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K E N S I N G T O N 
Co 

mmum ^ b r a r v ^ 

Tho object of tho thosis i s to pro sent tho re suit S/ ^̂^̂  

an invQStioation concorains tho laothods of x^roparation, choialeair 

poactions and usoo of sone alltyi and aryl compounds of ortho-

boric aoid» 

Tho follouins i s a briof suixiary of tho contents of 

tho thosis:-

SYIUCTHICAL TRI-ALKYL AIIP THI-ARYL ESTl̂ IiS OF QliTHOBORIC ACID 

The preparation of t r i - a H ^ l borates usin̂ ^ tho asootropic 

apparatus of Anderson ot a l (1952) \;as undortalion. By this 

notiiod tri-n-butylj tri-soc-butyl 5 tri-cycloho:^yl and t r i -

phonyl borates \;oro prepared. I t vas found tiiat tri-tert-butyl 

borate could not be prepared under those oxperiaontal conditions. 

Contrary to tho literature reports (Htridgo and Gud̂ en 

19283 Ocattor ĵood ot a l 19^5 and I'hooas 19^6) i t iras found 

possible to prepare tri-tertiary-butyl borate by fractional 

disti l lation. Usin^ this teclinique the follotJina esters of 

orthoboric acid ijoro prepared. 

Tri-n-aiayl borate 

Tri-tertiary-butyl borato 

Tri-n-hexyl borato 

Tri-n-heptyl borato 

Tri-2-octyl borate 

Tr i- (2-0thyl) -hoiiyl borato 

Triphonyl borato 

Tri-p-crosyl borato 



It vas fomid that this fractional distillation nothod 
\;as inapplicablo to t::G preparation of tri-mothyl borate and 
tri-n-propyl borate. Those esters wore prepared by cothods 
described by Iltridge and Sudden (loc.cit)* 

A literature survey shoved tliat thero m s no rccord of 
the infra rod spectra of tri-all:yl and tri-aryl borates. A 
representative group of the esters \;as submitted for esanina-
tion and it was found tliat the tri-alliyl and tri^aryl esters 
both sliQiJ characteristic strong absorption bands at onT̂ m 
TRI^ALKQXY BQEQXQLSS 

A series of oxrerisents vas carried out in order to 
dotermino whether it was x)osciblo to prepare tri«, dl-̂  and 
nono-cyclohezyl borate. 

Throe ools of alcohol were found to react readily with 
one nol of boric acid to give a quaiititative yield of tri-
cyclohe:^l borate. 2wo mols of cycloheicanol per nol of boric 
acid gave a mixture of indoteruinate composition, lliore the 
ratio of alcohol to boric acid was one to one, ho\-;over, it was 
found that a class of compound, first described by Goubeau 
(1951) and called alkosy boroxoles, was formed 

HO 

0 
I II RO B. B — on 
X ̂  0 

TIU-ALKOXY DOiO::OLE DHIIIVATIVE. 



It Mas fouiid that tho partially alliylated ostors of orthoboric 
acid could not bo proparod under those oiî porimontai conditions. 

In an attempt to prepare mono- and dL^ cyclohosoxy 
borosole it xms found tliat irrospectivo as to uliether tho ratio 
of alcohol to boric acid \ras txio to three or one to throe, the 
resultant products \7oro tri-cyclohososy boroxoio and ootaboric 
acid. Tlio ratio of throe alcohol to tiiroo mols of boric acid 
led to tho fornation of trl-cyclohexoi^y boroicolo. 

Similarly it \ras found tliat partially alliylatod borozolo 
derivative could not bo prepared under those esporioontal condi-
tions. 

A series of tri-substitutod borozolo derivatives m s 
proparod using tho method of Goubeau and also by roactin^j one 
mol of alcoliol uith ON3 EOI of boric acid in presenco of a 
suitable solventj as described above. The follouin^ compounds 
\7ere prepared for tho first tino. 

Iri-tortiary buto:£y boroiiolo 
Tri-cyclohesosy boroî olo 
Tri-n-propo:cy borosole 
2ri-n-pento:cy borosolo 
Tri-n-butoxy boroxolo 
"ri-n-hezosy boro:£Olo 
2ri-(l-oiethyl)«n-heptozy boroicolo 
X ri- (2-etIiyl) -n-heiiosy boroiiolo 
Tri-phenosy bororiole 
Tri-(p-Dothyl phonosy)- boroxole. 



A3 uith tho tri-aHiyl aiid aryl borato ootors, a 
litoraturo survey choxrod that thoro ms no pablichGd 
rogardiiii^ tho infra rod spoctra of tliQCG conpoimdo. I t tris 
found J on infra rod e:caainatlon that theso boroicolo ierivatlvos 
showod stron^̂  charactorlstic bands of absorption at 70̂  aiid 
7hO cm"^, as \Joil as tlu ctroixi absorption bands at « 10 
ijiiich aro prosoat in tho borato cstors^ 
PHEPAIiAglOn Qr' ALICYL ACnTAxSG Fx>31! THI-ALItYL B3BATnS 

An attempt uas mdo to propara alliyl acotates by tho 
roaction botx/oon tri-all:yi borates and acotic .anliydridOj a 
roaotion i/hich t/ould occur x7ithont evolution of \7ator# 

I t uas found that tlic roaction procjodod snoothly and 
rapidly to yield ooro tlian 60;̂  of tho roquirod ostor^ As the 
reaction i.rocoodod a crystallino product l̂as fornod tTiiich, 
doijendin^ upon iho tine of roaction, docreasod in boron contont 
until at tho cooplotion of iho roaction tho rosultai-it product 
lias found to bo pyroboracotlc arjhydrldo. 

On those r̂ roundsj i t is consldorod that tho roaction 
courso my bo forcolated as follows:-
( ! ) RO • B - OR 4. ^ RO - B - OR liOGOGH-t t 

DH . 0 OR 
/ \ 

3 

CD CO R3 - B - 0 - B - OH 
I I » . 
CĤ  GH3 OR OH 



(11) ED « D 0 - D - on GIU C « 0 h 1103001^ 
t f ^ O Q O 
oa on GIÎ  C a 0 

D - 0 - D 
tt ft 

0 0 

( i l l ) D - Q - D GH^-G « 0 GIUG;} ^GJGII^ 
" " 2 ^ ^ 0 ~ 0 - 0 ^ 
0 Q GH^ G o Gn.G3 H " "GIGII^ 

J 3 Q 3 3 
Pys»oboraoQtlc /Uiliydrlclo 

miYmiim 
P i c t G t Olid Oo lGsnof f (1933) and GdoÎ g o t a l (1951) 

c l a i i x j d t h a t tho r o a c t i o n lx3tx/aon o r t h obo r l c a c i d and a e o t l c 

oGl iydr idG l e d t o tho f o m a t i o a or boron t r l - a o o t a t o * 

(GITG03). B 
3 3 

3 l n r o t ! i j on tho o tho r hand (1926) Gtatod t l i a t tl:o rxsthod l o d 

t o t l i o f o r m t i o n o f a eoopouiidj i^yroboraeot le anliydrido^i 

GGHn 
^ D « 0 « D ^ 

^ 0 ^ 0 ^ 
GlÎ GarO GGIÎ  

Tlio p:rroborac3t iG ar i^-drido m s t o bo usad ao. a s p o c l f l c . 

roa^ '̂ont f o r t::o I d o n t l f i c a t l o i i o f x>orl-Ii5rdro:iy qul^^l^^ s t r a c t u r o s i 

t l i o r o f o r o an e : :aa i i i a t loa o£ tl io r oaG t l on p roduc t s f r o a b o r i c 

a c i d and a c o t l c a i i i y d r i do m o o a i r i c d out» 

I t iras found t l i a t t l io c on c i uo l on o f D l a r o t h xns onbotan-

t i a l l y c o r r o c t i uador tho G i ipor lDGata l cond i t l ox i s usod> boron 

t r l a c o t a t o c ou l d no t bo lco iatGd# 

Tl ioro t!;o r a t i o o f a c o t l c anhydr ldo t o o r t hobo r i o a c i d 

\7iD ODD t o ono, o r ono to tuo , I t t n c fo imd t h a t a q o a n t l t a t i v o 



yield of motaboric acid was obtained, IJhen one mol of acetic 

anliydride was reacted uith two mols of ineta boric acidj a 

miiced product of crude pyroboracetic anhydride and unreacted 

metaboric acid resulted, it was not found possible to isolate 

or identify the expected boron oxide. 

It is considered that the reaction proceeds in the 

following manner 

CH^C - 0 
3 

HO - B - OH ^ 2 CHoCOOH HOBO 
t 

CH^C = 0 OH 

CH-C s 0 

0 2H0B0 

CH C = 0 

2 CH3COOH B20^ 

^CH^O - 0 CHoC = 0 0 = CCH:» 

0 B O ^ ^0-^B - 0 - B ^ O 
/ 2 3 ^ II ti \ 

CH C - 0 CH^C = 0 0 0 0 « CGH^ 

I 

Pyroboracetic Anhydride 

It is proposed therefore, that, from a consideration 

of the properties of pyroboracetic anhydride, the formula is 

more correctly represented as I above. 

TRIPHEim. BORATB AND PYROBORACETIC AIIHYDRIDB AS SPECIFIC 
REAGEHTS FOR PEHI«-HYDR0XY QUINQID STRUCTURES. 

A critical examination of txfo nev; reagents namely, 

saturated solutions of tri-phenyl borate and pyroboracetic 



anliydrido rospoctivoly, In boaaorie 'ns cirricd out in order 
to LuGt thoir suitability is rjajents Tor tru stoelfic 
chiracturisation ox" coLiT.ouivds poscocsin^ naphthoquinone, 
anthracuinon̂ i finvonj structuroo -i/lilch tiioro is an 
hydro:iyl z^oixl occupylnj a position purl- to tno cuinoii jrcup< 

Ac a control, aoni.jundo ̂ jqvq û Laainoi in uhlch the 
hydro;:yi jroup occupied a position other ihan that i.eri- to 
the qui..old .,:roUp. 

The rea::ontc 'joro Touiii to be eai'ablG of tho 
detGCtion of tlio prosonco of i„ê -l̂ ydro::y cuinoid structuros 
and related corripounds do'Tn to a concontration of lyll/cQm In 
ail cases ̂ ?here t'le hydro:cyi jroup uas not in the eri- posi-
tions r̂ j act ions uere nQ,:jative. 

nAPHT:; )̂  jiii )•;:; J. 'Jxit JuLJ 

:)ir:iroth (1921, 1926) ha:i isolated intensely colourod 
co:niOUi;ds froiii the reaction bott/ĵ n pyroboracetlc aniiydride 
and peri-hydroiiy qiiinones, typical of which is the follotiinj 
coQlound from di-liydroxy anthraruinono. 



CH GO COCIU 

- n A A 

CH^C 3 GOCH^ 

IIo'/, iihere Dimroth used acetic axiliydrido as his solvent5 
in tliGSG sorios of oiqjoriaGiits bonsenG iras tho solvGnt. Pi-iao-
ination of the compounds isoiatod froa tho bonzano solution 
shoxTod that they VOTO very susceptiblt̂  to atmosphoric Kolstt:ro» 

/llthoujh it was not possibio to dGtarirdiiG tho eicact 
structure of thos^ comr.oundSj sufficiont evidonce uas discovered 
to sho\7 that they wore dei'ixiitoly dirferent Troc those preparod 
by Dinroth. 
nnTABOlilG ACID 

It has been found that orthoboric acid may be readily 
dehydrated by â ieotropic distillation with bonzeno, toluene 
or iiylene, tho rapidity of tho reaction increasin;̂  \;ith the 
increase in boilinj point of the azeotrope. HoTreverj even at 
the high teoporature of IM+^G, the boiiinij point of xylene, it 
uas not found possible to isolate boron o2cido« 



Bocauso of tho following facts:-
(i) The Gaoe of dehydration of orthoboric acid to metaboric 

acid. 
(li) Tri-alkoxy boroxoles are interraodiatos in tho formation 

of tri-alkyl borates, 
(iii) Ilo'taboric acid may be formed by the dehydration of 

orthoboric acid î lth acetic anhydride and is tho intor-
modiato product in the forniation of pyroboracetic anhydride, 

it is proposed that the reactions of orthoboric acid should bo 
considered rather as those of a hydrate of motaboric acid. In 
each case quoted above, the reaction involves not the orthoboric 
acid but rather the initial dehydration product, namely neta-
boric acid. 



A RCTIBif OF ll^HODS OF FHEPARATIQI? OF 
QBGAIIIC ESTimS OF QBTHQBQKIG ACID 

The d8V0lo|®9Gt of suitable inethods of preparation 
of the organic esters of ortlioboric acid is a problem %^ch 
bas occupied the minds of chemists for over a hiindred years. 
Up to the present time there lias bean no satisfactory method 
reported 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, howreri the preparation of 
esters of primary and secondary alcohols has not been such a 
difficult probles and quite a number have been prepared in 
the pure state* 

The earliest technique of Eblennn and Bouquet (18?^), 
in which the alcohol and boron trichloride ̂ ere heated in a 
sealed tube, tŝas not very successful* The product vas recorded 
as having a boiling point of 73®C at 760inm» ^lich, in view of 
later infoxmticm, indicates that the compound -was very impure 
since latest figures record the boiling point of triiaethyl 
borate as 6B^0 at 760bs3* The distillation of anhydrous borax 
tiTith oethyl potassium sulphite vas attempted by Rose (1856) 
and Frankland (l862)indepondantly but without success* Pictet 
and Karl (1^8) found that methyl alcohol and boryl disulphate 



((S0j)2B202) formed trimotl̂ yl borate. A poor yield of 
trialkyl borate yas obtained by Coimcler (1878a, b, c and 
d), from the interaction of the alcohol and borontrichloride, 
and in the attempt to prepare tribensyl borate in this manner 
only bensyl chloride, dibenzyl and hydrogen chloride were 
obtained* Gasselin (189̂ ), using dimethoxy boron fluoride 
or methosy boron difluoride and sodium methoxide, prepared a 
compound with toiling range of which was considered 
to be trimethyl borate | It would appear however that this 
compound an azeotropic mixture of methanol and trimethyl 
borate, since Etridge and Sudgen (I928) found that in the 
preparation of dimethyl borate from boric oxide and methanol 
an aseotrope containing 30^ of the ester was formed* 

fhe most satisfactory method devel0|>ed prior to 1900 
for the preparation of organic esters of orthoboric acid ^ s 
that of Schiff (1867), which was slightly modified later by 
Councler (I878) and Copaux (1898), The general method was 
to react boron triozide and the alcohols in a digester, 
generally at a pressure of two atmospheres, at temperatures 
ranging frcsa 12D to 160®C, the tin:̂  of reaction being 22 hours* 
Addition of ice cold sulphuric acid to the reaction mixture 
enabled the lighter tric^thyl borate to be separated and 
distilled with boiling point of 68^0 at 760mm* In the case 
of the triothyl borate it was found to be too soluble in 
sulphuric acid but could be separated by fractional distillation, 



boiling point 120°C» 
Pictat and Goloznoff (1903) claiisod to have prepared 

trimotliyl borate by tho reaction betvaen boracotic anhydride 
(BCOGOCHj)^) and msthanol* It is considered by tho author 
that there is sone doubt as to the authenticity of the claim 
because Etridge and Sudden (1928) made several unsuccessful 
attempts to prepare the ester by this method* They found 
that tho crude product from tlie reaction between methanol 
and boracetic anhydride was ternary laisture of zsethyl alcohol 
b*p. 65®C, trixaethyl borate b#p* 68®C and methyl acetate b#p» 

from i^ch they were unable to obtain the pure ester by 
repeated fractionation. The separation was also complicated 
by the presence of the constant boiling miicture of the alcohol 
and methyl borate* Etridge and Bu-^en (1928) also found that 
the method was of little value in the preparation of triethyl 
borate, 117^0 since it could not be separated frc® the 
glacial acetic acid, h.p* llS^C*, by prolonged fractional 
distillation* Pictet and Geleznoff (1903) do not mention 
these difficulties and it is possible that the methyl and ethyl 
esters whicli they prepared were not pure substances. Att^pts 
to prepare tritertiary butyl borate from the boracetic anhydride 
were also unsuccessfuli leading 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 (I903) but found that 



rs. 

the rosultaixt compound was pyroboracotic anhydride* The 
author has found that similar results to those of Dimroth 
ôro obtained, consequently it appears that the claim of 
Pictet and Gelesnoff to have prepared triŝ thyl and triethyl 
borates is open to question* 

Cohn (1911) improved the method of Schiff (1867) 
considerably by showing that in the presence of sul|toiric 
acid it TOS possible to react a misture of methyl alcohol 
and boric o:side at atE2osphoric pressure until the mixture 
became ho2K>goneous and so avoiding the use of pressure vessels* 
!rhe ester tras then distilled as the aseotrope, separated by 
treatment uLth ice cold sulphuric acid and finally distilled 
to give pure trimethyl borate. 

Btridge and Sudgen (1928) made a brief examination 
of the various ĉ thods used for the preparation of trimethyl 
and triethyl borates and concluded that Schiff »s method (1867) 
was the best available* They modified the method scoewhat* 
The appropriate anhydrous alcohol was heated in a sealed 
pressure vessel with boric oxide at 120̂ 0 for 12 hours in an 
oil bath* The contents of the flask were then fractionated, 
and after treatment with freshly ignited calcium chloride for 
2^ hours fracticmally distilled again* By repetition of the 
process they were able to prepare pure esters* It would appear 
tlxat these authors were not aware of the iŝ thod of Cohn (1911) 
which is far more suitable than any methods involving the use 



Ik. 

of pressuro VGSSOIS* 
Khotlnskl and Pupko (1929) rovivod the uso of 

as introducQd by IU>so (1856) and Frankland (1862) for tho 
preparation of orthoboric acid ostors* Thoy heated a mixture 
of boras, anhydrous alcohol and hydrogen clilorido and claimed 
that the method has the advantage that it elindnates ttie use 
of pressure vessels. Since, however, the paper vas published 
in an obscure and unobtainable Ukranian Journal, it was 
impossible to obtain further infornation other than tliat con-
tained in Chemical Abstracts. 

The utilisation of the fact that borate esters of 
alcohols containing four or more carbon atonis were relatively 
non-volatile m s mde by Schiaidt (1928) as a means of isolation 
of alcohols and phenolic compounds from essential oils» the 
total alcoholic and phenolic constituents were esterified 
by either excess pyroboracetic anhydride or by heating tho oil 
with boric acid and removing the water of esterification under 
reduced pressure. The volatile components were then distilled 
to leave a residue of esterified alcohols and ĵ enols which 
was then decomposed by steam or alkali to give the free alcohols 
and î enols unchanged. Schmidt made no attempt to investigate 
the nature of the resultant boric acid esters. 

Wiberg and Sutterlin (1931) using a Stock high vacuum 
apparatus (191̂ ) at low tamporatures of approximately 
investigated the mechanism of the interaction of methyl and 



ethyl alcohols respectively ̂ th boron trichloride and found 
that quantitative yields of the tri-esters were obtainable* 

Sheffield (1936) found that the use of pyroboracetic 
anhydride as an esterifying agent was not to be recomonded 
since it could possibly lead to the dehydration of tertiary 
alcohols. He preferred to treat the essential oil of long 
leaf yellow pine %d.th boric acid under suitable conditions 
such that the secondary alcoholic terpenes were esterified 
and the tertiary alcoholic terpenes were dehydrated between 
the temperatures of 100 to 170^0• The secondary terpene 
alcohol borates were then separated and readily hydrolysed 
with water to give the original alcohols* 

Kaufman (1933) treated anhydrous mixtures of essential 
oils, containing terpene alcohols, with neutral alkyl borate 
esters and obtained borate esters of the terpene alcohols 
which could be readily separated from the non-alcoholic con-
stituents and recovered unchanged on hydrolysis with water. 
This method of transesterification was not a new contribution 
to the subject because Schiff (1867) had prepared diethylaayl 
borate and diaŝ lethyl borate by heating ethyl borate with 
arayl alcohol or aiayl borate \rith ethyl alcohol as the case isay 
be and also preĵ red methyl diethyl borate by heating monomethyl 
borate with ethyl alcohol* 

The technique of transesterification as a nioans of 
preparation of alkyl esters of orthoboric acid was extended by 
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\luyts and Buquosno (1939)* First they prepared tripropyi 

borate by the standard method using boric oxLda and anhydrous 

alcohol, then heated the ester \̂ ith various alcohols to 

fora a series of allcyl borates. Usixig this method they vore 

able to prepare the tri-ester of the tertiary alcohol dimethyl-

butyl carbinol, ̂ /nich, apart from tri~tertiary butyl borate, 

which iCahovec (193B, 1939) prepared from pyroboracetic anhydrido 
and tertiary butyl alcohol, is the only borate of a tertiary 

alcohol reported in the literature as liaving boon isolated 

and identified. Using tri-ethyl borate. Haves (19^9) esterified 
neroHdol, and Sutherland (1950) esterified a-torpineol i^th 
tri-n^-butyl borate. 

From 1930 onuards the knowledge already accuimilated 

regarding the tiieory of fractional distillation as applied 

to industrial stills began to be used in the development of 

more and more efficient laboratory fractional distillation 

columns for batch distillations. 1-ith this resultant improve-

ment in dosign it was a logical sequence of events that an 

attempt be made to apply these columns to the problem of 

separation of the organic esters of boron. Webster and Dennis 

(I933), prepared tri methyl borate from boric oxide, anhydrous 

methyl alcohol and sulphuric acid by a method practically 

identical with that of Cohn (I9II). Since the authors make 

no reference to this earlier worker it can only be concluded 

that they, like Stridge and Sudgen (I928), were unaware of his 



york# Tho m l n difference In tha isQthod m s that the ostor 
was distilled throiish a Johnson colusn (19 then, aftor 
troatm^mt with sulphuric acid and soparation, was finally 
distilled through a fractionation column containing Jack 
Chain packing (Laubengayer and Corey 1926), to give very 
pur© triisethyl borate. Triethyl borate vas prepared in a 
similar sannor. 

