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Tho obJject of tho thesis is to present the ?@uUlbaag%
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an invostigation concerning the methods of preoparation, chemieal
rcactions and usos of some alizyl and aryl compounds of ortho-
bsric acid.

The follouing is a briof sunmary of the contonts of
tho thosist=

SYITTTRICAL TRI-ALKYL AND TRI-ARYL DSTZRS 01" OWTEODBORIC ACID

Tha preparation of tri-allsyl borates using the azeotropic
apparatus of Anderson ot al (1952) was undortalion. By this
nethod tri-n-butyl, tri-sec-butyl, tri-cycloheo:izyl and tri-
phenyl borates were preparcde It was found that tri-tert-butyl
‘boratc could not be preparced under theso cxperimontal conditionse.

sontrary to the litceraturce roports (Ltridze anl Sudzen
1928, Scattorgood ot al 1945 and Thomas 19%6) it was fouad
possible to propare trietertiary<butyl borate by fractional
distillatione Using thls tcechnique the folloulng cstors of
orthoboric acid wore preparcd.

Iri-n-anyl borate
Tri-tortiary-butyl borate
Tri-n-hoxyl borate
Tri-n-heptyl borate
Tri-2«octyl boratc
Tri-(2-cthyl)~hoxyl borate
Triphenyl borate
’ri-p=-cresyl boratce



It was found that this fractional distillation mothod
uas inapplicablo to tic preparation of tri-mothyl boratc and
tri-n-propyl borate. Theso estors worce proparcd by rmethods
deseribad by “tridge and Sudgen (loc.cit).

A literature survey showed that thero wvas no rccord of
the infra rod speetra of tri-alkyl and tri-aryl borates. A
roprosentative group of tho esters was subnmitted for ezanina-

tion and it was found that tho tri-alizyl and tri-aryl estors
1

both show characteristic strons absorption bands at 134) en ~. .

TRI-ALKOXY I}OEOEEDLm

A scries of oxperiments was carried out in order to
dotermine wvhether it was possible to prepare tri-, di-, and
oono-cyclohexyl boratc.

Throe nols of alechol werce found to react readily vwith
onc mol of boric acid to givé a guantitative yicld of tri=-
cyclohexzyl borato. Two nols of cyclohezanol per mol of boric
acid gave a mixture of indeternminatce conpositions Vherc the
ratio of aleohol to boric acid was one to ono, however, it wvas
found that a class of compound, first deseribed by Goubcau
(1951) and called allioxy boroxoles, was formed
, R? |

B
O/ \O
¥ §—on
Ny

RO —

TRI-ALKOXY BORIIILD DIRIVATIVI.

2.
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It was found that the partially alliylated osters of orthoboric
acid could not be preparcd under these oxperimental conditionse.

In an attenpt to prepare pono- and die- cyclohexoxy
boroxole it was found that irrospective as to vhether the ratio
of aleochol to boric acid wras two to three or onc to thrce, the
rosultant products werce tri-cyclohexzoxy boroxole and motaboric
acide. The ratio of throc alechol to three mols of boric acid
led to thwe formation of tri-cyclohexozy boroitolo.

Similarly it was found that partially allzylated boroxole
deorivative c;uld not bo propared under these oxperimental condi-
tionse.

A scrics of tri-substituted boroxole derivatives was
proparcd using tho zethod of Goubeau and also by reacting one
ol of alcohol vith on: mol of borie acid in presenece of a
sultable solvent, as daseribed above. The follouving compounds
wvere prepared for the first timo.

Tri=tortliary butoxzy boroxole
Iri-cyclohcxoxy boroxole
Tri-n-propoxy boroxole
Tri-n-pentoxy boroxole
Tri-n=butoxy boroxole
Yri-n=hexoxy boroxole
Tri-(l-methyl)=-n-hoptoxy boroxolec
Trie(2=-0cthyl)-n-hczozy boroxzole
“ri-phcnoxy boroxole

Tri-(p-necthyl phcnoxy)- boroxole.



As vith the trie-alizyl and aryl borate cotors, a
literature survey showed that there vas no publighed -rork
regarding the infra red spoetra of those compoundse IV s
found, on infra rcd exanlnation that thiese boroxole :derivatives
showod strong charactoristic bands of absorpiion at 73) aad
740 cmfl, as well as tio stronz absorption bands at 1340 2 1
vhich aro proscat in tho borate cstorse

PLOPABATION O ALGYL ACUTALTS 1.0l PRT-ALIYI, BOLALDS

An attenpt was oade to prepare allzyl ~ectates by the
reaction betwcen tri-alizyl borates and acetie anhydride, a
reaction vhieh wvould cccur uvithout cvolution of watoer.

It was found that the reaction procceded snmoothly and
rapidly to yicld more than 69 of the rceguired cster. As the
reaction proececded a cerystalline product was formed twhilch,
depending upon tho time of reaetion, deercased in boron content
until at the compleotion of the reactlon the resultant product
was {ound to boe pyroboracctic arhydrido.

i thesce groundsy it is considercd that thoe reaction
course may be formlated as followst-

(i) RO - ? -0Re <D0 - ? - OR R@COCH3
OR . /O\ on — .
FO co ) - ? -0 - ? - OR

|
CHB CH3 “OR oLl

L.
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Pyroboracctic Anhydrido
PYLOSOCACOTI0 ATIYDHIDD
Pictet and Zeleconoff (1923) and Cooize ot al (1951)

claiced that the reaction botwoen orthoboric neid and acotic

anhydride 1cd to tho formation of boron trieacotatc.
Ci1.C25 3
(CL1,€904

Dinrothy, on tho otiwer hanl (102¢) stated that tho mothod led

to thio formation of a coopound, pyroboracctic arhydride.

ClinCa) 0 = 31
O/n -0=3T
cil,Ca) = ocily

Tho pyroboracotic anhydride was o be used 28 a gpecific .
roazent for tiho identifieation of porlehydroxy culnold structurcs,
thereforo au carinatlon of the reaction products from borie
acld and acotic arnhydrido s catried oute

It vas founl that the econeliucion of Oinmroth was scubstane
tinlly correety under the czpericeoatal conlditions used, boron
triccotate eould not boe isolatod.

"hore the ratlo of acotic axhydride to orihoboric aecid

1715 ono to on2, or onc to two, it was found that a quantitative
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yield of metaboric acid was obtained. Vhen onc mol of acetic
anhydride was reacted with two mols of meta boric acid, a
nixed product of crude pyroboracetic anhydride and unreécted
metaboric acid resulted, it was not found possible to isolate
or ldentify the expected boron oxide.

It is considered that the reaction proceceds in the
following manner:-
CHC = 0O

N

0 + HO - B - 0OH —» 2 CH,COOH + HOBO
~ ' 3
CHyC = 0 OH

CH.C = O
EAN
o * SHOBO ——»> 2 CHyCOOH + B0,
yd
CH.C = O
3
CH O = 0 CHAC = O 0 = CCH
2773 | 3 3
0o < BOo —» .\\‘O—?B -0 - 349.0’//,
e 23 _~ " 0
CH,C = 0 CHcz0 O 0 0 acoH

I
Pyroboracetic Anhydride
It is proposed thercfore, that, from a consideration
of the pfoperties of pyroboracetic anhydride, the formula is
nore correctly represented as I above.

TRIPHENYL BORATZ AND PYROBORACETIC ANHYDRIDE AS SPECIFIC
BAGLHTS FOR PERI-HYDROXY QUINOID STRUCTURES.

A critical examination of two new reagents namely,

saturated solutions of tri-phenyl borate and pyroboracetic



achydride resicetively, in bongono was carricd out iu ordor
to tust thelr suiltability s roagents fJor the sicelfic
characterigation ol couruunds poscessing naphthsocuilnone,
anthracuinone 1hi fiavon: structurcs i wiich there 1s zan
hydrouyl sroup occurying o posltion peri- to the cuinoil group.

A 1 controly corpounds were exausine? in which the
hydrouyl roup ocecupied 2 jposition other (han that peri- to
the gulacll Jroule

The roagonte were Uousl to be enpable of allowind the

dotectlon of thoe prosence of porie-tyldroay cuinoil structures

il rolated ecozpounds dovm to 2 conceutration of %/U/cc. In
21l easoes whaere the hydrouy. sroup wags not Lla the jgorie posi-
tion, the roactions were nesative.

73 N\

N N

Q . L]
TTA T A EIYTLA L ST T Ay I ST S EPOYRTTY
IRRNCSHIRITEN D §9 I IPEN Anw A J1H )G LAV

S04 S IV RV g DURI T NY TG INND

‘Amroth (1921, 1626) had 1solateld intensely coloured
coxjoutids frox the reaction bobtuw.o.a pyroboriccetic avhydride
aud jeri-hydrony guinones, typical of which is the followin;

compound from l:k di-hydroxzy anthracuinonas.
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CH3CJ CJCJ3

Nowry where Dimroth used acetie anhydride as his solvent,
in these serics of cxpoerinents benzene was the solvents. Tixan-
ination of the compounds isolated from the bonzenc solution
showed that they wore very susceptible (o atmogspheric wmolisture.

Althouzh it was not possible to ‘detesmilace the exact
structure of these comrounds, sufficicent cvidenee was discovered
to show that they were definltely disdferent frow those prepared
by dinroth.

UBTADORIC ACID

It has been found tha; orthoboric acid may be readily
dehydrated by accotrople distiliation with benzene, tolucne
r xyicenz, the rapldity of the reaetion inereasing with the
inercase in boiling point of the azeotrope. Howevoer, cven at
the high teuperature of 1uu°c, the boilinz point of xylene, it

vas not found poscible to isolate boron oxide.
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Beecause of the following facts:-

(1) The ease of dehydration of orthoboric acid to metaboric
aeid.

(11) Tri-alkoxy boroxoles are intermediates in the formation
of tri-alityl borates.

(iii) ictaboric acid may be forzed by the dehydration of
orthoboric acid with acetic anhydride and is the inter-
medinte product in the formation of pyroboracctic anhydride,

it is proposed that the reactions of orthoboric acid should be

considered rather as those of a hydrate of metaboric acid. 1In
each case quoted above, the reaction involves not the orthoborie
acid but rather the initial dehydrétibn product, namcly ncta-

beric acid.



10.

A REVIEW OF MDTHODS OF PREPARATION OF
ORGANIC ESTIZRS OF ORTHOBORIC ACID

The development of sultable methods of preparation
of the organic esters of orthoboric acid is a problem vhich
has occupied the minds of chemists for over a hundred yoars.
Up to the present time there has been no satisfactory method
roported in the literature for the preparation and isolation
in the pure state of the tri-tertiary alkyl esters of ortho-
boric acid. On the other hand, however, the preparation of
esters of primary and secondary alcohols has not been such a
difficult problem and quite a nnﬁbar have been prepared in
the pure state.

Tho earliest technique of Ibleman and Bouquet (1846),
in which the alcohol and boron trichloride were heated in a
sealed tube, was not very successful. The product was recorded
as haviﬁg a boiling point of 73°C at 760mm. which, in view of
later informaticn, indieates that the compound was very impure
since latest figures record the boiling point of trimethyl
borate as 68°C at 760mzm. The distillation of anhydrous borax
with nmothyl potassium sulphite was attempted by Rose (1856)
and Frankland (1862)indepcendantly but without success. Pictet
and Karl (1908) found that methyl alcohol and boryl disulphate



((803)28203) formed trimecthyl borate. A poor yleld of
trialkyl borate was obtained by Councler (1878a, b, ¢ and
'd), from the interaction of thoe alecohol and borontrichloride,
and in the attempt to prepare tribenzyl borate in this manner
only benzyl chloride, dibenzyl and hydrogen chloride were
obtained. Gasselin (189%:), using dimethoxy boron fluoride
or methoxy boron difluoride and sodlum methoxide, prepared a
compound with boiling range of 55-56°C vhich was considered
to be trimethyl boratej it would appear however that this
compound was an azeotropic mixture of methanol arnd trimethyl
borate, since Etridge and Sudgen (1928) found that in the |
preparation of dimethyl borate from boric oxide and methanol
~an azeotrope ccntaining 307 of the ostor was formed.

| The most satisfactory method developed prior to 1930
for the preparation of organic esters of orthoboric acid was
that of Schiff (1867), which was slightly modified later by
Councler (1878) and Copaux (1898). The general method was
to react boron trioxide and the alcohols in a digestor,
generally at a pressure of two atmospheres, at temperatures
ranging from 120 to 160°C, the time of reaction being 22 hours.
Addition of ice cold sulphuric acid to the reaction mixture
enabled the lightor trimethyl borate to bo separated and
distilled with boiling point of 68°C at 760mm. In the case
of the tricthyl borate it was found to be too soluble in
- sulphuric acid but could be separated by fractional distillation,
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boilinz point 120°C.

Pictet and Geleznoff (1903) claimed to have prepared
trimsthyl borate by the reaction between boracetic anhydride
(B(0COCH;)4) and methanol. It is considered by the author
that there 1s some doubt as to the authenticity of the clainm
bacausec Etridge and Sudzen (1928) made several unsuccessful
attenpts to preparc the estor by this methode They found
that the crude product from the reaction between mothanol
and boracetic anhydride was ternary mixture of methyl alcohol
bep. 65°C, trimethyl borate b.p. 68°C and mothyl acetate b.p.
57°C from which they were unable to obtaln the pure ester by
repeated fractionation. The separation was also complicated
by the presence of the constant bolling mixture of the aleohol
and methyl borate. Etridse and Sudgen (1928) also found that
the method was of little value in the preparation of triethyl
borate, bepe 117°C since it could not be separated from the
glacial acetic acid, beps 118°C., by prolonged fractional
distillation. Pictet and Geleznoff (1903) do not mention
these difficulties and it 1s possible that the methyl and ethyl
esters vhich they prepared were not pure substances, Attempté
to prepare tritertiary butyl borate from the boracetic anhydride
were also unsuccessful, lsading to the formation of butyl
acetate amongst other unidentified products. Dimroth (1921,
1926) endeavoured to prepare triacetyl orthoborate according
to the method of Pictet and Geleznoff (1903) but found that
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the resultant compound was pyroboracetic anhydride. The
author has found that similar results to those of Dimroth
were obtained, consequently it appoars that the clain of
Pictet and Geleznoff to have prepared trimethyl and triethyl
borates is open to questién.

Cohn (1911) improved the method of Schiff (1867)
considerably by showing that in the presence of sulphuric
acid it vas possible to react a mixture of methyl alcohol
and boric oxide at atmospheric pressure until the nixture
becare homogeneous and so avolding the use of pressure vesscls.
The ester was then distilled as the azeotrope, scparated by |
treatment with ice cold sulphuric acid and finally distilled
to give pure trimethyl borate.

Btridze and Sudgen (1928) made a brief examination
of tho various mothods used for the preparation of trimethyl
" and triethyl borates and concluded that Schiff's method (1867)
vas the best available. They modified the mothod somewhat.
The appropriate anhydrous alcohol was heated in a sealed
pressure vessel vith boric oxide at 120°C for 12 hours in an
oil bath. The contents of the flask ueré then fractionated,
and after treatment with fréshly ignited calcium chloride fofk
24 hours fractionally distilled again. By ropetition of the
process they were able to prepare purc esters. It would appear
that theso authors were not aware of tho method of Cohn (1911)
which is far more sultable than any methods involving the use
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of pressurec vessels.

Khotinskl and Pupko (1929) rovived the use of borax,
as introduced by Rose (1856) and Frankland (1862) for the.
preparation of orthoboric acld esters. They heated a mixture
of borax, anhydrous alcohol and hydrogen chloride and claimed
that the method has the advantage that it eliminates the use
of pressure vessels. Since, however, the paper was published
in an obscure and unobtainable Ukranian journal, it was
impossible to obtain further information other than that con-
tained in Chemical Abstracts.

The utilisation of the fact that borate esters of
aleochols containing four or more carbon atoms were relatively
non-volatile was made by Schmidt (1928) as a means of isolation
of aleohols and phenolic compounds from esssntial olls. The
total alcoholic and phenolic constituents were esterified
by either excess pyroboracetic anhydride or by heating the oil
with boric acid and removing the water of esterification under
reduced pressure. The volatile components were then distllled
to leave a residue of esterified aleohols and phenols wvhich
was then decomposed by steam or alkali to give the fres alcohols
and phenols unchanged. Schmidt made no attempt to investipate
the nature of tho resultant boric acid esters.

Wiberg and Sutterlin (1931) using a Stock high vacuun
apparatus (191%) at low temperatures of approximately -80°C
investigated the mechanism of the interaction of methyl and
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ethyl aleohols respectively with boron trichloride and found
that quantitative ylelds of the tri-esters wore obtainable.

Sheffield (1936) found that the use of pyroboracetic
anhydride as an esterifyiﬁg agent was not to be recommended
since it could possibly lead to the dehydration of tertiary
aleohols. He preferred to treat the essential oil of long
leaf yellow pine with boric acid under suitable conditions
such that the secondary alcohollc terpenes were esterified
ard the tertiary alcoholic terpenes were dehydrated between
the temperatures of 100 to 170°C. The secondary terpene
aleohol borates were then separated and readily hydrolysed
with water to give the original alcohols.

Raufman (1933) treated anhydrous nmixtures of essentlial
olls, containing terpene aleohols, with neutral élkyl borato
ostors and obtained borate esters of the terpeno alcohols
which could be readlily separated from the non-aleoholic con-
stituents and recovered unchanged on hydrolysis with water.
This method of transesterification was not a new contributicn
to the subject because Schiff (1867) had prepared diethylamyl
borate and diamylethyl borate by heatling ethyl bbrata’with
anyl alcohol or amyl borate with ethyl alcohol as the case may
be and also prepared methyl diethyl borate by heatins monomothyl
borate with ethyl alcohol.

The technique of transcsterification as a means of

preparation of alkyl esters of orthoboric acid was extended by
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Vuyts and Duquosne (1939). First they prepared tripropyl
borate by the standard rcethod using boric oxide and anhydrous
aleohol, then heated the ester with'various aleohols to
form a serles of alkyl borates. Using this method they were
able to prepare the tril-ester of the tertiary alcohol dimethyl-
butyl earbinol, which, apart from tri-tortiary butyl borate,
vhich Kahovec (1938, 1939) prepared from pyroboracetic anhydrido
and tertiary butyl alcohol, is the only borate of a tertiary
alcohol reported in the literatﬁre as having becen isolated
and identified. Using tri-othyl borate, llaves (1949) esterified
nerolldol, and Sutherland (1950) esterified a-torpincol with
tri-n-butyl borate.

Fronm 1930 onwards the knowledge already accurulated
regarding the thcory of fractional distillation as applied
to industrial stills began to be used in the development of
more and more efficlent laboratory fractional distillation
columns for batch distillations. Vith this resultant improvo-
ment in design 1t was a lozical sequence of events that an
attempt be made to apply these columns to the problenm of
separation of the organic esters of boron. Vebster and Dennis
(1933), prepared tri methyl borate from boric oxide, anhydrous
methyl alcohol and sulphuric acid by a method practically
identical with that of Cohn (1911). Since the authors make
no reference to this earlier worker it can only be concluded

that they, like Dtridge and Sudgen (1928), were unaware of his
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vorike The main difference in the method was that the ester
was distilled through a Johnson column (1950) then, after
treatment with sulphuric acid and separation, was finally |
distilled through a fractionation column containing Jack

- Chain packinz (Laubengayer and Corey 1926), to give very
pﬁre trimethyl borate. Triethyl borate was prepared in a
similar mannere.

Johnson and Tompkins (19%0.) heated a mixture of boric
acid, n-butyl alecohol and benzene in a still pot, passing the
vapours through an efficlent fractionation column. The
benzene removed the water as an azeotrople mixture with a
little n~butyl alcchol, From time to time the n-butyl alcohol
in the distillate was separated, dried and returned to the
colurmn until such time as there was no further evolution of
vater. 1In this way pure tri-n-butyl borate was prepared,
being easlly separated from the excess u~butyl alcohol by
fractional distlillation.

A series of new esters of orthoboric acid were pre-
pared by Scattergood et al (1945), using the method of
Bannister (1928) (U.S.P. 1,668,798). For each mole of boric
acid three moles of the alcohol were used together with
sufficient excess aleohol to remove three moles of water as
the azeotrope plus an overall excess of 107 alcohol to ensure
complete reaction. The mixture was distilled through a
coluzn ll5cm. high, electrically heated, filled with helices,
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and having a total condensation variable takze off. The
H.L.T.P. of the column was given as 2.5cm. under operating
conditionse During the distillation of thp water aleochol
azeotrore it was fouﬁd that a proper adjustment of the take-
off returncd the aleohol layer to the column so that an excess
of the alcohol may not be necessary. After the excess of the
alecohol had been distilled the borate was distilled through
the column at atmospheric pregssure unless it decomposed or
boiled above 275°C, in vhich ease the column was operated
under reduced pressure. Several borate esters which had been
reported in the literature as unstable wore distilled successe
fully at atmospheric pressure. The most important conclusion
resulting from this work was that whereas the method was
applicable for all the primary and secondary alcohols studied
it wvas entirely unsuccessful in the case of the three tertiary
alcohols used, l.e. 2-methyl pentanol-3, 2-methyl butanol-2
and 2-nethyl pentanol-3., which sugzests that primary and
secondary alcohols contaninated with tertiary alcohols may

be purified through their borate esters.

Thomas (1946) prepared a series of tri-alkyl and tri-
aryl esters of orthoboric acid by slight modifications to known
mothods. Firstly he refluxed a mixturc of boric oxide and the
alcohol in an inert solvent such as toluene and allowed the
condensad vapours to percolate through anhydrous copper sulphate,
held in the thimble of a soxhlet apparatus, to remove the water



of esterification as formed during the reaction aécording

to the method of Johnson and Dupine (1936); sacondly he
used azeotropic distillation through an efficient fractiona-
tion column to remove the water of esterification as per “
nethod of Johnson and Tompikins (1950); finally he repeated
the tranesterification method of Schiff (1867) and Vuyts and
Duquesne (1939). Again, in apparent confirmation of the
results of previous workers, it was reported that all of
these methods vere inapplicable for the preparaticn of the
tri-tertiary alkyl esters of orthoboric acid.

HeGe Cooik ot al (1950) prepared‘a number of esters
of orthoboric acid by raactioh between the appropriate
aleohol and a compound which they'considéred'as boron tri-
acotate since 1t had been prepared according to the method
of Pictet and Geleznoff (1903). In this way they were able
to prepare tri-n-propyl, tri-n-butyl, tri(é-fluorc-athyi),
tribenzyl, and tricyélohexyl boratese Attempts to prepare
isopropyl and tertiary esters by alcoholysis of the
borontriacetate were not very successfule By the use of an
autoclave, speclally designed'(Saunders and Stacey, 1948)
to rotate, the time of heating of the boric anhydride and
ethyl alcohol was reduced from 24 to 6 hours. in addition
the yield was increased to 307 for triethyl borate and 257
for tri-2-propyl borate. Yet again it is to be noticed that

no satisfactory method for tri-tertiary alkyl csters was

19,
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developede

Gerrard and Lappert (1951) considerably inmproved
the technique of previous woriters who used borontrichloride
for the esterification. They used ne-pentane as a vehicle
for the borontrichloride and found that with octan-2-ol
and I-phenylethanol respectively, at -10°C, tri-2-octyl
borate and tri-I-phenylethyl borate in 907 and 267 yields
could be obtalned. The}yields could be increased 1f the
pyridine-borontrichloride complex was used in chloroforn
solution. In a sccond paper (1952), the method was elabora-
ted by proparing boron trichloride-pyridine complex by a
slightly modified method and refluxing a chloroform solution
for ten hours. By this method a 707 yleld of tri-tertiary
butyl borate was obtained and a 697 yleld of I:I dimethylpropyl
borate. This is the most satisfactory method for the prepara-
tion of esters of tertlary alcohols reported in the literaturec
to date.

