoxy cyclohexene,

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 fraction 1 (see above) and 42,0 g, of 4-
methoxy cyclohexene, The residue from this distillation
was not further examined. The total yield was 58% of

theory.

This compound, LIII, has nol been described in
the literature. It 1s soluble in benzene, ethanol, acetons,

and insoludble in water. The density d%g was 00,9025 and
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the refrasctive index n%ﬁ, 1.4566.

¢ 7hH.9%% H 10.79% HM.R. 33.39
c 74,665 H 10.39% M.,R. 33.80

.

Cale'd for C.H; el
Found

L 2 )

This compound rescted with bromine in carbon te-
trachloride instantaneously, and decolorized dilute potas-

sium permanganate,

Hydrogenation of hydroquinone {with R, Y. Moir)

Hydroguinone, 525 g., was dissolved in ethanol
{total voclume of seclution, 1100 ml,) and the sclution was
hydrogenated in the presence of 80 g. of Raney nickel cata~-
lyst, Hydrogen uptake occurred rapidly at 3,000 pounds
pressure, et 170°, The solution obteined was filtered to
separate the catalyst, and the solvent in the filtrate was
removed by aistillaﬁian. The residue boiled at 140 - 143/
& ma.,, and crystallized et once to & whlie solid, a mixturs
of gis~ and itrang-l,h-cyclohexsnediocls, Yield, 527.5 g.,

or 965 of theory.
Dehydration of 1,h-cyclohexsnediol (68) (with R, Y. Molr)
OH OH
OH
ILXY XXXITY
{cls or trans)
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1,4-Cyclohexanediol, 527.5 g., was distilled
in the presence of 1 ml. of concenbrated sulfuric acid
and 1 ml. of water over a period of two and one-half hours.,
The temperature of distillation was 100 -~ 155° and the bath
temperature 190 - 220°, The water layer in the distillate
was separated, and the o0il wes dried over anhydrous magnes-
ium sulfate. On distillation of this oil through a Vig-
reux column at atmospheric pressure, three fractions were

collected:

{(a) B.p. up to 110°, weigzht 85,4 g., after some water

had been separated,

(b) B.p., 110 - 154°, weight 22,5 g. .
(e) B.p., 154 - 157°, welght 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 considerable
water,

{v) B.p., 100 ~ 155°, 4,9 g, of an oil, slightly wet,

(e} B.p., 155 - 161°, 126.k g, of an o0il, slightly wet,.

The large residues were strongly acid, and even the

distillates were acid to indlcator paper; it seemed evident
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that further dehydration was occurring during the fractional
distillation. Fraction (c¢) was allowed to stand over solid
sodium bicarbonate over-night and was again fractionated.
This distillation yielded 87.2 g, of 4-hydroxy cyclohexene,
b,p. 164 - 165°, the same b,p. that is recorded in the liter-
ature (68), This yield was 19% of theory,

There is little doubt that much of the desired
product was lost because the original distillate was not
neutralized, The low boiling fractions, probably a mixture

of cyclohexadienes, were combined and set aside,

Benzoylation of 4-hydroxy cyclohexene to give LIV

To a solution of 87.2 g. of L-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 slixteen hours, The solution
was washed with saturated aqueous sodium bicarbonate, and
then with water. The solvents were distilled in vacuo, and
the 01l remeining was fractionated twice through a Vigreux
column, The benzoyl ester of L-hydroxy cyclochexene bolled
at 149 - 150°/12 mm; yield, 172 g., or 96% of theory. This
new compound is scluble in benzene, alcohol, acetone, chloro-
Tform eand is insoluble in water; it decolorized bromine in
carbon tetrachloride, and dilute acueous potassium permangan-

ate, The density dgg was 1,085, and the refractive index
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=0 60
nD 1.53

Cale'd for CigH3,.0e : C 77.18% H 6.98% M.R. 57.63
Found : C 77.25% HE 6.94% M.R. 57.20
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SUMMARY

1. Although the hydrogenation of pyrogallol over Raney
nickel catalyst was known to give the acetone insoluble

or e¢is-cls-cis¥ pyrogallitol (1,2,3-cyclohexanetriol) in

fair yleld, only minor emounts of the acetone soluble

f~ {cig-cis~-trans) and a- (cis-trans-cis) forms were pro-

duced, Thelr separation depended on the comparative in-
solubility of the g-tribenzoate in ethanol. The principal
object of this research was to find better methods of ob-