Johnson and Tompkins (19?̂  ) heated a misture of boric 
acid, n-butyl alcohol and benzene in a still pot, passing the 
vapours through an efficient fractionation colum* the 

bansene removed the mter as an aseotropic mixture with a 
little n-butyl alcohols Froa time to time the n-butyl alcohol 
in tho distillate was separated, dried and returned to the 
coluisn until such time as there yras no further evolution of 
water• In this way pure tri-n-butyl borate was prepared, 
being easily separated from the excess n-butyl alcohol by 
fractional distillation. 

A series of new esters of orthoboric acid were pre-
pared by Scattergood et al (19^5), using the method of 
Bannister (1928) (U.S.P. 1,668,798)* For each mole of boric 
acid three moles of tho alcohol were used together with 
sufficient excess alcohol to remove three moles of water as 
the aseotrope plus an overall excess of 10^ alcohol to ensure 
complete reaction. The mixture distilled through a 
column 115cm. high, electrically heated, filled with helices, 



and having a total oondensatioa variable tako off# The 
H.E.T.P. of the column was given as under oporatlĉ  
conditions. During the distillation of the mter alcohol 
azeotrope it was found tiiat a proper adjustment of the take-
off returned the alcohol layer to the column so that an excess 
of the alcohol may not be necessary* After the excess of the 
alcohol had been distilled the borate was distilled through 
the colum at atmospheric pressure unless it decomposed or 
boiled above 275̂ 0$ in which case the colnnn was operated 
under reduced pressure. Several borate esters had been 
reported in the literature as unstable were distilled success-
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 was entirely unsuccessful in the case of the three tertiary 
alcohols used, i.e. 2-methyl pentanol-Ĵ  2-methyl batanol-2 
and iK-methyl pentanol-3., which suggests that primary and 
secondary alcohols contaminated witli tertiary alcohols may 
be purified through their borate esters* 

Thomas (1^6) prepared a series of tri-alkyl and tri-
aryl esters of orthoboric acid by slight modifications to known 
methods. Firstly he refluxed a mixture of boric oxide and the 
alcohol in an inert solvent such as toluene and allowed the 
condensed vapours to percolate through anliydrous copper sulphate, 
held in the thimble of a soxhlet apparatus, to remove the water 



of est©rlficatioa as forsod during th© reaction according 
to the method of Jolinson and Dupine (1936) | secondly he 
used asootropic distillation through an efficient fractiona-
tion coluisn to roMve the vater of esterification as per 
nethod of Johnson and Toaplcins {1950); finally he repeated 
the tranesterification method of Schiff (1867) and Huyts and 
Duquesne (1939) • Again, in apparent confirmtion of the 
results of previous tforkers, it was reported that all of 
these methods were inapplicable for the preparation of the 
tri-tertlary alkyl esters of orthohoric acid. 

H#G# Cook et al (1950) prepared a number of esters 
of orthoboric acid by reaction between the appropriate 
alcohol and a compound which they considered as boron tri-
acetate since it had been prepared according to the nethod 
of Pictet and Gelesnoff (1903)* Ixi this way they were able 
to prepare tri-n-propyl, tri-n-butyl, tri(2-fluoro-etliyl), 
tribensyl, and tricyclohexyl borates. Attempts to prepare 
isopropyl and tertiary esters by alcoholysis of the 
borontriacetate %fere not very successful. By the use of an 
autoclave, specially designed (Saunders and Stacey, 
to rotate, the time of heating of the boric anhydride and 
ethyl alcohol was reduced from to 6 hours. In addition 
the yield was increased to for triethyl borate and 
for tri-2-propyl borate. Yet again it is to be noticed that 
no satisfactory nethod for tri-tertiary alkyl esters 



developed. 
Garrard and Lappert (1951) considerably improved 

tho technlquQ of previous workers vho used borontriclilorido 
for the esterification. They used n-pentane as a vehicle 
for the borontrichloride and found that '̂ ith octan-2-ol 
and I-phenylethanol respectively, at -10®C, tri-2-octyl 
borate and tri-I-phenylethyi borate in 90;̂  and 26>l yields 
could b© obtained* The yields could be increased if the 
pyrldine-borontrichloride complex wis used in chloroforn 
solution. In a second paper (1952), the nethod elabora-
ted by preparing boron trichloride-pyridine complex by a 
slightly modified method and reflusing a chloroform solution 
for ten hours. By this nethod a 70^ yield of trî -tertiary 
butyl borate was obtained and a 60̂ 1 yield of 1:1 dimethylpropyl 
borate. This is the most satisfactory method for tho prepara-
tion of esters of tertiary alcohols reported in the literature 
to date. 

In 1950, a preliminary investigation was commenced 
by Anderson et al (1952) re the direct esterification of 
tertiary alcohols. All reports in tho literature to that 
date intimated that t!ie direct esterification process was 
inapplicable to the tertiary ̂cohols. It was subsequently 
shown that, by use of a specially designed azaotropic-
distillation apparatus, it possible to esterify primary, 
secondary and tertiary alcohols. In the case of tho tertiary 



alcohols no boric osters could be separated in tho pure state. 
Thoy neithor could bo subliEed nor distilled under vacuxia# 
Their recrystallisation was extresoly difficult owing to acute 
sensitivity to hydrolysis due to traces of atmospheric moisture, 
Houfever, tho fact that the products could not be obtained in 
a pure condition \/as of minor importance because the main point 
of the Investigation was to establish indubitably 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 sake this method of esterification generally appli-
cable for the separation of alcohols from isixtures. It was 
realised that low molecular weight alcohols, e.g. methyl, ethyl 
and propyl alcohols, form neutral trialkyl esters which possess 
sufficient volatility to make separation difficult, if not 
impossible. The method developed to overcome this difficulty 
arose from the observation that one mol of boric acid reacted 
with less than three Eoles of alcohol to form a completely 
non-volatil© product. In all cases it was found that on 
removal of the solvent, a pasty semicrystalline mass remained 
which could not be satisfactorily recrystallised or distilled 
without decomposition oven at 0.1m. pressure. Hydrolysis 
of the reaction product yielded a quantitative yield of the 
alcohol. All tertiary alcohols were found to be esterified 
under the conditions used as demonstrated from the fact that 
the ̂ ihole of tho boric acid had gone into solution. It was n̂ Dt 



norely a caso of physical solut ion as tharo '^as about a 

tenfold 0XCQS3 of bonsono present, i n which both ortho and 

sata boric ac ids aro insolubla and, further^ d i lu t ion of 

tho a iztara bsnsans gave no procipitate of boric acid^ 

Snydor ot a l . (1933) and S»H. Banor and J.V. 

Baach (19^1) shoyad that t r i - a l l ^ l boric anhydridas (H-O-B-O) 

ex i s t astrimors i n a s i s aaabercd r ing and fro:a oloctroa 

d i f f r a c t i on studios sug^ostod tho structuro to be a rcsonanco 

hybrid as fol lot^si -
R R 
» I 
B B® 

I i, R -a i - R R ^ i B^R 

R as A lky l or a r y l group. 

Qoubeau and EoHor (1951) prepared a s imi lar series 

of compounds i n which R « Halogen,-CH3, -11(0113)2 ^ ^ 

and gavo t h i s ser ies of compounds tho generic naeo of boroxolos 

since tlioy considered that these conpounds ^foro dorivativos 

of tho thooret ica l coapound Boroxole ^ l i c h \ias given the 

fo l l ov ing f o r m l a and to date has not baen i so lated. 

H 

b9 



The 'jork of Goubaau ̂ Ich was of most iaportmiee with respect 
to this thesis ̂ s the preparation of tri-methoxy borozole. 
He showed that tri-methyl borate, prepared according to tho 
EBthod of Cohn (I9II) and treated with boric anhydride gave 
tri-methoxy borozole rather than inethyl meta-borate (CH20-B.0) 
as clairaed by Schiff (186?)• Goubaau has not as yet published 
any further work on the preparation of tri-alkosy boroxoles» 

O'Connor and Uace (1955) described tho preparation 
and properties of throe compounds, 1-senthyl cietaborate trimer, 
cyclohexyl netaborate triaer and n-butyl motaborate trimer. 
IJhese coapoiinds wore prepared by reaction between one mol of 
boric acid and one mol of the appropriate alcohol* It 
found that the compounds decomposed on distillation, were 
very easily hydrolysed and on infrared examination were foiind 
to fail to give -B B O absorption* 

O'Connor and Uace were apparently unaware of the work 
of Goubeau in the preparation of trimethoxy boroxole and 
related cOTipounds since they persist in referring to their 
coapounds as triners of xaetaboric acid esters* The infra red 
examination was incomplete since a more detailed ezasiination 
would have shown that the boroxoles have characteristic 
absorption bands at the 700 ar^ TifOcin'"̂  and IBVOcza*'̂  region 
as discussed in this thesis* 



SB#1ETRICAL TBI'-M.KIL AIID im->ARYL 

SSTBBS OF QRgHQBQRIC ACID. 

(a) Discussion of mothods of preparation 

In the initial experiments th© azeotropic apparatus 

of Anderson ©t al (1952) m s used for the preparation of 

tri-alkyl and tri-aryl esters of orthoboric acid, being 

simplo to operate and requiring very little attention* Tri-

n«butyl, tri-secondary-butyl, tri-oycloh@xyl and tri-phenyl 

borato vore prepared in a pure coMition by this sathod yften 

using three mols of alcohol or phenol to one of boric acid 

in tho presence of bensene as th© azootropii^ agents 

3 ROH 4- H^BO^ ^ RO - B - OB -f-

OE 

The preparation of tri-tertiary-butyl borate was not 

accomplished using this methods In all cases a ̂ ite crystal-

line coapound was obtained which decomposed on vacuum distil-

lation, contained 10«8jl boron instead of the required for 

tri-tertiary-butyl borate. A benzene solution of the compound 

gave a positive development of colour with quinalisarin. This 

colour develofinent interesting because it izidicated there 

m.s a possibility that the compound was the same as that 

prepared by Anderson (1950) and thought to bo tri-tertiary-butyl 



borate. Farther discussion on this typo of compound is 
contained in soction of thesis dovoted to TRI-ALKOXY BORXCOLES. 

Although it is recorded as being iapossible to 
prepare tri-tertiary butyl borate by fractional distillation, 
Cntridge and Sudgen 1928, Scattergood et al and Thossas 
19^6), it vas considered that it might be possible to prepare 
the compound using a sore nodern laboratory fractionation 
coluinn* A glass fractionation column two feet by one-half 
incli internal diameter was packed vith ̂ th inch stainless 
steel Dixon ring packing, (Dixon 1^9)j and fitted vith a 
Mclntyre weir reflux ratio head (Mclntyre 1933)* A little 
bensene tŝ s added to the still head fros tiso to time to 
facilitate the separation of the water from the aseotropic 
dixturo of water and alcohol, a technique introduced by 
Johnson and Tompkins (19 50). By operating at a fast boil up 
rate axid high reflux ratio, it was found possible to remove 
all the water, the end of the reaction being indicated by the 
fact that the still head temperature rose to 82.5^0, the boiling 
point of the excess tri-tertiary butyl borate, which in this 
experiment was used in the ratio of 0.9 mol of alcohol to 0.1 
mol of orthoboric acid. 

This technique of fractional azeotropic distillation 
proved SOSt satisfactory, consequently it was adopted for all 
further work involving the preparation of tri-alkyl and tri-aryl 
borates* The follo\7ing esters were prepared:-



Tri-n-aEsyl borate 
Tri-tertiary butyl borate 
Tri-n-he%yl borate 
Tri-cyclohesyl borate 
Tri-n-heptyl borate 
Tri-2-octyl borate 
Tri-2-othyl-he:23rl borate 
Tri-phenyl borate 
Tri-crasyl borate 

Tri methyl borate and tri-n-propyl borate vove prepared 
according to method of Btridge and Sudgen (1928)• 

Attempts to prepare tri-tertiary butyl borate by the 
trans esterification of tertiary-butyl alcohol %̂ ith pyroboracettc 
anliydride, as recosmended by Cooke et al (1950), yielded only 
tertiary butyl acetate* Hoyevor, it \ms found that tri-
phenyl borate could be prepared by the transesterification of 
phenol with pyroboracetic anliydride. This method vas not, 
however, further exploited• 



PHYSICAL PROPERTIES AND ANALYTICAL VALUES OF SOME ALKYL BORATE ESTERS 

Compound 
Boiling 
Point 

(°C/nun) 
22-5 njy Yield 

(%) 
Molecular Composition Mol. VVt. 

t r i m e t h y l 
b o r a t e , 
C3H9O3B 

69/750 1-3585 55 Calc. : C, 34 -7 ; 
H, 8-7 ; B, 10-6% 

Found: C, 35-0; 
H, 8-8 ; B, 10-8% 

Calc. 104 

Found 100 

Tri - n - propyl 
b o r a t e . 

180-183/760 1-4266 45 Calc. : C, 57'5 ; 
H, 11-2 ; B, 5 -8% 

Found: C, 57-3; 
H, 11-0; B, 5 -9% 

Calc. 188 

Found 180 

Tri - tert. - butyl 
b o r a t e , 
C12H27O3B 

65-66/11 1-3869 44 Calc. : C, 62-6 ; 
H, 11-8 ; B, 4 -7% 

Found: C, 62-6; 
H, 11-9 ; B, 4 -8% 

1 
1 Calc. 230 
1 1 
1 Found 234 

Tri - n - aixiyl 
b o r a t e , 
C15H33O3B 

154/16 1-4205 80 Calc. : C, 66-2 ; 
H, 12-1 ; B, 4 -0% 

Found: C, 64-6; 
H, 11-5 ; B, 3-9% 

Calc. 271 

Found 260 

Tri - n - heptyl 
b o r a t e , 
C'aiHiisOaB 

192/4-6 1-4355 88 Calc.: C, 70-8: 
H, 12-6 ; B, 3 -2% 

Found: C, 70-8; 
H, 12-6; B, 3-3% 

Calc. 355 

Found 348 

Tri. (2 - ethyl)-
hexyl borate, 
CjiHsiOaB 

348-352/745 1-4365 73 Calc. : C, 72-4 ; 
H, 12-8; B, 2-8% 

Found : C, 72-1 ; 
H, 12-7; B, 2-8% 

Calc. 397 

Found 405 

Tri - 2 - octyl 
b o r a t e , 
f^wHjiOaB 

170/1 

1 

1-4275 83 Calc.: C, 72-4; 
H, 12-9; B, 2-8% 

Found : C, 72-1 ; 
H, 12-9; B, 2-7% 

Calc. 397 

Found 400 



PHYSICAL PKOPjfllTIKS ANll AXALVTICAL VALUES OF SOME ALKYL BORATE ESTERS 

. Boilinu ! 
Coinpouiul Point xyj" ' j Yield 

(^Cinin) (<%) 
Molecular Composition Mol. Wt. 

Tri - » - butyl 130 30 1-4S0G 
b o r a t e , 
C'j.H.^OaB 

80 

1 
1 

Calc. : C, 6 2 - 6 ; 
H, 11-8 ; B , 4 - 7 % 

Found: C, 6 2 - 6 ; 
H, 11-8 ; B , 4 - 8 % 

Calc. 230 

Found 220 

Tri - .vfc. - butyl ;>2/l(> 1 • 3!»r)0 
b o r a t e . 
CioHo.OaB 

7") Calc. : C, 6 2 - 6 ; 
H, 11-8 ; B , 4 - 8 % 

Found: C, 6 2 - 6 ; 
H, 11-9 ; B , 4 - 8 % 

Calc. 230 

Found 236 

Tri - cyc/ohexyl 323-326/7r)0 Solid, m.p. 
b o r a t e , •"><>• 4 Ĉ 
^^'isHaaOaB 

88 Calc. : C, 70-1 ; 
H, 1 0 - 3 ; B , 3 - 5 % 

Found : C, 69-8 ; 
H, 1 0 - 5 ; B , 3-p/o 

Calc. 307 

Found 306 



o .CTI'Xi I 

rivp iilMÎ Î TAL, 

(a)- T K I - A . > D THI-;VUYL omEjB^haO ACID 

(i) Agootropic distillation. 

Tri-a-, tri-sec- butyl nil tri-cycloh;j::yi bor^atos VQTO 

proparod as foliox'Ts:-

Th'j alcohol (0.6 ooDj boric acid (0.2 mol) aiid eryctal-

lizablo benzoiio (3J.) nl.) VOTQ heated in the apparatus of 

Andorcon ct al (1952). 'Tho aj^Gotroxdc diGtillai.G of bonsono, 

alcohol an:l 'ntor mz recycled until thjro uas no fiirthor 

ovolution of -jat r. xho solvont vras thon distillod off and tho 

rjsldual oGtjr vacuum distilled, 'iho follo'Tinj products VQTQ 

obtained. 

OO cT 

lirl-n^-butyi bor ito;- GolourlGss liouid, a'""*-' i.^fOS6 D.p.136^ 'it 33s 

/uxalysis for boron Calculated for hm?/^ Found ^•8/3 

i^olfjcular vuii^ht, Doilin^. 

oiovatioii cjthod in cyclohoiiiaua " " 229«8 Found 22Q 

:icinont iry .'malysi s. 

CilGulatQd G, 62.61 II, 11.8^ 

Found G, 62.59 11.8j. 

Tri^soc-butyl borate;-Colourless liQUid,n^^*^ 1.3953 b.p. 92^0 at lOmrn. 

Analysis for boron Galculatod for B, I'ound 

ilolocular uoight, boiling. 

oievation method in cyclohe::'me " " " 229 Found 2 3 6 



Tri-cyclohoxyl Dorato;- ' hitc crystaliino soiii b.p. 323-6 at 760mi:i. 

D.p. 5 6 . Y i e l d . 

An^.iysls for boron C licuiatod for rouiicl 3.5̂ 7 

iloieeular ^jjl^ht, boiiin^. 

oiovati.jn of cyciohoivuie " •» " 307 1 ound 3)6 

y;luDontary Analysis. 

Giloulaiod Cj 7J.12 a, 10.79 

i-ooiid C, 67*66 II, 10.^2 

Ittoaptc to proparo tri-tjrtiary butyl borate by this 

Eiothod t^avG a thlc^c oLly residue ^^mich could not be distilled 

without ds:icompositioii even under vacuun. The Liethod tjas 

uns itisxactory for the preparation of tri-tertiiry butyl borate 

and uas ab^andoned for ili it purpose, 

(ii), Aseotroi/ic frictlonaX ^llstillation 

•Tertiiry butyl alcohol (j#9 niolj 66.63) and boric acid 

( ;.l moi, 6.2^) vovQ placed in 1 1.0 ml. still pot fitted to a 

glass fractionation colucin t̂ ro feet lon;;̂  by one-half inch internal 

diacetjr. It vriB paclied \;ith one eî ĥtli inch stainless- steel 

v;ire ^auce inon (19-^9) rinj pac.cinj. At tr:e top fitted a 

i-:aclntyre xrelr reflux ra-iu head (1933). /ilthou{::h originally 

designed as -a reflux ta.:e-off head, it uas fotuid that the xjeir 

could act as a trap in which uater could be collected as it 

separated from the aseo^ropic a.ixture and run off at frequent 

intervals. Th^ benseno alcohol aneotrope fixture was able to run 

over t::e to- of the weir and retu n dot-TU the coluiui. Tha reaction 



mi:itur(3 m s rotairiGd it "cotai reflux uiitli tho stiii head 

tQn^poraturo was constant th^n a little bonsono (5 nl) 

addod to the ^op of the coluniii. Irn^^ediatoly m t d T sJi/aratod 

from the azeotropic iniiituro and continued tj do so for a 

considorabio timj. ''hon viator vns no longer obsGrvod a litilo 

more bansono uas addod and this procoss uac continued until 

final addition of bensono ild not yield further separation 

of iTator. Distillation i;as then continued under high reflux 

ratio until the te::-2;eraturQ of stiii head rose to the 

b.p. of tertiary butyl alcohol. The flasls ins then removed 

I'ron coli.m, most of excess alcohol removed at atn^ospheric 

pressure and finally at reduced pressure folloifed by the tri-

tertiary butyl borate. 

Iri-tertiary putyl borate:- . Colourless liquid, b.p. ^55-66^0 at lima, 

n^? 1.3902. Yield 10,̂  (^M;;). 

Boron .inalysis: J ilculated for Boron IHJ 229 

iound Boron Ĥ ^ 226 

Tri-sec-oooyl borate 

..he alcohol (iJ^ig, 0.8 mol) \ris refliixed with boric acid 
0.2 mol) in a paciced fractionation column until there was 

no iurther evolution of v;ater. ^̂ he teuperaturo at still head 

178^0, Jie b.p. of sec-octyl alcohol, 'xhe excess alcohol was 

removed by distillition. The residual ester distilled at 179^0 

at Icim. Yield (33/0. Celourless liquid. 

21.5 



Amlysis Cilcaiated for 33,4 Bj 

Found G, H, Jj 

QbullioGco,,.ic in eycioheiiaiiu C'ilculat..cl 3^7 Found 

Tri-n-propyl borate 

n-propyl aleohoi nioi) an.I borie acid 

j»2 mol) were Tractlonitad as above to yield tri-n-propyi borate• 

b,p. 10j-183^G Yieid 17j O-r̂ )̂* 

iUiaiysls Calculated for C^lgj^O B 3oron I-?' 133 

iouni I-F l8a 
» 

Tri»(3-athyl)«-he:£yl . borate 

^ri-(2-Qthyl)«he:;yl licohol' 1.2 ool) tos rofluxed 

lut:. boric acid :).2 inol) imdar fractionation column in 

tlio U3iial luamior until there was no further evolution of uaterj 

the eiLCucc: ilcohol removed by listiliatiOiU Ihe tri-altiyi 

borate distilled at 3148-353^0 T^^min. 

Yield n-V"^ 1.̂ :365; 0.861. 
l) ciX. 