In 1950, a preliminary investigation was commenced
by Anderson et al (1952) re the direct esterifiecation of
tertiary alcohols. All reports in tho literature to that
date intimated that the direct esterification process was
inapplicable to the tertiaryaleohols. It was subsequently
shown that, by use of a speclally designed azcotropic-
distillation apparatus, it was possible to esterify primary,
secondary and tertiary alcohols. In the case of the tertiary
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alcohols no boric esters could be separated in tho pure state.
They neither could be sublimed nor distilled under vacuume |
Thelr recrystalllisation was extremely difficultl owing to acute
sensitivity to hydrolysis due to traces of atmospherie moisture.
However, the fact that the products could not be obtzined in

a pure condition was of minor importance because the main point
of the investigation was to establish indubltably the fact that
esterification had taken place. The nature of the products

of investigation were to be considered in later work. It was
desired to maxe this method of esterification generally appli-
cable for the separation of alcohols from mixtures. It was
realised that low molecular weight alcohols, eeg. methyl, cthyl
and propyl alcohols, form neutral trialkyl esters which possess
sufficient volatility to make separation difficult, if not
irpossible. The method developed to overcome this difficulty
arose from the observation that one mol of boric acid reacted
with less than three moles of aleohol to foram a completely
non-volatile product. In all cases it was found that on
removal of the solvent, a pasty semlerystalline mass remained
wvhich could not be satisfactorily recrystallised or distilled
without decomposition even at O.lmm. pressure. Hydrolysis

of the reaction product ylelded a quantitative yield of the
aleohole All tertiary alcohols wore found to be esterified
under the conditions used as demonstrated from the fact that
the wvhole of the boric acid had gone into solution. It was not
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morely a case of physleal solutlion as there was about a
tenfold excess of benzeme present, in which both ortho ani
neta borlc z2eids are insoluble and, further, dilution of
the mizture vwith benzens gave no precipitate of borie acld.
Hefie Snyder ot al. (1933) and S.He Bauver and JeVe
Beach (1941) showad that tri-alkyl boric anhydrides (R-0-B-0)
exist astrizers in a siz membered ring and froa clectiron
diffraction studies sugzoested the structuro to be a resopance
hybrid as followsi-

R R
] 1
B BS
' |1
R-B /£-R REB.  BO9R
No g~
| e

R = A4Alkyl or aryl group.
Goubeau and Keller (1951) prepared a similar sories
of compounds in vhich R = Halogen,-Cli3, -l(CH3)p and -0Ciy
and gave this series of compounds tho generic name of boroxoles
since they considered that these conmpounds were derivatives
of the theoretical compound Boroxole which was given the
following formula and to date has not been isolated.
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The worit of Goubeau which was of most importance with respect
to this thesis was the prepafation of tri-mesthoxy boroxole.
He showed that tri-methyl borate, prepared according to the
methed of Cohn (1911) and treated with boric anhydride gave
tri-methoxy boroxole rather than methyl meta-borate (GHBD-B-O)
as clailmed by Schiff (1867). Goubeau has not as yet published
any fuéther wvori on the praeparation of tri—alkoxy'boroxoles.
0'Connor and Hace (1955) deseribed tho preparation
and properties of three compounds, l-menthyl metaborate trimer,
cyclchoxyl metaborate trimer and n~butyl metaborate trimer.
These compounds were prepared by reaction betweon one mol of
boric acid and one mol of the appropriata alcohols It was
found that the conmpounds decompossed on distillation5 were
very casily hydrolysed and on infrared examination were found
to fail to give -Bs0 absorption.

O'Connor and liace were aprarently unawvare of the work
of Goubeau in tho preparation of trimethoxy boroxole and
related compounds since they persist in referring to their
compounds as trimers of metaboric acid esters. The infra red
examination was incomplete since a more detailed exzamination
would have shown that the boroxoles have characteristic
absorption bands at the 700 and 7hOcz™ and 1340cu T region
as discussed in this thesis,
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SYIMMETRICAL TRI-ALKYL AND TRI-ARYL
ESTERS OF ORTHOBORIC ACID,.

(a) Discussion of methods cf preparation

In the initial experiments tho azeotropic apparatus -
of Anderson et al (1952) was used for the preparation of
tri~-alkyl and tri-aryl esters of orthoboric acid, being
simple to operate and requiring very little attention. Tri-
n-butyl, trie-secondary-~-butyl, tri-cyclohexyl and tri-phenyl
borate woere prepared in a pure condition by this msthod when
using three mols of aleohol or phenol to cne of boric acid

in the presence of benzene as the azeotroping agent,

 3ROH + HyBO, — R0 -B-O0R 4+ 30
| OR

The preparation of tri-tertiary-butyl borate was not
acconplished using this méthod. In all cases a vhite crystal-
line compound was obtalned which decomposed on vacuum distile
lation, contained 10.87 boron instead of the 4.7 required for
tri-tertiary-butyl borate. A benzene solution of the compound
gave a positive development of colour with quinalizarin., This
colour developrment was interesting because it indicated there
was a possibility that the compound was the same as that
prepared by Anderson (1950) and thought to be tri-tertiary-butyl
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borate. Further discussion on this type of compound is
contained in scction of thesis devoted to TRI-ALXOXY BOBUXQLES.
Although it 1s recorded as being inmpossible to

prepare tri-tertiary butyl borate by fractional distillation,

Dtridge and Sudgen 1928, Seattergood et al 1945 and Thomas
1946), 1t was considered that it might be possible to prepare
tho compound using a more modern laboratory fractionation
columne. A glass fractionation column two feet by one-half
ineh internal diametsr was packed with #th inch stainless
steel Dixon ring packing, (Dixon 1949), and fitted with a
MeIntyre weilr reflux ratio head (Melntyre 1933). A little
benzene was added to tho still head from time to time to
facilitate the separation of the waiter from the azeotropic
mixture of water and alcohol, a technique 1ntraduced by
Johnson and Tompkins (19 50). By operating at a fast boil up
rate aud high reflux ratio, it was found possible to remove
all the water, the end of tho reaction being indicated by the
fact that the still head temperature rose to 82.5°C, the boiling
polnt of the excess tri-tertiafy butyl borate, which in this
(experimont wias used in the ratio of 0.9 mol of aleohol to O.1
mol of orthoboric acid. |

This technique of fractional azeotropic distillation

proved most satisfactory, consequently it was adopted fbr all
further work involving the preparation of tri-alkyl and tri-aryl

borates. The following esters were preparcd:-
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Tri-n-amyl borate
Tri-tertiary butyl borate
Tri-n~hexyl borato
Tri-cyclohexzyl borate
Tri-n-heptyl borate
Tri-2-octyl borate
Iri-2-othyl-hexyl borate
Tri-phenyl borate
Tri-cresyl borate
Tri methyl borate and tri-n-propyl borate woere propared
accordinz to method of Etridgze and Sudgen (1928).

Attempts to prepare tri-tertiary butyl borate by the
trans esterification of tertiary-butyl alecohol with pyroboracetic
anhydride, as reccmzmended by Cooke et al (1950), yiclded only
tertiéry butyl acetate. However, it was found that tri-
phenyl borate could be prepared by the transesterification of
phenol with pyroboracetic anhydride. This method was not,

however, furthor exploited.



PHYSICAL PROPERTIES AND ANALYTICAL VALUES OF SOME ALKYL BORATE ESTERS

Boiling :
Compound Point n%2'5 Yield Molecular Composition Mol. Wt.
(°C/mm) (%) '
Trimethyl 69/750 1-3585 55 Cale.: C, 34-7; Cale. 104
borate, ‘H, 8-7; B, 10-69,
C;H,0,B Found: C, 35-0; Found 100
H, 8:-8; B, 10-89%
Tri - n - propyl | 180-183/760 1-4266 45 ~Cale.: C, 57+5; Cale. 188
borate, H,11:2; B, 5-89
C,H,,0,B Found: C, 57-3; Found 180
H, 11-0; B, 5-9%
Tri - tert. - butyl | 65-66/11 1-3869 44 Cale.: C, 62:6; Cale. 230
borate, H, 11-8; B, 4-79,
C,,H;,0,B Found: C, 62-6; Found 234
H, I1-9; B, 4-89
|
Tri - n - amyl 154/16 1:4205 80 Cale.: C, 66-2; i Cale. 271
borate, H, 12:1; B, 4:09,
C,5H;,0,B Found: C, 64:6; Found 260
H, 11-5; B, 3-99
Tri - n - heptyl 192/4-6 1-4355 88 Cale.: C, 70-8: Cale. 355
borate, H, 12:6; B, 3-29
C,H,;0,B Found: C, 70-8; Found 348
H, 12-6; B, 3-39,
Tri - (2 - ethyl)- 348-352/745 1-4365 73 Cale.: C, 72-4; Cale. 397
hexyl borate, H, 12-8; B, 2-89,
C. H;,,0,B Found: C, 72-1; ~Found 405
H, 12:-7; B, 2-89
Tri - 2 - octyl 170/1 1:4275 83 Cale.: C, 72-4 Cale. 397

borate,
CZIH5103B

H, 12-9; B, 2-89%
1

H, 12:9; B, 2:79%

Found 400
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PHYSICAL PROPERTIES AND ANALYTICAL VALUES OF SOME ALKYL BORATE ESTERS

© . Boiling ) i
Compound Point oyt | Yield Molecular Composition | Mol. Wt.
(*C/mm) | (%)
Tri - n - butyl 13630 1-4806 80 Cale.: C, 62-6; Calc. 230
borate, H, 11-8; B, 4-7%
C.H,.0,B | Found: C, 62-6; Found 220
! H, 11-8; B, 4-89% :
Tri - sec. - butyl 92/10 1-3950 75 Cale.: C, 62-6; Cale. 230
borate., H, 11-8; B, 4-89,
.H,;0;,B Found: C, 62-6; ° Found 236
H, 11-9; B, 4-8%
Tri - cyclohexyl 323-326/750 Solid. m.p. I 88 Cale.: C, 70-1; Cale. 307
borate, S H6-4°C H,10-3; B, 3-§%
Found: C, 69-8; Found 306

C,H;3,0;B

H, 10-5; B, 3-§%
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GLCTIA I

f:ﬁ;? uIlL T ’\z.lo
[iiiag

() TRI=LUVL 30D TRI-ALYI S0 0Es o ORTHIBILIC ACID

(i) Aszcotropic distiliation.

Yri-f-, tri-sge~ outyl an!l triecyclohczyl borates were
preparced as follovs:-

The aleohol (D.¢ mol), borie 2cid (0.2 mol) aud erystale
lizablc beazoue (333 mle) were heated in the apparatus of
Andercon ct 2l (19%52). The ascotropic distiliaie of bonzcn:,
alcohol andl "mter was reeyeled until thore was no further
evolution of mt r. The solvent was thon distilled off and the
rosidual ostor vacuun distilled. 4Yhe folloming products wore

vtained.
")”)"‘

fri-n-butvi boritu:- Colourless licull, A“S" 14086 Depel3b®T ot Nm

analysis for boron Calenlated for Clgﬂ?qux Le7,) Tound Y8/

Molecular weisht, voilinz.
clevation method in eyelohexaiuc " v 029,58 iound 220
slenentary Analysis
Ciileuwlated €, 62.01 li, 11.89
round Cy 62459 i, 1l.5).

29

fri-sce=buty. borate:=Colourless liculd n '5 1.395) bepo 929C at - 10mz.

.

“nalysis for boron Caleulated fox u12u27 3 By, %a?7 Found L7383,

{ivlecular weight, boilinjs,.

o
N
O

ciagvation method in eycloherane # " n round 236
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Triecycloloxyl boratos- Thite erystalline $olil Yepe323=6 at 762ma.

HePe 56Go1:OC Yicld.
nalysis for boron cileulatoed for b13u33 3 38,0 louni 3..5
doleenlar woisht, bolilug.
clevation of eyeloherwue i " " 337 tound 3¢
Clonentary Analysise.

C:leculated = $y 79612 ity 1979

round Cy (7606 i1, 1J.kh2

Atteopts to propare tri-tortiary ovutyl borate by this

mothod gave a thiez olly residue whidh could ot be distilicd
without deecmposition coven under vacuum. The method s
uns:tistactory for the preparation of tri-tertiasry butyl borate
and was adbandoncld Ior it purpose.

(i1) Azeotrocic fractional listiilation

Zortiary butyl aleohol (Je.9 mol, €L.€3) and boric acid
(Gel mol, €427) were 1aced in 2 1.3 ml. still pot fitted to a
glass fractionatlon colurw: tero feet long by one-nali inch internal
dlametore It was pacized with one clizhth ineh stainless stoeel
uwire gaugoe Lnon (Lvh9) ring paecsinze At tre vop was fitted a
paclntyre welr roflux ra. io nead {(1733). Althourh orisinally
deslijned as o roflux truw-off head, 1t was found that the ueir
could :ct s 1 trap in which water coul 1 Le coliccted asg it

separated from the aszeoiropic wixture and run off at frequent

W

intorvalse Yhe benzenc aloshol amcotrope wizture was ablc to run

over tic top of the weir and retu nodovm the colwin, 4Yhs reaction
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mixture was retained 2t votal reflux until the still head
tecperature was constant :nd then a little benzene (5 nl)
added to the top of the column. 1Incdiately water goparated
from the azeotropie mixture and continued to do so for a
considerable time. *"hon vater was no longer obscerved a little
more benzene was added anl this process wac continued until
finnl additicn of benzeno 1id not yileld further scparation

of wature Distillation wvas then continued under high reflux
ratio until the tezperaturs of still head rose to 82.59C, the

bepe of tertiary butyl alechol. The flasi was then removed

fron colurmm, most of oxecess aleohol rbeVbd at atoog;herice
pressure and Iinaliy 2t roduced pressure followed by the tri-

tertiary butyl boratae.

sri-tertiary vutyl borates-~ Colouricss liguld, bep. 55-66°C 2t 1lmm,

nlg 1.3992. Yiold 10g (L&)
poron .uitlysis: Jileulated for 812n27d35 Le'7,5 Boron il 229
Found L.7,, DBoron II' 226

il

ri-sec=0c¢cyl boratese

“hoe aleonol (1dhg, D3 mol) was refluxed with boric acid
(12.43, 262 mol) in 2 paciced fractiouation column until there was
no iurther evolution of watere. The toeuperaturce at still head
17808, .hu bepe of sce~octyl alcohole il excess alcohol was
recoved by distililation. The residual ester distilled at 1799C
W loi.  Yield (€ge (835). Culourless liquide n?fe? 1.4275,

?l':’ “082'5‘ .
do1.g YeoR2
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.

snnlysls Caleulated for szﬁﬁlﬂ33 Cy 7263303 H, 1293 3, 2.7,

5
Found Cy 7361055 Hy 134163 Ty 2.70,5
cbullioceo ie in cyelohexnun Cilculat. . 397 ltound LOS,

Yrienenronyl borato

n-propyl 1leohol (Sh.0g, Le9 mol) ani boric acid (2.1,
Je2 mol) werc fractionited as above to yleld tri-n-propyl borate,.
bepe 182-183°%C 760mi.  Tieid 17 (L935).
Apalyseis Caleulated for Cails0.D 5oroi HeB,s 7 183
. 972173
i ound e 9,0 I7 189

Srie-(R-cthiyl)=hceiyl borate

Cri-(2-cthyl)~hoxyl 1icohol (15C2, le2 mol) wns refluxed
vit. borie acid {12.43, 7.2 mol) under fractiznntion ccluzn in
the usoal onmcr until there was no further evolution of waturg

< Ty R N | 1 X T IR s *' ™Y, > 3 E
thae eueecs alechel wis removed by Ilstillatione. The tri-algyl

Tt a1l 0 e 97y n2le ) e 21.5 ~ 0L
.}.l@la.’. S le 7S \?r. R, i D l. :36) dol - Je ()Clo
3 Lot B Iy

tnalysis M7 397 Soleulated for CaHgifaB C, 724405 H, 12.02:

T L) Found 721003 1, 1246653

C":c
-

3, 2486,

ri-crelohouyl borate

Cyelonemanol (hog, b omol) and boric acid (€283, 1 mol)
vercheated in fraeticonntion still ac above. I'ractionation ceased
mzn still headl temperature rose to 16100, (bepe of cyclohexzanol).

ceagsn cleshol e distillied and the rooultant cster distilled at

33¢=34729C at 740 mm.e  n ostanding toe distillate erystallized to

-
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a white compounde MeDe 56.14°C.

Boron coatent Criculated for CygiiyyugB 3.4 7 lound 3.6 %
liolceular weight, boiling.

eicvation, cyclohoexane as solvent " " 327 rFound 297
hepetition of this wmethod using tolucne as solvent gave ildentical
product m.p. 56.h°c which was not depressed oa aduixture with
rreviously preparcd compound.

(1ii) Transcsterificaticn with yroboracetic anhydride.

Tri-tertiary butyl borate (15.2z, 9.2 mol) was heated
with pyroboracetic arhydride (lhgz, 2.09 mol) under 2 fractionation
column onc foot high and hﬁlf inch internal diameter, pacized
with Fensike (1932) zlass packing. To the still head was attached
a tlelatyre velr roflux ratio head. 9The distillation was earried
out with fast boilup rate but operatlng at high roeflux ratio.

It as noticed that the majority of the distillaté poscassed

2 bepe in vicinrity of 12¢9C and a sumi solid product was left

in {lasik. Distiliatc was washed with sodium carvonatce soiution,
then dried over calcium chloride and distilled.

Yield 18;, 784 calculated as tertiary butyl acetate, nag'5 1.388,
bep. 95°C at 760nu.

Iri-aryl Borates

(i) Tri-phenyl borate. Azeotrovie distillation:-

The phenol (96ekig, 0.6 1mol) was heated with boric acid
(12.43, 0.2 mol) and beanzene (500 ml) in azcotroping apparatus

of Andcerson et al (19%2), After fiftecn hours there was no
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evolutio:n of wvater.  the exeess vhenol il benzene were
distilled off anl the residuc vacuum distilied at 1 nm. to give
25z of tri-phenyl boratc, bepe. 170°C at 1 mu.
folecular weight, bolling
@levatioa in eyclohexane  Calculatod #r CygHigd3B 289 ound 275.
Caleulated for CigiysdyB  C, 7he517s 11, Ye2133 By 3¢75
I'ound Cy 7241303 Hy 56275y By 3a7)e
Azootro:ric fractionai distillation

“he phenol (A4Ugz, 9.9 mol) and boric acid (12.hg, .2 mol)
were heated in {ractionatica column as for tri-alikyl esters.
Benzenc wais used to facilitate the separationkof the aqueous
phase. '"hen removal of water was cozplete, cexeess phenol was
distiiled off and residual triephenyl borate distilled at 1719C
at 1 wume ¥Yield 3)z.
Analysis for boron contunt. Calculated for 318515335 3675 iound 3.9
pyrovoracetic aunhydride
The phoenol (2325, 3.0 wol) Qas heated with pyroboracotic

Transesterification with

anhydride (2732, 1 mol) for au hour then distilled at atmospheric
pressure to ruwove the acetic aeid and acetice anhydride. 4ihe.
residunl tri-pheuyl borate distilled at 1719C at 1 mm. Yield 2003.
wnalysis for boron. Chrlculated for 818§1503B 37, iound 3497

Cri-cresyl borate ‘

p-cresol (1€2g, le.% mol) and boric acid (227, De3 mol)
wverce heated in tolucne in small rfractionation still until there
vas no furthoer cvolution of thch t“ eps cquglliligillud
off and residuc distilicd at 222
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Analysis for boron Chlculated for Cpyllpy24B 3.27,5 Tound 3.3570.

iri-n-amyl borate

n-amyl alcohol (72.4g, 9.3 mol) was heated wvith borie
acld (12.Lg, 9.2 nol) until there was no further evolution of
wvater at head of fractiounaticn column. ?zcess aleohol was dis-
tiiicd off and the residual tri-dlkyl borate distilled under
reduced pressurc.
Yield Yhge (89,5) bepe 154/1€mm. (Johnson and “hompson, Jrganice
Synthesis Vol. II pe 107 claim Depe 146-8/1€¢ ruz.)

2l.9 : 2l.5 N
n<, ;.kzos d21.5 2.8528
Analysiss- , ‘
Calculated for 015333935 C, (o213 i1, 12,1k B, 3.99 MY 271
I'"'Ound ) C, 611.63; llolr3; 3.9"1‘ O 27)

Tri-pn-hoptyl borate

n-heptanol (46.lgz, 0.0 mol) and boric acld (12.Lig, Je2 mol)
wers heated under fractionation column in the usual manner until .
there was no further cvolution of water. Distillation was come-
plete after four houri. Dxcess alcoﬁol was rewmoved at ~tmosrheric
pressure followed by the tri-alicyl borates at Le€rme
Yield 61g (83,5) bLepe 192°C/lL=(mo.
inalysis for Boron content. Calculated for Cpjiygd3B 349373

Found 3kt
Ulomentary Analysis Caleuiated for Cy 798303 H, 1246555 IT7 355
bound Cy 792.82,3 i, 1246955 f' 3L8,
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ARALYSIS TECHIICULS - GENERAL DISCIESION

I. Boron determinations

{(a) Tri-alkyl borates and boroxoles:- A sample of the
compound (0.2-0.5g) was dissolved in 50 ml. of distilled
wvater by gentle warming if necossary. U drops of Q.13
solution of neutfal red indicator in 707 aleohol were added
and the solution titrated to pale orange with lI/10 Barium
hydroxide solution. lannitol (2g) was then added with b
drops phenolrhthalein indicator solution and titration con-
cluded at dovelopment of first permanent faint pini colour
of phenolphthalein. The difference betwecen titration figure
for neutral red and phenolphthaleln gave titre equivalent

to boron content. This technicue has advantage that the end
point cannot be easily over-shot since the change of neutral‘
red to faint orange after addition of mannitol precedéd the
true end point for boron with the phenoclphthalelin by approx-
irately half a cublc centimetre and so gives ample warning
of approachinz end point.

(b) Tri-aryl borates:t- A sample of the compound (0.3=0.5z2)
wvas gently ignited in a platinum crucible in muffle furnace
and the residue dissolved in /10 soaium hydroxide. The
alizaline solution was then made just acid to neutral red with
/10 acetic acid. The acld solution was titrated to pale
orange with /10 Barium hydroxide, mannitol added (2g) and
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solution then titrated wlth paenolphthalein as indicator.
Titration figure with phenolphthalein indicator was equivalent
to boron content.
2. Holecular weizht determinations.

Initially attempts vere made to determine molecular

walghts by cry)scopic rethods usinz benzens as solvent.
Inconsistent results were obtained. Insertion of a mercury
seal stirrer in order to exelude the entrance of moisture
failed to give satisfactory results. Dloxane was more
suitable as a solvent but was found to co-ordinate with the
boron, so provéd useless for molecular welght determinations.
licithor of these solvents was satisfactory for ebullioscopch
method and were replaced by cyclohexans which gave reproducable
results.

3. Combustion analysis.

It was found that, providing carc was taken to ensure
that samples for analysis were handled quicikly in order to
avold any contamination by atmospheric moisture, it wvas possible
to obtain results which werce acceptable especially when con-
sidered in relation to obtained molecular weights and boron
content.