- btaining and separating the inaccessible 3 and a isomers,

2. The syntheses commenced with the oxidation of cyclo-
hexene to 3-cyclohexenol acetate with selenium dioxide or
lead tetraacetate. The reaction of 3-cyclohexenol acetate
with hydrogen peroxide in tert-butyl aleohol, acetic acid,

and formic acid, with the appropriate catmlyst when necessary,
gave p-pyrogellitol in an average overall yield of 23%, but
that of the a-igomer averaged only 1.2%. The synthesis,
which involved the directed trans hydroxylation of the double
bond in 3-cyclohexenol acetate, was considered successful

only as far as the'ﬁ-pyrogallitcl was concerned,

3. Careful scrutiny showed that in the usual separation of
the three igomeric pyrogsllitols, small amounts of the acetone
soluble  and a isomers were lost in the acetone insoluble
fraction containing the § isomer, The usual conditions of
benzoylation often failed to glive qguantitative yields of tﬁe

ethanol insoluble pg~-tribenzoate and the soluble a-tribenzoate.
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It was found, however, that much of the g-triocl could be
separated from & legser amount of the a-isomer by frac-
tional recrystalllization from & mixture of ethyl acetate

and ethanol,

4, p-Toluenesulfonic acid was more effective than hydrogen
chloride (0.1 or 1% by weight) as a catalyst in the condensa-
tion of acetone with p- and ¥-pyrogallitols, Isopropylidene~
¥-pyrogallitol wes a very readily hydrolyzable oil, b,p. 113 -
115°/18 mm,, which yielded a crystalline monobenzoate, m.p.

71 -« 76° and a monomethyl ether. Acid hydrolfsis of the
laiter resulted in 3-gis-methoxy-cis-1,2-cyclohexanediol,

m,p. 69,5 - 71°, whose structure followed from the fact that
the adjacent glycol group it conteined was readily oxidized

by lead tetraacetate, In parallel work, isopropylidene-p-
pyrogallitol was found to be a c¢rystalline sdlid, m.p. 50.2 -
51°; the monobenzoate had m,p, 102 - 103.5°, and the monomethyl
ether on acid hydrolysis ylelded 3~trans-methoxy-cis-1,2-
cyclohexanedlol as an exceedingly hygroscopic solid of m,p.

36 - 37°., As expected, the above new lsopropylidene deriva-
tives contained @ five-membered ring derived from a cis-1,2-

glycol,

5. A crude mixture of the three pyrogallitols wes condensed
with acetone and the product was distilled in the hope of
separating less volatile, unchanged a-pyrogallitol gquantita-
tively from the more volatile isopropylidene derivatives of

the B and isomers. The cis-trans-cis, or o isomer, however,
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also formed an isopropylidene derivative and the proposed
geparation was incomplete. Owing to lack of material,

this derivative was not isolated, This unexpected conden-
sation of acetone with either a trans 1,2 or a cisg 1,3
glycol unit was supported by the preparation in 67% yield

of a new isopropylidene-trans-l,2-cyclohexanediol, b,p. 77 -
78°/20 mm,, ngo 1.4468, using p-toluenesulfoéonic acid as the

reaction catalyst,

6. Hydrogen peroxide in formic acid hydroxylated cyclo-
hexene mainly to the trans-l,2 diol monoformate which was
guccesafully converted to the known monobenzoate, 3Success-
ful syntheses were also devised for L-methoxy cyclohexene,
b.p. 135.5 = 136.5°/760 mm,, D§O 1.4566, and for the benzoate
of L-hydroxy cyclohexene, b,p. 149 - 150°/12 mm,., ngo 1.5360,

The availability of the latter substances opens a route to

directed syntheses of the four isomeric 1,2,4-cyclohexanetriols,


http:fel"m.ed

- G5 -

CLATMS TO ORICINAL LRESHARCH

1. A directed "trans®” hydroxylation of 3-cyclohexenol
acetate eventually gave a 23% overall yield of B-pyrogal-
1itol, which therefore was rendered an accessible substance,
The yield of the a-isomer, however, was only about 1% and
was considered too small to be practical. A separation

of much of the 3} lsomer by fractional crystallizastion from
ethyl acetate and ethanol was achieved for the first time,
Certain defects in the earlier procedures for the separa-~
tion of the a-, B, and f-pyrogallitols from mixtures of

the three were demonstrated.

2. Cyclohexene was hydroxylated with hydrogen peroxide
in formic acid to yleld trans-l,2-cyclohexanediol monoformate
a8 the mein reaction product, The latter was converted

into the known monobenzoate.

3., The following new compounds were prepared and character-
ized: isopropylidene-~trans-l,2-cyclohexanediol; isopropyli-
dene~-f-pyrogallitol, and its monobenzoate; isopropylidene-~
§-pyrogallitol, and its monobenzoate; 3-trans-methoxy-1l,2-
cis-cyclohexanediol; 3-cis-methoxy-l,2~-cis-cyclohexanediol;
L-methoxy cyclohexene, {(with R. Y. Moir); the benzoate of
L-hydroxy cyclohexene, Owing to lack of material, isopro-
pylidens-a-pyrogellitol, whose exlstence was proven, was not

characterized,
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