Analysis ICT 397 Oilculated for C, 72.^105 H, 12.32:j; 

B, 2.73.; 

I?" Uo:) Found Cj 72.i0,:;| H, 12.66, 

B, 2.86,,:. 

|-:|ri«»cTclo!io:cyl borate 

Gyclo'iaxanol mol) and boric acid (62.8g, 1 mol) 

tforohoated in rractienatiou still as above. Fractionation ceasod 

-rhen still head temperature rose to 161^0, (b.p. of cyelohe:canol). 

' xcesn alcohol was distilled and the resultant ester distilled at 

336-3^10^0 at 760 mm. )ii standing the distillate crystallized to 



a irhite compound, m.p* 56.^^C. 
Doron contGut Giiculatod for Gj^qH^^O^B K I ouiid 3.6 /» 
IloiGcuiar Height, boiling. 
eiovation, cyclohoxano as solvent " 307 round 297 
llopetltion of this mothod usinj toluano as solvent gave Identical 
product c.p. uhich ins not dopressed ou admixture i;ith 
previously prepared compound. 
(ili) Transosterlfication with 1yroboracetic anhydride, 

Tri-tertiary butyl borate (l^.Sg, 0.2 mol) was heated 
V7ith pyroboracetic aiihydride (1%, O.O? aol) luider a fractionation 
coluinn onu foot high and half inch internal diameter, x>aclied 
with Benske (1932) glass paclving. To the still head was attached 
a ilclntyre weir rofiuii ratio head. Tlie distillation was carried 
out i.dth fast bollup rate but operating at high rofluii ratio. 
It Tjas noticed that the majority of the distillate possessed 
a b.p. in vicinity of 106°C and a semi solid product t/as left 
in flasiv. Distillate x̂ as trashed with sodium carbonate solution, 
then dried over calcium chloride and distilled. 
Yield 18^, 73^ calculated as tertiary butyl acetate, n^^'^ I . 3 8 8 , 

b.p. 95^0 at 7601m. 
Tri-aryl Borates 
(i) Tri-phenyl borate. Azeotropic distillation;* 

The phenol 0»6 mol) was heated with boric acid 
(12.%, Q.2 mol) and bensene (500 ml) in azeotropin;^ apparatus 
of Anderson et al (1952). After fifteen hours vhere \ns no 



3»f. 
Gvoiutiori of Tho excess phenol ind bonsone wero 

distillod off anl tho rosiduo vacutim distiilod at 1 nm. to ̂ IvQ 

of tri-phenyl borate, b.p. 173^0 at 1 cnu 

IIolGCular weight, boiling 

elGvatlon in cyclohexano Giiculated ii!r C18H15O3B 289 Found 275. 

C'llciilatad for G, II, li, 

Found G, 72.13.15 H, 5.27.^, B, 

Azootror.ic fractional distillation 

IliG phonol (lUUii, 0.5 Eol) and boric acid (12«Ug, 0.2 mol) 

uoro hoatod in fractijnation column as for tri-illcyl ostors. 

BoiiSGno MID used to facilitate the separation of the aqueous 

i-hasG. ''hen romoval of uator was complote, ozcgss ihenol i;as 
distillod off and residual tri-phonyl borate distilled at 171*^0 

at 1 Yield 

Analysis for boron content. Calculated for 0x8^^15-^33 i ound 

Transesterification with pyx^oboracetic anliydride 

i'ho phenol (232,j, 3, J mol) \7as heated i;ith pyroboracotic 

anliydride (273Si 1 î ôl) i'or an hour then distilled at ataospheric 

pressure to remove tho acetic acid and acotic aiihydride. Fhe 

residual tri-phenyl borate distillod at 171^0 at 1 mm. Yield 200g. 

analysis for boron. Calculated for 3*7-^ i ound 3.9^# 

Tri-cresyl borato 

p-cresol (l62s, 1.5 ool) and boric acid (22c, mol) 

ijere.heited in toluene in small iractionation still until there 

via no further evolution of uiteg^ 

off and residue distillod at 222 



Anilysls for boron Gilculated for Ĉ ĵ Hĝ Ô̂ B Fouivi 

1rl-n--amyl borate 

n-imyl aicohol (70.^3, 0.8 mol) heated ijith boric 

acid (12.%, 0.2 mol) until there 7̂as no further evolution of 

v/ater at head of fractionation colum. F,:ccqss alcohol was dis-

tiiied off and the residual tri-alkyl borate distilled under 

reduced pressure. 

Yield (80;j) b.p. 1^/I6nni. (Johnson and ihoapson, Or^^anic 

Synthesis Vol. II p. 107 claim b.p. lif6-8/16 min.) 

n^^*^ l.lfSO? d^^-^ 0.8508 

"oialysis:-

Gxlculated for ^i^H^^O^D C, 66.21; H, 12.1^^; B, 3*99 IT-' 271 

Found G, 6i..63; 3*9^ M"' 270 

Tri-n-hoptyl borate 

n~heptanol 0.3 mol) and boric acid (12.%, 0.2 nol) 

UQTJ heated under fractionation column in the usual aanner until . 

there uas no further evolution of water. Distillation was com-

plete after four hourc. H:ccess alcohol x̂ as removed at ^.tmospheric 

pressure followed by the tri-aliiyl borates at î-6taia. 

Yiold 6lg (88;^) b.p. 192°CA-6mc. 

Analysis for Boron content. Calculated for C21HI15O3B 3.03,lB 

Found 

Ilementary Analysis Gilcuiatod for G, 70.83,j; H, 12.65,55 IF 355 

i'ound C, 70.82,1; il, 12.69/H 



AIIALYSIS gECHIIlOUBS GEflERAL DISCUSSIOII 
Boron dQtermlnations 

(a) Trl-alkyl borates and boroxoloss- A saapl© of tho 
compound (0*2-0*5g) ̂ s dissolvad In 50 ml. of distilled 
water by gentle vuming It necossary. if drops of 0.1̂ 1 
solution of neutral red Indicator in 70$ alcohol xmro added 
and the solution titrated to pal© orango with 11/10 Baritim 
hydroKid© solution* Hannitol (2g) wis then added with h 
drops itienolphthaloin indicator solution and titration con-
cluded at devolopsent of first paraanent faint pinlc colour 
of phenolphthalein# fh© difference between titration figure 
for neutral red and phenolphthalein gave titre equivalent 
to boron content* This technique has advantage that the end 
point cannot be easily over-shot since the chajnge of neutral 
red to faint oiunge after addition of sannitol preceded the 
true end point for boron \fith the phenolpht̂ halein by approK-
iisately half a cubic centiisetre and so gives ample yarning 
of approaching end point* 
(b) !Eri-aryl borates?- k sample of the compound (0«3-0*5g) 
was gently ignited in a platinum crucible in imiffle furnace 
and the residue dissolved in 11/10 sodium hydroxide. The 
alkaline solution m s then cad© just acid to neutral red ̂ th 
11/10 acetic acid* fhe acid solution vas titrated to pale 
orange with 11/10 Barium hydroxide, mnnltol added (2g) aM 



solution than titrated with phenolphthaloin as indicator. 
Titration figure with phenolphtiialein indicator was equivalent 
to boron content. 
2. Molocular woiî ht determinations* 

Initially attempts vere made to determine molecular 
weights hy cryascopic methods using bensena as solvent. 
Inconsistent results ware obtained. Insertion of a mercury 
seal stirrer in order to exclude the entrance of moisture 
failed to give satisfactory results. Dios:ane isore 
suitable as a solvent but was found to co-ordinate with the 
boron, so proved useless for molecular weight determinations. 
Uaithor of those solvents was satisfactory for ebullioscopic 
method and wore replaced by cyclohesane wixich gave reproducable 
results. 
3. Combustion analysis. 

It was found that, providing care ̂ s tai£en to ensure 
that samples for analysis were handled quickly in order to 
avoid any contmnination by atmospheric moisture, it was possible 
to obtain results which were acceptable especially yhen con-
sidered in relation to obtained usolecular weights and boron 
content. 

Once any particular sethod of preparation was established 
as giving a certain type of compound, combustion analyses were 
confined to a few selected representative samples of the 
compounds prepared. 



(c ) Tho I n f r a - r e d Spoctra of x r i - a l k y l and T r i - a r y l Kstors 

of o r t h o b o r i c Acid. 

Although SQVorai i n v e s t i g a t o r s iiavG reported on the 

Hainan s p e c t r a of somG e s t o r s ot o r t h o b o r i c a c i d , ('inanthralc-

risl inan 1936, Jo^loicar and Uhatte 1936, Il i lone 1936, Cahovoc 

19385 1939)J the i n f r a - r e d spectra of t h i s c l a s s of conipound 

have not b.^en r e p o r t e d . 

I t was considered that the i n f r a - r e d s p e c t r a of these 

compounds should be eiiamined i n order t o doteraine whether or 

not t h e r e tjere any c h a r a c t e r i s t i c strong a b s o r p t i o n bands 

which could be asi^i;jned t o the a s y n i i e t r i c a i s t r e t c h i n g frequency 

of the B;)^ group. 

The saL.ples uere subol t ted t o r)r. P. ' ' e r n e r , P h y s i c a l 

Chemistry Department, iuD.^'. U n i v e r s i t y of Teciii iolojy f o r i n f r a -

red a n a l y s i s . 

Conclusion 

i-rom the d i s c u s s i o n and e i q . e r i o e n t a l IJOT.I of Dr. ^-'erner 

which f o l l o w s , i t i s c u i t e apparent - t h a t , as expected , t!ie 

I n f r a - r e d s p e c t r a of the s e r i e s of t r i - a l k y l and t r i - a r y l e s t e r s 

of o r t h o b o r i c a c i d examined i n the reg ion f r o u isoocsi"-^ t o 

67000""^ shoi/ed a s t r o n j c h a r a c t e r i s t i c absorpt ion band a t 13^0 - 10 

cnT^. This band has been as i l^ned t o the asymuietric s t r e t c h i n g 

'requency of the BO^ group, 



DIGCUSSIOIi 
ThG absorption bands rocordod in the range 670-1803 cm"^ 

aro presontod in table I and the relationship of the corresî onding 
bands in the different conpoundG is shoi/n by the means of a 
line î raph (Fij. I). 

By analogy TJith bands similar to B - 0 and by approximate 
calculati jns, it t/ouid ap|)ear likely that the B )̂  group absorbs 
in the region bett/een IQOQ and IJOO criT̂ . In this region there 
occur also bands due to C-'J stretching and G-H in plane bonding 
vibrations from %»7hich the B-O absorption must be differentiated, 
xh; G-0 stretching frequency in the series studied is readily 
identified. In the esters of the primry alcohols it occurs 
close to 1Q60 except for the first neaber of the series, 
namely tri-oethyl borate, imich is soaeirhat lower• the 
degree of substitution of the carbon atom increases, the band 
ijould be expected to move to higher frequencies (Coltaup 1950) 
and in agreement f̂ith this \TQ find the band at II30 and 112if 
cm"^ in the secondary alkyl esters and still higher at 1216 
and 1217 ca""̂  in the aroniatic esters. The band position in 
tri-cyclohexyl borate (1062 cn"^) is slightly low but this may 
well be stearic effect. 

In the region between I3DO cn""̂  and IJDO cnT^ there 
appear several bands, some of which must bo due to hydrogen 
in-plane bending vibrations, a characteristic pattern of bands 
is discernible for the prirnary alayl estors which differ from 
the secondary and tri-aryl compounds, fhese are assigned to 



ko 

the hydrot^on bendiai^ nodes. 

Common to all tho spectra5 whether aiiiyl or aryl, is 

t!i3 prosoace of a vory strong bind at 13^0 - 10 cm"^. Tliis 

band in fact, is tlio strongest in this region 01 the spoctrum 

in ovary case and its intensity is such that the capillary 

saiLplos \JQTQ necessary to provont tho complQte absorption at 

the pearl. Thoro sjems littlo doubt that this is duo to tho 

B-0 linltajos in the molecule. In support of this assignment 

tjo note that Bothell and Che? pard (1955' record value of Ih^O 

ca"'^ for the B-0 stretching frequency in crystalline boric acid. 

The narroiJ range over vhich the band falls (2D cn**^) 

contrasts with the spread of tho C-0 bands (nearly 200 cm*"^) 

which are considerably influenced by the substituent. This 

suggests a partial double bond character and is in accord with 

the values of for the bond order obtained by the appli-

cation of Gordy's equation ( 1 ^ 7 ) 

II - a ^ b 

r2 

^jhere IJ is tho bond order, a and b are constants 6.75 and 

-2.1it respectively and I. is tho interatomic distance, taken 

in this case from electron diffraction data, of Bauer and 

Beach (loc.cit) as I . 3 8 S . 

DCPHRinKIITAL 

Thj coapounds readily hydrolysed, therefore precautions 

iii handling were ta--:en to ensure riiiniciun hydrolysis. After 



hi. 

distillation under anliydrous conditions, the liquid sani|>lGs 
i;orG imii^Qdiately sealed in glacs tubing which had beon previously 
baked out, Sanplos which condonsod as solids on distillation 
wore mulled -rith paraiiin oil in a "dry box" and t/are safe to 
handle. 

The spectra \rera run on liquid capillaries or pastes, 
bati/een roclc salt plates. By placing several drops on a plato 
and sliding a second plato over this '.rith a TTiping motion, tho 
thin hydrolysed layer ifliich was forniod on tho surface was 
effectively removed. That these precautions wore sufficient 
was shoim by the fact that in the spectra taiien, only small 
hydroKyl bands were revealed in the 3 micron region, and tluse 
only on thicic samples. Such small contanina^ions as m y liave 
occurred by the x̂ '̂esenco of hydrolysed products, can liave had 
only a very uinor effect on the spectrogram. 

Tho s] ectra were obtained on a Perliin-IIlnier 12-C 
single bea:.- Dpectroneter wlti: sodium chloride optics. Cali-
bration was af- ected in the usual manner against the data of 
Oetlen, .Cao and Eandall (19^2). 



THE INFRA-RED SPECTRA OF T H E BORIC ACID ESTERS* 

Tri methyl Tri-n.-propyl Tri-M-butyl Tri-rt-amyl Assignment 

1484. (s) 1486 (m) 1483 (m) 1495 (m) —CHg— bending 
1417 (m) i 1417 (s) 1417 (8) 1417 (s) —CHj— bending , 
1377 (8) 1354 (8) . . 1360 (ms) bending 
1348 (vs)~ 1334 (vs) 1336 (vs) 1340 (vs) B—O stretching 

1298 (m) 1298 (ms) 1279 (m) 
1280 (m) 1261 \m) 1243 (m) 

1 1255 (m) 1232 (m) 1218 (w) • 

1183, 1172 (m) 1 
1112, 1095 (vw) 1102 (vw) 1118 (w) 1119 (w) 

1077 (m) 
1032 (s) 1072 (s) i 1071 (s) ; 1056 (s) C—O stretching 

1054 (m) : U31 (m) j 1009 (m) i 
1 1016 (w), 997 (w) j 1 1 
j 973 (m) : 969 (m) : 987 (w) 

883 (w) 911, 895, 873 (w) j 852 (vw) I 893 (w), 843 (vw) i ! 
81 r>, 773 (w). 757 (w) 738 (w) 775, 730 (w) j • 

• 693'(w) 692 (w) 690 (mw) 
; 665 (m) ' 670 (m) 1 

1 



INFRA-RED SPECTRA OF THE BOHIC ACIP ESTI5HS' 

Tri-«ec.-

1 
i Tricyc/o- j 

butyl Tri-2-octyl Triphenylf 

1 
Trieresylt lioxylt Assigiimont 

1593. (s) 1615(m) 

1598 (w) 

1 
i 
'! 

Phony 1 

1486 (s) 1511 (s) Phony 1 

1453 (m) 1456 (m) j 

1423 (ms) 1419 (m) 1400 (s) 1413 (ni) ; 1424 ^ni) C — 11 hondinji 

1396 (s) 1396's) : 1398 (s) 

1374 1376 (ms) 1 1367 (s) 1361 (s) 

1330 (vs) 1331 (vs) 1350 (vs) 1 1345 (vs) 1331 (vs) B—() strotchiii^ 

1303 (m) ; 1303 (w) 

1271 (w) 1242 (w) 1257 (w) i 1257 (w) ! 

1173 (w) 1198 (w) i 1233 (w) : 1238 (w) 

1131 (s) 1124 (s) 1217 (s) 1216 (s) ' 1062 (ms) • C — 0 

1114 (m) 1074 (m) 1166, 

1153 (w) 

1 1171 (m) 

1103 (m) 

1032 (m) 104a(w; 1071 (m) 1 1044 (w) 

994 (m) 1024 (imv) 1 1018 (w) ; 1028 (w) 

973 (w) 1 976 (w) 
j 

^ 969 (m) 

914 (m) 937 (w) 

863 (vw) 854 (w) 852 (w) 

892 (w) 

833 (w) i 836, 822 (in) n 

779 (w) 

: 724 (w) 

767 (s) 

723 (m) 

821 (s) 

812 (s) 

757 (m) 

738 (w) 

Phony] 

714.707.703 

(w) 

092 (ins) Monosiibjst it ut Oil phony I 

(>5)0 (nnv) 
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TBJj-'kmmX SOliOXOLBS 

(a) Introduction 
Andorsoa {1950) reacted ©xc©ss tertiary butyl 

alcohol in baasana with orthoboric acid in the aseotropic 
apparatus of Anderson et al (1952)• The resulting product, 
presuood to be tri-tortiary butyl borate, 

RO — B — OR (H s CH3 - C - CH3) 

OE CH3 
m s not isolated but used in situ in banseno solution as a 
reagent for the preparation of characteristic colours \rith 
peri"hydro%y quinones. 

fhe subsequent preparation of tri-tertiary butyl 
borato (loc.cit.), which did not give positive development 
of colour with benzene solution of ĵ ri-hydrosy quinones, 
indicated tliat the compound of Andorson could not bo tri-
tertlary butyl borate. 

In vieiar of these results it %7as decided to investigate 
the nature of the reaction between alcohols and orthoboric 
acid in order to determine the following pointsj-
(i) Is the esterification of orthoboric acid with alcohols 

a stepi/ise reaction involving the successive alkylatioai 
of each OH group of the boric acid? 



(11) vJliat i s the structure aad composition of the bensena 

soluble boron compounds vhlch givo pos i t lvo colour 

dQVQlo^mmt 'J i th fieri^hydrosy quinonos? 

(b) Discussion 

Cyclohexanol m s clK>s©n as the alcohol f o r the oxpor i -

isant becausa of i t s ready a v a i l a b i l i t y . 

A ser ies of e:^peri23ents WIB carr ied out i n an a t t ® p t 

to proparo t r i - c y c l o h o : ^ ! borate t 4 i -cyc lohssyl borato and 

mno-cyc lo tezy i borate, using throo, t " ^ and quo isol of alcobol 

par m l of orthoboric ac id, bonsano being usad as tho asootroping 

asont, fho reactions ^oro or^p^ctad to take tha fo l lowing courses^ 

3 BOH i- ^ ^ - B - OR 4-

T r l - a l K y l borato 

H^BOj ^ liO - B - OB -f- 2H2O 
OH 

D i -a l ky l borate 

-V H-BO^ ^ EO - B - OH f- HpO 
3 3 I 

OH 

l lono-^al^ l borate. 

I t was fotmd that i n the case of three mols of alcol iol 

to one of orthoboric acid a quant i ta t ive y i e l d of t r i - cyc lohesy l 

borate obtained, the product being t ih i te , c r y s t a l l i n e , M.P. 

Molecular veight 306, b o x ^ content Bon^ne 



solution gave no colour developaent \d.th quimli sarin. 
lUioro two mols of alcohol reacted with one of ortho-

boric acid, a nisturo of Indstornilnata composition was obtained 
as a colourless solid» A bonzeno solution gavo positive dsvol-
opmant of colour \̂ ith quinalizarin, Hoî evor the boron content 
was not constant and the moltiiLg was spread over a range of 
five degrees. Attempts to purify the product by recrystal-
lisation gave products of variable composition. Distillation 
under reduced pressure led to complete decomposition. Apparently 
the reaction products were a mixture whose boron content did 
not correspond to di-cyclohexyl borate. 

The reaction of one mol of alcohol with one inol of 
orthoboric acid gave a pure wiiite crystalline compound. M.P. 
167®C, Molecular IJeight 383, Boron Content 8.6̂ 1 and a benzene 
solution gave an intense purple colour with quinali sarin. 

A search of the literature failed to reveal the 
existence of any such knmm compound. However, Goubeau (1951) 
prepared a compound trî -aethosy borozole, which he considered 
was a derivative of a compound, borozole %^ch has not as yet 
been isolated. 

H OCH« I I 3 
B ^ B 
\ ^ N 

0 0 0 0 i II i n HE BE CĤ O B BDCIU ^ 3 ^ 3 
0 0 

BOHOXOLB TBI-^mmOXY BOHOXOLE 



By th© substitiution of cyclohexyl judicals for CKsthyl radicals, 
calculations showed that the resultant tri-cyclohaxyl borosolo 
compound had the sasie empirical composition as found above, 
i.e. Molecular ueight 383 and Boron content of 

fri-cyclohezoxy boroxolo was prepared according to 
the method of Qoubeau from boron oxide and tri-cyclohô QTl 
borate. The resultant compound was white crystalline H»?# 
167^0 which was not depressed on nixing witli aaaple prepared 
above• The molecular weight and boron content were found to 
correspond to the prsviously prepared compound• A benzene 
solution gave positive development of deep purple colour 
%d.th quinalisarin. For comparison purposes tri-methoxy 
borosole was prepared also by the aethod of Goubeau and it 
also gave deep colour development with quinalisarin in bensene 
solution. To confirm that tiie structures were the same, a 
comparison of the infra red spectra of the three compounds 
^ s nade and it was shown that they all possess strong absorption 
on the 13̂ 0ciir̂  bands together with absorption at 700 cm"^ 
and 7k7 cm"^ which is characteristic of tri-alkozy boroxoles 
(loc. cit). Therefore it concluded that they possessed 
similar structures. 