Cnce any particular method of preparation was established
as glving a certain tyre of compound, combustion analyses were
confined to a fow selected represcntative samples of the

compounds preparaed.
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(c) %he Infra-red Spcetia of Triealigyl and Tri-aryl I'sters

of 4grthoboric Acid.

Althoush sceveral imvostigators have reported on the
Haman speetra of some esters of orthoboric acid, (inanthrialte
ishnan 1936, Jozleiar and ‘hatte 1936, iiilone 193¢, ahovee
'1933, 1939), the infra-red speetra of this class ol coxmpound
have not boen reported.

It was considered that the infra-red spectra of these
conpounds should be examined in order to deterninc whether or
not there woerce any characteristic strong absorption bands

which could be ascizned to the asymiotrieal stretening frequency

.les vere submitvtted to Dr. L. Teraer, Physical
Chemlstry Jcpartuent, .00« University of Teeluology for infra-
rcd analysis.

conelusion

prom thw .diseussilon 2nd experinental wors of dre. Verner
whlieh foilows, LT is culte apparent that, as cexpected, the
infra=-reil s;ectra of the serics of tri-alkyl and tri-aryl cstcers
of orthoboriec acid exiamlned im the reglon frou 1820ex” =1l o
¢79em™t showed stron; cniracteristic absorption band at 1340 210
cm'l. Yhis band has been asyipgued to thoe asymuetric stretching

frequeney of tne 893 BToUpe
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HISCUSSIN:

The absorption bands rccorded in the range 670-182) et

arc prascnted in table I and the relationship of the corresjonding
bands in the different compounds is shown by the meauns of a

line graph (F'i. I).

| By analozy with bands similar to B - 0 aud by approxinmate
3 group absorbs
in the region betwoeen 1000 and 1900 eo~t, In this region there

occeur also bands due to C-) stretching and C-II in plane toending
vibratious from which the B-) absorption must be diiferentiated.
ih.: C=0 stretching frequecncy in the series studicd is readily
identificd. 1In the csters of the primary alcohols it oceurs

. close to 1269 cm‘l>ezcept for the first ucmber of the scrics,
namely tri-methyl borate, which is somewhatl lower. o the
dezrec of substitution oi the carbon atorn increascs, the band
would be expected to move to higher frequencies (Colthup 1952)
“and in ajzrecment —rith this we £ind the band at 1139 and 1124
em=+ in the sceondary alicyl esters and still hicher at 1216
ahd 1217 e~l in the aromatic estors. The band position in
tri-cyclohexyl borate (10262 cm'l) is slightly low but this may
well be stuﬁflc effect.

Ih tho region betwsen 1390 em™t and 1590 em™t there
appear sev.ral bands, some of which must bo due to hydrozen
in-planc boending vibrations. 4 characteristic pattora of bands
ls.discexnible for the primary aliyl esters which differ from

the sccondary and tri-aryl compounds. These are assigned to



the hydrogsen bending modes.
Cozzmon to all the spectra, whother alagyl or aryl, is
the prescuce of a very strong band at 13490 Z 1 cm’l. This
band in fact, is the stronzest in this region of the specctrum
in every case and its inteusity is'such that the ecapiliary
sanples were naecessary to prevent the complete absorption at
the peaze.e Thoere scceas little doubt that this is due to the
. Be) linzazes in the molecule. In support of this assignment
ue note’that Bothell and Cheppard (19557 record value of 145D
em™l for the B-0 stretehin; froqueney in erystalline boric aelde
The narrow range over whien the band falls (22 cm'l)
contrasts with the spread of the C-9 bands (nearly 239 cu~l)
vhich are considerably influenced by the substituent. This
suzests 1 partial double bond character and is in accord with

the values of l.kD for the bond order obtalned by the appli-
cation of Sordy's cquation (1947)

¥ - a * b

R2
vhere II is the bond ord:r, a and b arc constants 6.79% and
52.1h respectively and [ is tho intceratomie distance, taken
in this casc from eleetron diffraction dati, of Dauer and |
Beach (locecit) as 1.38 8.

LAPIRINGUTAL

Tiw cogpounds readily hydrolyscd, thercfore precautions

in handling were tazen to ensure minicum hydrolysis. After



distil: ation under anhydrous conditions, the liquid samples

were immedlately scealed in glacs tubing which had been previously
baked out. Samples whieh eondensed as solids on distilliation
were mullied with parariin oil in a "dry box" and were safc to
handle.

The speetra were run on licuid capll.aries or pastes,
between roeik salt plates. By placing several drops on a plate
- aud sliding a sccond plate over this with a wiping motion, the
thin hydrolysed layer wvhich was formed on the surface was
cffcetively removeds That these preeautions were sufiicicent
was shown by the fact that in the spectra taken, only small
hydroxyl bands werc revealed in the 3 mieron rezion, and thuse
only on thicik sanplese. Sueh sn2ll contaninag.ions as may have
occurrcd by the presciece of hydrolysced produects, can have had
only a very winor effecet on the speetrogram.

The speetra were obtained on a Perkin-ilmer 12-C
single benw. speetrozeter vwith: sodium ehloride opticse (Cali-
bration was af.ceted in the usual manuer against the data of

Jetlen, fao and Landall (1gh2).



THE INfRA-RED SPECTRA OF THE BORIC ACID ESTERS*

g

; 665 (m) ‘

Trimethyl Tri-n-propyl Tri-n-butyl - Tri-n-amyl - Assignment
1484 (s) 1486 (m) 1483 (m) . 1495 /(m) —CH,— bending
1417 (m) 1417 (s) 1417 (s) 1417 (s) —CH,— bending .
1377 (s) 1354 (s) - - 1360 (ms) —CH, bending
1348 (vs)- 1334 (vs) 1336 (vs). ; 1340 (vs) B-—O stretching

1298 (m) , 1298 (ms) L1279 (m)
1280 (m) 1261 (m) 1243 (m)
_ 1255 (m) \ 1232 (m) 1218 (w) g
1183, 1172 (m) : ‘ : _
1112, 1095 (vw) - 1102 (vw) 1118 (w) i 1119 (w)
Lo ! L1077 (m)
1032 (s) L1072 (s) ; 1071 (s) ‘ 1056 (s) C—O stretehing
J‘ 1054 (m) 1131 (m) ! 1009 (m) 4 =
11016 (w), 997 (w) |~ o
| 973 (m) f 969 (m) ‘ 987 (w) !
883 (w) “ 911, 895, 873 (w) i 852 (vw) f 893 (w), 843 (vw) {
815, 773 (w) 757 (w) ; 738 (w) ? 775, 730 (w) | .
: r 693 (w) 692 (w) f 690 (mw)
o
|

670 (m) |
: |
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INFRA-RED SPECTRA OF THE BORIC ACID ESTERS*

‘ |
Tri-sec.- : | ‘ Tricyclo-
butyl Tri-2-octyl | Triphenylt ‘ Tricresylf |  hexylf Assignment
i 4 .
1593_(s) 1615 (m) | Phenyl
A 1598 (w) '
1486 (s8) 1511 (s) Phenyl
1453 (m) 1456 (m) , !
1423 (ms) 1419 (m) 1400 (s) L 13 (m) 1424 Sm) C-—H bending
1396 (s) 1396 (s) ! 1 ' 1398 (s)
1374 (<) 1376 (ms) | S 1367 (x) | 1361 (9)
1330 (vs) 1331 (vs) 1350 (vs) | 1345 (vs) \ 1331 (vs) | B--0 strotehing
1303 (m) ©1303 (w) ;
1271 (w) 1242 (w) | 1257 (w) 1237 (w) !
1173 (w) 1198 (w) 1233 (w) 1238 (w)
1131 (s) 1124 (s) 1217 (s) . 1216 (s) = 1062 (ms)  €C—O
1114 (m) 1074 (m) 1166, ©1171 (m) !
1153 (w) = 1103 (m)
1032 (m) 1040.(w) | 1071 (m) 1044 (w)
994 (m) i 1024 (mw) | 1018 (w) 1028 (w)
973 (w) 976 (w) | ‘ 969 (m)
914 (m) 937 (w) 892 (w)
863 (vw) | 854 (w) 852 (w)
833 (w) | 836, 822 (m) A
779 (w) 767 () 821 (s) Phenyl
' 812 (s) ‘
757 (m)
724 (w) 723 (m) T :

692 (mx)
690 (mw) !

w
= %
P
L
-1 —

—
-
=
w

-
-
3

Monosubstituted phenyl



TRI-ALXOXY BOHOXOLES

() ;ntrodug;ion'

‘ Anderson (19950) rcacted excess tertiary butyl
alecohol in benzene with orthoboric acid in the azeotroplc
apparatus of Anderson et al (1952). The resulting product,
presunmcd to be tri-tertiary butyl Sorate,

RO— B —0OR - R = CH3 -C - CHB)

| | | (

OR ‘ 053

was not isolated but used in situ in benzene solution as a
reagent for the preparation af‘characteristic colours wlth.
peri-hydroxy quinones. |

The subsequent preparation of tri-tertiary butyl
borate (loce.cit.), vhich did not give positive development
of colour with benzene solution of peri-hydroxy quinones,
indicated that the compound of &ndérson could not be tri-
tertiary butyl borate. |

In view of these results it was decided to investigaﬁe
the nature of the rcaction between alcohols and orthoboric
acid in order to detormine the folloving pointss=-
(1) 1Is the esterification of orthoboric acid with alcohols

a stepwise reaction involving the successive alkylation

of each OH group of the boric acld?
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(ii) vhat 1s the structurc and cocamposition of the beuzene
soluble boron compounds vhich glve positive colour

dovelopment vith peri-hydroxy quinonos?

(b) Discussion

Cyclohexarol was chosen as the aleohol for the expori-
mont beeauso of its ready availabllity.

A series of eﬁ;eriments was carried out in an attenpt
to proparo tri-cyclohexyl borate, di-cyclohexyl borato and
mono-cyelohaxyl borate, using threo, two and one wol of aleohol
per ol of orthoboric acid, benzene belng used as the agzeotroping
asonte Tho reactlons wora axpected to taze the follouving coursocs.

3 BoH + H3333 —3 L0 = ? - 08 +  3Hp2

OR
Tri-alikyl borate
2 ROl + HyB0y — KO - B-orn 2030
o
Di-alkyl borats
ROH + 0y — RO =B =01 4 10
OH
Mono=-alkyl borate.

It was found that in the caso of three nols of alechol
to onc of orthoboric acld a quantitative yleld of tri-cyclohexyl
borate was obtalned, the proluct being vhite, crystalline, M.P.
56.4°C, llolecular weizht 306, boron content 3.6, . Denzeno
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solution gave no colour development with quinalizarin.

Yhere two mols of alcchol reacted with one of ortho-
boric acid, a mixture of 1ndeterm1néte composition was obtained
as a colourless solid. A benzene solutlon gave positive dsvel-
opment of colour with quinalizarin. However the boron content
wvas not constant and the meltinz was spread over a range of
five degrees. Attempts to purify the product by recrystal-
lisation gave products of variable composition. Distillation
under reduced pressuro led to complete decomposition. Apparently
the reaction products were a mixture vhose boron content did
not correspond to di-cyclohexyl borate.

The reaction of one mol of aleohol with one mol of
orthoboric acid gave a pure white crystalline compound. H.P.
167°¢C, liolecular Veight 383, Boron Content 8.6 and a benzone
solution gave an intense purple colour with quinalizarin.

A search of the literature falled to roveal the
existence of any such known compound. IHowever, Goubecau (1951)
prepared a compound tri-methoxy borgzole, which he considercd
wvas a derivative of a compound, boroxole vhich has not as yet

been isolated.

H 0CH
' '

3
B_* B
Z N # N
0 0 0
fl Il i) it
HB BH CH,0 B BoCH
NI S N
0 0

BOROXOLE TRI-MCTHOXY BOROXOLE

-~
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By the substitiution of cyclohexyl radicals for methyl radicals,
calculations showed that the resultant trl-cyclohezyl\borozole
‘compound had the same empirical composition as found above,
i.e. ilolecular weight 383 and Boron content of 8.57.

’ Tri-cyclohexoxy boroxole was prepared according to
the method of Goubeau from boron oxide and tri-cyclonexyl
borate. The resultant ccmpound was vwhite crystal;ine HePo
167°C which ﬁas not depressed on nmixing with sanple preparéd
above. Tho molecular weight and boron content'were found to
correspond to the previously prepared compound. A bénzene
solution gave positive development of deep purple colour
with quinalizarin. I'or comparison puréoses tri-methoxy
boroxole was prepared also by the method of Goubeau and it
also gave deeop colour developrent with quinalizarin in benzene
solution. To confirm that the structures were the same, a
comparison of the infra red spectra of the three compounds
vas made and it was shoun tha% they all possess stirong absorption
on the 13h0cmfl bands together with absorption at 700 et
and 747 ew™! vhich is characteristic of tri-alkoxy boroxoles
(loc. cit). Tharefore it was concluded that they possessed
similar structures.

From the fact that 1t was structurs of the boroxole

type which gave the colour reaction vith peri-hydroxy quinones,
Anderson's experiment was repeated and the resultant product,

which was thick, viscous and rather intractibb to handle, was



aunalysed for boron content and'gava rosults corresponding to
tri-tertiary butoxy boroxolg alsc giving the colour development
with the benzene solution of quinalizarin. |

In concluslon, then, it appears that the reaction of
one mol of orthoboric acid with one mol of aleschol produces an
nov type of compound, namely an alkoxy boroxols rather than
the expected mono-alkyl borate, and it is this boroxole structure
which is responsible for the development of colour with the
benzene solutions of gquinalizarin. One may formulate the

reaction then in the following manner.

OR
!
7N
3 ROH + 3{I3E303 —_— ?/ }? + 6 H20
RO-B B-0R
Q%»gz/"

Althouzh it was found impossible under experimesntal
conditions used above to prepare mono- or di- alkyl esters
of orthoboric acid, 1t was decided to investigate the nature
of the products obtained by the reaction of two and one mol
of alecohol per three mols of orthoboric acid to deternine
wvhether it would be possible to prepare di- and mono-cyclohexoxy
boroxole. Because a ratio of one mol of aleoshol to one of
orthoboric acid led to the formation of one mol of tri-
cyclohexoxy boroxole it was concluded that a ratic of three
mols of aleohol to three of boric aeid would lead to the formation
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of thrce mols of tri-cyclohexoxy boroxole hence no further
action was taken in this directiocn.
The reactions were expected to follow the formulation
0 =38~ 0R
e ~
2 ROH+4+ 3 H.BO.— R0 - B 0o 4+ 5 H20

o0 #8201

0 =B - 0H

e
ROH +-3 H3B0;—> RO - B o 4 b H,0

Q§:(} de’f?BH
It was found that irrespective of whether ons or
twvo mols of alcohol were used per three mols of orthoboric
acid, only two prb&uets were obtained in each case, namely
tri-cyclohexoxy boroxole and metaboric acid. There was no
tendency to form mono- or di-alkoxy boroxole derivatives under
the experimenta; conditions. It appears that the reaction
follows the lines of preferential formation of tri-alkoxy
boroxole which dissolves in the solvent, and contrary to
expectations, the excess borie acid, rather than causing the
formation of a high molecular weight polymer, becomes dehydrated
by the azeotroping agent to form insoluble netaboriec acid
which does not react with the trl-alkoxy boroxole. The course
of the reaction may be formulated as follggs:-
0=B_

<« ~

N ‘ 0 - 0 6HBO,, 4 H

3 ROH 9 HyBdy —> 3 RO B\\O-’B? + 5 + 12 Hp0
™ OR
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In addition of czeess aleohol to the tri-cyclohoxyl voronole
and nmetaboric acld niiture in boengone, the whole was converted
to tri-cyclohoexyl boratc on furthor refluszing.

I’rom the above rosults it was considered that,; although
the esterification of orthoboric acid did not ucecessarily ‘
involve successive csterification of each 0l group, it was
possible that the intermediate product in the costerification
would be tri-anlikoxy boro:ole.

‘A éerios of csteritieations was undertaizon using
excess of aleohol. Canples wvorce withdrawan at irrepular intervals
a:nd it was found that thore was a gradual iucrcasce to 2 maximun
intencity on tosting reaction of solution writh culiializarin.

Samplc at tals stage falled to zive absorption in the 1340 -

)

10 ezt ond 700 em=l reglong, which are characterictlic for
boroxzoles. The lac: of absorption could well be due to the
boroxzole coacentration being too small. As tie reaction
procoeeded iurthor, the intoeasivy of colour with cuinaligarin
graiually deersased until finally there was no colour chanre
vhatsogever, indleative of the complete conversion of the tri-
cyelohoxoxy boroxole to tri-cycloheiyl boratos

t is congidered that the reaction may bve formulated

as follouss=-



Slo

0 =38 -« 0l
ROH 3 H,BD R B/ N 6 H,0
3 RO ‘ —> RO = 0
+ 3773 Q2 P + 2
‘ 0 =3 - 0R
0 =B « 0R
P \ |
H - 3 4] —+ 6 FOH —— 3 (33)3}34 31120
v J / |
0 -»B « 0R

The following tri-alkozy and tri-aryloxy boroxole

compounds were prepared:-
Tri-tertiary butoxy boroxole
Iri-cyclohexoiy boroxole
Tri-n-propoxy boroxole
Tri-n- pentoxy boroxole
Tri-n-butoxy boroxole
Tri-n-hexoxy boroxole
Tri - (Imethyl) - n - heptoxy boroxole
%rl - (2=-ethyl) - n - hexoxy boroxole
Tri-phenoxy boroxole

Tri - (p - methyl phenoxy) boroxole
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EXPBEIMENTAL

SERIES I. |

(a) Cyclohexanol (0.6 lol), boric acid (6.2 Mol) and
erystallisable benzone (300 ml) werce heated in azeotroric
apparatﬁs of Anderson et al (1952). 9The azeotropic distillate
was recycled until there was no apparent further evolution of
wvater. The solvent was removed and the residual ester puri-
fied by vacuum distillation. The product, tri-cyclohexyl
borate wac a white cerystalline compound, bep. 323-6 /760m:.
RePe 56.4°C. Yleidbgég.

Analysis for boron content

Caleulated for CjgHy304B 3.5

Holecular weight, bbiiing point elevation of cyclchexane
Calculated fpr C1gH3304B 307
Tound - 306
Hlo colour change with quinalizafin. w
(b) Cyclchexanol (0.2 mol), boric acid (0.1 mols), benzene
(50 ml) wvere reacted to ébmplete evolution of water. On
removal of solvent, white solid residue, me.p. 160-165°C.
Analysis for boron content |
Caleulated for 012H2303B 4.83
Found = , 94 5%
On regetition of oxperiment the isolatoed solid was found to
have mep. 156-163°C with boron contént 655

Ho colour with benzene solution of quinalizarin.



(c) Cyclohexanol (0.5 mol), boric acid (0.5 mol) benzeno
(59 rml) were refluxed in small fracticnation colurin to com-
pletion of cevolutlion of wvater. On removal of solvent vhite
erystalline compound obtaineds M.P. 166-167°C. Yleld 583.

Analysis for boron content

Calculated for Cgi1303B ‘ 7.6

Holecular weizht dstermination by bolling point elevation of

cyclohexane
Caleulated for 06313035 R
Cygli330¢B3 377
Found 383

Solution in benzene gave intense violet colouration with
quinalizarin.
Combustion analysis

53.

Calenlated for 01811330633 C’ 57.1;;; H, 8.75
Found v Cy 57.2%3 H, 8.7.
(d) All of sample {c) less sample for mixed melting point,

' was refluxed with excess cyclohexanol until all the watoer had

azeotroped out. On removal of the solvent, a white crystalline

residue of tri-cyclchexyl borate remained. M.P. 56.4°C.
Undepressed on mixing with authentic sanple of tricyclohexyl
borate.

Analysis for boron content



Calculated for 018833038 355

Found 3e6ia
Solution in benzene did not give any colour development with
quinalizarin.
(e) Tri-cyclohexyl borate (0.05 mols) was heated with
freshl? prepared boron oxide (0.55 mols) on an oil bath at
170~190°C until all the boron oxide dissolved. on cooling
the resultant solid was recrystallised from anhydrous bonzene.
“hite crystalline product was obtained, M.P. 167°C undepressed
o adnlxture with sample of authentic tri-cyclohexoxy boroxole,
prepared in (c) above.
Analysis for boron content

Calculated for 018H3306B3 86

Found | Be67%
Selution in benzene gavae deep violet colouration with quinalizarin.
(£) ‘Refluxing of (e) with excess alcohol also ylelded the
corresponding tri-cyclohexyl borate M.P. 56.4°C.
-Analysis for boroa content ‘

Calcalated for C;gi3303B 3.53

Found 3.6
Solution of the compound in benczene did not give any positive
colour develorment with quinalizarin.,
(g) ’ Tertiary butyl alcohol (1.5 mols), boric acid (0.5
mols) and benzene (500 ml) were refluxcd in the apparatus of

Anderson et al (19%2) for thirty hours, by which time all the



water had been removed from the reaction. Colvent was then
removed under reduceéfpressura to leave a thick viscous
residue, a sample of vhich decomposed when an attenpt was

made to purify by distillation under very lov pressure (0,501 mm)

Analysis for boron content

Caleulated for Cjpiyr03B; 473
Found 9¢97

Sample gave positive ﬁévélopmdnt of colour with bengzene solution
of quinalizarine.

SERIES 1. |

- (a) The reaction of three mols of cyclohexanol with three
of boric acid is eculvalent to one mol aleohol to cnc of boric
acid therefcre see scrics I (c¢).

(b) Cyclohexanol (0.2 mol) and orthoboric acid (0.3 mols)'
were refluxed with toluene (100 ml) until the temperature of
the distillate rose to that of toluene, i.e. 110°C. A toluene
insoluble precirpitate was formed which was filtered and
analysed for boron content

Analysis for boron content

Calculated for HO,B 24,27
H404B 173
¢ Found A 24.83

Molecular weight determination by elevation of boiling point
of glaclal acetic acid

Calculated for HO,B 43.8

Found L2



On removal of the solventy a white crystalline produét was
cbtained l1.P. 167°C  Yield 22g.

Analysis for boron content

Calculated for Cl2§23063 115
| C15t330684 8467
Found : 8.5/

The melting point was not depressed on admixture with an
authentic sample of tri-cyclohexoxy boroxole.
Soluticn in benzene gave characteristic development of deep
violet colour with quinalizarin.
(c) Cyclohexanol (0.1 mol), boric acid (0.3 mol), toluene
(100 ml) were refluxed until there was no further evolution
of water. The toluecne insoluble preclipitate was filtered.
Yield 9z.
‘Analysis for boron content

Calculated for HO,D 2&.2%

Found pe) P
LXPORINMENTAL

on rewoval of solvent, vhite erystalline compound
rezalned H.P. 166-7°C. Yield 11g.

Analysis for boron contont

Calculated for 063130693 15.k5
018H330686 8467
Found 85,5

Benzene solution gave violoet colouration with guinalizarin.
¥elting point undepressed on mixinz with authentic sample

of trli-cyeclohexoxy boroxole.