Froa the fact tliat it was structure of the boroxolo 
type which gave the colour reaction with perî ĥydroxy quinones, 
i\Merson»s experiment was repeated and the resultant product, 
which was thick, viscous and rather intractibSs to handle, was 



analysed for boron content and gave rosiilts corresponding to 
trl-tartiary butoxy boroŝ 3% also giving tha colour developnent 
%rith the benseno solution of Qulaali2arin» 

In conclusion, then, it appoars that th© reaction of 
one Eiol of orthoboric acid with ons mol of alcohol produces an 

typo of compound, naaoly an alkossy boroxo^ rather than 
tho expected mono-aHcyl borate, and it Is this borosolo structure 
xihich is responsible for tho development of colour with the 
benzene solutions of quinalisarin. One may fommlate the 
reaction then in the following isanner. 

OR I B 
3 BOH + Î̂ BO. 0 ̂  0 + 6 Ĥ O 3 3 I II ^ 

BO-B ^ B-OB % ^ 
0 

Although it vas found Impossible under ©:speris©ntal 
conditions used above to prepare inono- or di- alkyl esters 
of orthoboric acid, it was decided to investigate toe nature 
of the products obtained by the reaction of two and one mol 
of alcohol per three sols of orthoboric acid to determine 
whether it would be possible to prepare di- and mono-cyclohejDD:gy 
boroxole* Because a ratio of one mol of alcohol to one of 
orthoboric acid led to the foimition of one mol of tri-
cyclohexozy borozole it was concluded that a ratio of three 
mols of alcohol to three of boric acid would lead to the formation 



of throe mols of trt~cyclohexoxy borozolQ hence no further 
action WIS takon in this diroction. 

fhe reactions were expected to follow tho fonmilation 
0 =1 B - OB 

2 ROH + 3 H.BD.-^ BO - B 0 4 5 fUO 
0 - OH 

0 B - OH 
ROH 3 H^BO^-^ RO - B o + If HgO 

0 B - OH 
It wxs found that irrespactiva of whether one or 

two mois of alcohol wore used per three mois of orthoboric 
acid, onljr two products wero obtained in each case, naŝ ly 
tri-cyclohasoxy borosolo and isotaboric acid, tthere was no 
tendency to form aono- or di-alkosy boroxole derivatives tinder 
the experimental conditions* It appears that the reaction 
follows the lines of preferential forisation of tri-alkozy 
boroxole ̂ îiich dissolves in the solvent, and contrary to 
expectations, the excess boric acid, rather than causing the 
formtion of a high molecular weight polymer, becomes dehydrated 
by the aEeotroping agent to form insoluble metaboric acid 
which does not react with the tri-alkoxy boroxole. The course 
of the reaction may be formulated as follows:-OR 

3 ROH -f 9 Ĥ BOn — ^ 3 RO - B^ 0 4 6UBD« 4 12 HoO 
^OR 



On addltioQ of QIIQQSS alcohol to tho tri-cycioho;cyi boroiiolo 
and netaborlc acid mi-.ture in bjnsono, th..̂  \7liolo iras converted 
to tri-cyclolioxyl borate on further rofluiiinj. 

From tho above rosults it uas considered tliatj although 
the esterificatioii of orthoboric acid did not necossarily 
involve successive esterification of each Oil î roiip, it uas 
possible that the interoodiate i-roduct in the esterification 
i/ould be tri-alliozy boro:cole» 

A series of estorilications \ns undertaî en using 
eiicess of alcohol. Sanples uere TJithdratxu at irrc,i;ular intervals 
and it vas found that there uas a gradual increase to a maidLmua 
intensity on tjstin,; reaction of solution trith quinalisarin. 
Sample at t lis stage failed to ;jive absorption in the -
10 cm"^ and 700 cnT^ rejioiis, i;hich are characteristic for 
boroî iolos. Tho lac-i of absorption could TTOII be duo to the 
boroivole concentration bein;j too small. As reaction 
proceeded iurther, the intensity of colour uith auinalisarin 
(jra iually decreased until finally there MIS no colour chanja 
xmatsoevor, indicative of the complete conversion of the tri-
cycloheicoKy boroxole to tri-eyclohe::yi borate; 

It is considered that the reaction m y be formulated 
as follows:-



0 - B - oa 
3 HOH -f- 3 > RO - B 0 4. 6 Ĥ O 

0 ^ 3 - OE 
0 - B - OR 

HO - B -4- 6 ROH >3 <B0)3 4 3 HpO 
0 - OH 

Tho following tri-alkosy axid tri-aryloxy boroxolo 
compounds ware prepared:-

?rl-tartlary butoxy boroxolo 
Trl-cyclohexoxy boroxolo 
Tri-n-propoxy boroxole 
Tri-n- pentoxy boroxolo 
Tri-n-butoxy boroxole 
Tri-n-hexoxy boroxole 
Tri -- (Imothyl) - n - haptoxy boroxole 
Trl •• (2-ethyl) - n - hexoxy boroxole 
Tri-phenoxy boroxolo 
Tri • (p aothyl phenoxy) boroxole 



E^PSEIMEHfAL 
SBRIES I , 
(a) Cyclohexaaol (0«6 Mol), boric acid (0»2 Mol) and 
crystallisabl© bensaiie <300 ml) were heated i n aseotropic 
apparatus of Anderson ot a l (1952)• fhe azaotropic dist i l late 
ms racycled unt i l t^ere ms no apparent further ovolutlon of 
inter* The solvent was resoirod and the residual ester puri-
fied hy vacuum disti l lation. The product, tri-cyclohaxyl 
borato wis a i ^ t a crystallina compound, b#p. 323-6 /760mm* 

a*p. Yield % g . 
Analysis for boron content 

Calculated for Cj^^^^OjB 
Found 

Molecular weight, boiling point elevation of cyclohe^ne 
Calculated for 307 
Found 306 

Uo colour change \fith quinalisarin* 
(b) Cyclohexanol (0*2 mol), boric acid (0«1 mols), bensene 
(50 ml) were reacted to complete evolution of water• On 
removal of solvent, white solid residue, 160-165^C» 
Analysis for boron content 

Calculated for Cj^g^^^j® 
Found ^ ^ 9*5^ 

On repetition of oxperinent the isolated solid was found to 
have m»p. 156-16o^C with boron content 
No colour %;ith benzene solution of quinalisarin* 



(c) Cyclohexanol (0»? mol), boric acid (0#5 mol) bensono 
(50 El) wore refluxod in small fractionation colum to com-
pletion of ©volution of mt©r« On rsiaoval of solvent ijliite 
crystallina compound obtained* H.P* 166-167^C. Yield JSg. 
Amlysis for boron content 

Calculated for Ĉ Hĵ Ô̂ B 7.6;S 
C18K33O6B3 8.6$ 

Found 
Molecular weight determination hy boiling point elevation of 
cycloheimne 

Calculated for 05112̂ 3033 iMf 
377 

Found 383 

Solution in beiisene gave intense violet colouration with 
cuinali sarin. 
Combustion -analysis 

Calculated for Cĵ gĤ Ô̂ B̂  C, 57.1̂ 1 H, 
Found C, H, 

(d) .U1 of sample (c) less sample for mixed melting point, 
was reflused with excess cyclohexanol until all the water had 
aseotroped out# On reaoval of the solvent, a ̂ ite crystalline 
residue of tri-cyclohexyl borate remained, H.P* 
Undepressed on mixing with authentic sample of tricyclohesyl 
borate• 
Analysis for boron content 



Calculated for 
Found 

Solution in bonzene did not give any colour development with 
quinali sarin. 
(e) Tri-cycloha%yl borate (O.O? mols) mis heated \ifith 
freshly prG|>ar0d boron oxide mols) on an oil bath at 
170-l^^C until all tho boron oxide dissolved. On cooling 
the resultant solid was rocrystall!sod froia anhydrous bansene. 
t'̂hite crystallino product was obtained, M.P. 167^0 undepressed 
on admixture with sample of authentic tri-cyclohexosy boroxolê  
prepared in (c) above. 
Analysis for boron content 

Calculated for Ĉ gfl̂ Ô̂ ^ 
Found 

Solution in benzene gave deep violet colouration with qulnalisarin< 
(f) Refluxing of (e) with excess alcohol also yielded the 
corresponding tri-cyclohexyl borate H.P. 
•Analysis for boron content ' 

Calculated for 0̂ 3̂1133033 S.fi 
Found 3,6:1 

Solution of the compound in bansene did not give any positive 
colour development with quinalisarin. 
(g) ' Tertiary butyl alcohol mols), boric acid (0.5 
mols) and bonsene (JOO lal) were refluxod in the apparatus of 
.Anderson et al (1952) for thirty hours, by which tine all the 



vater had baoii removed from tho reaction* Solvent was then 
ranoved tindor reduced pressure to leave a thick viscous 
residue, a sample of ̂ rhich decomposed vhen an attenpt was 
made to purify Ity distillation under very lo'̂  pressure (••OOl Esa) 
Analysis for boron content 

Calculated for 0x2-^27^3% hm?^ 

Found 
Saaple gave positive dovelopnient of colour ̂ fith bensene solution 
of quinalisarin. 
SERIES II, 
(a) The reaction of throe mols of cyclohezanol with three 
of boric acid is equivalent to one mol alcohol to one of boric 
acid therefore see series I (c). 
(b) Cyclohesanol (0.2 ool) and orthoborlc acid (0«3 mols) 
were refluxad with toluene (iOO ml) until the temperature of 
the distillate rose to that of toluene, llO^C* A toluene 
insoluble precipitate was forsied %^ich filtered and 
analysed for boron content 
Analysis for boron content 

Calculated for HO2B 
H3O3B m 

^ Found 
Molecular weight determination by elevation of boiling point 
of glacial acetic acid 

Calculated for HOgB 
Found k2 



On removal of the solvent, a whito crystallino product was 
obtalnod lUP. 167®C Yield 22g. 
Analysis for boron content 

Calculated for 11̂ 1 

Found 
Tho melting point was not depressed on adaixture ifith an 
authentic sample of tri-cyclohoxosy borozolo. 
Solution in banzono gave charactoristic devolopisent of deep 
violet colour Mith quinalisarin* 
(c) Cyclohesanol <0.1 ool), boric acid (0*3 mol), toluene 
<100 ml) voTo refluxed until thero was no further evolution 
of tmter. Tho tolueno insoluble precipitate was filtered. 
Yield 93* 
Analysis for boron content 

Calculated for HO2B 
Found ^ 

EXPERIIiSt̂ TAL 
On removal of solvent, i/hite crystalline compound 

remained M.P. 166-7^. Yield llg. 
Analysis for boron content 

Calculated for Ĉ Hĵ Ô̂ Bj 

Found 
Benzene solution gave violet colouration lerith quinalisarin. 
Meltijxg point undepressed on mixing ̂ ith authentic sample 
of tri-cyclohexozy borozole. 



Trl«'ii'-herto:gy boroxole 
n-hoptanol (ll6g, mol) aiid boric acid (62g, l.o mol) 

were heated under fractionation colusui in tho usual manner 
with toluene (250 si) until such time as thoro was no further 
evolution of mter, the tacperaturo of the distillate rising 
to llO^C, the boiling point of toluene. The solvent TOS then 
removed under reduced pressure. It was noticed that the 
temperature of distillate rose to It iras thought 
that It night ba possible to distil the boroxole under reduced 
pressure, consequently alter weighing yield (123g, 870) an 
attempt was made to distil 60g at 3 mm. but it was found as 
in all previous casosthe compound decomposed. 
Analysis Calculated for CgjHt̂ jÔ Bj G, H, 10.58,g, B 7.6^ 

Found C, 59.0^5 H, 10.6^^, B 

Yri*"n«'heptozy boroxole 
Tri-n-heptyl borate (3% 0.1 mol) was heated \rith boron 

oxide (6*9g 0*1 sol) until all the latter had dissolved. The 
resultant yellow liquid was heated with decolourising carbon 
and filtered hot to give a straw yellow product. This compound 
gave positive colour with quinalisarin. Yield Vjg. 
Analysis Calculated for GgjHj^jO^^ Boron 7*63^ 

Found Boron Ŝ l̂ l 



Trl«>mQtho%y boroxolo 
Tri-msthyl borate (10.̂ g 0.1 laol) and boroa oxide 

(6#9g Q0I mol) were heated until all the boron oside had 
dissolved* The resultant clear liquid tri-mothosy boroxole 
m s found to give positive development of colour with bensene 
solution of quinali sarin* 
/uialysis for boron content Cralculated for G^H^O^B^ Boron 18«6;I 

Found 
Tri-n-propoxy boro:cQle 

Tri-n-propyl borate <l8»7g 0.1 nol) and boron oxide 
(6»9g 0*1 mol) vere heated until all the boron oxide dissolved. 
Hesultant clear liquid tri-n«proposy boroxole gave positive 
colour development with quinalisarin. 
i\nalysis Calculated for Boron 12«6l)l 

Foixnd Boron 12* 59/̂  
Tri-n'*butoxy boroxole 

Tri-n-butyl borate (22#9s 0.1 mol) and boron oxide 
(6#9g 0;l nol) were heated to dissolve boron oxide. Resultant 
clear colourless tri-n-butoxy boroxole was found to give 
colour with benzene solution of quinalisarin. 
Analysis Calculated for Ĉ iĝ lĝ Ô B̂  Boron 10. 

Found Boron 10.8 
Trî soc-butoxy boroxole 
As for tri-n-butoxy boro:;ole 
Analysis Calculated for 022̂ 37̂ 6̂ 3 Boron 10.8U 

Found Boron 10.38 



Tri'̂ n-pontozy boroxolo 
Tri-n-amyl borata (27*2g 0#1 mol) and boroii oi^do 

(6*9S 0ml mol) were heated until tho ozido Imd dissolved* 
Resultant colourloss liquid %'̂ lch gava positive colour 
vith quinali sarin solution was analysed. 
Analysis results Calculated for 

Found 9.79̂ 53, 

dfi:! 0.970 

Tri«>2̂ octoxy boroxole 
Tri-2-octyl borato (3*8Sj mol) and boron oxide (6#9St 0*1 mol) 
were heatad until all boron oxide dissolved, Hesultant thicli 
viscous colourless liquid ̂las analysed for boron content. 
Positive colour i/ith quinalisarin. 
Analysis Calculated for C, H, 10,91/̂ 5 B, 6*96;l 

Found C, H, 11,09^; B, 
Molocular weight Calculated If67 Found WfO. 
Tri^phanoxy boroxole 

Tri-phenyl borate (28#9g 0.1 mol) and boron osid© 
(6»0g 0ml mol) UQTQ heated until all the boron o^do dissolved. 
On cooling a solid coiaround yas obtainod liydrolysed too 
rapidly for Doltin^ point to be deterainad. Like the tri-alkosy 
boro^lQs gave positive colour with tri-quinalisarin̂  
Analysis Calculated for Boron Content 

Found 8,i 



Tri»p«-cres.vl boroxole 

Tri crosyi borate (33.2^, 0.1 aol) M:IG heatod tJith 

boron oxide (6.9:j> î ^̂ ol) ui^til ail the o:d.dQ had dissolved, 

'iho rosultant liquid crystallisod on coolinj to ^ivo a vory 

hydroscopic solid which hydrolysed boforo oeltin:i point could 

bo obtained. 

.'urilysis Cilculatod for BDTQU content 

Found 

Tri- (a^'ethyl)»ha::o:cy boroicolo 

Tri-.(3-Gthyl)-hexyl alcohol (65jj 0.5 mol) was 

reflmiGd with boric acid (31g, 0.5 inol) in toluene (lO)al) 

until there was nc lurther evolution of irit^jx. Ihe solvent 

\jis removed under reduced pressure to ^ive a yellow viscous 

liquid residue ox tri-(2-othyl)-hezoxy box'oxolo. 

Yield 91.S n^J'^ l.MiB? 0.93? 

Analysis Calculated for Ggĵ Hj-ĵ Ô B̂̂  Gj 6 1 . 6 1 , H , 10.9M; B, 6.95;^ 

Found C, 62.55M H, 11.01,^ B, 6.?^ 



Boron OxidQ 

CrystallisGd boric acid was placod in a flask containing 

an air leaic and connected to a reservoir containing phosphorous 

pentoside* fhe flask v/as heated in an oil bath to 200^0 slowly 

and water renovad at about pressure. It was important 

to raiso the tenpjrature slowly to 200^0 to prevent formtion 

of glassy boron oxide• Average time for conpleto conversion 

of boric acid to thti arJiydrid© was about 8 hours for I6g 

sample* Each sample prepared was heated to constant boron 

content of Tho boron content of sample was chocked 

from tiBe to tiiao to nalco suro that thero was no hydration 

occuring* Any saapls in '^ich boron coxitent dropped bolow 

was discarded and fresh sample prepared for uso» 



Infra-red spectra of SOLIO Boroisolos 
tfhilG boroxoles and tri-hydrosy borosoies aro iHiknoim, 

several derivatives have been proi>ared» lha first aikos^ 
borozole to ba prepared was that describod by Qouboau (1951)• 
However no attempt was aade to determine the infra-red spoctra 
of such coiapounds. 

From tho results obtained in infra-rod osamination of 
th© tri-alkyl and aryl esters of orthoboric aeid> it soenod 
that a similar exanination of a series of alltyl boroxole doriva-
tives as described in previous sactlon should be carricd out 
to determine "̂ Jhether there present any cliaracteristic 
absorption bands t/hlcli would allo'j ready identification of the 
boroxolo structuro. 

The samples ware' subaitted to Dr. iJerner, Senior 
Lecturer in Physical Cheaistry, University of Tedinology 
for infra rod analysis and interpretation of tho spectra* 
Conclusions 

From a consideration of the spectra it m s found that, 
as î ith tho borate esters thero was a very strong absorption 
band between 133? and I367 csT^ which is as intense as that 
found with the borate esters. Another feature of more interest 
is the presence of two strong bands between 700 and 7^7 csT^ 
in all the compounds esccept tri-̂ cyclohexosy boroxole in lAiich 
the results were some\mat lower. 

As ioscribed in section 3 (b) this thesis, molecular 



%̂ oights of the compounds under discassloa woro dotermined 
using an ebuiiioscopic method in cyclohezano. Those detor-
Ciinations cloarly showed that the foirola is clearly expressed 
as in ogreemont with the expected rin^ structure. 
It is possible however that the compounds might associate 
in solution or polyxaerise on boiling. A comparison of the 
spectrum of each of throe borosole derivatives as received 
in a sealed tube and after boiling in cyclohosane, showed 
no difference î hatsoover* Furti^r, the absorption peaks 
in cyclohexane are onl̂ ^ slightly shifted from the values 
in the pure state. Tliis affords supporting evidence there-
for© as to the correctness of the formulation of the coapounds. 

The above conclusions ar© based on the folloidjig 
discussion and experimental voric of Dr. Werner• 

The spectra shoir soce interesting features. In all 
compounds there is found a very strong band between 1335 cnT^ 
and 1367 ca""̂ . This band is as intense as the band found in 
this position in the spectra of tho tri-aHqrl and tri-aryl 
borate esters. This suggests that it is associated i/ith a 
notion involving the asyasetric stretching of the BO bonds 
in the BDj groups. It might therefore indicate that the B}^ 
imits behave in an essentially independent fashion. On the 
other hand it m y well represent a ring vibration in which 
the boron and oxygon, atoas rsove in opposition. It would thus 
be analagous to the infra-red active fundaaental of class E* 



of the borasolo molecule which Involves a stretchiiis of the 
B - !I bonds and gives rise to a very intense band at csT̂ * 
Benson© aliso gives riso to a strong band in tliis region of 
tha spoctrum (1̂ 86 cm"^) wMch similarly corresponds to a 
stretching of the c-c bonds (I3, class E^^, see Hersborg p. 
365) • This question cannot bo resolved here but could more 
definitely b© decided if the infra-red spoctra of other boroimle 
derivatives wore available in which the ostranucloar oxygen 
atoms vexQ replaced with other atcaas. 

Another feature of interest is the presence of two 
strong bands between 700 and 7hO cm"^ in all canpounds except 
tri-cyclohexozy borozolo, for which compound somewhat lower 
values were obtained. These two bands have characteristic 
relative intensity, the higher frequency band being the weaker. 
It is suggested that they represent isodes in which the boron 
and oxygen atoms move in opposite directions out of the 
plane of the nolecule. In this sense they therefore represent 
vibrations analagous to the out of plane B-0 bending mode of 
triinathyl borate, which gives rise to an infra-red absorption 
at 661 cnT^. Again, studies of other classes of boro:̂ olo 
derivatives would be necessary to establish this» 

The ring structure for boroxolo compounds has been 
uphold by both Rainan and electron diffraction studios and the 
compounds therefore bear a resê nblance to boî solo (ii) which 
has nany properties of an aroisatic systen. In this latter 
compound the boron atom is in a trigonal state and there are 



six 17'oloctrons, two froa each nitrogen atoss. Ihoso are 
shared by tha six atoas producing a benzene like structure. 

0 

L A 

Tha compounds examined in tho region from 180Q cm"^ 
^ -1 

to 670 as liquid capillaries or paraffin pastes. In addi-
tion the region 3600-3000 was quickly scamiod to checli 
on the prosence of hydrolysadproducts# Small hydroxyl ban is 
wero ganorally found using tiiick saraples, but these indicated 
that tho smll amount of decomposition products present vould 
have had a very minor effect on tho spoctra. All manipulative 
wrlc carried out in the dry boz. The spectra wero recorded 
with the double boaa spoctromoter using a sodiun prism# 

Additionally, tri-n-butoxy boroxole, tri-l-methyl-n-
heptoxy boroxolo and tri-cycloheî oxy borosole vqtq osainined 
as h'/j \j/v solutions in cyclohexane ovor the range I600 ca*"̂  
to 670 cm"^ using sealed cells of thickness 0«05, 0.10 and 
0.2D insi. 
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1 1 1 1 1 1 

Tri-n-butoxy 
Boroxole 

I I , 1 

Tri-n-ppopoxy 
Boroxole 

1 1 1 1 

Tr i - (2 octoxy)-
1 Boroxole 

. 1 1 1 L 

Tri-n-pentoxy 
Boroxole 

1 i 1 1 1 1 

Tr i - c/clohexoxy 
Boroxole 

1 , 1 , , ,. . L_J L L ^ 

Tri-phenoxy 
Boroxole 

6 0 0 7 6 0 8 0 0 9 0 0 lO'OO 1 1 0 0 1200 1300 400 1500 1600 1700 



INFR.^RED SPECTRA OF BOROXOLE S 
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Discussion of the Spectra 
The frequencies of the absorption peaks are set out 

la Table I and th^ absorption curves are presented In f ig. 1. 

TABLE I 

Tri 
(Cyclo-
he:co2cy) 
Boroxoio 

Tri 
(Phenoxy) 
Boroxol© 

1̂ +92 (ns) 
lU66{ms) 

1372(ms) 13Bit(s) 
1339(cs) 13 îf(V3) 

1263 (v) 1283(w) 1263 (v) 
1226(ms) 

1191(w) 1196 1191(w) 
116^, 
1151 (w) 

1078(s) lD71(m) 
1062 (nn/) 
1028,968, 1022, 

787(w) 

682(ms) 
673 (m) 

757(s) 
7lh(m) 
70̂  (mo) 
691 (n) 

"fH 
(p-Methyi 
Phenoxy) 
Boroxole 

(2-Ethyl 
n-hezoxy) 
Boroxole Asslrtninent 

l?10(ia) 

llfOOCm) 
1330(as) 
1363 (vs) 

12Jf2{w) 
1227(ms) 
1173(̂ 0 
1106(m) 
1018,977 
932 (w) 

82i,8l3(s) 
738(ffi) 
7l5(m) 
705(as) 

1526 (rni/) 
1̂ 86(m) 
1*426 (as) 
1379 (m) 
1367(VS) 
1338(ss) 
1268(m) 
1222 M 
1195M 
llifO, 
112D(w) 
1092(ms) 
107̂  (V) 

891, 
8lf8(v) 

736 (m) ) 
72!?(ms) ) 

phenyl ring 
phenyl ring 
G-H bending 
CH bonding 

B-0 stretchinj 

G-0 stretch. 

phenyl 
Boroxole 
system 
mono subst. 
phenyl 

Tri(2-Ethyl n-Hozosy) Boroxole which is a liquid was run as a 
capilllary between KaCl plates* The reminder were run as 
mulls in paraffin oil. 



TABLE I (Contlnuod) 

Tri(n- TriCa- Tri(n- Tri(n- (X-Mothyl 
Propoxy) Buto:[£y) Pcntosy) Hoptozy) n-Hopto^y) 
Boroxolo Boroxole Boroxole Boroxole Boroxole Assl^niaent 

lkS6ims) 

1353(s) 
1337<vs) 
1299<ms) 
1261(m) 
1216 (%;) 
li05<as) 
1086(s) 

913 (w) 

860 (w) 
7if2(s) 
72lf(s) 

lif22(s) 

13^6 (vs) 
1301(m) 
1263(33̂ ) 
1233 
1120(m) 
I093(s) 
103?(w) 
970 (w) 

737 (CIS) 
725(s) 

13̂ 16 (vs) 
1296 (m) 
X2k6M 
1217(w) 

1122 (m) 
1092(s) 

863(ow) 
77'jM 
736 (bis) 
725(s) 

1526(w) 
lV85(m) 
llf26(s) 

13V5(vs) 
1298 (m) 

1221 (w) 

1119(m) 
1092(s) 

B91(w) 
8k8(u) 
736(ms) 
72if(s) 

1511<w) 

iVll(vs) 
1376(s) 
1335(VS) 

1223(w) 
1200 (ir) 
1128(s) 
1085(s) 
1055(m) 
9711912 (V) 

C-H bonding 
C-H beading 
CIU bending 
B-o stretch 

C-0 stretch 

323 
737 (CIS) ) Boroxole 
726(s) ) Systeia 

Iho samples which were all viscous liquids, were run as liquid 

capilliaries batwĉ ea llaCl plates. 



THB INFRA H!:D SPECTBA OF BOi^ 3aKQX0I.E3 It? 

CYGLOHEXAriE SOLUTION 
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n, V'' -" ••"•tfr T n \ T s T • T\ • r- f- j-i r - ? >, i , m 11'»• •> "s' T r» .« r n 

' ii- Uii li- J i - iO 

( a ) D i s cuss ion 

i h e n o r m l ootho:! of p ropa ra t l oa of mizod e s t e r s 

of or thobopic a c i d by tho r a a c t l o n batHoeii an a l c o h o l and 

a t r i - a l k y i bora te e s to r i s sub joc t t o inconvon lent l i n t -

t a t i o a s . ThB result-aiit products a re i n v a r i a b l y a rs isturo 

of mixed o s t o r s f r o s ivliich i t i s c z t r o c o l y d i f f i c u l t t o 

o b t a i n a hi,:;!i y i e l d of the r equ i r ad s i xed e s t e r * I ' u y t s 

and •)uquosiio (1939) f o r exanpie , obta ined on l y a v a r y loi^ 

y i e l d of t r l - d i m o t l i y l b u t y l c a r b i n o l bora te as t a r on t r a i t -

mant of t r i - p r o p y i borate d i n a t h y i b u t y l c . i r b l n o l , 

togot-ior w i t h s i n o r s l xed es ta r : ; . (Sac a l s o rCaufmaa (1933) 

axid G c h i f f ( 1 8 6 ? ) ) . 

Ginco I t I n d beun shmm t a a t t r i - c yc l ohexoxy boroxolo 

cDuid bo conv>,'rtad i n t o t r i c y c l oho i c y l borata by r e a c t i o n '^ I th 

axcoDs cyc lohoxr inol , i t exi^ected t h a t tha boro:^olG com-

pound should r e a c t u i t h r^i a l c o h o l o the r than cyclohez-jj iol 

t o f o r a a ml:ied e s t e r thus 
RO I 

_ B -

I " , OR' 
RO-Bv^ B-OR 6R0H >3R0-B^ 3HpO 

By u s i i ^ tho technique of a s e o t r o p i c f r a c t i o n a l 

d i s t i l l a t i o n o f the appropr ia te a l c o h o l v i t h tho r e l e v a n t 

boroxolo cooi;.:ound, tho follox.riri.j o s t e r s v a ro prep^irod 

i n y i e l d s aiccoadiii^ 60p of c a l c u l a t e d y i e l d . 



Dl~(2««octyl)-cyclohe:cyl borate 
Dl-cyclohexyl-2-octyl borate 
Dl-phanyl-cyclohsxyl borate 
Di-cyclohoxyl-phanyl borate 
Di-(2-octyl)-plieiiyi borate 
Di-.pheiiyl-2-octyl borate 
Bthylane glycol n-heptyl borate 
Trlsethylene glycol n-hoptyl borate. 

It was found that all the tri alkyl esters gave no 
development of colour vltli benseno solutions of quinaiisarln, 
but, in the case of the aryl-alkyl sii:£ed esters the diphenyl 
alicyl borate gave a waaicer colour than tri-phenyl borate and 
the di-alkyl phenyl compound gave no visible colour change 
\/h it soever. 

In the case of alcohols below aniyl alcohol in the 
homologous series it i/as found that tho volatility of the 
alcohols, their miscibility T̂ ith ̂ âtar and the volatility 
of the resultant esters made imi ossible the production of 
mi:sed esters by the method described above. 



(b) nxperlr!iQntal dotalls 

Moao'" (2-octyl )«>dlcyclolioxyl borate 

Tri-(2-octyl)-boro%ole (23.Ug»0.05 aol) was rofluxQd 

with cyclohoxanol (66g.0»6 mol) through a fractionation 

colizmn until there was no farther evolution of mitev. The 

distillation vas continued until tho distillate reached tho 

boiling point of the solvent 79^0 • 

Excess solvent uas ronoved undor reduced pressure. 

Hesultaiit ester %Jas collected at 17B-8o^CA-52n« 

Analysis Calculated for G20H39O3B C, 71»2y^5 B, 3.2,̂  

Found C, H,11.38,^5 B, 3.3,l 

liolecular ^^oight cbullioscopic in cyclohexme Calculated 337 

Found 292. 

IlGgative reaction in benseno solution irith c-uinalizarin. 

Ilono-cyclohexyl-'dl'' (2»octyl) borate 

Tri-cyclohezyl borate (19g3 Q.o5 mol) vis roflusad 

with 2-octyl alcohol (78^, 0.6 mol) until there was no further 

evolution of m t e r and no further developaent of colour by a 

sample with quinalisarin# The solvent was removed under 

reduced pressure follotiod by the ester b»p. IBS^C at 7 aa. 

Colourless clear liquid. 

Analysis Calculated for C ^ ^ ^ j O ^ C, 71.7i;^5 H, 12.31.^5 B, 

Found C, H, 12.71.^; B, 3.0,1 

Piphenyl cyclohexyl borate 

iri-cycloho%oxy borozolo (7*72 0«02 m l ) wis rofluxed 

with phonol (16#9g 0.I8 mol) in toluene (JO ml) until there was 



no f u r t h e r o vo l u t l o n of wate r . Excess phenol and to luene 

ware removed by d i s t i l l a t i o n a t atcospher ic pressure and 

the r e s u l t a n t mixed es te r d i s t i l l e d a t 7 

Y i e l d 12^, 68;f; B.P, 2110/7 

A m l y s i s 

Ca lcu la ted f o r C18H21O3B C, 72#93; H, 7»15> B, 

Found C5 72^285 H, 6.97, B, > 6 5 

Molecu la r \faight determinat ion ebu l l i o scop ic method i n 

cyclohe:mne 

Ca lcu la ted 295- Found 300* 

D icye lohexy l monoi>henyl borate 

Tr i-phenozy boroxole (l^f^J+g) was r e f l u x ed w i t h 

cyc lohexanol under f r a c t i o na t i o n coluiun i n usua l manner 

u n t i l t he re was no f u r t h e r e vo l u t i o n o f water* r.xcess 

a l coho l was removed under reduced pressure fo l lowed by 

the monophenyl d i cyc lohexy l borate a t 8 USE. 

Y i e l d (83;^), B.P. 182-if/asxi. 

i l na l y s l s 

Ca lcu la ted f o r C ^ Q H ^ ^ O ^ B C , 7 1 « 5 3 5 H , 9 . 0 1 5 B , 1 . 6 $ 

Found . C, 6e.855 H,10,59; 3 , 3»8,;: 

i i o l ecu l a r we igh t determinat ion! ebu l l i oscop ic method i n 

cyclohexano 

Ca lcu la ted 302. Found .290. 

(c) liono-phenyl^dl(2*>octyl) borate 

Tr i-phenoxy boroxolo (23g, 0^06 KOI) was r e f l u x ed 



with 2-ootyl alcohol (IOO3, 0.77 b o D for four hours. The 
water did not appear at the top of the column, but on cooling, 
it \mB noticed as globules at tho bottoa of the flask* The 
alcoholic solution was carefully decanted free of mter, 
distilled under reduced pressure to remove excess alcohol 
and the ester distilled at isn. ester 16SP0 at 3-̂ 1. 
ins. 96^ yield 50g. ^ 
Analysis Boron content Calculated for Found 

Molecular weight Calculated for C^^H^^ )^ 36IF0UM 3 3 7 

Eoaction \fith quinalisarin negative. 
D1 phenyl-mono^* (2*octyl) borate 

Tri-(2-octosy-) borozole (7*%) and phenol (I6#8|i;) 
were reflused with bensene (25 ml) until there was no further 
evolution of water. Excess phenol and xfater xmvQ distilled 
off at atmospheric pressure followed by the diphonyl-sono-
2-.octyl borate at 19̂ h-â C at Jmm. Yield if.Og 83;̂  
iknalysis 
Boron content G alculated for Found 
niementary Analysis » " C^^H^^O^B C, 73.8.̂ ; H, 8.3̂ 5 

FouM C, H, 8.77/̂  
Ethylene i^lycol n^heptyl borate 

Ethylene glycol (12.%, 0.2 mol) and tri-n-hopto:sy 
borosola (21#3g, 0.0? mol) î ere reflused with toluene (?• nl) 
under a Mclntyro roflus ratio head attached direct to the 
reaction flasl^. The mixture was reflmced until there was no 



further ©volution of water. The reaction appeared coniplote 
within fifteen mimites. Excess ethyleno glycol and toluono 
wore removed by distillation at atsiosphoric prossuro to leave 
a clear colourloss viscous liquid which boiled at 250-2?3®C 
at 7^2 rnrnm Tho distillato was colourloss, vory viscous and 
raadily hydrolysod by water* 
Elementary Mialysis 

Calculated for C^Ij^^O^ C, H, 10,2^5 B, 
Found C, H, 9*9^ 

Trimethylonoî lycol n^hoptyl borate 
Trimothylena glycol, freshly distilled (15*2g 0.2 mols) 

and tri-n-hopto:iy boroxole (21*2g, 0»05 cols) wero refluxod 
with 2? nl» bansene under a Ilclntyre weir ratio hsad until 
thero was no further evolution of water. Tho reaction was 
complete in fifteen minutes, solvent and excoss trimothylone 
glycol distilled off. Tho residual aster distilled at 260-
30D^G 73^ as clear colourloss very viscous product* 
ilnalysis for boron content 

Calculated for 010^20^3^ B, 
Found B, 



(c) Infra red spectra of asysimetrlc esters of ortho'boric acid 

The mixed esters prepared above \/ere sub;Jected to 

infra-red examination under the same conditions as used for 

the symmetrical tri-alkyl and tri-aryl esters of orthoboric 

acid, (loc cit.) 

The frequencies of the absorption peaks (in xrave 

numbers) of these compounds are given in table I, and in fig, 

I the linear relationship of these bands is given. 

Comparison of these spectra \rith those recorded for 

the symmetrical esters (loc.cit) shows a similar strong band 
-r ^x 

due to the B - 0 link within the range 1314-0 -10 cm , with 

the exception of diphenyl-cyclohexyl borate which is somewhat 

higher at I363 



THE INFRA-RED SPECTRA OF SOME BORATE ESTERS 

Samples were run as capillary film 

Di-(2-octyl)- Dici/c/ohexyl- Diphenyl- Diphenyl- ! 
mono- mono- Diethyl mono- mono- 1 

c^c/ohexyl (2-octyl) n-Hexyl c^cZohexyl (2-octyl) i Assignment 
Borate Borate Borate Borate 

1 
Borate 

1600 (s) 1601 (s) Phenyl 
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) 1416 (s) 1414 (s) 1405 (s) 1411 (s) 
1376 (m) 1361 (ms) 1379 (w) i 1376, 

1371 (ms) 
1332 (vs) 1330 (vs) 1333 (vs) 1363 (vs) 1336 (vs) ' B — 0 stretching 
1268 (w) 1266 (w) 1343 (s) 1262, 

1252 (m) 
1254 (w) 1255 (m) 1327, 1235 (m) 

1318 (ms) 1 
1225 (w) 1236 (w) 1271 (w) 1272, 1216 (ms) 

1256 (w) 
1252 (w) 1236 (w) 

1194 (w) 1190 (w) 1216 (m) 
1152 (mw) 1146 (w) 1165, 1165, 

1 
i 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) 925, 931 (w) 

915 (w) 
890 (w) 891 (m) 895 (mw) 896 (mw) 
851 (>v) 852, 836, 821, 835, 821, 

845 (w) 810 (w) 811 (w) 
797, 759 (s) 759 (s) 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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8o. 

Phi:P4uAxI:.).. Jr- AL.CYL 'I'li./A lî Î ALiCYI. HOHVxl.n 
(a) jiscusGlon of uaaQtion 

Tri-a-'imyl borate, tri-cycloheiiyl borate, tri-(2-octyl) 
boratG, tri-n-hoptyl borato and tri-2-othyi ha::yi borate 'joro 
refliucGd in turn v̂ ith increaslir; anouiits of acetic anliydride 
until t!iG initial precipitate iormed in each case reached 
coai-tant conpoGition. /\t the cainpietion of the reaction the 
corresponding aiî yi acetate uas isolated in a pure state. 

Sacples of the preciritato i'orued duriiij the reaction 
uere removed and analysed Tor acetic acid and boron content. 
It uas round that the ratio of acetic acid to uoron increased 
until a coiistant coriposition of approximately OÔ i acotic acid 
:md 3/j boron vnis obtained \mioli corresponds to the composition 
of pyroboracetic anliydride. The solubility of the precipitate 
in benzene also increased until complete solubility uas obtained, 
'ihe bensene solution ins found to ,jive a distinct colour reaction, 
with cuinalisarin, trhicri is a characteristic reaction of pyro-
boracetic anhydride (loc.cit). 

Although boron oxide was not isolated, it is considered 
that it is formed during tî e reaction from the decomposition 
of the tri-alkyl ester and subsequently reacts with tho acotic 
anhydride to form pyroboracetic anhydride. j:hat such a reaction 
could occur is in Heated b;/ the fact that pyroboracetic anliydrido 
niy be prepared by the direct reaction between boron oitide and 
acetic anhydride (loc.cit). 



On tl iQ b i G i s o r tliQ a b o v e f a c t s i t i s p o s t u i a t o d t h a t 

t :o r o a c t i o n bt^t-TJOii t r i - a l l i y i b o r a t o s a i id a c o t l c a i i h y d r i d o 

m y bQ I X l U G t r a t o d a s f o l l o u s : -

1. (KO),,-B-OH R3-B-(0Ii)2 

^ (H0)2-B-0-B-(0H)2 2 uOCJOCIIj 

CH.GO COCH^ 
3 3 

2 . CIIXO no OE GOCIU 

0 ^ B - O - B 0 1-3-0-B If liOCOCH 

CII3CQ HO ^ i i GOGH3 0 0 
N « (I 3 

B - 0 - B C!I»Ca QIUQO COCH. 
3 \ 3 \ ^ 

" " 2 0 0 — D - O - B — 0 

0 Q GH3GO CII^CO 0 CQCH^ 



V 82. 

(c) nxperlmental details 

n^AmyX Acetate 

Trl-n-arnyX borato (13«6g ••O? nol) m s rofluxed Mith 

acotic anhydride O^IS 2soi) for one hour^ During tho 

I'oaction til© solution gradually turned brotm and a fine white 

precipitate formed which cakcd tho bottom of the fias^ and 

gradually charred. At tho end of tho roflus time tho taixturQ 

\7as poured into boiling 'ifator to hydrolyso tho excoss acetic 

anhydride, mshed with saturated sodiun bicarbDnato solution, 

then finally vith t/ater. Aftar drying ovex aiihydrous magnasium 
sulpha to for four hours the roslduai oil was distilled at 

atmosphoric pressure. 

3.?. Yield 13g, thoorotical. ̂  UkOl^f 

Litoraturo n^^ for n-asyl acetate. 

Hoaction vas repeated in order to isolate and identify 

the precipitato. Aftor ten nlnutos roflmting it \/as noticed 

that tho whito precipitate began to form. The reaction ois:turo 

%;as cooled and a sample of tho precixjitate removed, washed with 

ether ani dried rapidly on a tile. 

On testing the following results were obtained:-

Tlio precipitate \ms partially soluble in bensene, completely 

in acetic anliydride. 

Tho benzene solution r̂ ave characteristic development of 

colour l̂ith quinalisarin. 

The precipitate was analysed for boron in usual manner 



for pyroboracGtic anhydride (loc.cit) and found to contain 
thG GQuivalent of 71j acetic acid and 8.1,̂  Boron. Pyroboracotic 
anhydride theoretically contains acetic acid and 7»95/-> 
Boron. 

0.1 nol acetic anhydride x̂ as added and reaction con-
tinued for further thirty minutes. Then allox/ed to cool xrith 
resultant formation of î racipitate. 
n-arayl acetate 

A sani)le of the precipitate \mQ recovod, washed x/ith 
©trier and rapidly dried on a tile and analysed for boroxi 
content as above taking precautions to worLv rapidly in order 
to prevent the decooposition of the pyroboracotic anliydride. 
From the 'titration results it was found that the conipound 
contained Ŝ /j acetic aniiydrido and boroii x.iiich corresponds 
to theoretical calculated x-'esults of acetic aiiliydride 86.J 
and boron The precipitate x/as completely benzene 
soluble to give coloui' development with quinalisarin. 
cyclohexyl acetate 

Tri-cyclohexyl borate (30.Sg, 0.1 mol) \ns refluxod 
with acetic aniiydride O.33 aol) for one hour. Again 
it was noticed that precipitate was formed. At end of reaction 
time the Eiisture was treated to isolate the cycloheiiyl acetate 
as in the case on n-acyl acetate. 
B.P. 172-.17V̂ G, (recorded literature B.P. 175^0) Yield 383, 89U 



8k. 

Hoactioii uas ropGatod usliicj tri-cyclohG:iyi borato 

0.0? i:.ol) anl acotic miliydrido OO.Cg, 0.33 ciol). 

-ith the incroase in ratio of acetic aiiliydrido to borate 

estor tiQTQ lias no formation of procipitato rrom the hot 

solution. Hoxjov^r on cooling aftor ono hour a whito proci-

pitatQ i/as forced uhich viis than sanplod. 'x'ho sacplo aftor 

rapid insliins uiVa other and drying on a tile was found to 

have foiiouiii^ properties. 

Soluble in iiot acetic anliydridOj partially soluble 

in b^-naene. 

Bensene solution positive colour --dth quinallsarin. 

Analysis gave foilouing results. Acetic acid equivalent 

70/Sj Doron 9.1/i. 

Ilizture xras then rofluxed for further half hour then 

precipitate removed, washed, dried as above and analysed. 

Acetic acid equivalent Ol/il; 3oron 9p. 

The precipitate \rx3 found to bo coapletoly soluble in 

bensene to jive positive purple colour Trith cuinalisarin. 