56.
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Tri-n-haeptoxy boroxole

n-heptanol (11l6g, 1.0 mol) and boric acid (623, l.0 mol)
werc heated under fractionation column in the usual manner
with tolucne (250 ml) until such time as there was no further
evolution of water, the terperaturc of the distillato rising
to 110°C, the boiling point of toluens. The solvent was then
removed under reduced pressure. It was noticed that the
temperature of distillate rose to 208°C/5mm. It was thought
that it might be possible to distil the boroxole under reduced
pressuré, consequently after weilghing yield (123z, 877) an
attempt was made to distil 60g at 3 rm. but it was found as
in ali provicus cascsthe conpound decomposed.
Analysis Calculated for CZLHk50653 Cy 99.241%3 1, 10.585, B 7.67

Found Cy 59.0973 H, 10.6575, B 87

Tri-n-heptoxy boroixole

Tri-n-heptyl borate (3hg 0.1 mol) was heated with boren
oxide (6.9 D.1 mol) until all the latter had dissolved. The
resultant yellow licuid was heated with decolourisin: carbon
and flltered hot to give a straw yellow product. This compound
gave positive colour with uinalizarin. Yield 40g. (943)
Analysls Calculated for 0213k50633 Boron 74635

Found Boron 8613



Tri-nethoxzy boroxole

Tri-methyl borate (10.hg 0.1 mol) and boron oxide
(692 Dol mol) were heated until all the boren oxide had
dissolveds. The resultant clear liguid tri-mothoxy boroxole
was found to glve positive develorment of colour with benzene
solution of quinalizarin.
fnalysis for boron content Calculated for CjliglgB3y Boron 18.6
Found : 18.74

Tri-n-propoxy boroxole

Tri-n=-propyl borate (18.7g G.l mol) and boron oxide
(€S2 0.1 mol) were heated until all the boron oxide dissolved.
Fesultant clear liquid tri-n-propoxy boroxole gave positive
colour duvelopment uwlth quinalizarin.
Analysis Calculated for Cgllo30si3 Boron 12461
Found Boron 12.59%

Tri-n-butoxy boroxole

Tri-n-butyl borate (22.%9z C.l mocl) and boron oxide
(6.9 0.1 mol) were heated to dissolve boron oxide. Lesultant
clear colourless tri-n-butoxy boroxole was found to glive
colour with benzene solution of quinalizarin.
Analysis Calculated for 0123270683 - Boron 10.84
Found , Boron 1C.8

Tri-sce=butoxy boroxole

As for tri-n-butoxy borotole
Analysis Calculated for CyplppO¢By  Boron 10.8k:

Found - Boron 10.28

v,



Iri-n-pontoxy boroxole
Tri-n-amyl borate (27.21 0.1 mol) and borown oxide

(692 0el mol) were heated until the oxide had dissolved.

Resultant colourless liquid vhich gave positive colour

with quinalizarin solution was analysed.

Analysis results Calculated for 0153330683 C,52.78£;H,9.68ﬁ;3,9.51§
Found C353¢2375H,9479,13849.85%

ngi:g 1.%223 dgi:g 0970

Iri-2-octoxy boroxole
Tri-2-octyl borate (3.8z, 0.1 mol) and boron oxide (6.93, 0.1 mol)

were heated until all boron oxide dissolved. Hesultant thick

viscous colourless liguld was analysed for borom content.

Positive colour with quinalizarin.

Analysis Calculated for Cpylig)OgBy Cp 61.613%; H, 10.91%5 By 6.967
Found Cy 6le2hi3 Hy 11,093 By 742,

Moleecular weight Calculated 467 Found Lk,

Tri-phenoxy boroxole

Tri-phenyl borate (28.92 Uel mol) and boron oxide
(6.0z 0.1 mol) werc heated until all the boron oxide dissolved.
On cooling a solid conpound wﬁs.obtainad vhich hydrolysed‘too
rapidly for melting point to be determined. Like tﬁe tri-alicoxy
boroxoles géve positive eolour with tri-quinalizarin.
Analysis Calculated for Cl8H1506B3 Boron Content 9403

- Found 8.87%
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Tri-p-craesyl boroxole

Tri cresyl borate (33.23, Je1 mol) was heated with
boron oxide (€.93, Jel 0l) until all the oxide had dissolved.
Tho resultant liguid erystallised on coolin; to give a very
ngrcscopic solid whieh hydrolysecd before nmeltin: polint could
ge obtained.
inalysis Cilculated for Cn)Hny0gy  Boron content e 8,5

ound 7eli s

Pri-(2-cthyl)-heoxy boroxoleo

| Tri-(e-ethyl)-hexyl aleonol (653, D99 mol) was

refiuxed vith boric acid (31z, D5 mol) in tolucne (199z1)

until there was no rurther evolution of watere Lhe solvent

was rewoved under reduced pressurce to give a yellow viscous

liquii residue of tri-(2-cthyl)-hexoxy voroxolso.

nzé'g 1.Lk35 dgi:g Je935

Analysis  Caleulated for ChyligyOgily C, 6le61l; I, 10.9L35 B, €.9573
Found C, 6245553 H, 110133 B, €47,

Yield 917
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Boron Oxlde

Crystallised boric acid was placed in a flask contalning

an 2ir leai and coanccted to a reservolr containing phosphorous
pentozide. The flasik was heated in an oil bath to 20000 slowly
and watcer removed at about 2mm, pressure. It was impartant

to ralsc the temporature slovly to 200°C to pruvent formation
of glassy boron oxide. Average time for complete conversion

of boric acid to the arnhydride was about 8 hours for 16z
sanple. fZach sample prepared was heated to constant boron
content of 32.175. The boron content of sample was checked
from time to timo to make sure that there was no hydration
occuringe. Any sample in vhich boron content dropped below |

32,7 wac discarded and fresh sample prepared for usc.



62.

Infra-red spectra of souo Doroxoles

thile boroxoles and tri-hydroxy boroxoles arc unknown,
several derivatives have been prepared. Tho first alizoxy
boroxole to be prepared was that described by Goubeau (1951).
However no attenpt was made to determine the Lnfra¥red spectra
of such compounds. '

From tho results obtained in infra-red examinaiion of
the tri-alkyl and aryl esters of orthoboric acid, 1t seccmed
that a2 similar examination of a series of allsyl boroxole deriva-
tives as described in previous secticn should be carrled out
to detornine whether there was present any characteristic
absorption bands vhich wonld allow ready identificaticn of the
borozole structurc.

The samples were subzitted to Dr. L. Verner, Senlor
Lecturer in Physical Chenistry, He.G.V7. University of Technology
for infra red analysis and interpretation of the spectra.

Conclusions

Fron a consideration of the spectra it was fourd that,
as with the borate esters thero was a very strong absorption
band batween 1335 and 1367 ezl uhich is as intense as that
found with tﬁe borate esters. Another foature of more interest
is the prosence of two strong bands between 700 and 747 cm'l
in all the compcunds except trlecyclohexoxy boroxole in vhich
the resultes were soxcwhat lower.

As lcscribed in section 3 (b) this thosis, wolecular
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woights of the compounds under discussion were determined
using an ebullioscopic method in eyclohexans. These deter-
cinations clearly showed that tﬁe formila 1s clearly expressed
as 8303(03)3 in agrecment wita the expected rinz structure.

It is possible however that the compoundé might assocliate

in solution or polymerise on boillng. A comparison of the
spoctrun of cach of three boroxole derivatives as recelved
in a cealed tube and after bolling in cyclchoxane, showed

no difference vhatsoever. Farthor, the absorption peaks

in cyelohexane are only slightly shifted from the values

in the pure state. This affords supporting evidence thore-
fore as 1o the correctness of the formulation of the compounds.

The above conclusions arc based on the following
discussion and experimental wvoric of Dr. Verner.

Tho specetra show scme intoeresting features. 1In all
compounds there is found a very strong baud between 1339 cn™t
and 1367 cu~l. This band 1s as intense as the band found in
this position in the spoetra of the tri-alkyl and tri-aryl
borate esters. This suggests that it is associated with a
motion involving the aéymmatric stroetching of the B2 bonds
in tho 503 groups. It night therefore indicate that the 3&3
units behave in an essentially indepcndent fashion. On the
other hand it may well represent a ring vibration in vhich
‘tho boron and oxygen atoms move in opposition. It would thus

be analagous to the infra-red active fundamental of class DY
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of the borazole rolecule whieh involves a stretching of the

B - I bonds and gives rise to a very intense band at 1465 cm~1,
Benzene also gives rise to a strong band in this region of

the spectrum (1486 cm™1) which similarly corresponds to a
stretching of the c-c bonds (13, class Eyys see Herzberg p.
365). This question cannot be resolved here but could more
definitely be declded if the infra-red spuctra of other boroxole
derivatives were available in vihich the extranuclear oxygen
atoms were roplaced with other atoms.

Another feature of interest is the presenceof two
stronz bands betwecen 700 and 7hk0 co™t in all compounds except
tri-cyclohoxoxy boroxole, for which compound somewhat lower
values were obtalned. These two bands have characteristic
relative intensity, the higher frequency band being the weaker.
It is suggested that they represent modes in vhich the boron
and cxygen atoms move in opposite directions out of the
planc of the moliecule. In this sonse they therefore rcepresent
vibrations analagous to the ocut of plane B-0 bending mode of
trinethyl borate, which gives rise to an infra-red absorption
at 661 cm™l, Again, studies of other classes of boroxole
derivatives would be necessary to establish this.

7ha ring structure for boroxole compounds has been
upheld by both Raman and electron diffraction studies and the
comyoaﬁds thoerefore bear a resexblance to borazole (1i) vhich
has many properties of an aromatic system. In this latter

conpound the boron atom is in a trigonal state and there are
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six 77 electrons, two from each nitrogen atom. These are

shared by the six atoms producing a benzene like structure.

K\\O N

|
A =
O/’z\yfe\ n-—ﬁkﬂ/b_"

DX UPRRIIERTAL

The corpourds were exazined in the region from 1800 en™t

to 670“l as liguid capillaries or paraffin pastes. In addli-
tion the region 3600-3000 em! was quickly scanned to checik
on the presence of hydrolysedproducts. Szall hydroxyl banis
were goenerally found using thick samples, but these indieated
that the small amount of decomposition products present would
havé had a very pinor effect on the spectra. All manipulative
wori uas carried out in the dry box. The spectra wero recorded
wlth the double bean spectrometer using a sodium prisz.
Additionally, tri-n-~butoxy boroxole, tri-l-methylen-
heptoxy boroxole and tri-cyclohexoxy boroxole were oxamined
as 45 w/v solutions in cyclohexane over the range 1609 et
to 679 cm‘l using sealed cells of thlckness 9.09%, 010 and

020 Iiie
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Niscussion of the

Spectra

Thne frequencles of the absorption pea

are sat cut

in Table I and the absorption curves are presented in fig. 1.

TABLD I
iri iri iri
(Cyclo- Tri (p=tethyl  (2-Ethyl
hexoxy) (Phenoxy) Phenoxy) n-hezoxy)
poroxole  HBoroxole Hioroxole Boroxole Assicnment
156% () 1605(w) phenyl ring
1592 (as) 1519(m) 1526 (mv) phenyl ring
1486(m)
1466 (ms) 1Lk (s) C-! bending
1L3k(s) 1415, 1426(ms) CH bending
lh?O(m) ‘
1372(ns)  138h(s) 1330(ms) 1379(m)
133%(ms) 1344 (vs) 1363(vs) 1367(vs) B3=-0 stretchin;
1333(ms)
1263(w) 1283(w) 1242 (w) 1268(m)
1226(xs) 1227 (zs) 1222(w)
1191 (w) 1196(u) 1214 (mw) 1195(w)
116 1173(w) 118,
lfl(w) 1120 (w)
1078(s) 1071 (m) 1106(m) 1092(ms) C-0 stretch.
1062 () 1074 (w)
1028,968, mzzo 1018,977
238 (u) g 932 (u)
787 (w) 848 (w) ,
757(s) 821 ,813(s) phenyl
795(w) 738 (z)
€32 (ms) 71k (m) 715(w) 736(m) ) Boroxole
673(n) 70% (ms) 709 (zs) 725(ms) )  system
691 () ) nono subst.
rhenyl

Tri(2-EZthyl n-fiexoxzy) Boroxcle vhich is a liqulid was run as a

capilliary between HaCl plaies.e The remainder were run as

mulls in paraffin oll.



TABILE I (Contirnued)
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‘ iri
Tri(n- Tri(n- Iri(n- Tri(n- (1-itothyl
Propoxy) Butoxy) Pentoxy) Heptoxy) n-Eeptoxy)
Boroxole Boroxole Boroxole Boroxole Boroxole Assignient
1526(u) 1511 (w)
1486(ms) 1L85(m) ?(m) 1485(n)  1L453(mv) C-H bending
2L (s)  1422(s) lha (s) 1k26(s) 14ll(vs) C-H bendling
1393(s) - 1376(m) Cily bending
1337(vs) 13u6(vs) 13k6(vs) 1345(vs) 1335(vs) B=-3 stretch
1299(ms) 1321(m) 12%6(m) 1298(m) , :
1261(m) 1263(nw) 1246(w)
1216(w) 1233(w) 1217(w) 1221(w) iggggwg
b} v
1105(ms) 1120(m) 1122(m) 1119{(m) 1128(s)
086(s) 1093(s) 1992(s) 1092(s) 1085(s) C-0 stretch
1035(w) 1055(m)
912 (u) 973(w) 971,912(v)
863(mw) 891(w)
8€J(v) 779(w) 8L8 (w) 323(w)
742(s) 737(ms)  736(ms)  736(ms) 737(us) ) Boroxole
72%(s) 725(s) 725(s) 724 (s) 726(8) ) System

The samples which were all viseous liquids,

capilliaries between IiaCl platev.

were run as liguid
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THE INFRA KUD SPECYRA OF S010 BOWOXOLES Th

CYCLOHEX ANHD SOLUTION

(k5 solutions run in cells 0.203 0.10 and 0.05mn thicikness)

irt ne-sut- Yri-z-ict- iri-cvclohes-
oxy oxXy oxXy ,
Boroxole Boroxole Boroxole Assignment
1481 () 1507(w)
1419(x) 1407(s) 1408(s) ) C-i bendin;
1376 (a) LekEs) )
13L41(s) 1336(s) 1336(s) -0 stretching
1301 (zr) 1193(w)
1118 () 1129(rw)
1092(m) 1129(n) 1085(m) C-0 stretching
1077 (w) 1083 (m)
967 () 980 (w) 970 (w)
737(zs) 737(ms) 737(as) ) Borozole systen
726 (zs) 726 (ns) 726(ms) g
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The normal moethol of preparaticn of mized csters
cf crthoboric a2cld by the reaction betwoen an alechol and
a tri-glnyl borate ester is subjcet o inconvoenient lini-
tationse. Thne resultant producis are invariably a pixture
of nmixed esters {ron vhich it is extrezely Jdifficull
obtain a2 hish yield of the requirced nmixed ester. Yuyts
anl Suquosno (1939) for exanple, obtained only a very low
yield of tri-dimethylbutyl carbinol borate estor on treite
ment of triepropyl borate with dinmethyl butyl carbinol,
togetior with nminor mixed esterce  (£2¢ also Haufman (19330

and Cehiff (1867)).

71.

Ginge it nad beon shown tiaat tri-cyclohexoxy boroxole

could be converted into tricyelolicxyl borate by reaclion with

axeess eyelohoxanol,y it was expected that the boroxole com-

pouni should react with an aleochol other than cyclohscaanol

to forn a mized ester thus
RO
I
B
0= o
,* ] , ) OR!
-
. RO~ B\ O/’B-OR + 6ROH—93RO—B\OR' + 3H20

oy using the technlicue of azeoirople fracticnal
distillation of ths approrriate aleodhol with the relevant
boronole comjound, the following nizel csters warc prepired

in yiclds excocding 69, of ealeulated yield.
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Di-{2-0ctyl)-cyclohexyl borate
Di-cyclohexyl-2-0ctyl borate
Di=-phanyl-cyclohexyl borate
Di-cyclohexyl—ph@nyl borate
Di-(2-0ctyl)-phenyl borate
Di-phenyl-2-0ctyl borate

Zthylene glyecol n-heptyl borate
Trimethylene glycol n-hoptyl borate.

It was found that all the trl alkyl esters gave no
development of colour with benzone solutions of cuinalizarin,
but, in the case of the aryl-alkyl mixzed esters the diphenyl
alltyl borate gave a weaker ceolour than tri-phenyl borate and
the di-alkyl phenyl compound gave no visible colour change
whrtsoever.

In the ease of alechols below amyl alcohol in the
homolozous gerles 1t was found that thoe volatility of the
alecohols, their miseibility with water and the volatility
of the resultant esters made impossible the production of

nixed ostors by the method described above.
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(b) Ixperimental dotalls

tiono=-(2-octyl)=-dicyclohoxyl borate

Tri-(2-octyl)=boroxzole (23.Lz.0.05 mol) was refluxed
with eyclohexanol (66g.0.6 mol) throuzh 2 fractionaticn
column until there was no further evolution of water. The
distillation was continued until tho distillate reached the
boiling point of the solveat 75°C.

Ixcess solvent was removed under reduced pressurc.
Hesultant ester was collected at 178~80°C/h-5mm. ”
Analysis  Calculated for CppHyg03B €, 71.27; H,11.567%; B, 3.2

Found Gy 704573 Hy11.38%5 B, 337
liolecular weight cbullioscople in cyeclohexane Calculated 337

| I'ound 292.
Hegative reactlion in benzene solution with cuinalizarin,.

Hono=cvelohoxyl-di-(2-0ctyl) borate

Tri=cyclohexyl borate (193, 0.09 mol) was refluxed
with 2-cctyl aleohol (783, 0.6 mol) until there was no further
evolution of water and no further development of colour by a
sanple with cuinalizarin. The solvent was removed under
reduced presstre followed by the ester b.p. 188°C at 7 mn.
Colourless clear liquid.
- Analysis Calculated for 622Hh5338 Cy, 71e71/; ¥y 12,3175 By 2.9/
Found Cy 7149333 H, 12.71.3 B, 3.0

Diphenyl cyelohexyl borate

iri-cyclohcxoxy boroxole (7.7 0402 mol) wis refluxed

with phenol (162 0.18 mol) in toluene (50 ml) until thore was



7.

no further cvolution of water. Excess phenol and tolucne
ware removed by distillation at atoospheric pressure and
the resultant mixed ester distilled at 7 unm.

Yield 123, 6873 B.P. 2112/7 |

Analysls

Calculated for C;gHpj038 C, 72.983 H, 7.15, By 307

Found C, 72.28; 12, 6.97, B’ 3665
tiolecular welght determination ebullioscople method in .
cyclohexzane

Calculated 29%5. Found 300.

Dicyelohoxyl monophenyl borate

| Tri-phenoxy boroxole (lh.hg) was refluxed with
cyclohexznol under fractionation column in usual manner
until there was no’further evolution of water. Ixcess
alecohol waé removed under reduced pressure followoed by
the monophenyl dicyclohexyl borate at 8 mm.
Yield 32z. (83;7), B.P. 182-L/8znm,

Analysis
Calculated for 818327038 Cy 714533 H, 9.013 1B, 3.6
Found ' . C, 68.85; H,lOng; B’ 308,;

tiolecular weight dotermination, ebullioscoplec method in
cyclohexane

Calculated 302, Found _260.

(c) liono-phenyl-di(2-octyl) borate

Tri-phenoxy boroxole (233, 0.06 nmol) was refluxed
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vith 2-octyl alecohol (1033, 0.77 mol) for four hours. The
water did not apprear at the top of the eolumn, but on cooling,l‘*
it was noticed as globules at tho bottom of the flasike The
alcoholic solution was carefully decanted free of water,
distilled under reduced pressurc to rewove excess alcohol
and the ester distilled at 3-h cm. B.P. ester 1é9°C at 3-k
rne 965 yield §0z. d
Analysis DBoron content Calculated for C22H3§G3B 3% Found 2.9/
llolscular weisht  Calculated for 022331338 3¥¢lTFound 337
Reaction with quinalizarin negative.
Diphenylenmono-(2-octyl) borate
Tri-(2-octoxy-) boroxole (7.hg) and phenol (16.83)
vero refluxod with benzene (25 ml) until there was no further
evolution of water. Ixcess phenol and water were distilled
off at atmospheric pressure followed by the diphonyl-nono-
2-octyl borate at 194-8°C at S5mm. Yield 4.0z 83
Analysis |
Boron conteat Cileculated for 023827033 3.3,B Found 3.7,
H,,0.B C, 73.8%3 H, 8.3}

Cogtiag?sB
Found C, 71.5713 Hy 8.773

Ilementary Analysis ¢ "

Lthylene glyeol n-heptyl borate

Ethylene glycol (12.Lkg, 0.2 mol) and tri-n-heptoxy
boroxole (21.33, 0.05 mol) were refluxed with toluene (50 nl)
under a ielntyre reflux ratio head atiached direct to the

reaction flask. Tho nmixture was refluxed until there was no
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further evolution of water. The reaction appeared complete
within fifteen mimites. Ixcess ethylenc glyecol and foluene
wore removed by distillation at atmospheric pressure to leave
a clear cclourless viscous liquid which boiled at 250425300
at 742 mm. The distillate was colourless, very viscous and
readily hydrolysed by water.
Dlementary Analysls

Calculated for CgiljgDyB  C, 584235 H, 10.23; B, 5.97

Found Cy 56.9733 Hy, 9.97; B, C.kji.
Trimcothylenczlycol n-heptyl borate

Trizethylene glyeol, freshly distilled (15.2g 0.2 mols)

and tri-n-hoptoxy boroxocle (21.2z,; 0.05 mols) were refluxcd
with 25 ml. benzene under a lieIntyre weir ratio head until
th@ré was no further evolution of watcrse The reaction was
conplete in fiftoan‘nlnutes, solvent and excess tricethylene
glyecol distilled off. The residual cster distilled at 260-
300°¢ 738 mme as elear colourless vory viscous product.
Analysis for boron content

Caleulated for Cjgiipy04B By 5«5

Found By 6.2/
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(c) Infra red spectra of asymmetric esteré of orthoboric acid

| The mixed esters prepared above weré subjected to
infra-red examination under the same conditions as used for
thé.symmetrical trifalkyl and tri-aryl esters of orthoboric
acid. (loc eit.)

The frequencies of the absorption peaks (in wave
numbers) of these compounds are given in table I, and in fig.
I the linear relationship of these bands is given. |

Comparison of these spaectra with those recordéd for
the symmetrical esters (loc.cit) shows a similar strong band
due to the B - 0 link within the range 1340 -10 cm ©, with
the exception of diphenyl-cyclohexyl borate which is somewhat
higher at 1363 cm™l.



THE INFRA-RED SPECTRA OF SOME BORATE ESTERS

Samples were run as capillary film

Di-(2-octyl)- i Dicyclohexyl-

~ Diphenyl- . Diphenyl- !
mono- mono- Diethyl i mono-  mono- |
cyclohexyl ~ (2-octyl) n-Hexyl cyclohexyl | (2-octyl) g Assignment
Borate |  Borate Borate Borate i Borate | '
' 1600 (s) 1601 (s) | Phenyl
i 1496 (s) 1498 (s) Phenyl
| : 1482 (m) 1466 (w) 1460 (m)
1458 (m) | 1452 (m) 1466 (m) 1451 (m) 1440 (m)
1426 (m) | 1428 (ms) 1431 (ms) C—H bending
1397 (s) i 1416 (s) 1414 (s) 1405 (s) 1411 (s)
1376 (m) 1361 (ms) 1379 (w) 1376,
: 1371 (ms)
1332 (vs) =~ 1330 (vs) 1333 (vs) 1363 (vs) 1336 (vs) B—O stretching
1268 (w) | 1266 (w) 1343 (s) 1262,
1] 1252 (m)
1254 (w) i 1255 (m) 1327, 1235 (m)
1318 (ms) 5
1225 (w) 1236 (w) 1271 (w) 1272, 1216 (ms)
i 1256 (w)
; 1252 (w) 1236 (w)
1194 (w) 1190 (w) 1216 (m)
1152 (mw) | 1146 (w) 1165, 1163,
1152 (w) 1145 (w)
1133 (m) 1138 (w) 1129 (w) 1127 (m)
1120 (mw) | -
1129 (ms) 1060 (ms) 1040 (ms) 1069 (ms) 1070 (ms) C—O stretching
1068 (mw)
1040 (w) 1035 (w) 1035 (w)
1025 (mw) 1019 (w) 1023 (mw) | 1023 (m)
' 1003 (w)
971 (w) 968 (m) 967 (w) 965 (w) 973 (w)
933 (w) 925 (w) 923, 931 (w)
915 (w)
890 (w) 891 (m) 895 (mw) 896 (mw)
851 (w) 852, 836, 821, 835, 821,
845 (w) 810 (w) 811 (w)
797, 739 (8) 759 (8) Phenyl
785 (w)
723 (w) 724 (W) 769, 736, 723 (m)
’ 728 (W) 718 (w)
690 (w) 692 (w) 691 (w) 691 (s) 691 (s) Phenyl

670 (w) -
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(a) iscussion of Leaection

Tri-n-anyl borate, tri-cyclohexyl borate, tri-(2-octyl)
borate, tri-n-heptyl borate aﬁd'trioz-ethyl hexyl borate tere
roefluzed in turn vith inercasing amounts of acetic anhydride
untlil thie initial Erocipitato forized in each eaze rcached
coastant coumpositione. At thoe completion of the reaction the
corresponding alikyl acetate wnas isolated in a pure state.