2-Octyl acetate 

Tri-(2-octyl) borate (2O3, 0.0? mol) \ns reflu:;ed 

with acetic anhydride (15.23, 0.15 mol) for an hour. Again 

thero was a precipitate forood. At end reaction tine mizturo 

treated as for n-aoyl acetate to yield 2-OGtyl acetate 

19^1-6^0. Literature B.P. 197^0. 



n«>Heptyl acetate 
Trl-n~haptyl borate (17*3gf 0»05 aol) was refluxed 

with acetic anhydride 0*15 mol) for an hour. Form-
tioa of precipitate vas aoticQd. The reaction aisturo ^ s 
treated as for n-amyl borate after refluxing for one hour. 
Yield I6g. <65^ of calculated yield) B.P. Literature 
B.P. 191^0. 
Trl-(2^ethyl) hexyl acetate 

Tri-Ca-ethyD-he^cyl borate (^Og, 0*1 sol) was rofluxed 
with acetic anhydride {30g, 0#3 tsol). After half an hour 
precipitate %/as formed* Solution vas cooled sample precipitate 
reisovod and tested: 

Slightly soluble in benzene, completely soluble in hot 
acetic anliydride. 

Ben::ene solution gave positive purple colour "ifith quinalisarin. 
Anilysis Acetic acid equivalent Boron 

Mixture refluxed for furtherhalf hour then precipitate 
removed and sample analysed. Acetic acid equivalent 78,1, 
boron content Bmk$* 

The precipitate -̂ ŝ then further refluxed for lialf 
an hour with an additional 0.1 mol acetic anhydride. On 
isolation of the precipitate it was analysed and folloî ing 
result obtained. Acetic acid equivalent boron content 

The a-ethyl-hesyl acetate was not isolated because 
there was Insufficient product left after carrying out above 



reactions and also there m s no further supplies of 2-athyl-
hesyl alcohol for tho preparation of tho required tri^alkyl 
borate* 



PYî oD)iv\â ::Tic PdimPhim 
(a) PiscusGion of Structure 

Pictot and Geloznoff (1933)j refluiiod acotic anhydride 
'Jith boric acid and Isoiatod a comi omid x;hich thoy doscribod 
as boroii triacotato ulth t'o folios/ins formula. 

(0113000)38 
Diinroth (1926), on tho other hand, repoatod the reaction and 
found that the only compound that ho could isolato i;as a niiiied 
ariliydrido of boron oiiido and acotic aiihydrido which ho called 
pyroboracGtic anhydride and gave the following fornula. 

0 0 
t i r i 

OH3.G.O O.G.CH^ 
B-O-D 

CH^.C.O ' O.G.GH:i 0 ti J 
0 0 

CooKo, Ilett, Saunders and Gtacey (1950) repeated tho wori: of 
Pictet and Geloznoff and, without analysiD of tho resulting 
coajjound, clainod to have prepared boron triacetate \'hich thoy 
then used for the preparation of esters of boric acid by 
transesterification. 

Because of the contradictory evidence in the literature 
it was decided to repeat the esperiments of tho above authors 
in an aiten:pt to prepare both tri-acetyl borate and pyroboracetic 
anl'iydride. It '/as intended to conipare tho properties of both 



corapoiiiids as posLibio roaĉ vvsnts for Identification of porl-
h y d r c uinono s • 

It uaG fouiid that in all eases, xrhea there uas an 
ezcoss of acetic aiihydride a uhito crystalline compound uas 
obtained with either boron ordde or boric acid. Anilysis of 
this product gave results i/hich were characteristic of pyro-
boracetic anliydridê  Litieifise, acetyl ciiloride reacted with 
boron oxide to produce pyroboracotic anhydride. 

From the above results it was concluded that Dioroth 
was substantially correct in his criticism of the findin̂ ŝ of 
Pictet and Gelesnoff and that the î roduct obtained tras pyro-
boracetic anhydride rather than tri-acetyl borate. 

The problem was reopened by Tofael Alimd and clhundar 
(195̂ +) ̂ ĥo reported that they iiad obtained a product in which 
the ratio of acetic acid to boric acid was three to one. On 
the other hand Gerrard and ̂ 'hoelans (195^) refuted the possi-
bility with tho observation that under the eiLperimental conditions 
used tiie products obtained contained icetic acid and boric acid 
in the ratio of two to one which corres? onds to the composition 
of pyroboracetic aniiydride. 

A series of e:;perinents wore carried out in order to 
deternino tho nature of intercediato products formed in tho 
reaction between acetic anhydride and orthoboric acid. It was 
found that one nol of acetic anhydride reacted 'ritli one or two 
nols of orthoboric acid to ̂ ive a cuantitative recovery of neta-



boric acid, the reactions may be formulated as follo'i;7s:-

CH^CO 
^ 0 ^ ^ CH3GOOH HBOg 

GH^CO 

CH3CO 
\ 

0 • • a H^BO^ > 2 GH^COOH 2 HOBO HpO 3 3 J 
GH^GO 

On reacting one mol of acetic anhydride with tiro mols 

of metaboric acid it was found that instead of the metaboric 

acid being further dehydrated to boron oxide according to the 

following equation 

GH^GO 
^ 0 2 HOBO 2 GH^GOOH B^O^ 

GH^GO 

the reaction led to the formation of a small yield of crude 
pyroboracetic anhydride and large residue of unreacted 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 metaboric 
acid and acetic acid from the dehydration of the orthoboric 
acid followed by the dehydration of the metabjric acid to 
boron oxide in the presence of large excess acetic anhydride 
which then co-ordinated with the boron oxide to form pyro-



b o r a c o t i c - inhydrldo. '̂ 'iio r o a s t i o a s m y bo fon^ulatod ai 

f o i i o u s : -

CIUCD 
X 

^ 0 HO - B « OH 2CII^G00li H0i30 
/ » 3 

cii^co on 

a:i GO 

^ 0 * 2 !IOBO ^ 2 GH^GDOH ^ D2O3 

GII^GO 

C H . C i GH.GO CJa i i . 

2 ^ O - ^ B - O - B ^ 0 B - 0 - B 0 / tl »l ff tl \ 
C!!^GO 0 0 Grl̂ GO 0 J GQCH^ 

!ihG s t r u c t a r o ox l iyroboracotic ai i l iydrldo as d o s i j i i a t o d 

by Dinrot l i belou 

OlUC m 0 0 m GGHn 

3 \ / 3 

D ^ B - 0 - BC, / \ 
CH3G m 0 0 « GGH3 

i n d i c a t e s a stab lo structuro i n -rhich a l i tho atoiis aro 

o o v a l G n t i y bonded• 

I t has b.on found that the cem^ ound I d x;ot only r a p i d l y 

c u a n t i t a i l v o i y dococpooed by c o l d \ jater but i s a l s o uaotablo 

i n tho GOl ia s t a t e to such aii ezteat t h i t tho aeGty;. content 



i ; r a d u a l l y d r o p s ifaoa tliQ coapomid i s a i l o w o d t o s t a n d on a pDrous 

t l i o i n a d r y bo: ; , uashod ^dtii mi i iydroas e t h e r , al lox/od t o s t a n d 
c 

i n a doG^ic fator undor e o n t i n u ; u s o v a c u a t i o n o r a l l o i r e d t o d r y i n 

a n oven a t 1 1 7 ^ 0 • 

From a c o n s i d o r a t i o n o f t h o s e f a c t s , t o g e t h e r i / i th t h e 

obsQjrvat ion t h a t p y r o b o r a c o t l c an i iydr ido may be p r e p a r e d by 

t h e r o a c t i o n bot'/eon b o r i c a m y d r i d o and p y r o b o r a c e t i c ani iydr ido 

i t a p p a a r s t h a t Dimroth*s f o r m u l a t i o n i s i n a d o q u a t o . I t i s 

p roposod t h a t a moro c o r r o c t f o r m u l a t i o n c o u l d bo a s f o l l o \ ; s : -

CII3C « 0 0 m CCH. 
O - ^ B - 0 - 3 ^ 0 

It ti 
CH3C a 0 0 0 0 n CGII3 

a s t r u c t u r e i n xxhich t h e boron i s d i r^^ct ly bound t o tho a c o t i c 

anlaydridG by a c o - o r d i n a t i o n bond f r o m the o z y g o n , a s t r u c t u r e 

\ jhich irould bo r e l a t i v e l y u n s t a b l o bv-causo t h e mora s t a b l e 

s t a t e o f boron i s tho one i n u h i c h i t i s t r i c o v a l e n t . 



KXPBRIMBIITAL 
Boric oicido 0«02.nDl) uas hcatoi ulth acetic anhydride 

(19.23 J 0,16 raoi). \n eicotĥ rniic raactlon occarrod aiiJ all 
tha boric oxide dicGOlvod. The ro ictloii theu eonsiderGd 
to bj comploto. Culphuric ethor m s added to the cold solution 
and a tfhite crystallino compoiiiid vas prucipitatod; the pr̂ -jcipitato 
ins filtorod rapidly on a cintcred glass buchnor funnel, washed 
ulth othor until froo oi" acetic anhydride odour and finally 
driod in a vacuum desiccator to rcmovo tho last traces of other, 
ilnalysis:- The general aothod, of analysis iras to hydrolyse 
api-roiamatGly 0.22 in ol. ̂ /atjr, titrate to neutral red uith 
Ii/10 Barium hydroxide for acetic acid content, then :idd mannitol 
(Ug) a few drops of phonolphthalein indicator and titrate to 
permanont red with 11/10 barium hydroxide for boron content, 
hjsults:- Calculatid for Acetic anhydride lioron 

Found 'At,J Acetic anhydride Boron 
It was observid that even though the compound had been washed 
fr^e of acetic anhydride prior to dryin̂ ^ in the desiccator, there 
was a pronounced odour of acetic anhydride on opening the desiccator. 

The determination of tho melting point was indefinite 
since it varied with the timo the sample outside tho desiccator, 
duo to tho rapidity of hydrolysis. 
2m Boric ilcid (623, 1.0 aol) was heated undor reflux with 
acetic anhydride according to the method of Pictet and Qeleznoff 
(1903). After refluxinj for an hour after all tho boric acid 



had cl i sGolVGd, t h o s o l u t i o n was c o o l o d tho axiliydriclG p r e -

e i r i t a t G c l v i t h c t h o r . On l i i t r a t l o n a n a uachi ix^ \ j i t h o t l iGr j 

t h o p r o d u c t t n s n i i ' i l y sed a s a b o v e t o .,;ivo r e s u l t s c o r r e s p o n d i n g 

t.o '1 t o t r ' ^ - a e o t y l b o r i c an i iydr ide r a t h e r th ' in f o r t r i - a c o t y l 

b o r a t e a s c l a i m e d by P i c t e t and G e l G s n o f f ^ 

A m l y s i s : -

G a l c u l a t a d f o r A c e t i c a n h y d r i d e 75P Boron 

Found / I c e t i c oxii iydride 7 5 * B o r o n 

78,i 8 .9 .^ 

3« B o r i c a c i d (16^$ 0 » 2 6 m o l ) u a s h e a t e d ^^Tith a c Q t i c 

a i i l iydr ido (152.^$ mol ) i n a 2 5 0 ^ 1 . r o m r i b o t t o m f l a s l ^ j 

a t L a c h e d t o a 2 * : : g l a s s f r a c t i o n a t i o n C i l u m a paci iod u i t l i 

; j l3SG h e l i c e s . 4 t t h o t o p o f t h e column iras a M a c l a t y r o w e i r 

r e f l u : : r a t i o head a d j u s t a b l e t a p t jh i ch made I t p o s s i b l e 

t o c o l l e c t and r u n o f f t h e a c e t i c a c i d a s f o r t i e : ! , i h e s t i l i 

p o t m s ' h e a t e d t o . j i v e a r e l a t i v e l y f a s t t h r o u g h i ; u t , t h e 

d i s t i i i a t e b e i n g g r a d u a l l y and c o n t i n u a l l y removed u n t i l s u c h 

t i m e a s t h e t e m p e r a t u r e a t t h e s t i l l - h e a d r e n i i n e : ! c o n s t a n t a t 

l^iO^G uhen o?.eratin::^ under t o t a l r e f l u : c , TJhich i s i n d i c a t i v e 

o f t h e f a c t t h a t no more a c e t i c a c i d was b e i n j f o r m e d . Ifho 

a p p a r a t u s u a s 1 . s m a n t l e d and t h e bul l i o f t h e a c e t i c a n i i y d r i d e 

removed by o r d i n a r y d i s t i l l a t i o n . Tho r e s i d u e c r y s t a l l i s e d 

on s t a n d i n g . The pr :^duct i i a s f i l t e r e d , \ n s h e d ^ ' I th o t h e r , d r i e d 

and a n a l y s e d a s a b o v e . 



'uiilyDiGs-
Crilculatad for 4cotlc uiliydridG 75J Boron 

^ td^Cm. Cm 

round Aootic arxliydrido Boron 8#8p 
h. Boric acid (2.OJ5 0.032 moi) uas hoatod vith acotyi 
chlorido (10j, J.I3 moi) mid bonsjiio (iOnd) until al l tho boric 
acid had dis^oivod. Jn Qoolias^ the rosuitant crystaiiino 
product \7as i'lltGrodj crashed Ĵith a li^tio ice cold bonscaG 
and dried in a vacuum dGsiccitor. 
Analysis 

Caleulatod Xor GqĤ Ô,̂ ^ Acotic anhydride iJoron 
Found AcGtic auhydrido iioron 

The rosultaiit product \rc12 thoa r.jfla::ud vita acetyl 
cliloridG (iJc, 0.13 moi) in boasene solution for an liour thon 
coolod. Th-j crystallino product was riltorodj dried and 
anilysod in usual Lianner. 
Analysis:-

Galculated for Acotic anliydrido 7?/̂  Boron 7«9/j o x2 V 2 
I'ound Acotic ûihydridG Boron 

Acotic anliydrido (10•2 ,̂ Q,i moi) m̂d orthoboric acid 
(6.2^5 ••I moi) voro jently hoaiud unior roflm: in an oil bath 
at 117 - 125̂ 0• A vi;jorDUs exothoroic reaction occurred and 
11,8 Dl. acetic acid distilled over at 117^G, 
Uialysiss- Calculated for CIÎ CJOH 100̂ 1 

Found 99/5 
Tho \jliite insoluble residue in tho s t i i l pot uas washed uith 



60-80^0 potrolouc other and anilysod lor boron contont. 
Boron amlysio:-

CalculatGd for ilOBO B, 
Found B, 23.2,̂  

6. Acotlc anhydride (lO.Sgi 0.1 mol) and orthoboric acid 
0.2 nol) wore heated vith sylono (100 ml) in a Dean 

and Starke apparatus until there was no further apparent evolution 
of xylene imiscible product. The 2cyleno Mas filtered free of 
insoluble white rosidue. The syleno was found to jive negative 
reaction with quinalisarin, indicating the absence of fornation 
of pyroboracetic anliydride. On titration it wis fouiid that the 
acetic acid content of the xylene ̂ ;as 2.7i5 the acetic acid 
content of the distillate B.kg making a total of 11.Ig. 
Calculated yield 12. 

The insoluble residue \ns ̂ /ell x̂ rashed uith 60-30®C 
petroleum ether and analysed for boron content. 

Calculated for IlOBO B, 2̂ 1.7,j 
Found B 5 23/1 
Yield 8.% Calculated 3.8g 

Ilolecular i;eight dotermination, ebullioscopic method, t̂ lacial 
acetic acid as solvent. 

Calculated for HOBO if3. 8 
I'ound k2m 

Acetic anhydride (10.2ij, 0.1 nol) cetaboric acid (8.8g, 
0.2 mol) \70T0 heated with xylene (100 ml) in a Dean and 



Stariio apiaratas tditii thoro iris no furthor ovolutiou of icyieno 

iL.-iseibiG distiiiato* Kylune solution \7as riltorod hot and 

ailouod to staiid ov..r:iiijht« Yiold of xylene InsoiublG product 

7*lg analysis for boron eontciit. 

Calculated for iipÔ  Bg 32.1,1 

11:3130 B, 

loimii î , 

"liitG crystaliinG product froa 5:ylono solution was filtored, 

crashed dry irlth potroloum ether vJoichod, yiold 

ilnalysis for aootyi and boron content i -

Calculated for GII^COO 86.> B, 

Found GH^COO 71.7,3 ii, 10.3^5 

8. Gpontanoous decoraposition of pyroboracotlc anliydride. 

Ganp^o of pyroboracotic anhydride was .lualysed then placed in 

vacuiic des- icator and ailouod to stand invacuo over suli)huric 

acid and solid potasciuin I'lydroiiido. Ga^plo uas re^ioved after 

2h hours ;;uid analysed for acotyl and boron content. Ihis ins 

repeated, uno sampio iias ronoved aftur hours ani analysed 

after standing; in drying ov-;r at llO^G for three hours, 

lie suits are as follows:-

Timo Calculated Found 
CH^COO B GH3COO B 

0 hrs. n .< tf.- 7 

lirs. 76.0,^ 
ko hrs. 
56 hrs. 63.0, J 11.0,j 
Bo hrs. 



G'lnplo allo\7od to stand in ovon for throe hours. 

Giicuiatod CH^C)) 8?. B, 

Found I2jj 



REACTIOH OF BQROH COMPOUHDS \>HTH HYDROXYQUIMQNES 

A COLOUR TEST OF DIAGNOSTIC VALUE 

HISTORICAL IHTHODUGTIOH 

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 knoim to chemists for a considerable number 

of years. Dimroth (1921), however, approached the study of 

such coloured compounds from a novel point of vieisr, i.e. the 

use of a k n o m organic compound of boron as a means of detecting 

specifically the presence of peri-hydroxy or peri^-amino 

quinones. 

Dimroth (1921) first considered that the reagent used 

was tri-acetate of boron (B(OCOCH^)^) since the method of 

preparation was that of Pictet and Geleznoff ( I903). In a 

later communication Dimroth (1926) concluded that the method 

of Pictet and Geleznoff led not to the formation of boron 

triacetate as originally claimed but rather to the formation 

of pyroboracetic anhydride which was given the following 

formula. 

CH GO COCH^ 

\ ^ 
B - 0 - B 

CH^CO COCH^ 



Dinroth (1921, 1926) studied tho reaction of 
pyroboracotlc anhydrido in acetic anhydride solution tdlth 
similar solutions of hydroxy and amino quinonas. It soon 
becam© arparent when tho raactants were heatod a character-
istically intonse colour change preceded the formation of 
a vividly coloured insoluble roaction product vhonovor tho 
liydrozyl or ainino group occupied a peri-position in relation 
to the quinone group» -forking undar ciild conditions, i.e. 
bolo^ 60^C, ho found tliat tho products contained one boron 
atom and two acatat© rasiduos for each pQri-hydrozy- or 
peri-amino- group: on heating in vacuo acetic anhydride 
vas liberated, yielding the corrospondinij derivatives of 
siataboric acid. -Iiere there were tvo hydrosyl or amino 
groups pori- to tho ono quinone oxygen, as in 1:8 dihydro2cy 
anthraquinone, then it '^s found that one of the hydroxyls 
was acetylated and ti e other reacted in the usual manner as 
above. In tho case \7here the hydroisyl or amino group m s 
^^^ M l l r ^^ ^to quinone group, then there ims no develop-
ment of characteristic colour, the group being acetylated 
in the usual irmmer* 

Dimroth also observed that non-quinoid hydroxy carbonyl 
compounds such as 2:3:^i-trihydrozybenxophenone and acetonaphthols 
with groups on adjacent carbon atoas reacted sinilarly although 
the colours produced tmre much less intense. Of the heterocyclic 
conpouiids, hydroxy ^^nthonos and 8-hydroxyquinoline imve the 
only ones investigated. Of the former only compounds ̂ îth 



tha liydroxyl in tho I- or peri^position reacted; S-hydrosy-
Qulnollue ims also positive. 

By analogy with Pfeiffer's concept (1927) of the 
constitution of the co-ordination compounds coatainiiig 
stanriic tin and j>ori~hydros:y-anthraquinonos, these reaction 
products wore considered by Dimroth to be chelated compounds 
in which tho carboayl o^gen is co-ordinated to tho boron 
atom thus:-

cl - Sn - cl CHrjCO 0 - B - OCOCH^ 3 y \ 3 
0 0 
II . t 

^ ti • 
0 0 \ y 

cl - Sn - cl 
Pfolffor's Structure 

0 0 

CH^OC 0 - B - OGOCHj 
Dimroth» s Structure 

Although QUlto characteristic for peri-hydroxy and peri-aQino 
qulnones, limroth's reaction obviously suffers from the dis-
ability that relatively large quantities of reagents are 
necessary î hich severely limits the scope of the reaction as 
a research tool. In ad lition the reactants must be heated 
for sodo timo in tho presence of acetic anhydride and finally 
very little indication was given as to the degree of sensitivity 
of the reagent. 

A nore gentle reagent '̂is described by v^ilson (1939) 
and later studied in greater detail by ' olfran et al 



as a diagnostic test for J-̂ Hyciroxy flavones. In this case 
the reagent consisted of a saturated solution of boric acid 
in anhydrous acetone and a ten percent solution of anhydrous 
citric acid also in anhydrous acetone solution. Equal 
volumes of the tiiro solutions were mixed ^ust 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 isolate the coloured reaction product or to determine 
their chemical constitution. 

Tauobeck (19^2), investigated the effect of variation 
of the acidic component in the tlilson test and found that 
organic acids such as oxalic, malonic, fumaric, adipic and 
malic, amongst others could be substituted for citric acid 
without any apparent detriment to the efficiency of the test. 

X^olfram et al (19^1) found that mathylation of the 
5-hydroxyl group in the isoflavone series led to a negative 
Wilson test, from vrtiich they concluded that methylation of 
the 5-hydroxyl group in the flavone series would likewise 
lead to negative results as was found by Dimroth on methyla-
tion of the ^eri-hydroxy and peri-amino quinones. These 
conclusions however, are at variance with the results found 
by Rangaswami and Seshadri (19^2). 

In general it appears that the Wilson test is limited 
in application to the flavones and related compounds and is 



not saltabio as a genoral reagent for the spoclflc detection 
of peri^hydroxy quinone structure 

The Dlmroth reagent found some axiplication in tho 
Investigation of tho structure of some naturally occuring 
hydroxynaphthocuinones in the h inds of Macboth and ' 'insor 
(1935) but little attempt was aade to improve tiia tGclmiquo 
of Jinroth. 

Andorson (1950) atteiapted to isolate alkyl osturs of 
boron as very insoluble co-ordination products of £ori-
hydroxyquinones. Although tho roquirad soparation wis not 
accompli shed, it vas noted that vory intense colours were 
devolopod in bensene solution of the reagents* This observation 
led to tho postulation that a ben̂ jene solution of esters of 
boric acid could replace the acetic aniiydride solution of 
pyraboracetic anhydride as a reâ -ent for detection of presence 
of peri-hydroxy or perl«>imino quinones. To test the thesis, 
Anderson prepared a series of compounds which, from method 
of preparation, he presusied were triphenyl-, tri-n-butyl-, 
tri-tertiary-butyl-, mono-n-butyl-, di-tertiary-butyl-borates 
and tetra-n-butyl-boric o:cide# Each of these compounds in 
bansene solution gave intense colours with benzene solutions 
of peri-hydroxy ruinones* A few conrounds such as 8-hydrosy 
quinoline, 2-hydrozy 3-naphthoic acid, 2sHj6-trimethos;yaceto-
phenone and some acridones were tested and it was found that 
although colour development occurred it was of too faint a 



naturo to be of diagnostic value. Soso of the compounds 
were testad by "ilson's method for comp irison and results 
of Dimroth*s tests MQTQ also noted. 

From the results obtained Anderson concluded that 
the esters of boric acid in bonzene solution wore apparently 
satisfactory reagents for tho detection of the presence of 
porl-hydrozy and j^eri-iminoqulnones. Tha fact that the 
flavones reacted shovod that the reaction was not confined 
to fully aromatic structures, but nevertheless a fundamental 
requirement was that a double bond be conjugated v/ith a 
carbonyl group. As t̂ ith the Dimroth test, nethylatlon of 
the aromatic perihydroxy group coaplotely inhibited colour 
formation but in the case of the flavones mothylation of 
tho I-hydroxyl group did not produce such an inhibiting effect. 



IQk. 

discus3ID:I 
HEACTIOII OF BOHDH COIiPQUHDS UITH PERI-HYDROXY 

CUIHQIIBS AND HrXATSD CDHPOiJIIPS 
Iin?BODUCTlQH 

From a survey of the iitaraturo It ̂ as fomid that 
there vovo t̂ jo principla approaches to tho cuostion of the 
development of a suitable reagent for tho identification -
of peri-hydroxy QUinon8s,(l) tho use of pyroboracetic 
anhydride in acetic anhydride solution (Dimroth 1921, 1926) 
and (ii) the use of triphenyl borate and tri alkyl esters 
of boric acid respectively in benzene solutions ("inderson 
1950). 

The Dimroth technique suffors from the limitations 
that it involves the use of macro quantities, it is necessiry 
to heat the reaction mixture vhich would sake it useless far 
testing heat sensitive substances, more so since the reaction 
is carried out in acetic anhydride solution %iJhich could lead 
to the acQtylation of the hydro:?:yl groups in positions other 
than peri- to the quinoid oxygen. In the caso of compounds 
which may be available only in small quintities such acetylation 
wuld probably bo undesirable, since the original comjjound 
could not be recovered on hydrolysis with water. /Inother 
%fealaioss in tha method is that no attempt was made to determine 
the sensitivity of the reaction, a fact which prohibits its 



application as a spot tost roageat for the j)8rl-hydroxy 
quinones. 

Tho vQTk of Anderson was a sli;;ht improvement on 
that of Dinroth in that it was found that tri-phenyl borate 
could bo used in the cold in baxiseno solution as a reagent 
vfhich was specific for pari-hydroxy quinones. However, 
again very little attempt vas mad^ to doterinina tho 
sensitivity of the reagent. A careful esainination of tho 
work of ilnderson showed that t -ere %-irare no analytical 
figures to show that the compounds he prepared and used in 
situ in bansene solution were actually in fact those which 
he claimed to have prepared. In view of these facts then> 
it was decided to carry out careful preparation and isolation 
of appropriate esters in order to check their efficiency as 
reagents. The preparation and properties of such compounds 
has boen previously described (loc. cit sections 3, ̂  and 7 
this thesis). 

Because the woiij: of ilnderson indicated that there Mas 
a possibility that saturated bensene solution of tri-phenyl 
borate in benzene may be a reagent of diagnostic value, it 
was decided to determine whether a saturated ben̂ êne solution 
of pyroboracetlc anhydride in benzene would ba as satisfactory. 
Simultaneously tri-alkyl esters and tri-all£oxy boroxoles were 
tested for suitability as reagents. 

It was envisaged that the reagents would possibly find 



use as spot tost rsagents, consequsntly the solutions of 

conpouiids tostod \TQTO of Imoim strength and were successively 

llluted tintil thare no further possibility of datocting 

any colour change by eya. In this m y it iras proposed to 

compare tho relative sensitivities of the rea^^snts used, i.e. 

saturated bensena solutions of pyroboracetic anliydride, tri-

phenyl borate and tri-alkyl esters of orthoboric acid respec-

tively. Because of the difficulty in preparation of the 

boroxoles at tho tii:>e of carrying out tho sensitivity tests, 

they vere only used on typical naabors of different classes 

of compounds examined for the sake of record. 

Tho skeleton structures of the conpounds tested î ere 

as followsJ-
o V - 0 

0 
Ilaplxthoquinone 

y 
^thraquinone 

o 
I'lavone 

( 

.cridone ' 

Other nlscellaneous structures were tested \fhich 

possessed related structures, in order to deteriidne the 

specificity of tho reasents. 

HESULTS AIID GEHUHAL DISGUSSIOH 

The Dimroth (1921, 1926) technique, as originally 

described, used excess acetic anhydride as a solvent and 

required heating under reflux for up to one hour. In addi-

tion comparatively large amounts of mterial i/ere required. 



It has hoQXi found tliat tho colour reaction m y bo carriod 
oat in tho cold using only snrill cuantities of natorial* 
However, a considerable Improvement both in sensitivity 
and convenionco was obtained by usin^ a cold saturated 
solution of pyroboracetic anhydride in bensone rather than 
in acetic anhydride. This has boen termed the modified 
Billroth reagent* As judged by the rate and depth of colour 
development, the reaction appeared to be complete in a 
minute or two and ̂ rarning cade no appreciable difference in 
the velocity or degree of completion of the reaction. 

The coloured solutions initially formed, (probably 
colloidal) xjere unstable and Intensely coloured precipitates 
fonsed on standing, Eô jovor, at tho low concentrations of 
tho compounds tested the solutions were stable for at least 
fifteen ninutes if the test tubes vere stoppered, and there 
was no difficulty In detorrdlning; whether tho colour reaction 
were posltivo or negative• 

attempts were mde to develop a satisfactory teclmique 
for colourimetrie method of estimating amounts of peri«>hydroxy 
quinones but it was found that at low concentrations the colour 
quicitly faded due to atmospheric moisture and at higher con-
centrations precipitation occurred after coagulation. It was 
considered that complicated technique required to carry out 
such Quantitative colourimetric estimtlons irould be unsatis-
factory and the problem was not further Investigated. 



Qiiantitativo tosts \mrQ run sinioltaiieously 'Jlth 
benzene solutions of tri-phonylborate and pyroboracQtic 
anbydrido and also tho Wilson reagent, k fev Dioroth tosts 
wora also carried out but, duo to the disagreeable naturo 
of tho acotic anhydride solvent, those tosts were confined 
to representative compounds from the various groups. 

In all tho cases tasted it was found that the sensi-
tivity of the- tri-phenyl borate and the modified Dimroth 
reagent ̂ oro of the saine order, cov̂  ring a range of concentra-
tion froa I to 10 ug of the cc^pounds tested. 'There the 
sensitivity was very lou, such as in tho acridones and 
aromatic carbonyl coapomids, the rea.̂ eiits vere not very 
satisfactory because there very little difference in 
colour betveon peri-hydrozy compounds and those with hydroxyl 
groups in other positions. However, tlieso two reaijients were 
Vury definite in their reaction specifically with peri-
hydroxy compounds belonging to naphthoquinone, anthraquinone, 
flavone series• Uone of these compounds showed negative 
result when there was a bydrozyl group present in the peri-
position and all were negative ̂ en the hydroxyl group was 
in any other position. Ilethylation of tho reri-hydrozyl group 
completely inhibited the reaction except in the case of the 
flavone series where there was a slight increase in sensi-
tivity* In the case of the acridones, laethylation or acetylation 
^^ peri-hydro^yl group does not affect the reaction. Tlie 



substituont may bo either In tha I or k position to givo 
positive reaction* Thorefopo a compound t/ith a hydrosyl 
group peri«» to a nitrogen atoa in an aroniatic rin^ is as 
offcctive as a peri-hydrosy quinona in giving a positive 
reaction, cf« 8-hydroxy quinolinoi but the colours are 
usually yellow qulta distinct in shade froa the yellow 
orange of the naphthoquinones, anthraquinonos and flavones* 
The reagents are Incapable of dlffarentiating betifoen hydrosyl 
groups peri*' to either qulnoid oxygen or the nitrogen in the 
ring. 

The "̂ 'llson test %iras found to give negative results 
for all compounds e:icept the 5-hydro:iy flavones. Reactions 
with the acridones ̂ re veaker than those recorded for the 
modified Dlnroth and tri-phenyl borace reagents and to all 
Intents and purposes my be considered as negative and 
inapplicable. It is to be noted that the I'ilson test was 
V. ry sensitive even though the J-hydrosyl group in the flavones 
had been nethylated* Xhore has been soise conflict in the 
literature regarding the behaviour of oethoxy flavones to 
the ''ilson reagent, iiolfrain et al (19̂ tl) found that in the 
iso-flavone series methylation of the 5-hydrosyl group led to 
a negative test. They concluded that this nethylation of the 
5-hydroxyl group would lead to a negative test in the flavone 
series also. This conclusion is at variance vith the results 
recorded above and also with those recorded by liangasvami and 



no, 
Seshadri (19^2)• Thus sea that the l̂ iison tost is given 
by ̂ '-hydroxy flavonos 5-hydroxy flavonols and 2-hydrozy 
challionos C'olfiam et al 1^1) and by the nothyl derivatives 
of these compounds. Hotjovar, 5-acetosy flavones do not appear 
to react (Kangasvaai and Seshadri 19^2)• An outstanding 
difference betmien the *'ilson reagent and tho others is that 
only tho ̂ Mlsoa tost is positive \Jlth 2'-hydroxy chalkones and 
flavonos or flavonols* 

tha usofulnosG of the original Dimroth test as a 
diagnostic test for peri-hydrozy quinones m s considerably 
roduced because positive reactions vore reported for a con-
siderable numbar of miscollanaous compounds, vis. o-nitro 
phQnol) I -aminoanthraquinone, o-hydroxyacotophenons, 
o-hydroxysalicylaldohydo, I-acQtyl-2-naphthol, salicylic acid, 
2-hydroxy-3-^o^ithoic acid, and 8-hydroxyquinolino» By the 
usQ of the modified Dimroth reagent or tri-phenyl borate tho 
interference of ortho-nitrophenols, pori-aminianthracuinones 
and salicylic acid is elimliiatod. Moreover, since ortho-
hydroxy aroi2̂ atic ketones and aldehydes give only very pale 
colours and the tests are relatively insensitive, tho inter-
ference of this class of compound is not important. 

Tri-ali!:yl estors of orthoboric acid were found to give 
negative results iflth all conii>ounds tested* On tlie other 
hand it wis found that tri-alkozy boroxoles were capable of 
developing positive colours vlth peri-hydroxy naphthoquinones 



and aiithraquinonos but negative colours vith 2-hydrosy 
naphthOQuinono and a-hydroxy anthraculnono* Because of the 
difficulty of proparation and the fact that conpounds for 
tasting as usad for laodifiod Dimroth reagent otc. t/are no 
longor available, exhaustive tests were not carried out \rith 
tha boro:ioles to detoraina thQir ralativo sonsitivity as 
reagents* 



COiJCLUGIOIlS 
A saturated solution of oitiier xjyroboracGtlc anhydrido 

or tri-phenyl borate in bonseno constitutes a reagent which may 
bo used to dotorciinQ specifically wiiothor the free hydrô :yl 
group in naphthoquinones, • anthraruinonos or flavones occupios 
tho pQri-> position in relation to the quinono structure or not. 
''ither reagent is uore specific and sensitive thin either the 
ori::;inai Dimroth rca.̂ ont or the ''ilson reâ ênt, thus enabling 
the use of luinute quantities of the compound to bo tested, 

Tri-allsyl borates are unsuitable as reagents uhereas 
allcozy boroxoles and tri-aryl borates, on the other hand, 
may possibly be substituted for ooiified Dioi'oth reagent should 
the occasion arise. 



(i) The Compounds Tested 
Many of these were cosparativaly rara substances and 

were donated by workers in tho appropriate fields• I'hore 
tho donors guaranteed tho purity, tho substances \rere used 
without further purification̂  V̂ iere tho purity was unloiown 
or doubtful, tho materials tjare suitably imrified to tho 
correct molting points. 
(ii) The Boa^ents 

Tho rovagent referred to hereafter as Dimroth'o reagent 
was a solution of pyroboracetic anhydride in acetic anhydride 
saturated at room temperature• Tho composition of the pyro-
boracetic anhydride was checked by analysis (loc.cit this thesis) 
T-hen isad hot, this reagent approiiciinates to the conditions 
originally used on a larger scale by Dinroth. 

The nodified Dimroth reagent was a solution of 
pyroboracetic anhydride in crystallisable thiophene free 
benzene^ saturated at room temperature. 

The T'ilson reagent vas roade up freshly for use fros 
equal volumes of solutions in anhydrous acetone of boric acid 
(saturated) and anhydrous citric acid (10;l), conforming to 
the original technique of l-'ilson. 

The tri-allcyl and tri-aryl borates were prepared 
and analysed as described in section 3 of this thesis; lilio-



Ilk. 

wise with tho substituted boroxolos. 
411 reagents ware kept in tightly stoppered bottles 

and woi'o periodically checked for purity. Average period 
of stability t̂ as approximately si:c welis. 
(iii) Experimental Technique 

A solution of the test substance was prepared in 
acetic anhydride (1 mg. per ml»> for use with the Dimroth 
rea.;ent and in crystalli sable thiophene free bensene for all 
other reagents except for the ̂ %ilson test when aniiydrous 
acetone ̂ eas eiiployed. Hiubstances which were not sufficiently 
soluble in benzene (i.e. glycosides) \JQTQ dissolved in bensene 
containins up to 20^ dioxane. Further dilutions to establish 
the liait of sensitivity were prepared irom these stock 
solutions. The colour reactions were carried out by adding 
2 al. of the rea,b'ent to 1 ml. of tho solution in a small 
test tube which was corked innnediately aixd cosipared against 
a white bacLj:ground with a blank of tho sane concentration. 

Since the modified Dimroth reagent was so much more 
convenient to use than the Disroth reagent, tests with the 
latter were only carried out for comparative purposes on 
substances typical of each group» Tho Dimroth test was most 
unpleasant and inconvenient to use owing to the disagreeable 
nature of the solvent. 

It is to be noted that in the case of the tri-alkyl 
borates and substituted boroxoles no attempt was inade to 



detorsiine the sensitivity of such compounds as gave jjositivo 

colour with perihydro^y quinones because it was considered 

that triphenyl borato airi pyroboracetic anhydride vora tho 

most suitable reagents because of ease or proparation and 

manipulation. Thesa compounds were included in order to 

show that trialkyl borates do not give any colour devalopiaent 

•̂̂ ith pori-hydroxy quinonos vheroas substituted boroxoles, on 

the othor hand, produce intensely coloured solutions. 

EBSIJLTS 
The results of the tests are recorded in Tables I to 

o 
IZ Inclusive. 

TABL3 I 

EEACTIOHS OF HAPKTHOCUIHOKES 

2 
Positions 

3 5 8 
Triphanyl 

Borate 
Modified 
Dimroth 

- mr -OH • lug. Orango lug. Orange 

- - -OMo - -V0. -ve. 

-OH - - « -ve. -ve. 

-OHe • -V8. -vo. 

- -Me -OH - 2ug. Orange 2ug. Orang© 

OH - -OH - 2ug. Orange 2ug. Orango 

•OH • -OMe • -V8. 
-OH -OH - - -vo. -V©. 
-Ho - -OH -OH 2ug. Mauve 2ug. Hauve 

- - -OAc -OAc -V8. -ve. 

- - -OH -OH 2ug. Mauva 2ug^ Mauve 

-OH -OH -OH 3ug. liauvQ 3ug. liauve 



In all thesQ tables these flgurao ropresent the concentration 
limit per ml, for tho test. D lo laainly to variation between 
observers they ara accurate x̂ ithin a factor of tvo* 

The T'ilson tost ims negative in all casos» 
The Dimroth reagent gave \/ith J-hydroxynaphthoqiiinone 

a positive reaction of concentration liEdt 25ug. 
(a) naphthoquinones (fable I) 

In all cases the iTilson test was negative^ naphtho-
quinones having at least one hydroxyl group peri- to a 
carbonyl group gave positive reaction with the Dimroth 
reagent, the modified Dimroth and triphenyl borate reagents* 
Both 2t3 dihydroxy and 2-hydroxy-I:V naphthoquinone gave 
negative results showing that a hydroxyl group ortho to a 
carbonyl group is not sufficient for a positive reaction, 
it thylation or acetylation of tho ^eri-hydroxyl group com-
pletely inliibits tho reaction. 



(b) Anthraqulnones (Table II) 
TABLE II 

REACTIONS OF AI^HRAQUINQNSS ^^^X^f^'^NK 
Positions Triphenyl Modified 

1 2 k 5 8 Borate Dimroth 

-OH - - - - 3ug. Yellow 2ug. Yellow 

- -OH - - - -ve. -ve. 

-OH -OH - - - lug. Yellow lug. Yellow 
-OH -OH -OH - - lug. Mauve lug. 11a uve 
-OH -OH - -OH -OH lug. Purple lug. Purple 

-OAc - - - -ve. -ve. 
-OH - - -OH - lug. Purple lug. Purple 
-OH -OH lug. Mauve lug. Mauve 

The Wilson reagent i/as in all cases negative* 
The Dimroth reagent gave i-rilth I-hydroxyanthraquinone a positive 
reaction of concentration limit 2?ug. 

The reactions of the anthraquinones closely parallel 
those of the naphthoquinones. Reference to Tables I and II 
will show that in both the naphthoquinones and anthraquinones 
compounds with one peri-hydroxyl group give colours yellow to 
orange but those with two peri-hydroxy1 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, 



the shade of colour may be used to indicate the number of 
pori-hydroxy groups present in the molecule. 
(c) Flavones and related compounds (Table III) p T t̂y 

TABLE III 
REACTIONS OF FLAVONES AUB RELATED COMPOUNDS ^ 

1 2 
Positions 
6 7 8 3' 

Common 
Name 

Triphenyl 
Borate, 
Modified 
Dimroth, 
Kilson it 

-OMe -OMe - -OMe -OMe -OMe Pentamethyl 
quercetin 

lug. Yellow 

-OMe -OHe O-CHp-O t ^ I •om 0-CHi>-0 » t lug. Yellow 
-OMe -OH - -OMe - O-CHp-0 f 1 lug. Yellow 
-OMe -OMe - -OMe - 0-CHp-O 3iig. Yellow 
-OMe 
-OMe 

-OH 
-OHe 

— -OMe 
-OMe -0M9 

-OMe -OMe Tetrrimethyl 
cuereetin 

O-CHp-0 1 ^ 1 Jug. 
Yellow 
Yellow 

-OMe -OH - -OMe - -OH -OMe Yellow 
-OMe -OH O-GHp-0 1 ^ f - 0-CH«-0 1 5ug. Yellow 
-OMe -OH - -OH - O-CHp-0 t t Kijg. Yellow 
-OMe -OH -OMe -OMe - O-CHp-0 1 lOug. Yellow 
-OMe -OMe -OH -OMe - O-CH2-O JlXig. Yellow 
-OH -OH - -OH - -OH -OH Quercetin KUg. Yellow 

-OMe -OMe 
-OH 

-OMe -OMe 
-OMe 

-OMe -OMe Hexamethyl lOug. 
quercetin 

Tectochrysin 
Yellow 
Yellow 

-CX3qgar -OH - -OH - -OH -OH Rutin JOug. Yellow 
-CBugar -OH — -OSugar — -OH Robinin UDOug. Yellow 



U9. 
TABLE III (Contd^) 

Triphenyl Borate, 
Modified 

Comson Dimroth, 
1 2 6 7 8 y k^ HasQ :̂ilson & 

'OBaspr -OH - -OH - -OH -OH Quercetin lOOug. Yellow 
- -OSugar - -ca;gar - -OH -OH Hariginin 

-OH - -OH - - • Hosperetin -ve, 
-OH - -CTi^ - « • Hesperidin -vo< 
- - -oa^" - O-GH2-O PsuQdobiptisin -ve. 
-OH -C5H9 a CH- -OH Osajln 30U3« Yellow 

- -C9H9 O-Ofij? « CH- -OH -OH Poaiferin 30ug. YqIIow 

t The throe reagents liave identical results-
The Dimroth rcai;ent gave with pentamethylquercetin a positive 
reaction of concentration limit 25ug. 

Th© 5-substituted flavones and related comi omids vere 
found to give positive reactions vith the Diraroth, Modified 
Diiaroth, triphenyl borate and l*ilson reagents, the sensiti-
vities to all reagents being identical* Glycoside formation, 
not involving the 5-hydroxyl group, does not inhibit the 
reaction sinceboth robinin and rutin give positive reactions. 

k compound jf this class uiisubstituted in the 5-
position does not react (psuedobaptisin) • Eeduction of the 
2s 3 doable bond leads to a negative reaction (hesp-eretin and 
narlginin). The isoflavonos osajin and pomiferin give positive 
reactions. Unfortunately, insufficient of these were available 
to permit the preparation and examination of their methyl 
derivatives. 