Camples of the proeijitate forued during the reaction
were removed auid analyse:d for acetic acid and boron content.

It was f{found that the ratio of acctic acid to voroa inereased
cntil a coustant composition of approximately 82, acctic acid

aud 3,5 boroa was oboained wnich correspouds to the composition

of pyroboracctic aunhydridce. The solubility of thwe preclpitate

in benzene also increascd until complete solubllity was obtalned.

ihe beagene solution was found to ive a distinct eolour 1¢ actiou.
with cuinalizaring vhich is a characteristice reaction of pyro-

boracetic anhydride (loc.cit).

Although boron oxide was not lSOLdtud, it is cousidered
that it is {ormed ﬁufing tie reaction from the decompositiou
of the tri-nlikyl ester anl cubsequuently rcecacts with tho acctic
anhydride to {orm pyroboracetic anhydride. Yhnt sach a reaction
could ocecur is iniicated b the fact that pyroboracetic anhydride
oy be preparced by thie dircet reaetion betwecua boron oxide 3ﬁd

acctic anhydride (loce.cit).
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Sn the basls oiff the above facts Lt is postulated that

t e roactiocn betrrecis tri-alizyl borates and acetic arhydride

may be illustratcd as follovs:-

l.

26

3.

(ii9),,=3=0R  *  RO=B=(Dli),

/i}\\ > (120)2-13-5)-23-(01%)2 T2 1~Lf33{)CII3
CH_CO ¢ B

3 M
CEI3C‘;) 1o oR ol 3

No i g’ o+ 3-0-B  * L 19C)uH

/ O /B_)-B \ —? i,- "'" Wreh ‘_h...3
CI13C’J k) \OR (;0333 5 9
B-0=0B CI,CO CHLCO COCH
u n o+ 2 0 = 0= « 0 = B3~=90

-~ ~ =z 0°~

3 ) CH3C’) ClI 3{39 0 COCH 3
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(c) Ixperimental details

n-inyl Acetate

Tri-n-arcyl borate (13.63 0.09 mol) was refluxed with
acotic anhydride (1%.33, 0.195 mol)} for ore hour. During tho
reaction the solution gradually turned browvn and a fine white
precipitate formed vhich caked theo botiom of the flasxk and
gradually charred. At the end of the reflux time the nixture
was poured into bollling water to hydrolyse the excess acetig
anhydride, washed with saturated sodlum bicarbonate solution;
then f£inally with water. After drylng over anhydrous wmagnesiun
sulphate for four hours the residual oll was distllled at
atmosrphoerice pressurce.

3.P. lhﬁ~1h6°c Yield 13z, 687 thsoretical. ngg 1.4015,
Literature \ngg 1.5012. for n-anyl acetate.

Reactlicon was repeated in order to isolate and identify
the precipitate. After ten minutes refluxing it was noticed |
that the wvhite preclpltats began to form. The reaction mixture
wvas cooled and a sample of the precipitate removed, washed with
ether anl dricd rapidly on a tile.

On testing the following reosults were obtalned:-

The preclipitate was partially soluble in benzene, coxpletely
in acetic anhydride.

The benzene solution zave characteristic development of
colour with quinalizarin.

The precipitate was analysed fo: boron in usu2al manner
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for pyroboracetic anhydride (loce.cit) and found to contain
the’equivalent of 71, acétic acld and 8.1 Boron. DPyroboracstic
anhydride theoretiéally contains 86.5° acetic acid and 7.95,]
Boron.

Q.1 mol acotic anhydride was added and reaction con-
tinued for further‘thirty minutes. Then allowed ﬂo cool with
resultant farmatioh of precipitate.

n=amyl accetate

4 sample of the precipitate was reooved, washed with
ether and rapidly dried on a tile and analysed for boron
contont as above taking precautions to worx rapidly in order .
to prevent thoe deconmposition of the pyrohoracetic anhyd:ride.
From the titration results it was found that the compound
contained 85, acctic anhydride ani 8,5 boroun which corresponds
to theorctical ealculated results of acetic aphydride 86.5,;
and boron 7.975. The preeipitate was completely benzene
soluble to zive colour development with quinalizarin.

cyclohexyl acetate

Tri-cyclonexyl borate (32.32, 0.1l mol) was refluxed
vith acetic aunhydride (37.63, 033 mol) for one.hour. Azain
it was noticed that praclbitate w3S formed. At end of reaction
time the wmixture was troated to isolate the cyclohexyl acetate
as Lo tne case on n-aoyl acetate.

Buele l72-l7hoc,-(rucorded literature Be7. 1799C) Yield 38z, 897



Rénction was repeated using tri-cyclohexyl borate
(15.hg, 005 ol) and acetic anhydride (32.0g, 0.33 mol).
I1th the inerecase 1In ratio of acetic auhydride to borate
estor taerce was no formation of precipitate froum the hot
solution. However on cooling after ong hour a white preci-‘

2,

pitate was forced vhich was then sampled. 4Yhe sample after
rdpld washing vwith cther and drying oa a tile was found to
have followlinz propertiese.
Soluble in hiot acetic aunhydride, partially soluble
in bengence.
Benzene solution gave positive cclour «rith guinalizarin,
Analyslis gave follouwing resultse Acetic acid cculvalent
795, Boron 9.1
idixture wvas then refluxed for‘further half hour then
preeipitate rewoved, washed, dried as above and analysed.
Acetic a2eid equivalent £17; Borbn 9,5
The precipitate was found to be conpletely soluble in
beazene to jive positive purple colour with cuinaliocarin.

2=Jctyl acetate

Tri-(2-o0ctyl) borate (223, 0.09 mol) was rcfluxed
with acetic aphydride (1%.23, 9.15 1ol) for an hour. Again
therc was a precipitate formed. At cond reaction time nixture
trecated as for ne-anyl acetate to yleld 2-octyl acetate Hei.

194-69C, Literaturc B.0. 197°C.
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n-leptyl acetate

Tri-n-heptyl borate (17.33, 0.05 mol) was refluxed
vith acetic anhydride (15.2g, 0415 mol) for an hour. Forma-
tion of precipitate wﬁs noticed. The reaction mixture vas
treated as for n-aomyl borate after refluxinz for one hour. -
Yield 16g. (655 of calculated yleld) B.P. 1990°C, Llterature
B.P. 191°C.

Tri-(2-ethyl) hexyl acctate

T:i-{a—ethyl)-hexyl borate (402, Dal mol) was refluxed
vith acetic anhydrido (30z, 0.3 mol). After half an hour
przelpitate was formed. OSolution was cooled sample precipitate
removed and tested: | )
S1izhtly soluble in bonzens, completely soluble in hot

acetic anhydride.
Bencene solution gave positive purple colour with gulnalizarin.
Anilysis Acetic acld equivalent €45, Boron ll.6;i.

Mixture refluxed for furtherhalf hour then precipltate
renoved and sample analysed. Acetic acid equivalent 787,
boron content 8.4j. |

The preeipitate was then further refluxed for half
an hour with an aiditioral 0.1 mol acetic anhydrlide. On
isolation of the preclpitate it was analysed and following
result obtained. Acetlc acid equivalent 84.L7, boron content
749/

The 2-cthyl-hexyl acetate was not isolated because

there was insufficient product left after carrying cut above
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reactions and also there was no further supplies of 2-athyl-
hexyl alcohol for the preparation of the required tri-aliyl

boratee.
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PYiBILRASTTIC AUHYDKIDE

(a) Discussion of Structure

Pictot and Geleznoff (1923), refluzed acetic anhydride
with boriec acid and isolated a com:iounl waich they deseribed
as boron triacotatc uviti: tie follouving formula.
(CH3COD)3B

Dimroth (1926), on the other hand, repeated the reaction and
found that the only compound that he could isolate was a niied
anhydridc of bprcn oxide and acetic aghydride which ho ealled
pyroboracetic anhydride aund gave the following formula.

0 9

" "

CHB.C.O~\\ O.C.CH3
- B=0=-B
CH3.§.O -~ ™~ .0.0‘3

0 )
Cooizay Ilett, Saundors Stacey (1999) repeated the wori of
Pictet and Geleznoff and, without analysis of tho resulting
conpound, claimed to have preparcd boron triacetate -‘hich they
then used for the preparation of esters of boric acid by
transesterification. A

Deecause of the contradictory evideunece in the literature

it wvas declided to repeat the experiments of the above authors
in an attexnpt to proparc both tri-acetyl borate and pyroboracetic

anhydride. It was intonded to compare the propertios of both



88.

compounds as poscible roagents for identifieation of peri-
hydroxy culnones.

It was found that in all cascs, when there was an
excess of acetic amhydride a wvhitce erystailine compound was
obtained with either boron oxide or boric acid. Anilysis of
this produet gave results vhich were characteristic of pyro-
boracetic anhydridc. Lizewisec, acetyl chloride reacted vith
boron oxide to produce pyroboracetic anhydride.

I'rom the above results it was coneluded that Dinmroth
vas substantially correct in his criticiso of the findings of
Pletet aund Geleznoff and that the produet obtained wvas pyro-
boracetic anhydride rather than tri-acetyl borate.

Thoe problem s reopened by fofacl Ahrad and {hundar
(1954) who reported that they had obtainmed a produet in vhich
the ratio of acetic acld to borie acid was threc to once On
tho other hand Gerrard and “heelans (195h) refuted the possi-
bility with the observation that under the cxperimental conditions
used thwe products obtaincd contained iccetic acid and boric aeid
in the ratio of two to one which corres;onds to the composition
of pyroboracetic anhydride.

A series of experiments werce carried out in order to
deterzine the nature of 1ntormédiate products formed in tho
rcaction betucen acetic aphydride auad orthoboric acide It wras
found that one mol of acetic anhydride reacted -rith one or two

nols of orthoboric acid to zive a cuantitative recovery of ceta-
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boric acid, the reactions may be formulated as follows:-

CH3CO

0 + H.BO

Y 3 —_— 2 CH3COOH +  HBO,

3

CH3CO
™~
0 + 2HBI), —> 2 CH3COOH + 2 HOBO * HY0

~ 373

CH,CO
377

On reacting one mol of acctic anhydride with two mols
of metaboric acid it was found that instead of the metaboric
acid being further dehydrated to boron oxide according to the
following equation

CH3CQ\ '

- 0 * 2 HOBO —> 2 CH3COOH + B2O3

CH3CO
the reéctioh led to the formation of a small yield of crude
pyroboracetic anhydride and large residue of unrcacted meta-
boric acid.

In view of the above results it is considered that
the reaction between acetic anhydride and orthoboric acid is
one which involves the intermediate formation of metaborie
.acid and acctic acid from the dehydration of the orthoboric

acid,foliowed by the dehydration of the metaboric acid to
boron oxide in the presence of larzge excess acetie anhydride

which then co-ordinated with the boron oxide to form pyro-



boracetic qzhydridee Liie reacticus may be formulated a

&)

0 % i) - I'i - O ECEI3COT)H + 130
il

>

9 <+ 20 —— 2 CE-KBCODH + U0y

CH,C

8533‘30 J ) CEI3CO J J i CH3

ihe structure of pyroboracetic auhydride as designated
by Dinmroth below
CilaC = O J = CCHB
3\ /

0\ 0
3 =8 = 9 = BL

Y, | -,;-\

CHBC s O 0 = '"'HB
indieates 2 stablo structure in -mieh ali the atows are
covnrlently bondede.
It has b.en found that the com,ound i¢ uotv only rapidly

also ungtable

o
e
4]

cuantitatively doeompooed by eold water but

in the solid state tor such an oxteat that the acety ! conteunt
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gradually drops when the compound is allowed to staud on a purous
tile in a dry boi, washed iith anhydrous cther, allowcd to stand.
ina des#i%%tor under ccntinusus evacuation or alloved to dry in
an oven at 117°C.

rrom a consideration of these facts, togcther with the
observation that pyroboracetic anhydride may be prepared by
the rcaction between bLoric anhydride anﬁ pyroboracetic anhydride
it appears that Dimroth's formulation is inadecuatecs. It is

proposcd that 1 more corrcet formulation could be as followus:-

CHyC = O | 0 = CCHy
'\O-)B-O—B(—O/
/ " " \

CiyC "= 0 0 0 0 = cciy

a structure in vhich the boron is diruvetly bound to the acetice
anhydride by a co-ordination boud from the oxygen, a structure
vnich would be relatively unstable beeause the more stable

state of boren is the ono in vhich 1t is tricovalente.
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EXPERIMENTAL

l. Boric oxide (l.hg, 2.72 mol) was heated with acetic anhydride

(19.23, 16 mol). in exothorulic reactlon cecurrcd and all

the borie oxide dissolveds. The roiction was the: considered

to ba complete. Julphurie ether was added to the cold solution

and a white crystalline compound was precipitateds the precipitate

was filtered rapldly on a cintered glass buchner funnel, washed

with other until free of acetie anhydride odour and finally

dried in a vacuun desiceator to rcmove the last traces of cther.

Analysiss= The general ncethod of analysis was to hydrolyse

approximately Je23 in 50 nl. 'mtor, titrate to neutral red with

1i/19 Barium hydroxide for acetic acid content, then add mannitol

(bg) a few drops of phenolphthalein indicator and titrate to

permanont red wvith [I/19 barium hydroxide for boron contcate. _

hesplts:- Caleulat:d for C8H120982- 75,5 Accetic anhydride 7.9, Soron

Found ‘ 7, Acotie anmaydride 9+1;) Boron

It was observ:d that even thouzh the compound had been washod

fr.c of acctic anhydride prior to drying in tho desiceator, there

was a pronounch'odour of acetic anhydride on opening the desiceator.
ihe determination of the melting point was indefinite

since it varied -7ith the time the sample was outside the desiceator,

duc to tihe rapildity of hydrolysise.

2. Boric Acid (627, 1.0 mol) was heated under reflux with

acetic anh:ydride accordin: to the method of Pigtet and Geleznoff

(1903). After refluxing for aan hour after all the boric acid
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had discolved, the solution was cooled il the anhydride pree-
celpitated «sith cthor. On flltoation amd washing with ctiwer,
the produet wis nnnlysed as avove to ive results corresponding
to 1 tetrieacetyl boric anhydride rather than for iri-acetyl

borale ns elalmed by Pletet and Geleznofi.

nalysigs-
Caleulated for CSHLQOQBP Acetic arnhydride 75,0 Loron 7.9,
Found ' Acctic wnhydride 75.575 Doron .94
78,3 8.9,
e Boric acid (lé:z, 0.26 mol) was heated with acotic

anhydride (1523, 1.5 mol) in a 292ml. rounl bottom flasiz,
atiached to 2 2' 1 4" glase fractiomation c¢.lumn packed vith
;slass holicese At the top of the eolumn was a Maclantyre welr
rofluz ratios hend with adjustable tap which made it poszible
to collecet and run off the acotic acid as formoeds Tho still
pot wms -heated to ive o relatively fast throuzh ut, the
distiliate boing gradually and continually removed untll such
time as the temperature at the still-head romiinel constant at
1409C vhen o;orﬁt§n3 uader total roflux, vhich 1s indicative
of the fact that 1o zmore accetle aeid wag beins formede The
apparatus wig 1.smantled and the bulkk of the acetic anhydride
removed by ordinary distillation. Tho residue erystanlliscd
on standinje. The product was filtercd, washed +rith cther, dricd

and analrsed as above.



Analysiss-
Cnleulated for anlggggg Acctic anhydride 75 Soron 7.8,5
iound Acetle anhydride 71,5 Doron 8.8
L. Joric acld (2.9, U132 mol) was heated with acotyl

chloridc (103, Uel3 mol) and beazone (12ml1) until all the borie
aclid had discolveds. Jn coolinzy the resultant erystalline
product was filtered, washed rith a livtle lee eold benscue

il driecd in a vacuun desieceartor.

Analysise=-
Caleculated for CQH i UJE Acotic anhydride 75, Uoron 7.9,
ound Acetic anhydride 53,0 oron 7.7}

The resultant produet was thon roflued with acetyl
chloride (133, D613 mol) in beuzene solutiocn for an hour then
coolede Tho erystalline product wis filtercd, dricd and

analysed ia usual manner.

anlysis
Calculated for Gl > r 5 Boron 79,5
culated bu 12 9 2 Acctic anhydride 75,5 oron 7.9,
Founl Aecctic whydride 74,2 Doron 8.3,
Se Acetic anhydride (10.23, Dol mol) and orthoboric acid

(Ge23, Gl mol) were jently hoeated under reflux in an oil bath
at 117 = 1259C. A vigorous czothercic reaction oceurred and
11.8 ml. acetic acid distiiled over at 117°C.
nalysiss=- Calculated for CﬂBCJQH 1505

Found 99,5

The vhite insoluble vesidue in the still pot was washed with
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697-=309C pctroleum other and analysced for boron content.
Boron analysigs=-
Calculated for 11033 B, 2L.77
Found B, 23.2}

6. Acetic anhydride (19.2z, Q.1 mol) and orthoboric acid
(12.43, 2.2 mol) were heated vith xylene (190 ml) in a Dean
and Starke apparatus until there was no further apparcnt cvolution
of xylene immiscible product. The xylene was filtered free of
insoluble whitc residue. Tho xzylence was found to jive negative
recaction with quinalizarin, indicating the absence of {ormation
of pyroboraccetic anhydride. On titration it wais found that the
acetic acid content of the xylene was 2.7z and the acetic acid
conteat of the distillate Soliy making a total of 1ll.lg.
Calculated yicld 12.07.
| The insoluble residue wis well washed with 62-89°C
petrolceun cther and analysed for boroen conﬁent.

Caleculated for HOBY B, 247,

ound B, 237

Yield 8alig Calculated 3.5g
tlolecular weight dotermination, cbullioscopic method, glacial
acetic acild as solvoent.

Calculatced for HUBD  L43.8

I'ound L2,
7 Acotic anhydride (15.23, U.1 mol) cetaboric acid (8.83,

De2 mol) werc heated with xyleno (130 ml) in a Dean and
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Gtarie apparatus wntll thore was wo further cvolution of ylene

Loodiscible distiillates Hyloene solution wag ILltered hot and

allowcd to stand ovoeraighte Yield of x:ylenc insoluble product

7elg annlysls {or boron contcute.

Cnaleculated for B?OB By 32.1,)
1352 3y 2447,
iounl 1ty 2he8,5

“'hite crystallilnce product froo xylenc solution was filtered,
rrashied dry with petroleum cither welghed, yleld 32.
Analyscis for acetyl and boron contente-

Calculated for cS“lQJQBZ CHBCaﬁ 86e5.; D, 7«5,
T'ound CHBCOU VAR By 10633

De Ipontauncous decomposition of pyrobovacetic anhydride.

Lampec of pyroboracctic amhydride was walysed then placed in

vacuun descieatur and alloued to stand ifavacuo over sulphuric

acid anad solid potassiuc hydrozide. OSaaople was reuoved affter

2L hours aud analyscd for acetyi and boren contente. %his was

repeatods  une sampie wvas veooved after 25 hours anli anaiysed

after stznding in dryins over at 1109C {or throo hourse

iwesults are as follovss=

Time Caleunlated Fou:id

H.CO ~ f
033033 B CHBCOD

U hrs. Séogﬁ ?.53 85.55
Qh hrs. ‘ 7605; 7.5; 76.85

L3 hrs. ' 73093
5'6 hI’S. L 3.,),3
3J hrs. 01le1)5

873
9e2)5
949,

11.3.
12,47



plc nallowed to stand in oven for thrce hours.

cateulatod 03133-:)) 85.5.; By 79,

Yound _ 12/ 2L,.0,3

97.
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REACTION OF BORON COMPOUNDS WITH HYDROXYCQUINONES
A COLOUR TEST OF DIAGHNOSTIC VALUE

HISTORICAL INTRODUCTION

The detection of minute traces of boron utilising
such reagents as alizarin, purpurin or quinalizarin dissolved
in concentrated sulphuric acid to develop intensely coloured
products has been known to chemists for a considerable number
of years. Dimroth (1921), however, approached the study of
such coloured compounds from a novel point of view, l.e. the
use of a known organic compound of boron as a ﬁeans of detecting
specifically the presence of peri-hydroxy or ggggramino
quinonese.

Dimroth (1921) first considered that the reagent used
was tri-acetate of boron (B(OCOCH3)3) since the methqd of
prreparation was that of Pictet and Geleznoff (1903). In a
later communication Dimroth (1926) concluded that the method
of Pictet and Geleznoff led not to the formation of boroﬁ
triacetate as originally claimed but rather to the formation
of pyroboracetic anhydride which was given the following
formula.

CH3CO COCH,,
N o 0
N -
B - 0 - B
o/ \o
e .
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Diwroth (1921, 1926) studied the reaction of
pyroboracetic anhydride in acetic anhydride solution with
similar solutlions of hydroxy and amino qﬁinones. It soon
becaze a:parent vhen the reactants were heated a character-
istically intense colour change proceded the formation of
a vividly coloured insoluble reaction product wvhenever the
hydroxyl or amino group occupied a peri-position in relation
to the quinone groupe. 'forinz under mild conditions, i.0.
below 60°C, he found that tho products contained one boron
aton and two acetate residues for each peri-hydroxy- or
reri-amino- group: on heating in vacuo acetie arhydride
vas liberated, yielding the corresponding de:ivatives of
metaboric acld. 'here there were tuo hydroxyl or anino
groups pori- to tho one quinone oxygen, as in 1:8 dihydroxy
anthragquinone, then it was found that onc of the hydroxyls
was aéetylated and tie other reacted in the usual ﬁanner as
abova. In thoe case vhere the hydroxyl or amino group vas
not geri- to the cuincne group, then there was no develop-
zent of characteristic colour, the group being acetylated
in the usual manner. |

Dimroth also observed that non-quinoid hydroxy carbonyl
compounds such as 2:3:h-trlhydroxybenxophenona and acetonaphthols
with groups on adjacent carbon atoms reacted similarly although
the colours produced were much less intensce Of the heteroeyelic
comnpounds, hydroxy xanthones and 8-hydroxyguinoline were the

only ones investigated. Of the former only compounds with
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tha hydroxyl in the I- or peri-position reacted; 8-hydrozy-
quinoliie was also positive.

By analogy with Pfeiffer's concept (1927) of the
constitution of the co-ordiuatidn couzpounds contalning
stannic tin and peri-hydroxzy-anthraguinones, these reaction
products were considered by Dimroth to be chelated compounds
in wvhich tho carbonyl oxygen is co-ordinated to the boron
atom thus:= |

el ; Sn ; cl CH4CO 0 -/'B\( 0COCH

1" ] " ]

QOO N

0 0
cl - Sd/; cl CHBOC 0 -B - OCOCH3 |
Pfeiffer's Structure dimroth's Structure
Although quite characteristic for peri-hydroxy and peri-anmino
culnones, ‘timroth's reaction obviously suifers from the dis-
ability that relatively large quanﬁities of reagents are
neccessary which scverely limits the scope of the reaction as
a raszarch tool. In adiliition the reactants rmust be heated
for some tize in the presence of acetic anhydride and finally
vory little indication Qas glven as to the degrec of sensitivity
of the reagzent.
A rore gentle reagent was deseribed by ''ilson (1939)

and later studled in greater detail by 'olfram et al (1948)
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as a dlagnostic test for 5-hydroxy flavones. In this case
the reagent consisted of a saturated solution of boric acid
in anhydrous acetone'and a ten pefcent solution of anhydrous
citric acid also in anhydrous acetone solution. Ecual |
volumes of the two solutions were mixed just prior to use

to form the reagent mixture. In this test the formation of
a coloured solution was not followed by the precipitation

of an intensely coloured precipitate and no attempt was made
to 1lsolate the coloured reaction product or to determine
their chemical constitution.

Tauobeck (1942), investigated the effect of variation
of the acidic component in the Vilson test and found that
organic acids such as oxalic, malonic, fumaric, adipic and
malic, amongst others could be substituted forlcitric acid
without any apparent detriment to the efficiency of the test.

Wolfram et al (1941) found that methylation of the |
5-hydroxyl group in the isoflavone series led to a negative
Wilson test, from which they concluded that methylation of
the 5-hydroxyl group in the flavone series wpuld likewisé
lead to negativevresults as was found by Dimroth on methyla-
tion of the peri-hydroxy and peri-amino quinones. These
conclusions howeVer, are at variance with the results found
by Rangaswami and Seshadri (1942).

In general it appears that the Wilson test is limitéd

in application to the flavones and related compounds and is
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not suitable as a genoral reagent for the specific detection
of peri-hydroxy Quinsna structures.

The Dimroth reagent found some application in the
investigation of the structﬁra of some natﬁrally occuring
hydroxynaphthocuinones in the hands of Macbeth and ﬁinzar
(1935) but little attempt was made to improve the techuique
of lmroth. | “

anderson (1950) attempted to isolate alkyl esters of
boron as very insoluble co-ordination products of peri-
hydroxyguinones. Although the required separation was not
aceconplished, it was noted that very intense colours were
developed in bonzene solution of the reagents. 4Yhis observation
led to tho postulation that a banzene solutiocn of esters of
boric acid could rerlace the acetic anhydride solution of
pyraboracetic anhydride as 1 reazent for detection of presence
of peri-hydroxy or peri-azino cuinones. T2 test the thesis,
Arderson prepared a series of compounds waich, froz method
of preparation, he presumed were triphenyl-, tri-n-butyl-,
tri-tertiary-butyl-, mono-n-butyl-, di-tertiary-butyl-borates
and tetra-n-butyl-boric oxlde. Eaéh of theso compounds in
benzene solution gave intense colours with benzene :zolutions
of peri-hydroxy culnones. A few conmjounds such as 8-hydroxy
guinoline, 2-hydroxy 3-naphthoic acid,razhzé-trimethoxyaceto-
phanoné and sone acridones were tested and it was found that

although eolour development occurrced it was of too faint a
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nature to be of dlagnostic value. Somo of the compounds
vere tested by “'ilison's method for compirison and results
of Dimroth's tests vere also noted.

.From the results obtained Anderson concluded that
the esters of boric acld in benzene solution were apparently
satlsfactory reagents for the detection of the jresence of
reri-hydroxy and perie-aminoquinones. 7he faet that the
flavones rcacted showed that the reacticn was not confined
to fully aromatic structures, but nevertheless a fundamental
requirement was that a double bond be conjugated with a
carbonyl group. A4s with the Dimroth test, methylation of
tho aromatic perihydroxy group completely inhibited colour
formation but in the ecasc of the flavones mothylation of

the I-hydroxyl group did not produce such an inhibiting effect.
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SICCUSS3IO.

HEACTION OF BORON COUPOULDS VITH PRKI-HYDROXY

CUINONES ALD HULATTD CoHPQULDS

LiTRODUCIION

From a survey of ithe literature it was found that
there were two principle approaches to the question of the
development of a sultable reagent for the identification -
of peri-hydroxy qulnones, (i) the use of pyroboracetic
anhydride in acetic anhydride solution (Dimroth 1921, 1926)
and (11) the use of triphenyl borate and tri alkyl esters
of boric acid respoeetively in benzene solutions (inderson
1950).

The Dimroth technique suffers from the limitatlions
that it involves the use of maero cuantities, it 1s necessary
to heat the reaction mixture which would make it useless for
testing heat sensitive substances, more so since the reaction
is carried cut in acetic anhydride solution which could lead
to the acetylation of the hydroxyl groups in positiocns other
than peri- to the cquinold oxygen. In the caso of compounds
vhich may be available only in small cuintities such acetylation
would probably be undesirable, since the original compound
could not be recovered on hydrolysis with water. ‘nother
veaikness in thoe method 1s that no attenpt was made to deternmine

the sensitivity of the reaction, a fact which prohibits 1its
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application 2s a spot test reagent for the peri-hydroxy
culnones.

The wvork of Andersoa was a sli;ht improvement on
that of Dimroth in that it was found that tri-phenyl borate
could be used in the cold in bsngenc soiution as a reagent
vhich was specifie for pori-hydroxy cuinones. IHowever,
again very little attempt was made to deternine the
sensitivity of the reagent. A careful exanination of the
voric of Anderson showsd that tiere were no analytiecal
figures to show that the compounds he prepared and used in
situ in benzene solutlon were actually in fact those which
he claimed to have prepareds In view of these facts then,
it was declded to carry oﬁt carefiul preparation and isolation
of appropriate esters in order to checic thelr efficiency as
reagents. The preparation anl properties of such compounds
has bcen previously deseribed (loc. cit sections 3, 4 and 7
this thesis).

Because the work of Anderson indicatsd that there was
a possibility that saturated benzens solution of tri-phenyl
borate in benzene may be a2 reagent of diagnostic value, it
wvas declded to determine vhother a saturated benzene solution
of pyroboracetic anhydride in benzene would be as satisfactorye.
Simultancously tri-alkyl esters and tri-alioxy boroxoles were
tested for suiiability as reagents.

It vac envisaged that tho reagents would possibly find
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use as spot test reagents, consegucntly. the solutions of
coapounds itested were of known strenzth and were succecssively
1iluted until there wis no further possibiliiy of detecting
any colour change by eye. 1In this way it was proposed to
compare the relative sensitivities of the reagents used, i.c.
saturated benzens solutlions of pyroboracetic anhydride, tri-
phenyl borate and tri-alkyl esters of orthoboric acid respec-
tively. 3Because of the difficulty in preparation of the
boroxzoles at the tice of ecarryinz out the sensitivity tests,
they were only used on typleal membors of different classes
of compounds examined for the sake of recorde.

The sizeleton structures of the compounds tested werc

as followss-

(0 CQO QOO0

haphthsquinone Anthracuinone lavone ucridone
Other riscellancous structures were tested which
possegssed related struectures, in order to determine the
speeificity of the reagents.
LESULTS AlID GUUDRAL DISCUSSION

The Dimroth (1921, 1926) technique, as originally
deseribzsd, used excess acetic anhydride as n solvent and
required heating under reflux for up to one hour. In aldi-

tion comparatively large amounts of material were recuired.
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It has bean found that the colour reaction may be carried
out in thc cold using only smill guantities of material.
However, a conslderable improvement both 1n sensitivity
and convenience was obtained by using a cold saturated
solution of pyroboracetic anhydride in benzene rather than
in acetic anhydride. This has becen terrmed the modified
bimroth reagent. As judged by the rate and depth of colour
development, the recaction appeared to be coxplete in a
ninute or two and warcming made no appreciable differecnce in
the veloclty or degree of completion of the reacticn.

The coloured solutions initially formed, (probably
colloidal) were unstable and intensely coloured precipltates
forzmed on standing. However, at the low concentrations of
the conpounds tosted the solutions were stable for at least
fifteon nilnutes 1f the test tubes were stoppered, and there
was no difficulty in deterzining whother the colour reaction
ware positivo or negative.

Attempts were rnade to develop a satiszfactory technique
for colourimetric rnethod of cstimating awounts of peri-hydroxy
cuinoses but it was found that at low concentrations the colour
quicitly faded due to atumospheric molsture and at higher con-
centrations procipitation occurred after coazulation. It was
considered that complicated technigue reculred to carry out
such quantitative colourimetric estimations would bo unsatis-

factory and the problem was not further iunvestigated.
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(uantitative tests were run sizultancously with
benzene solutions of tri—phenylborate and pyroboracetic-
anhydride and also the '""ilson reagent. A fow Dimroth tests
were also'carrieﬁ out but, due to the dlsagrceable nature
of the acetic anhydride solvent, these tests wefa confined
to representative compounds from the various groupse.

In 2ll tho cases toested it was found that the sonsi-
tivity of the tri-phenyl borate and the modified Dimroth
reagent wore of the saxs order, covering a range of concentra-
tion from I to 10 ug of the compounds testede Yhere the
sensitivity was very low, such as in the acridones and
aromatic carbonyl coapounds, the reajents were not very
satlisfactory bscause there was very little difference in
colour betwescn peri-hydroxy compounds and those with hydroxyl
groups in other positions. However, thesc two reagents were
very definitoe in thelr reaction speeciflically with peri-
hydroxy compounds belongin:; to naphthoquinone, anthraguinono,
flavone series. lione of these compounds showed negative
result vhen there was a hydroxyl group present in the peri-
position and all were negative when the hydroxyl grour was
;n any other position. Ifethylatlon of the peri-hydrozyl group
counpletely inhibited the reaction except in the case of the
flavone scries where there was a slight increase in sensi-
tivity. In the case of the acridones, methylation or acetylation

of the peri-hydroxyl zroup does not affect the reaction. The
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substituent may be either in tho I or 4 position to zive
positive reaction. Thorefore a compound with a hydroxyl

group perl- to a nitrogen atom in an arcmatiec ring is as
effcctive as a peri-hydroxy quinone in giving a positive
reactiocn, ef. 8-hydroxy quinoline, but the colours are
usually yellow cuite distinct in shade from the yellow

orange of the naphthoquinones, anthraquinonss and flavones.
The reageants arc lncapable of differentiating betwsen hydroxzyl
groups perl- to either guinoid oxyzen or the nltrogen in the
rinz.

The “'ilson test was found to give negative results
for all compounds except the S-hydroxy flavonas. Keactions
wvith the acridones were weaker than those rceccorded fer the
wmodificd Dimroth an? tri-phenyl borate reagents and to all
intents and purpos:s way be consldered as negative and
inaprlicables It is to be noted that tie Vilson test was
v.ry sensltive even thouzh the S-hydroxyl group in the flavones
had bsen methylatede There has becn some conflict in the
litorature regarding the bohaviour cf methoxy flavonoes to
the ilson reagent. 'olfram et al (1941) found that in the
iso=flavone series mothylation of the S-hydroxyl group led to
a negative test. They concluded that this methylation of the
S=hydroxyl group would lead to a negative test in the flavons
scries also. Thls conclusion is at variance wvith the resuits

recorded above and also with thosc recorded by langaswami and
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Seshadri (19%2). Thus wo sec that the Uilson test is given
by S-hydroxy flavones S-hydroxy flavonols and 2-hydroxy
chalizones (oifram et al 194l) and by the nmethyl derivatives
of these compounds. However, Seacetcuy flavones do not appear
to react (fiangaswami and Ceshadri 1942). An outstanding |
difference betwzen the “ilson reapgent and the others is that
only the Yilson test 1s positive with 2-hydroxy challiones and
flavones or flavonols.

The usefulness of the original Dimroth test as a
diagnostic test for peri-hydroxy quinones wés considerably
rcecduced because positlve reactions wore reported for a cone
siderable number of miscollaneous compounds, viz. o-nitro
rhenol, I-aminoanthraquinone, o-hydroxyaccetophenone,
o-hydroxysalicylaldehyde, I-acetyl-2-naphthol, salieylic acid,
2=hydroxy-3=-naohthoic acid, and 8—hydroxyquinollne. Sy the
use of the modified Dimroth reagzent or tri-phenyl borate the
interference éf ortho-nitrophenols,lpcri-aminianthraquinones
and salicylic acid is elinminated. Horeover, since ortho-
hydroxy arozatic :zetones and aldehydes glve onl¥ very pale
colours and the tests are relatively insensitive, the inter-
ference of this class of compound 1s not important.

- Tri-alzyl esters of orthoboric aclid were found to glve
negative results with all conpounds tested. uUn tie other
hand it wis found that tri-alitoxy boroxoles were capable of

developing positive colours with peri-hydroxy naphthoquinones
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and anthraculnones but negative colours with 2-hydroxy
rarhthoquinone and 2-hydroxy anthracguinone. Because of the
difficulty of proparation and the fact that compounds for
testing as usod for wodlified Dimroth reagent eate. were no
longer avallable, cxhaustive tests were not carried out wvith
the boroxrcles to determine their rolatlive sensitivity as

reagents.
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CuliCLUSIONS

A saturated solution of cither pyroboracctic anhydride

or tri-phenyl borate lP b“*"er congtitutus a reazent which may
be used to determine specifieally wirether the free hydroxyl
group in naphthoquinones, anthracuinones or flavones occupics
the peri- position in rclation to the gquinone structure or not.
“ither reazent ls more speclfic and scnsitive than cither the
orizinal Dimroth reazent or the Vilson reagent, thus enabling
the use of Liinute quantities of the compound to be tested.
iri-algyl borates are unsuitable as reagents vhereas
kalkoxy boroxoles and tri-aryl boratcs, on the other hand,
iy poscibly be substituted for wolificd Yinmroth reagent should

the oceasion arise.
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EXPTRIMENTAL

(1) The Compounds Tested

Many of thesc were comparatively rare substances and
were donated by workers in the appropriate fields. Vhere
tho donors guaranteed the purity, the substances were used
without further purification. ¥Yhere thoe purity was uniznown
or doubtful, the materials wvere suitably purified to the
correct melting polnts.

(11) The Hearents

The reagent referred to hereafter as Dimroth's reagent
was a solution of pyroboracetic anhydride in acetie anhydride
saturated at room toemperature. Tho composition of the pyro-
boracetic anhydride was checked by analysis (loc.clt this thesis)
*hen used hot, thls reagent approuimates to the conditions
originally used on a largser scale by Dinroth.

The modificd Dimroth reagent was a solutlon of
pyroboracetic anhydride in cerystallizable thiophene free
benzene, saturated at room temperature.

“he Vilson reagent was wmade up freshly for use frox
equal volumes of solutions in anhydrous acetone of boric acid
(saturated) and anhydrous citric acid (1075), conforming to
the original technique of ''ilson.

The tri-alkyl and tri-aryl borates were prepared

and analysed as deseribed in scction 3 of this thesis; liko-
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wise with tnoe substituted boroxoles.
All reagents wero oyt in tightly stopjpored bottles
and were periodically checiked for purity. Average period

of stability was approximately six weelks.

(i1i) EZxperimental Yechnicue

A solution of tho test substance was prepared in
acetic arhydride (1 m:. por ml.) for use with the Dimroth
reasent and in erystallizable thioprhene free benzene for all
other reagents except for the Vilson tost when anhydrous
acetone was euployved. Substances vwhich were not sufficlently
soluble in bonzene (l.e. glycosldes) were dissolved in benzene
containing up to 20 dioxane. Further dilutions to establish
the linmit of sansitivity were prepared ircnm these stoex
solutions. The c¢olour reactions were earried out by adding
2 ml. of the reazeat to 1 ml. of the solution in a small
test tube vhich was coried lmzedlately and compared agalnst
a white baciground with a blank of the same concentration.

Since the modified Dimroth reagent was so much more
convenient to use than the Dimroth reagent, tests with the
latter were only carried out for comparative purposes on
substances typlecal of each group. The Dimroth test was most
unpleasant and inconvenient to use owinz to the disasreeable
naturo of the solvent.

It is to be noted that in the case of the tri-alkyl

bora‘es and substituted boroxoles no attempt was made to
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determine the sensitivity of such compounds as gave positive

colour with perihydroxy cuinones because it was considered

that trirphenyl borate and pyroboracetic anhydride were the

most sultable reagents boecause »f ease of proparation and

oanipulation,

These compounds were included in order to

shoy that trlalkyl borates do not give any colour development

with pori-hydroxy quincres vhoreas substituted boroxoles, on

the other hand, produce intensely coloured solutlons.

HESULTS

IX inelusive.

=-0H
=JMa

TABLE I

RUACTIGHS OF HAPHTHOCUILONES

Positions

-0Ac
-0H

i

-0
«-DAc
«01

-0H

Triphenyl
Borate

Iug. Orange
-V,
-Ve.
-V,

2uz. Orange

2uge. drange

-V,

-VCe
2uz. Mauve

-V
2uz. Hauve

3uge liauve

The results of the tests are recorded in Tables I to

Hodified
Dimroth

Iug. Orange
-VC,
-VGe
-ve.

2uze. Jrange

2uz. Orange
-Ve.
~VC4

2uz. iHauve
-VCa

2uz. Hauve

3ug. Hauve
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In all these tables these figures represent the concentration
limit per ml. for the test. Duo malinly to variation between
observers they are accurate within a factor of twoe.

The '"ilson test was negative 1n all cases.

The Dimroth reagent gave vwith S-hydroxynaprhthogquinone
a positive reaction of concentration limit 2%5ug.

(a) HNaphthogulnones (fable I)

In all cases the Vilson test was negative. Haphthoe
cuinones having at least one h&droxyl grougp ri- to a
carbonyl group gave positive reaction with the Dimroth
reagent, the modified Dimroth and triphenyl borate reagoentise.
Both 2:3 dihydroxy and 2-hydroxy-I:4 naphthoquinone gave
nezative results showing that a hydroxyl group ortho to a
carbonyl zroup is not sufficient for a positive reaction.
Hothylation or acetylation of the peri~hydroxyl group com-

pletely inhibits the reaction.
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(b) Anthraguinones (Table II)
TABLE II
REACTIONS OF ANTHRAQUINONES

Positions Triphenyl ﬁﬁdified
1 2 Y 5 8 Borate Dimroth
-0H - - - - 3ug. Yellow 2ug .« Yeliow
- -0H - - - -V =VCe
-0H -0H - - - lug. Yellow lug. Yellow
-0H -0H ~0H - - lug. Mauve luz. Mauve
-0H -0H - -0H -0H 1lug. Purple» lug. Purple
-0Ac - - - - -ve. -vVe.
-0H - - -0H - lug. Purple lug. Purple
~-0H - -0H | - - lug. Hauve lug. Mauve

The Wilson reagent was in all cases negative.

The Dimroth reagent gave with I-hydroxyanthraquinone a positive

reaction of concentration limit 25ug.

The reactlions of the anthraquinones closely parallel

those of the naphthoquinones.

Reference to Tables I and II

will show that in both the naphthoquinones and anthraguinones

compounds with one peri-hydroxyl group give colours yellow to

orange but those with two peri-hydroxyl groups give colours

mauve to purple.

Although hydroxyl or methoxyl groups situated

in other positions have small effect on the colour, their

presence or absence does not vitiate this broad division.

Hence it is clear that within the scope of the compounds tested,



118.

the shade of colour may be used to indicate the number of

peri-hydroxy groups present in the molecule.

(¢) Flavones and related compounds (Table III)

1
~-0Me

-0Me
-0Me
-0Ma

-0Me

~-0Me
-0Me
~-0Me
-0Me
~0Me
fOMé

REACTIONS OF FLAVONES AND RELATED COMPOQUNDS

2
-0Meo

-0Me

-0H
-0OMe

~=0le

Positions

6

-—

7”

-0le

9-CH2=0

-0QMe
. =0H

-0OMe

0-CHy=0

-0Me
~0He
-0ﬁe
-0ife

-0Me

t

-0H
~-0Me

-0Me

~-0H
-0Me
~0Me
-0H
~QSugar

TABLE III
Triphenyl
Borate,
‘ Modified
Common Dimroth,
3' e Name Vilson &
-0Me -OMe Pentamethyl 1lug. Yeilow
quercetin
0-CHy=0 lug. Yellow
. - .
0~-CHo=-0 lug. Yellow
L ?
0-CH»p-0 3ug. Yellow
t ' _
-0Me -0Me Tetramethyl 3ug. Yellow
quercetin
0-CH,-0 5ug. Yellow
] [} ) ' :
-0H =0Me 5ug. Ycllow
0-CH,-0 Sug. Yellow
] [} : '
0-CH5-0 ' 1ug. Yellow
L '
?-CH2~? . 10ug. Yellow
0-CHp-0 Dug. Yellow
-0H -0H Quercetin 10ug. Yellow
-0Me -OMe Hexamethyl 1l0ug. Yellow
quercetin
- - Tectochrysin 50ug. Yellow
-0H -0OH Rutin toug. Yellow
- -0H Robinin 100ug. Yellow
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TABLE III (Contd.)

Triphenyl
Borate,
Hodified
Cormon Dimroth,
1 2 6 7 8 3v L Nameo 'ilson &
<Qoar -0 - <0H - <0H «0H Guercetin 100uz. Yellow
- «Ofugar - -Xgar - =0H <0I Hariginin . =V
- «0H =« =0H = - - Hesperetin -Ve,
- =0 - =gy - - - Hesperidin -V3e
- - - <Ofgar - 0-CHpy=0 Psuedobaptisin -V
- -0H -Cglg 94;H7 = CiH- -0l Osajin 3%uz. Yellow

-Collg  0-Qff; = CH-

-0H =0t Poniferin  30ug. Yellow

& The three reagents have ldentical results.

The Dimroth reagzent gave with pentamethylquercetin a positive

reaction of concentration limit 25u:.

The S-substituted flavones and related cosjpounds were

found to give positive reactions with the Dimroth, Hodified

Dimréth, triphenyl borate and ''ilson reag:nts, the sensiti-

vities to all reagents belng identical. Glycoside formation,

not involving the S-hydroxyl group, does not inhibit the

reaction sinceboth robinin and rutin give positive reactlons.

A compound :f this class unsubstituted in the 5-

position does not react (psucdobaptisin). Reduction of the

2:3 double boni leads to a negative reaction (hosperetin and

nariginin). The isoflavones osajin and pomiferin glve posltive

reactionse Unfortunately, insufficient of these werc available

to pormit the proeparation and examination of their methyl

derivatives.
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TABLE IV . 0
HEACTIONS OF XAWTHOHES

Triphenyl Borate

Positions Yodified Dioroth
| tilson 1
~0H - 5 uzg. Deep Yellow
-QOife - 100 ug. Yellow
- -0H ' -ve.

ft These reagents zave identical results.

From Table IV it will be seen that a positive
reaction for all rezgents is glven when there is a hy&raxyl
group in tho peri- position to a carbonyl group. !lethylation
reduces the sensitivity considerably, but the rcaction is
still positive. ‘hen the hydroxyl group is similarly
situated with respect to the cyelic oxygen, then the reaction

is negative.
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TABLL V
REACTIONS OF ACRIDONES

Positions
1 2 3
-~-0Me - -  -
~0Me - -QMe -

-0Me -0OMe -OMe -

-0Me -0le - -0lMe
-0Me - - -
- - - -OMe
- - - -0H
- 0-CH5-0 ~0H
L] ]
- ?'332'9 ~0OAc
- 0-CHs~0 ~0Me
) L ]
-0H - - -

10
~-H
-H
~-H
-H
~Me

Mo’

~Me
~Me
~Me
~Me
-Me

Triphenyl Borate
Modified Dimroth

3ug. Deep Yellow
5ug. Yellow
Sug. Yellow
3ug. Deep Yellow
Yellow
Yellow
3ug. Deep Yellow
Yellow
Yellow
Yellovw
Yellow

121,

ilson
50ug. Yellow
50ug. Yellow
50ugz. Yellow
50ug. Yellow
Yellow
Yellow
50uz. Yellow
Yellow
Yellow
Yellow
Yellow

The Dimroth reagent gave with h-hydroxy-lo-methylacridone a

positive reaction of concentration limit 50ug.
- It is evident that methylation of the peri-hydroxyl
group does not effect the reaction. The substituent may

either be in the 1 or 4 position to give a positive reaction.

Therefore a compound with a hydroxyl group

eri- to a nitrogen

atom in an aromatic ring is as effective as a peri-hydroxy

quinone in giving the positive reaction (cf. 8-hydroxyquinoline).

The V'ilson reajent is far less sensitive than the

triphenyl borate or modified Dimroth reagent.
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TABLD VI

REACTIONS OF ARWIAVIC CARBONYL COUPOULDS

Triphenyl Modiflied Dimrothi
1 2 4 Borate Dimroth Cold Boiling
-C0lie - - -ve. -va, -V3. -Va.
-COile - =0 -Ve. -VC. -V3e -ve.

-C0ife =DH = 1 mz. Pale Yellovw 1 ng. Pale Yellow =vae. -V,
-C0le -0Meo - 10m3. Pale Yellow 1D0m3z. Pale Yellow
-COHe «0H =-0H 1 m:;. Pale Yellow 1 m3. Pale Yellow

-CHO) =-0H - 10m:. very Pale 10mz. very Pale
Yellow Yellow

The ''ilson reazent was in all cases negative.

& Althou:h these tests wers negative, Dimroth originally

obtained poslitive reactions with the ortho-hydroxy conpounds

by worizinz in hi:h concentrations and alter longer reactions.
F:am Table VI it will bo,séen that any aromatic ketone

or aldehyde which has either a hydroxyl or methoxy group in

the ortho-position gives a positive reaction with all except

the ‘'ilson reagent which is in every case negative. ihls

class of compound is however distinguished by being much

less sensitive than peri-hydroxy cozpounds and the colours

produced are very nuch more intense.
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Table VILI

(z) Hiscellancous Comp
TABLD VII
ROACTINNG OF MISCELLALEJYUS COMPOILDS
Trirhenyl Modified
Substance Borate Dimroth ’ilson
Sallieylie acid -VC, =-V8. -V(a
Benzoin -Ve, -V e -Vaa
Benzil -Va, -V -VCe
o-iitrophenol -V, -Ve. ~-VEo
2-nydroxy=-3-naphthoie 10%ug. ¥Yecllow 100uz. Yellow ~Va.
acld '
o-nitrobenzenc-azo=- ~V3e -VC, -V0,
resorcinol
8-hydroxyguinsline 500uz. Pale S0uvug. Pale  S00uz. Pale
Yellow Yellow Yellow
Tumeric 10%uz. Pale 1%90uz. Pale Pinz
Yellow Yellow
I-aminoanthracuinone -VSe -Vea ~-VCe
Partially mothylated -Vie -Via Yellow
hesperctin chalkone
bimedone, diosphenol, -V&e -Ve,

anguctione, Acetylacetons,
Cyelohexanel:hdione-2:5
dicarboxylic acid.
ihe original Dimroth reaction was reported as positive
with salicylic acid, 8-hydroxy quinoline, leaminocanthracguinone,

o-nitrorhenol, and 2-hydroxy-3-naphtholc acld.
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(z) iilscellaneous Compounds (Table VII Conti,)

Hloteworthy amongst thesc¢ are the enolisable conmpounds
dimedone, dipsphenol, angustion;: cyclohexane=l:l=dione=2:5-
dicarboxyllic acid, and acetylacetonc, all of wvhich gave
negative reactions with all reagents. 7The partially methylated
hesperetin chalkone consisted of a mixture of 2:L4:6-trimethoxy-
3':htwdimethoxy chalkcne and 2-hydroxy-b:é-dimethoxy=-3':l'-
dimet’ oxy chaliione obtalned from hesperetin by methylation in
alkaline solution. The fact that this'gives a negative reaction
with modified Dimroth and triphenyl borate reagents shows that
nelther 2-hydroxy nor 2-mcthoxy chalizones give positive
reactions with these reagents. 8-hydroxyquinoline gives a
positive reaction with 2ll reagents and 2-hydroxy-3-naphtholc
aclid gilves a positive reaction with all except the “ilson

reagent.
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(h) 9$rialkyl esters (Table VIII)

TABLD VIII

DACTICHS 9 TRIALKYL BORATES

Ester Guinalizarin Alizarin Haphthoquinone
Tri-n-butyl borate ~vVe. -V&e -VCe
tri-scecondary-butyl borate -ve. -Vie -VCe
tri-tertiary-butyl borate -VCe -V3e ~VC.
tri-cyclohexyl borate -V, -V -V3e
tri-(2-octyl) borate -Va, -V -V,
tri-nethyl borate -Ve, -Vie -Vie
tri-n-propyl borate -Ve, -VCe -VGe
tri-(2-ethyl)-hexyl borate -ve. -V, ~V3e
tri-n-amyl borate -Vie -V, -V,
tri-n-hexyl borate -V, -Viae -~V
tri-n-hoptyl borate -V3e -Ve&. ~-VCa

It is gulite definitely scen here that tri-alkyl borates
are ineapable of producing colourzd reaction products with

pori-hydroxy cquinones under conditions of the experiment.
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(1) Reactlions of substituted “oroxoles (Table IX)

TABLE IX
DACTICHS 0 SUBSTITUTED BOROXOLES

Conipound . Cuinalizarin Alizarin [Haphthoquinons

Tri-methoxy boroxole *va. *va. +ve.
Iri-n-propoxy boroxole - *ve. *ve. *ve.
Tri-n-butoxy boroxole ‘ve. dve. *ve.
tri-sec~-butoxy boroxolc *va. +ve. ve.
tri-tert-butoxy boroxole ‘ve. *ve. *vo.
tri-(2-0ctoxy)-boroxole *VQ. +ve. *yc.
tri-cyclohexoxy boroxole *ve. *ve,. *VG.
tri-n-pentoxy boroxole tve. | *ve. - tve.
tri-n<hoptoxy boroxole *va. iva. +va.
tri-(2-ethyl)hexoxy boroxole*ve. *Va. V.
tri-n-heptoxy boroxole *Va. *vo. *va.

Fron these resultsit would appear that the property
of forming coloured reaction products with peri-hydroxy
quinones is not confined to‘tri-phenyl borate and pyroboracetic
anhydride but is also a property 6f alkoxy substituted boroxoles.
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THE CHEMICAL CONSTITUTIOH OF SOME BORON COMPOUINIDS
OF PERI-HYDROXY QUINOIHES

INTRODUCTION

Dimroth (1921, 1926) reacted pyroboracetic anhydride
with l-hydroxy anthraquinone, 132 dihydroxy anthraquinone
(alizarin), l:4 dihydroxy anthraquinone (quinizarin) and
1:2:4 trihydroxy anthraquinone (purpurin) with acetic anhydride
as solvent and found that compounds vere obtained to which
he gave the following structures on basis of his analysis

24 L
and from an.;‘]‘;gcg_ §3c§f?1ffer s tin complexasﬁ 0co- ;,a pcoca,

o7 te R
0 U
o [0 2Oy
7"=0¢C oeu
l-hydroxy anthraquinone 1:% di-hyéfo.fy anthraquinone
pyroboracetate pyroboracetate

Sines the colours of the preeipitates formed and thoir
genei-al solubility were shown in previous sections of this
thesis to be slightly different from those of Dimroth it was
deelded to investigate thelr composition in ordor to dotermine
whethor they were identical with those obtained by Dimrothe.

In addition the compounds obtalned from tri-phenyl borate were
included to see whother they fitted into tho general pattern.
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DISCUSSIOH OF RESULTS

Conpound II was preparced and analysed according to
the method of Dimroth and it was found that the ratio of
acetic anhydride to hydroxy anthraquinone to boron was 4:l:2
as rccorded by Dimroth. On these grounds it was concluded
that the method of aralysis,with slight variations, could
be applied to the tri-phenyl borate complexes prepared in
benzene solution.

l-hydroxy anthraquinone, alizarin and quinizarin wore
then reacted with pyroboracetic anhydride in benzene solution
to give inteasely coloured products vhich were flltered, dried
in vacuo and analysed. Durinz handling the products were not
allowed to stand in the air in order to avoid decomposition
by atmospheric moisturc. Analyslis gave the fbllowing results:-

Hydroxy Guinone Acetic %gﬁggridehitégdggggcﬁggggge s Boron
l=-hydroxzy anthraquinone l1:1:12 l1:1:1
D631 5
alizarin l:1: 5 1:1:1
Quinizarin De5 21 ¢ 3 2:1:2

It ecan be seen that in 2ll cases the ratio of acetic
anhydride to kydroxy quinons to boron is such that the acetic
anhydride content is much lower and the boron content ruch
higher than would be expected 1f the resultant conmpouids wore
identical with those prepared by Dimroth.
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Likewlise it was found that the sum total weight of
acetic anhydride hydroxy quinone and boron was always laess
than the welght taken for analysis. It is considered that
this difference can be accounted for to some oxtent if 1t
1s surmised that the boron is present as a variable polymer
of boron oxide which must be attached to the hydroxy quinones
at the guinoid and peri-hydroxy groups. These two groups
nust be present or else there is no colour formation. In .
alditlion acetlic anhydride is attached to the boron oxide
polymer in some indeterminate mannere. |

Because benzene solution of pyroboracetic anhydride
apparently zave products vhich differed in composition from
thoseobtalned in acetie anhydride solution, it was decided
to exanine a few compounds preparcd by the reaction botwcen
benzene solution of tri-phenyl borate and selected pori-
hydroxy quinones. The intensely coloured reaction products
were filtered, dried in vacuo and analysod. As with the
conpoundsobtained by reaction with pyro-boracetic anhydride
it wvas found that the ratio of phenol to hydroxy quinone to
boron was entirely different from that expected, except in
the case of quinizarin. Tho analytical results aro summariscd

as follovs:-

Ratlio of
Hydreoxy Guinone Phenol ¢ Hydroxy Quinone ¢ Boron
Found Caleculated
Alizarin 0.1 ¢ 1 ¢t 0.6 2:1:1
Purpurin 3 :1:3 Yy 112
Guinizarin L s$1:2 Y212
Quinalizarin De5 21 : 3 L1122
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Hero again it is scen that in general the ratic of
boron to the phonol and hydroxy quincne is higher than
expected, but differs from the pruvious compounds in that
the ratio of boron is not as high. Howevoer, no conclusion .
could be drawn as to the manner in which the threce conponents
vere linked togethor in theso coloured compounds.

It was found inpossible to determine the molecular
velghts of the compounds 1solated beecause they were either
insoluble or decomposed by solvents uscd for molecular welight
doeterminationse It was thought that dioxanc would be a suitable
soivent, howeveyr it was found that this solvent co-ordinated
with boric oxide on wvarning (loc.cit) and so was not used.
CORCLUSIONS |

The compounds obtained by the reaction of benzene
solutions of pyroboracetic anhydride and tri-phenyl borate
respeetively with peri-hydroxy quinones appear to dlffer in
conposition from what would be expected by compariscn to those
obtained by Dimroth by reaction with an acetic anhydride
solution of pyroboracetic anhydride.
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1. Guinizarin (1.5z), pyroboracetic anhydride (2.0g)

were dissolved in acctic anhydride (20ml) on gentle warninge.

Th: resultant purple solution was allowed to stand over night

in the refrigerator and then filterecd.

The deep red coloured

precipitate was washed with anhydrous benzene and then dried

in a vacuunm disiccator.

At no stage was the precipitate

allowod to dry out sufficiently in the air to causc hydrolysis,

as indicated by change in colour to dari ochrc.

The precipitate was analysed according to the

technique of Dimroth, i.¢. hydrolyse a weighed sample with

warm wat.r, filter off and welgh the insoluble hydroxy quinone,

titrate tho filtrate with N/10 barium hydroxide solution to
neutral red for acetic acid, then add mannitol and titrate to

rherolphthalein for boron.

Analysis resultse.

V'eizht of sample

Yte quinizarin found

V't. Acctic arhydride

't. Boron as B.
Total

REatio of cuinizarin :

0.1343g
0415643
0.0113g
0«3020g2

0.3133g

0.1159z
De1370g
0401593
0.2688z

0.2767g.

boron ¢ acetic anhydride 1 3 2 3

l:2

[ 1)

2 rols

2 ols.



2. Guinizarin (1.5z), pyroboracetic anhydride (2.0g)
were discolved in dioxane (L0 and 20 nl respectively)e Thoe
solutions were pixed cold, 50 ml benzene added and the whole
allowed to stand overaight in the refrigerator. These
coniitions approximate to those existing in the tests for
pori«hydroxy quin:nes as carried out in scction I of this
thesis.

The rasultant jpurple precipitate was filtered, washed

vith benzene and analysed after drying in vacuunm disiceator.

tveight of sample 0.169Lg 0.1156z
te quinizarin found 0.0881g Je0869g
Wlts acetlic anhydride 0401022 0.0102g
¥Yt. boron as B. 0.0128g 0.0121
Total weight 0.llllg He1289z
iintlo of quinizarin : boron : acetic anhydride =1 : 3 : 0.5 mols
Calculated for Cyoligliabs 1:2:2
3. Alizarin (l.52) was treated with pyroboracetic anhydride

(2.02) as for quinizarin and the resultant red product analysed

to give following resultss-

Yelght of Sample 0414762 0.1113z
tleight of Alizarin found 0.0620g 0404667
Velght acetlic anhydride 0.0136g 0.7118g
vieight of boron as B. 0.0147g 0.010Lg
Total weight 0.0%03z 0.0688g
Hatio of Alizarin - boron - acetic anhydride 1 : 5 : 1

[ [}
HY
»”e
-

Calculated for C,gH, 3088, 1
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he l:llydro:y anthracuinone (O.hhg) was treated with

pyroboracetic anhydride (0.723) in dioxane solution as above

and the resultant yellow precipitate scparated, dried in

vacuun and analysecd.

Veight of sample 0.0518g 004053
¥t. l-lydroxy anthraquinone found 0.0122g 0408943
t. acetic arhydride 0.0041g 00030z
't., boron as B. 000752 0.0256g3
‘Total welght De0238 00180z

HEatio of l:llydroxy ant?r?q?1?o§g : acetlc anhydride : boron

Calculated for 3183133?3 111

weight cf sample 0.0397g 00438z
Vt. leHydroxy anthracuinone 0.0190g 0.9170z
t. acctic aphydride 3000352 0.0029z
Y't. boron as B. 0.u0k0g 0400532
Total Veight 0.0274g 0.0252¢g

¢ acetic anhydride : boron

katio of :-Hydroxy anthraquinone

1:06:5
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Se Quinizarin (1.52) and tri-phenyl borate (2.0g) were
dissolved in dioxane (40 and 10ml respcetively), benzene (50ml)
was then added and the solution allowed to stand overnight
in the refrigerator. Thz resultant red precipitate was filtered
vacuum dried and analysed.

Veighed sample (0.2g) was hydrolysed with wvara water
(50ml), cosoled and the preeipitated peri-hydroxy quinone
filterced through tared sintered glass crucible, dried at 120°C
and welghed.s The filtrate was made up to 190ml. and divided
into tvo poriions. 2% ml. wore titrated with /10 bariunm |
hydroxide solution to nsutral red, followad by aldition of
mannitol and final titration to phemolphthalein for boron
determination. To determine the phenol conternt, 25 ml. of
the filtrate was treated with 30 ml. H/10 bromide bromate
solution in an fodin: flask; 5 ml. hydrochloric acid were
added and the stoppered flas: shaken at irregular intervals
over 2 period of half an hour and then allowed to stand for
fiftcen ninutes. 5 ml. of 207 aqueous potassium iodide solution
was then added and the mixture titrated with sodium thiosulphate
uslnz soluble starch indicator. 1 ml. Bromide/bromate solution
equivalent to 0.001596g phenol. Simultancously a blank
determination was carried out and the difference in titration

gave equlivalents of bromide bromate solution.
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Hesults of analysis

”eight of sample 0e2238g 0.20133

“'te. quinizarin De0711g De 06z

t't. phenol 0410363 0.0936

't. boron - 0e07hkg 0058k
Total weight 0.2591 Je2204

Calculated for C38H2638§2 guinizarin ¢t phenol ¢ boron =1 s & 3 2
Found l:L:2

6. Alizarin (l.23) and tri-phenyl borate (2.9z2) were

treated in dioxane as for quinizarin above and the resultant

red preclipitats analysed uﬁder saxno conditions to gzive following

resuliss-
toight of sample 0e28262
Veight of alizarin 0.25323
Yelght of phenol 06075z
Teigzht of boron D.0365g
Total weight 0206722
RKatio of alizarin : phenol : boron 1 : 0el 2 046
Calculated for 026817063 l:2 =1
7e Purpurin (1.28g2) and triphonyl borate (5.8g) were

treated 1n dioxane and resultant red purple precipitate dried

and analysed as above.

Yelght of sazple 0.27122
Vt. purpurin 00835z
Y't. phenol Je0OS%U1g
"te boron 0.0110g

Total welizht 0.1886g



Katlo of purpurin : phenrol : boron 1l

.
(V]
e

Caleulatad for C_.H,.,0 B 1:4 2,
. 367267y 2
Ge (uinalizarin (le36g) and tri-phenyl borate (9.53) were

dis.olved in dlcxane and the resultant purple preciplitate

isolated anidl analysed as above.

T'elizht of sample . De237%2
”ei;ht of cuinalizarin O.lé)lg
“gizht of phonol 2.02133
"eizht of borou 01393
“otal weight J.1553g
hintlo of quinaligzarin : phenol : boron l: 2.5 :3
Cale 1ated for C 1:L =2

1S PR 3
382671955
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HEOTABIORIC ACID

Yiscussion

From the reaction between one mol of an aleochol and
one of orthoboric'acid, using bauzene as solvent, it was found
possiblc ts is.late alkoiy boroxsles. Vhere the ratio of
boric acid to alcohol wis ;reater than one to one it was found
that zetaboric acid was forsed from the cexeesc orthoboric
acide. Under the conlitlons of ‘he experiment, all tho alcohol
vould have beeu used in the reaction, thercefore thoe only
dehydrating ageit preseat would be tie hydrocarbon solvente.
Y0 show thht beonzene, tolucnc, and zylene were able Lo dehydrate

]

orthovoric 2acid, a snaple of the acid wvas refluxed with éach
solvent and it was found that the resultant product was netae-
boric acid.

Although the orthoborie acid vas heated at 1LL9C in
bolling xylene, it was found impossible to taie the dechydration
furthier than the formation of the metaboric acid.

Althouzh the dchydration of orthoboric acid was found
to oceur readily with benzene as the azeotro;ing agoeut, and
the ease of dehydration increased with the inercase in boiling
polnt o. the azeoiropic solvent, however, it was found that
heating at 114°C in xylene failed to lead to the formtion of
boron o:xidc. |

In vicw of the following facts:~-

(1) Orthoboric acid is readily dohydrated to metaborie acide

(loc.cit)
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(Li) Tri-alioxy woworozoles are lutormediates Lo the foraaticu

0i" tri-anluoy  Loratuse  (loce.cit).
ncld @y we propared by dohydratisn ol ortho-
‘boric acld 7ith acetic whydride (locecit),

ro: osed that the reactious of orthoboric aeid are

o
-

[

it
ratier thosce of 2 oydiate of moetaborie acid., In cach of th
oi orthoboric

VEY

reactlions quotcd above, the reaction is not that
acid but rather that of its dehydration product, mct.borie

acid, -~shich is formed initially in the reaction.
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’::I ::L le :Jl '\L

1. Jrthoboric 2cid was dried in an oven at 110°C for two

hours and then analysed for boron contcent.

Oaleulated for F3u)3 By 175,
HOBY By, 2475
round By, 24,15

fhc sample e pulveriscd 2nd replaced in oven fof further

twvelve hours, then removed and analyscd for boron content.
T'ound ' Dy 274

2e drthoboric acid (53) was heated -rith toluene (53ml)

ir: an apparatus containing a Helntyre welr reflux ratio hoad

until there was no further evolution of wqtér. “he residue

in the flasi wis filtered frec of solvent, washed with

anhydrous petroleun c¢ther and anal sed for boron contvelte.

Calculatod for H3BD3 17.5,
I'ound 2Le7,5

Sample was roplaced in flass and refluxed {or furtler three

hours. 4Yhere was no further evolution of water and on removal,

dryins and anulysls the followinz results wvere obtained:=
Found B, 2L,7;

Sample wvas roerystallis.d from :lacial accetie acld and washed

with :nhydrous petroleum ether and molceular welsht determined

i6 boliling acetic acid.
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Molecular weizht.

Calculated for H3BO3 6le8
1 L1, )

30633 1L1.5

11080 43,8

Found 4.8

The experiment was repeated using benzene and then xylene as
azcotropins azents, in each casc it wac found that orthoboric

acid was dehydrated to metiboric aclid as above.
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THE ESSENTIAL OIL OF MYOPORUM CRASSIFOLIUM FORST.
By K. G. O’Briex,* A. R. PeNrvoLD,} and R. L. WERNER*
[Manuseript received October 27, 19527

Summary
The essential oil of Myoporum crassifolium Forst., a shrub endemic to New Caledonia,
is shown to consist principally of a tertiary sesquiterpenc alcohol which is either identical
with or isomeric with synthetic bisabolol.

I. INTRODUCTION

The essential oil of Myoporum crassifolium Forst. was first examined by
Messrs. Plaimar Litd. (1930), purely in relation to its possible application to the
perfumery and essential oil industry. No indication was given as to the nature
of the chemical constituents.

In 1941, a sample of the wood was received at the Museum of Applied Arts
and Sciences, Sydney, from New Caledonia, where it is known as Anime or
Anyme wood, from which the essential oil was obtained by steam distillation.
A preliminary investigation indicated that the principal constituent of the oil
was probably a sesquiterpene alcohol of high laevorotation.

Further examination of the cil was deferred until 1947 when the investigation
was reopened in order te establish the chemical identity of the principal
constituent. '

Examination of the fractions obtained after repeated fractionation under
reduced pressure showed that the majority possessed similar constants, the
density, optical rotation, refractive index, and solubility in alcohol (80 per cent.)
being notably high in each. The fractions of similar physical properties were
mixed. Elementary analysis and molecular weight estimations showed the
molecular formula to be C,;H,.0.

Dehydrogenation with platinum/carbon catalyst or sulphur gave hydro-
carbons which failed to give picrate derivatives, indicating the possible absence
of bi- or tricyclic hydrocarbon skeletons.

On hydrogenation under the conditions of Ruzicka and van Veen (1929)
it was found that the equivalent of three molecules of hydrogen was absorbed.
Such a phenomenon could not be due to the presence of three double bonds in
the alcohol since such a compound would not be capable of forming bisabolene
trihydrochloride or trihydrobromide and can conceivably only be due to hydro-
genolysis occurring during the hydrogenation. The absorption of three molecules
of hydrogen by the hydrocarbon recovered from the trihydrochloride confirms
these results and excludes the possibility of the presence of a cyclopropane ring.

* School of Applied Chemistry, N.S.W. University of Technology, Broadway, Sydney.
1 Museum of Applied Arts and Sciences, Sydney.
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The ease with which the alcohol was dehydrated on treatment with formic
acid (100 per cent.) or on azeotropic distillation with benzene in the presence of a
little concentrated sulphuric acid, indicated that the hydroxyl group was most
likely in the tertiary position. This would account for the lack of derivative
formation with the usual alcohol reagents.

The phenylazophenylurethane formed orange needles, m.p. 103-103-5 °C.

The alcohol gave a positive test for unsaturation when treated with bromine
in carbon tetrachloride and potassium permanganate in acetone respectively.

On treatment of the alcohol with hydrogen chloride, an optically-inactive
crystalline derivative of molecular compesition C,,H,,Cl;, m.p. 79-80 °C., was
formed, apparently identical with bisabolene trihydrochloride prepared by

100
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Fig. 1.—The infra-red spectrum of the tertiary alcohol from M. crassifolium.

Ruzicka and Liguori (1931), and undepressed in m.p. on mixing with an authentic
sample. On treatment of this trihydrochloride with sodium acetate in glacial
acetic acid, a hydrocarbon was obtained with physical properties similar to
those of bisabolene (cf. Ruzicka and Capato 1925). On treatment of this hydro-
carbon with hydrogen chloride, a trihydrochloride was obtained with m.p.
79-80 °C., which was not depressed on mixing with the original trihydrochloride.
The hydrocarbon on treatment with hydrogen bromide formed a crystalline
trihydrobromide, m.p. 84 °C., identical with that recorded for bisabolene trihydro-
bromide. It was concluded from these results that the alcohol was a tertiary
sesquiterpene alcohol containing two double bonds.

It has previously been demonstrated that isopropylidene and isopropenyl
groups give unique infra-red absorption bands which may be used to detect their
presence (Thompson and Torkington 1945; Rasmussen and Brattain 1947 ;
Barnard et al. (1950). Thus an i¢sopropylidene group gives rise to two character-
istic bands, one about 1670 em.~1, due to the stretching of the C =0 linkage and
the other in the region from 820-840 em.~! due to the out-of-plane vibration of
the hydrogen atom. Due to the symmetrical nature of the group it is found
that both of these bands are of only medium intensity. On the other hand the
isopropenyl group gives rise to strong bands at about 1640 and 890 cm,™ 1,
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The intensity of the isopropenyl band near 890 cm.~! is in fact so high that as
little as 1 per cent. of a typical compound containing an isopropenyl group can
be detected in a mixture using a cell thickness of only 0-025 mm. (Werner and
Sutherland 1952).

The alcohol (Fig. 1) has a band of medium intensity at 828 em.—1, using a cell
of thickness 0-025 mm. This suggests the presence of an isopropylidene-type
group R;R,C=CR ;H, which is confirmed by the presence of a second band at
1674 em.~, also of medium intensity. The actual values found are close to those
recorded by Barnard ef al. (loc. cit.) for other terpenes containing isopropylidene
groups.

On the other hand, a careful examination of the spectrum in the region
close to 890 em.~! reveals only weak bands, although at the cell thickness used,
an isopropenyl-type group R,R,C=CH, would have been expected to give a
strong band. There is, in the 6p-region, a band of medium intensity only at
1619 em.—1, but this is lower than would be expected for an isopropenyl group
(normally about 1645 c¢m.~!') and is in any case too weak. Similar cases in
which overtone and combination bands occur in this region are cited by Barnard
et al. (loc. cit.).

It should be noted that the infra-red spectra disposes of any possibility
of conjugation of double bonds for such would have lowered the C=C stretching
frequencies to about 1600 em.-1,

In proposing a formula for the alcohol we must therefore take into account
the following points :

(i) The facile conversion of the alcohol into bisabolene trihydrochloride (I).

(ii) The optical activity of the alcohol in contrast to the inactivity of the
bisabolene trihydrochloride.

(iii) The nature of the unsaturation in the alcohol as indicated by infra-red
spectra, which excludes conjugation and indicates two ésopropylidene-
type groups.

Only two formulae (IT and IIT) will satisfy these conditions of which IT

Cl OH OH

i (I (1)

is the accepted formula for bisabolol.

II. EXPERIMENTAL

(a) Distillation.—The Anyme wood oil (250 ml.), on fractionation at 12 mm. through a
30 em. Vigreux column, gave the fractions presented in Table 1.

Fractions 8-14 were mixed and used in the folldwing experiments unless otherwise stated.

(b) Preliminary Examination.—(i) Unsaturation. Solutions of bromine tetrachloride and
potassium permanganate in acetone were immediately decolourized,
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(ii) Test for Alcohols. On treatment of the oil (1 ml) with a small pellet of sodium only a
slight evolution of hydrogen was obtained in the cold. Probably a secondary er tertiary alcohol.
On treatment of the oil (1 ml.) with an equal volume of formic acid (1009,) the oil was initially
immiscible, but on warming a purple coloured homogeneous solution was formed, which soon
separated into two layers—a reaction indicative of tertiary alcohols.

TasiE 1
N Volume Boiling Range 20 20°
Fraction (ml.) (°C.) ) %p
1 4 140-142 1-4934 —42
2 6 144-148 1-4940 —45
3 7 148-151 1-4944 —47
4 12 151-154 1-4964 —49
5 11 154-156 1-4964 —51
6 14 155-156 1-4975 —53
7 7 156-157 1-4977 —54
8 9 157 1-4977 —57
9 17 157 1-4976 —60
10 23 157 1-4976 —60
11 35 157 1-4976 —61
12 32 157 1-4976 —63
13 32 157 1-4976 —62
14 35 157 1-4976 —61
15 6 157 1-4976 —

(¢) Derivatives.—(i) The alcohol did not react when heated with phthalic anhydride, either
alone for 2 hr., or in benzene and pyridine respectively for 8 hr. No derivatives were formed
on heating the alcoliol with xenylcarbimide or on treatment with naphthylisocyanate, phenyl
isocyanate, or benzoyl chloride under standard conditions.

(ii) Dehydrogenation. Treatment of the oil with either sulphur or platinum/carbon dehydro-
genation catalyst gave products which failed to form picrate derivatives.

(iil) T'rihydrochloride Formation. The oil (5 g.) was dissolved in anhydrous ether (5 ml.)
and hydrogen chloride gas passed into the solution cooled to —15-20 °C. until the reaction mixture
set to a solid red crystalline mass. The crystals were drained on a tile and recrystallized from
ethyl acetate in the presence of carbon to give white crystalline flakes, m.p. 79-5-80 °C. Mixed
m.p. with an authentic sample of bisabolene trihydrochloride showed no depression (Found :
C, 57-55; H, 8-44; Cl, 383-729%,. Cale. for C;;H,,Cly: C, 57-41; H, 8-61; Cl, 33-909,).

(iv) Conversion of Trihydrochloride to Hydrocarbon. The hydrochloride (15 g.) prepared as
above was heated with anhydrous sodium acetate (45 g.) and glacial acetic acid (150 ml.) for
8 hr. on a steam-bath. The resultant oil was poured into water, extracted with ether, the extract
washed with sodium carbonate solution, and finally with water. After drying over anhydrous
sodium sulphate and removal of the solvent, the resultant oil (8 g., n%o 1:4875) was fractionated
at 12 mm. to give the data of Table 2.

On treatment of fraction 1 (1 ml.) with hydrogen chloride, the trihydrochloride was reformed
(m.p. 79-80 °C.) with the mixed m.p. unchanged.

(v) Dehydration. The oil (22 g.) was refluxed for 3 hr. in a Dean and Stark apparatus with

benzene (100 ml.) containing concentrated sulphuric acid (05 ml.) until there was no further
evolution of water (17 ml.). The benzene solution was washed first with sodium carbonate
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solution and finally with water, dried over sodium sulphate, and the solvent removed. The
residual oil (22 ml.) was fractionated at 12 mm. The results are presented in Table 3.

(vi) Residue. Fraction 3 formed the trihydrochloride with mixed m.p. undepressed.

(d) Final Distillation and Examination.—In the course of this investigation two efficient
fractionation columns, namely the Lecky and Ewell (1940) type and the Bower and Cooke (1942)
pattern, were acquired.

TABLE 2
Volume Boiling Range 20 15
Fraction (ml.) (°C.) np iz
1 5 to 136 1-4915 0-8755
2 —_ 136-138 1-4915 0-8755
3 2 138 1-4860 —

Advantage was taken of their introduction to collect all the fractions and any remaining
original Anyme wood oil, and to fractionate the mixture further through the Lecky and Ewell
column, and finally through the Bower and Cooke column, in an endeavour to obtain increased
purity of the alcohol fraction. The results of the final distillation are given in Table 4.

In view of the similarity in physical properties fractions 9-15 inclusive were mixed and used
in the following examination, unless otherwise stated.

Molecular weight, determined by cryoscopic method, using benzene solvent (Found : 226,
219, 229. Cale. for C;;H,s0: 222). Combustion analysis (Found C, 80-94; H, 11:529,.
Cale. for C,;H,,O0: C, 81:02; H, 11-789).

TasiE 3
Volume Boiling Range 20
Fraction (ml.) (°C.) iy
1 5-5 to 132 1-4962
2 8:5 132-134 1-4962
3 4-0 134-137 1-4962

(i) Trihydromide. The oil (5 ml.) was dissolved in anhydrous ether (5 ml.) and hydrogen
bromide passed into the solution cooled to —20 °C. A red solid crystalline mass formed after
approximately half an hour. On repeated recrystallization from ethyl acetate and a little
carbon, white crystalline flakes were obtained with constant melting point of 84 °C. (corresponds
to that recorded for bisabolene trihydrobromide).

(ii) Dehydration with Formic Acid. The oil (30 ml.) was refluxed for 3 hr. with formic acid
(150 ml. of 98-1009,). The reaction product was poured into water, extracted with ether, and
washed with sodium carbonate solution and water. The dried ethereal extract yielded an oily
residue which was distilled at 12 mm.

A mixture of 1:0 ml. each of fractions 1 and 4 (Table 5) gave the trihydrochloride, m.p.
79-80 °C., undepressed on mixing with an anthentic sample.
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(iii) The oil (0-5 g.) was treated with excess p-phenylazophenylisocyanate in the presence
of excess pyridine at 0 °C. for several hours and then at room temperature for 2 days.

TasrLE 4
Volume Boiling Range N
Fraction (ml.) (°C.) n%)ﬁ “12)0 di5
1 4 to 125 1-4970 —36 0-0000
2 1 125 1-4985 —15 0-9703
3 4 150 1-5042 —33 0-9600
4 2 150-155 1-5013 —41 0-9888
5 7 155 1-5010 —44 0-9754
6 10 155 1-4975 —64 0-9537
7 11 155 1-4969 —66 0-9426
8 10 155 1-4970 —66:5 0-9404
9 10 155 1-4966 —67 0-9385
10 10 155 1-4970 —66-8 0-9376
11 10 155 1-4970 —67-1 0-9376
12 10 155 1-4972 —67-6 0-9377
13 10 155 1-4970 —67-6 0-9377
14 10 155 1-4970 —67:6 0-9376
15 10 155 1-4972 —67-6 0-9376

The reaction mixture was taken up in light petroleum, washed with water, filtered free of
the insoluble urea, and then the aminoazobenzene removed by washing with dilute hydrochloric
acid. The light petroleum solution was dried over anhydrous sodium sulphate and then allowed
to evaporate leaving an orange-red oil which crystallized in the refrigerator.

TasLE §
Volume Boiling Range 20
i n
Fraction (mL) ¢C.) D
1 1 to 118 1-4976
2 5 118-122 1-4984
3 10 122-124 1-4951
4 7 124 1-5020

The orange-red oil was crystallized from light petroleum (b.p. 30-40 °C.) as orange crystals,
m.p. 100-102 °C. Recrystallization from light petroleum (b.p. 60-80 °C.) yielded rosettes of
orange needles of maximum m.p. 103-103:5°C. Combustion analysis (Found: C, 74:8;
H, 7-89%. Cale. for C;H;,0,N;: C, 75-4; H, 7-929%).

(iv) Hydrogenation of the Alcohol. Approximately 0-2 g. of the alcohol was dissolved in
10 ml. of the solvent in the presence of 0-05 g. of Adam’s catalyst and the whole shaken at room
temperature and pressure until the absorption of hydrogen was complete (Found: 0-1810 g.
in 10 ml. cyclohexane absorbed 54 ml. hydrogen at N.T.P. Calc. for C;;H,,O containing two
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double bonds 36-5 ml. hydrogen at N.T.P. Found: 02006 g. in 10 ml. acetic acid absorbed
68 ml. hydrogen at N.T.P. Calc. 61-8 ml. hydrogen at N.T.P.).

(v) Hydrogenation of Hydrocarbon Regenerated from Trihydrochloride. Approximately
0-2 g. of the hydrocarbon fraction 2 regenerated from the trihydrochloride was hydrogenated
in 10 ml. of solvent, using cyclohexane in the first instance and glacial acetic acid in the second
case, with 0-05 g. of Adam’s catalyst (Found : 0-1511 g. hydrocarbon absorbed 47 ml. hydrogen
at N.T.P. Cale. for C, H,, containing three double bonds 517 ml. hydrogen at N.T.P. Found :
0-2800 g. hydrocarbon absorbed 88 ml. hydrogen at N.T.P. Calc. 92-3 ml. hydrogen absorbed
at N.T.P.).

(e) Infra-red Spectrum Analysis.—The infra-red spectrum of the alcohol was recorded using
a Perkin-Elmer model 12C single beam instrument with sodium chloride optics. This instrument
was calibrated against bands of water vapour in the 6u.-region and ammonia in the 10-12pu.-region
(Oetjen, Kao, and Randall 1942). Comparison with the spectra used for the calibration indicated
that the instrument resolved 6 cm.~' at 1700 cm.~! and 3 ecm.~? at 1000 cm.~*. The material
which was examined in demountable cells with rock-salt windows, was purified by vacuum
distillation immediately prior to running the spectrum.
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Summary

The principal sesquiterpene alcohol (anymol) of the wood oil of Myoporum crassi-

folium Forst. is a stereoisomer of bisabolol. A convenient method of detecting methyl

groups attached to the hydroxyl-bearing carbon of tertiary alcohols involves the infra-

red examination of the pyrolysate of the phenylazophenylurethane for bands due to

=CH,.
I. INTRODUCTION

A decision between formulae I and IT put forward by O’Brien, Penfold, and
Werner (1953) for the principal sesquiterpene alcohol (here called anymol)
from the essential oil of the wood of Myoporum crassifolium Forst. was prevented
by exhaustion of the original supply of oil and the apparent impossibility of

OH g@ )ﬁ )\Oﬁl

M an (11D (V)

obtaining a further quantity. This difficulty has now been overcome by making
use of the only crystalline derivative of anymol that had been obtained, namely,
the phenylazophenylurethane, to determine the location of the hydroxyl thus
leading to formula I for anymol.

a-Terpineol (ITT) and terpinen-4-ol (IV) may be regarded as model substances
corresponding to the two possibilities (I and IT) for the structure of anymol.
The phenylazophenylurethanes (‘‘ azourethanes ’’) (Davenport and Sutherland
1950) of 11T and IV decompose with vigorous gas evolution above 170 °C yielding
a distillate of terpenes and a residue which is principally aminoazobenzene. This
reaction is analogous to the pyrolysis of methyl xanthates (O’Connor and Nace
1952) and may well proceed by a similar mechanism with the resultant advantage
of freedom from rearrangements. The advantage of phenylisocyanate as a
dehydrating agent in this respect has been noted (Bacon and Farmer 1937).

* Department of Chemistry, N.S.W. University of Technology, Broken Hill.

T Museum of Applied Arts and Sciences, Sydney.

1 Department of Chemistry, University of Queensland, Brisbane.

§ Department of Physical Chemistry, N.S,W, University of Technology, Sydney.
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An alternative manner of decomposition is exhibited by phenylurethanes derived
from phenols (Leuckart 1890 ; Hoshino, Mukaiyama, and Hoshino 1952) or
primary alcohols (Schweitzer 1947). In the compounds under consideration,
this reaction, which would lead to the regeneration of the alcohol and phenylazo-
phenylisocyanate, occurs to a negligible extent, since the pyrolysate shows very
weak absorption in the OH stretching region by infra-red examination.

N
—Cll—C—=0—CO—NH. ¢ N:\. p ———> —C=C— +C0, + H,N— ¢ N:N. ¢

By pyrolysing about 50 mg of azourethane uander reduced pressure at
200-210 °C in close proximity to a water cooled finger condenser, a yellow oily
condensate is obtained which on cooling deposits crystals of aminoazobenzene
but yields sufficient hydrocarbon for infra-red examination. The pyrolysate of
the azourethane of III showed bands at 1644 and 887 em—1, positions expected
for R,C=CH, absorption (for references see O’Brien, Penfold, and Werner 1953).
Also observed were bands at 836 cm~1 and another stronger band at 797 cm—?
(Werner and Lark 1954) presumably due to out-of-plane bending of the hydrogen
attached to the double bond in the ring. On the other hand, the pyrolysate
from the azourethane of IV showed the 1660 and 825 cm~! bands derived from
R,C=CRH and no absorption due to the R,C=CH, arrangement. The
technique thus appears suitable for discriminating between I and II. The
pyrolysate from the azourethane of anymol showed distinct bands at 1640 and
888 ecm~! which indicates clearly the presence of R,C=CH, in the hydrocarbons
and establishes the «-terpineol-like structure I for anymol.

The data recorded in Table 4 of the earlier paper shows that the anyme
oil fractionated in an effective type of still yielded six consecutive fractions of
the sesquiterpene alcohol of almost constant boiling point, refractive index,
density, and optical rotation. It is probable, therefore, that this alcohol is only
one of the two diastereoisomers represented by formula I, whereas the bisabolols
of Ruzicka and Liguori (1932) and Ruzicka and Capato (1925) must be regarded
as mixtures of diastereoisomers which were neither separated nor characterized.
Naves has shown the presence of a bisabolol in aqueous layer from neroli oil
(Naves 1934) and in cabreuva oil (Naves 1947) by isolating bisabolene trihydro-
chloride in each case. Similarly Seidel, Miiller, and Schinz (1944) have obtained
evidence for a bisabolol in French lavender oil. Only in the present instance
has an apparently pure compound been isolated and the name anymol is thus
appropriate to the particular diastereoisomer isolated from anyme oil and
characterized by physical constants and the phenylazophenylurethane of
m.p. 103-103-5 °C.

|
The technique described for detecting the grouping CH; —C —OH has been
|

applied also to the sesquiterpene alcohol guaiol and bands at 1643 and 887 cm—?
were observed in the pyrolysate. This supports V proposed by Plattner and
Lemay (1940).
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Structure VI, which accommodates more satisfactorily the products of
ozonolysis and of chromic acid oxidation (Plattner and Magyar 1942) of crude
dihydroguaiene, is excluded.

OH
OH -

V) D

IlI. EXPERIMENTAL

(a) Pyrolysis.—Terpinen-4-ol phenylazophenylurethane (50-7 mg) was placed in a side-arm
test tube fitted with a water cooled finger condenser reaching to within 1 cm of the sample. The
pyrolysis was carried out under a pressure of 100 mm by immersing the bottom of the test tube
in an oil-bath at 200-210 °C. Bubbling ceased after about 2 min and the apparatus was then
withdrawn from the oil-bath. When the crystallization of the aminoazobenzene on the condenser
appeared to be complete, the drop of yellow oil hanging from the tip of the condenser was collected
and sealed into a capillary tube. The yield of aminoazobenzene saturated hydrocarbons was
10-5 mg, 579, of the theoretical yield, not allowing for dissolved aminoazobenzene.

a-Terpineol phenylazophenylurethane (87 -2 mg) similarly pyrolysed for 4 min yielded 85 mg
of yellow oil.

Guaiol phenylazophenylurethane (56 mg) (G. Lahey and M. D. Sutherland, unpublished
data) pyrolysed under 50 mm pressure at 200-220 °C for 5 min gave an oily sludge from which
sufficient oil for infra-red examination was obtained by touching with a capillary.

The phenylazophenylurethane (m.p. 100-102 °C; 55 mg) of the sesquiterpene alcohol from
M. crassifolium similarly treated gave an oily sludge from which the oil could not be drawn off
into the capillary. The difficulty was overcome by washing the oil from the sludge with about
2 ml of light petroleum (b.p. <40 °C) into a clean side-arm test tube. After removal of the
solvent, the residue was partially distilled at 170 °C and 50 mm pressure onto a clean finger
condenser as a drop of clear yellow oil.

(b) Infra-red Spectrum Analysis.—The infra-red spectrum was obtained on a Perkin Elmer
model 12C spectrometer equipped with 13 cycles amplifier and NaCl optics. Calibration was
effected in the usual manner against the data for water vapour and ammonia tabulated by Oetjen,
Kao, and Randall (1942).
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There appears to be little doubt that the Diels-Alder reaction does not take
place with aromatic rings having a high degree of * aromatic character ” except
in the special cases where a double bond is conjugated with the ring. The
polyeyelic aromatic hydrocarbons which undergo the reaction—sometimes with
unfavourable equilibria—contain either activated meso positions as in anthracene
or a relatively fixed and sterically favourable system of double bonds as in
perylene. The simple aromatics which react normally are limited to a few
highly substituted thiophenes and furan and its derivatives, in which case again
the reaction is markedly reversible. ’

On this view it seemed advisable to investigate a statement by Norton (1942)
in a review of the Diels-Alder reaction that a benzene ring of 9, 10-anthraquinone
can act as a dicne in the reaction and can undergo 1, 4-addition of maleic
anhydride. Such a reaction seems unlikely, particularly in view of the similar
electron-deficient nature of the benzene rings of anthraquinone and the double
bond of maleic anhydride. Norton quotes as authority a paper by Diels and
Alder (1929) to which is attributed also an unlikely proof of the structure of the
- adduct. Perusal of this paper, however, fails to reveal any mention of adduct
formation with anthraquinone, and as far as we can discover the subject is not
mentioned in any of the works of Diels and Alder. Norton refers also to an
observation by Morrell and Samucls (1932), who, in an account of an unrelated
investigation, briefly mention that no reaction takes place between maleic
anhydride and anthraquinone. These authors make no reference to any previous
work on the subject.

In view of the theoretical interest of such a reaction, the following experi-
ments were undertaken in an attempt to isolate an adduct. A range of temper-
atures was employed since equilibria in adduct formation are considerably
affected by temperature. (Bachmann and Kloetzel, 1938.)

(1) A solution of anthraquinone (2 g.) and maleic anhydride (10 g., molar
ratio 10 :1) in benzene was refluxed for eight hours.

(2) A solution of anthraquinone (2 g.) and maleic anhydride (10 g.) in
nitrobenzene was refluxed for two hours.

(3) A melt of anthraquinone (2 g.) and maleic anhydride (10 g.) was held
at 200 for two hours.

In all cases both the anthraquinone and the maleic anhydride (as maleic
acid) were recovered almost quantitatively and no indications of adduct formation
could be found. It is concluded, therefore, that anthraquinone does not react
with maleic anhydride in the Diels-Alder reaction.
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