(d) Xanthonas (Table IV) 

TABLE IV 
BEACTIOHS OF XANTHOHES 

1 
-OH 
-OMe 

Positions 
Triphenjrl Borate 
Modified Dimroth 

I'iison tL 
5 ug. Deop Yellow 

100 ug. Yellow 
-OH -vo. 

& These reagents gave identical results. 

From Table IV it will bo seen that a positiva 
reaction for all t̂ cageiits is given when there is a hydrozyl 
group in tho peri- position to a carbonyl group. liatliylation 
reducos the sensitivity considorably, but the reaction is 
still positive, -hen the hydroxyl group is similarly 
situated with respect to the cyclic osygen, then tho reaction 
is negative. 



(e) Acrldones (TaMe V) 
TABLE V 

REACTIONS OF ACRIDOIIES 

1 
Positions 

2 3 If 10 
Triphenyl Borate 
Modified Dimroth TTilson 

-OMe - - - -H 3ug. Deep Yellow 50ug. Yellow 
-024e -OMe - -H 5ug. Yellow- 50i3g. Yellow 
-OMe -OMe -OMe - -H Jug. Yellow JOug. Yellow 
-OMe -OMe -OMe -H 3ug. Deep Yellow jOug. Yellow 
-OMe - - -Me Yellow Yellow 
- - -OMe -Me Yellow Yellow 
- - -OH -Me 3ug. Deep Yellow JOug. Yelloif 
- O-CH2-O -OH -Me Yellow Yellow 
- O-CHp-O f ^ 1 

-OAc -Mo Yellow Yellow 
« O-CHp-0 1 1 -OMe -Me Yellow Yellow 
-OH -Me Yellow Yellow 
The Dimroth reagent gave with ^-hydroxy-lO-methylacridone a 
positive reaction of concentration limit JOug. 

It is evident that methylation of the peri-hydroxyl 
group does not effect the reaction. The substituent may 
either be in the 1 or ̂  position to give a positive reaction. 
Therefore a compound with a hydroxyl group peri- to a nitrogen 
atom in an aromatic ring is as effective as a peri-hydrosy 
quinone in giving the positive reaction (cf. 8-hydroxyquinoline). 

The Wilson reâ ênt is far less sensitive than the 
triphenyl borate or modified Dimroth reagent. 



Aro£2atlc Ketones (Table VI) 

T^UiLS VI 

RSACTIQHS OF AROMATIC CAIiBOtlYL CQvgQlKIDS 

Triphenyl Modified DimrothA 
1 2 ^ Borate Dimroth Cold Boiling 

-COMq - - -ve^ -va, -ve, -ve. 

-COMo - -OH -ve. -ve, -ve. -ve. 

-001 ie -OH - I xm* ^ale Yellow 1 as. Pale Yellow -ve. -ve. 

-COMo -OMo - lOmg. Pale Yellow lOmg* Pale Yellow 

-COMe -OH -OH 1 ni;. P-ile Yellow 1 mj. Pale Yellow 

-CHO -OH - 10a;. very Pale lOmg. very Pale 

Yellow Yellow 

The Vilson r̂ ^̂ ageiit ^ s in all cases negative. 

it Althou:j;h these tests were negative, Dimroth originally 

obtained positive reactions with the ortho-hydroxy compounds 

by -working in hi-h concentrations and after longer reactions. 

From Table VI it will be seen that any aromatic ketone 

or aldehyde which has either a hydroxyl or methozy group in 

ortho-position sives a positive reaction \iLth all except 

the Uilson reagent which is in every case negative. I his 

class of compound is however distinguished by being much 

less sensitive than peri-hydroxy compounds and the colours 

produced are very much ir.ore intense. 



(g) Miscellaneous Compounds (fable VI I) 

TABLB V I I 

mhmiaun OF mscmjMmjus commuDS 

Substance 

S a l i c y l i c acid 

Benzoin 

Benzil 

o-Mitrophenol 

Triphenyl 
Borate 

-ve. 

-ve* 

-VQ. 

Modified 
Dimroth 

-ve. 

-ve. 

-VQ. 

2-hydroxy-3-mphthoic lOOug, Yellow lODug. Yellov 
acid 

-vo, 

Palo 
Yelloisf 

lOOug. Pale 
Yellotf 

-ve. 

JOOug* Palo 
Yellow 

lOOug. Pale 
Yellow 

-ve. 

I ' i lson 

-ve. 

-ve. 

-ve. 

-va. 

-ve. o-nitrobenzono-aso-
rosorcinol 

8-hydrosyquinolinG 

Tusieric 

I -aminoanthracuinone 

P a r t i a l l y methylated 
hesporotin chalicono 

Dimedone, diosphonol, 
Angustione, 4cetylacetone, 
Gyclohesanel: ifdion0«2:5 
dicarboxylic acid. 

iho or iginal Dimroth reaction uas reported as positive 

\?ith s a l i c y l i c acid, 8-hydroxy quinoline, l-aiainoanthraquinoae, 

o-nitrophonol, and 2-hydroxy-3-aaphthoic acid* 

Jaoug. Pale 
YelloiJ 

Pin.c 

Yellow 



I2h. 

(g) Mlscolliineous Compounds (Tablo Contl») 
lIotGuorthy asioiigst the so are the eiiolisablo conpounds 

dicedone, di^sphenol, ansiistton̂ , cyclohexane-l:if-diono-2:5-
dlcarbo^lic acid, and acetylacetone, all of uhlch gave 
negative reactions vith all reagents. The |>artially methylated 
hesperetin chalkone consisted of a mixture of 2:^s6-trimethosy-
3*:lf'-.diExethoxy chalkona and 2-hydro2y-if:6-disiethos:y-3»ŝ '-
dimot oxy challcone obtained from hesperetin by methylation in 
alkaline solution. The fact that this gives a negative reaction 
with modified Dimroth and triphenyl borate reagents shows that 
neither 2-hydroxy nor 2-m3thozy chalkones give positive 
reactions with these reagents. 8-hydroxyquinoline gives a 
positive reaction with all reagents and 2-hydroxy«3-naphthoic 
acid gives a positive reaction with all except the ̂ 'ilson 
reâ 'ent. 



(h) Trialkyl esters (Tablo VIII) 

TABLE VIII 
HHjlGTIQl̂ S OF TRIA.LKYL BOEATSS 

Ester Qulnalizarin Alizarin naphthoquinone 
Tri-n-butyl borate -ve. -ve. -ve. 
tri-secondary-butyl borate -ve. -ve. 
tri-tertiary-butyl borate -ve. -V9. -ve. 
tri-cyclohezyl borate -ve. -ve. -ve. 
tri-(2-octyl) borate -ve. -ve. -ve. 
tri-nethyl borate -ve. -ve. -ve. 
tri-n~propyl borate -ve. -ve. -ve. 
tri-(2-ethyl)-hesyl borate -vs. -ve. -ve. 
trl-n-amyl borate -ve. -ve. -ve. 
tri-n-hexyl borate -ve. -ve. -ve. 
tri-n-heptyl borate -ve. -ve. -ve. 

It is quite definitely soen here that tri-alkyl borates 
are incapable of producing colourad roiction products with 
pori-hydroxy quinones under conditions of the esî erimont. 



(i) Reactions of substituted \oro:toles (Table IX) 

TABLE it: 
RBACTIOnS OF SUBSTITOTEB BOROXOLES 

Compound Qulnalisarin Alizarin Maphtho Guinone 
Tri-methosy boroxole 
Trl-n-proposy boroxole •vo. 
Tri-n-butoxy boroxole ••ve. 
tri-sec-butoxy boroxole •ve. 
tri-tert-butoxy boroxole 
tri-(2-Octoxy)-boroxole 
tri-cyclohexoxy boroxole •ve. 
trl-n-pentoxy boroxole •̂ ve. 
tri-n-hoptoxy boroxole 
tri-(2-ethyl)4iexoxy boroxole"hre. 
tri-n-heptoxy boroxole •ve. 

From these rasultsit vould appear that the property 
of forming coloured reaction products with porl-liydrosy 
quinones is not confined to tri-phenyl borate and pyroboracotic 
anhydride but is also a property of alkosy substituted boroxoles< 



Tm^ CHEI-gCAI. COHSTITOIQII OF BOBQH CQIIPOOTDS 

OF PSRI-HSTPROCT OUIHQIIES 

XUTHOmJCTIOH 

Dlmroth (1921, 1 ^ 6 ) reacted pyroboracotlc aiJhydride 

with l - b y d r o ^ anthraquiaona, 1:2 dihydrosy anth:^qulnon© 

( a U s a r i n ) , Izk dlhsrdrosy aathraquiiiono (quinisarin) and 

1 : 2 : ^ trlhydpoxy anthraquii^ii© (purpuric) ^ t h acetic anhydrido 

as solvont and found that compounds VBTB obtained to ^hich 

ho gavo tho following structures on basis of h i s analysis 

and from analogy to Pfelffor*s t i n coaplososf ^OCOCH^ 

0 
1-hydroxjr anthraqulnons 

pyrol>oracotat0 

CffmOCO ̂  0< 
1th di~hyaxo:jiy antharaquinone 

pyroboracotat© 

Since the colours of the precipitates forr:^d and thoir 

general s o l u b i l i t y were shofwn i n previous sections of t h i s 

thesis to be s l i g h t l y different tvan those of Dizsroth i t m s 

decided to investigate thoir coaposition i n order to determine 

Meteor they wei'e identical with those obtained by Dimroth* 

I n addition the cc^ipounds obtained from tr i-phenyl borate were 

included to see -whether they f i t t e d into the general jmttorn. 



DISGUSSIQH OF RESOLTS 
Cc^pound II vas prepared and analysed according to 

the cGthod of Dinirô li and it wis foimd that the ratio of 
acGtlc anliydride to hydroxy antliraqulnona to boron was 
as rocordod by Dimroth# On these grounds It was concluded 
that tho nothcxl of analysis, with slight variations | could 
be applied to the tri-phenyl borate complexes prepared in 
benzene solution* 

1-hydroxy anthraquinone, alizarin and quinisarin vere 
then reacted uith pyroboracetic anhydride in bensene solution 
to give intensely coloured products which were filtered, dried 
in vacuo and analysed. During handling the products were not 
alloiied to stand in the air in order to avoid decomposition 
by atciospheric moisture. Analysis gave the following results 

Hatio of 
Hydroxy Quinone Acetic Anhydride $ Hydroxy Quinoxie t Boron 

Found Calculated 
l-hydroxy anthraquinone l 5 l s l 2 I 5 I 5 I 

0.6 8 1 : 5 
alisarin l t l s 5 I t l j l 
Quiaisaritt 0»5 8 1 : 3 2 : 1 : 2 

It can be seen that in all cases the ratio of acetic 
anhydride to hydroxy quinone to boron is such that the acetic 
anhydride content is mdi lower and the boron content much 
higher than v;ould be expected if the resultant compouiids were 
identical with those prepared by Dimoth. 



Likens© it vas foimd that tho sum total weight of 
acetic anhydride hydroxy qulnona and bopon vias always IQSS 
than tho weight taiioa for analysis. It is considered that 
this difference can be accounted for to somo extent if it 
Is surnlsad that the boron is present as a variable polymer 
of boron oxide which mst be attached to the hydroxy quinones 
at the quiaoid and peri^hydrozy groups. 1!hese two groups 
must be present or else there is no colour foi^tion. In 
addition acetic anhydride is attached to tho boron oxide 
polymer in some indeterminate nminer. 

Because bensone solution of pyroboracetic anhydride 
apparently gave products which differed in composition from 
tl:K)seobtained in acetic anhydride solution, it '.57as decided 
to exanine a few compounds prepared by the reaction between 
bensene solution of tri-phanyl borate and selected peri-
hydroxy quinones. The intensely coloured reaction products 
were filtered, dried in vacuo and analysed. As with the 
comijoundsobtained by reaction with pyro-boracetic anhydride 
it was found that the ratio of phenol to hydroxy quinone to 
boron was entirely different from that expected, except in 
the case of quinisarin. The analytical results are sumisarisod 
as follows;-

Ratio of 
Hydroxy Quinone Phenol $ Hydroxy Quinone t Boron 

Fooind Calculated 
Alisarin 0.1 s i s 0.6 2 s 1 $ 1 
Purpurin 3 s 1 s 3 if s 1 $ 2 
Quinizarin h t 1 t 2 ^ s l s 2 
Quinalizarin 0.? s 1 s 3 h z 1 t 2 



Hero again it is seen that in gonorai tho ratio of 
boron to the p̂ ionol and hydroxy quinono is higher than 
expected, tot differs from tho previous compounds in that 
the ratio of horon is not as high. nô jGvor, no conclusion 
could bo drawn as to tho manner in which the threo components 
tvero linkad together in theso coloured compounds. 

It i/as found lapossiblo to detornino tho molecular 
weights of tho coapounds isolated because thoy wore oithor 
insoluble or decoappsed by solvents used for nolecular \roight 
doterninations. It was thought that diosano %/ould bo a suitable 
solvent, howavar it ims found that this solvent co-ordinated 
vith boric oxide on ̂ ârraing (loc.cit) and so vas not used. 
oouomsionB 

The compounds obtained by tho reaction of bensene 
solutions of pyroboracotic anhydride and tri-phenyl borate 
respectively 'vrith porl«»hydroxy quinonas appear to differ in 
composition from what ̂ fould bo ezpocted by comparison to those 
obtained by Dinroth by reaction with an acetic anliydride 
solution of pyroboracetic anhydride. 



MPKKIMEKTAL 
TH-: GIimiCAL GOHSTITIITIOII OF BOm BQHOH CQMfiOUnD3 OF 

PSHI-»H¥DROXY QUIHOIIBS* 
1# Qulnizaria (l#5g)> pyroboracotlc aiihydrido (2*0g) 
vera dissolved in acatlc aahydrido (2Dki1) on gentle warming. 
Thy resultant purple solution \ms allov;ed to stand over night 
in tho refrigerator and then filtered. The deep red coloured 
precipitato vfas \̂ shed with aniiydrous benzene and then dried 
in a vacuus disiccator. At no stage was tho precipitate 
allowed to dry out sufficiently in the air to cause hydrolysis, 
as indicated by chaxigo in colour to dark ochre. 

The precipitate \ms analysed according to the 
technique of Dinrothf i.e. hydrolyse a weighed sample with 
warm wat :r, filter off and weigh the insoluble hydroxy quinone, 
titrate tho filtrate with !l/10 barium hydroxide solution to 
neutral red for acetic acid, then add mannitol and titrate to 
phenolphthalein for boron. 
Analysis results. 
ireight of sample 0»3133g 0.2767g. 
Wt. quinizarin found 0.13î 3g 0.1159g 
Wt. Acetic anhydride 0.156% 0.1370g 
Kt. Boron as B. 0.0113s a.0159g 

Total 0.302og 0.26883 

Ratio of quinisarin : boron : acetic anhydride 1 1 2 : 2 Eols 
Calculated ratio for 1 x 2 : 2 mols. 



2. Quinisarin (l»5g), pyroboracetlc anhydride (2m0g) 

were dlssolved in dioicane (IfO and 20 ml respectively). Tho 

solutions ni^ad cold, 50 ml bensone added and tho whole 

allo-^d to staiid overnight ia the refrigerator* 2hes© 

conditions approximte to those existing in tho tests for 

pari-"hydroxy quin:;)nes as carried out in section 1 of this 

thQsis. 

fhB rasultant purple precipitate m s filtered, %^shed 

yith bensene and analysed after drying In vacuoa disiccator. 

Keight of samplo 0«1156g 

Ift. QUinizarin found O.OSSlg 0,0869g 

m . acetic anhydride 0.Dl02g 0.0102g 

Wt. boron as B. O.OiaSg 0.0121 

Total miight O.llllg i).ia89g 

Batio of quinisarin ; boron j acetic anhydride s 1 : 3 : O.J laols 

Calculated for 1 5 2 s 2 

3. Alizarin (1.5g) '̂ ŝ treated with pyroboracotic iinhydride 

(2.0g) as for quinisarin and the rasultant red product analysed 

to givo following resultss-

Veight of Samplo 0.lV76g 0.1113g 

^leight of Alisarin found 0.0620g O^Qh66g 

tieight acetic anhydrido 0.0136g O.OllSg 

I'Jeight of boron as B. O.Ol^tTg 0.010% 

Total \jelght 0.0^033 0.0688g 

Ratio of Alisarin - boron - acetic anhydride 1 j 5 ? 1 

Calculated for Cxg%308®2 1 s 2 : 1 



k , l : n y d r o : ; y a n t h r a q u i n o n o ( O . M f s ) w a s t r e a t e d \ ? i t h 

X > y r o b o r a c 8 t i c a r i h y d r i d e ( 0 « 7 2 g ) i n d i o x a n e s o l u t i o n a s a b o v e 

a n d t h o r o s u l t a n t y e l l o i f p r e c i p i t a t e s e p a r a t e d , d r i e d i n 

v a c u u m a n d a x i a l y s o d * 

v ' e i g h t o f s a n p l o 0 , 0 5 l 8 g o . o h o ^ g 

l - H y d r o s y a n t h r a q u i n o n o f o u n d Q . Q l 2 2 g 0#089^g 

l i t . a c e t i c a n h y d r i d e O . O O^ l g O.OOBOg 

H t . b o r o n a s B . 0 * 0 0 7 5 s 0 . 0 0 5 6 g 

T o t a l % ; a i g h t • • 0 2 3 8 O^OlSOg 

H a t i o o f I s T I y d r o z y a n t h r a q u i n o n e 5 a c e t i c a n h y d r i d e 
1 : 1 : 1 2 

C a l c u l a t e d f o r 1 : 1 : 1 

b o r o n 

T ' fo igh t o f s a m p l e • 

H t . 1 - H y d r o s y a n t h r a q u i n o n e 

I ' t . a c a t i c a n h y d r i d e 

b o r o n a s B# 

T o t a l l ^ e i g h t 

H a t i o o f : ' - l l y d r o z y a n t h r a q u i n o n e : 
1 s 0 . 6 : 5 

0 . 0 3 9 7 g 

0 . 0 1 9 0 g 

o . o o 3 5 g 

0.027^3 
a c e t i c a n h y d r i d e 

0 . 0 V 3 8 g 

0 . 0 1 7 0 g 

0 * 0 0 2 9 g 

0 , 0 0 5 3 3 

0 . 0 2 ? 2 g 

b o r o n 



% Quinizarln and tri-phonyl borate (2m0g) were 
dissolved in diosane (̂ 0 ̂ d lOal respectively), benzene (50al) 
was then added and the solution allowod to stand overnight 
in the rerrigerator. 'fhe rasultaat red precipitate vas filtered 
vacuum dried and analysed* 

Voighod sample (0»2g) m s hydrolysed uith t/arm vater 
(50nl), cooled and the precipitated Leri-hydroxy quinone 
filtered through tared sintered glass ciniciblo, dried at lOO^C 
and weighed. The filtrate was made up to lOOzal, and divided 
into txfo portions. 2? ml. were titrated with 11/10 bariun 
hydroxide solution to neutral red, followed by addition of 
mannitol and final titration to phenolphthalein for boron 
detersiination. To dotermine the phenol content, 2? si. of 
the filtrate '.ms treated t̂ ith 30 nl. H/10 bromide broinate 
solution in an iodina flask5 5 ml. hydrochloric acid ifere 
added and the stoppered flas.: shaken at irregular intervals 
over a period of half an hoar and then allox̂ ed to stand for 
fifteen minutes. 5 cd. of 20^ aqueous potassium iodide solution 
was then added and the isiKture titrated with sodium thiosulphate 
using soluble starch indicator. 1 ml. Bromide/bromte solution 
equivalent to 0.001596g phenol. Simultaneously a blank 
determination was carried out and the difference in titration 
gave equivalents of brosiide bromate solution. 



Rosults of analysis 

V'elght of saciple D^aasBg 0.20133 

qulalzarin 0*0711g 0,06M4s 

tit. pheaol 0.10363 0.0986 

wt. boron 0.07^% 0.058^^ 

Total weight 0.2591 0.220k 

Calculatod for quinlssarin : phenol : boron s 1 j j 2 

Found 1 : ^ : 2 

6. Al isai ' ln (1.2g) and trl -phenyl borate (2.9g) ^^re 

treated I n dlosane as for qulnlsarin above and tho resultant 

red precipitate aiialysod undor saino conditions to .^ive following 

r e s u l t s : -

roight of sample 0.2826g 

Veight of a l i z a r i n 0.2532g 

Haight of phenol 0.0075g 

Voight of boron 0.0065g 

Total weight 0.26723 

Ratio of a l i z a r i n : phenol 5 boron 1 s 0 . 1 $ 0.6 

Calculated for Cg^^^O^B 1 8 2 s i 

7m Purpurin (l#23g) and trlphoiiyl borate (5*8g) vere 

treated i n dioxano and resultant rad purple precipitate dried 
aiid analysed as above, 
^'oight of saniple 0.2712g 

Wt. purpurin 0.0335g 
Kt. phenol a.09^1g 
I 'U boron O.OllOg 

Total i;ei3ht 0.l886g 



12,6. 

Ratio of pû P̂̂ '̂̂ î  ! phenol : boron 1 : 3 : 3 
Gaicuiatad for ir 1 : U ; 2. 26 9 2 

8. gulnaiizarin (l*36g) and tri-phonyl borate (5*%) ̂Joro 
dis .olved in iloicino and Uio rosultaut purple pr^cipitato 
isoiatod and analysed as above* 

'̂oisht of samplG 0.2379g 
•'Gî ht of quinalisarin Q. 12Jig 
'eight of phono! 0.0213g 
V'oî ht of boron J.0139g 

!̂ otai xieight 
Hitlo of Quinalisarin : phenol : boron 1 : J.5 s 3 
Cilc latod for Ĝ QIÎ Ô, B 1 : : 2. 3o 26 10 2 



I42rrA30IlIG ACID 
discussion 

From tliG rcactioiii botvjjon OIIQ mol of an alcohol oiid 
one of orthoboric acid, usirî  bQULiono as solvoat, it was found 
possible to Is ilato alLioxy boroicoieŝ  I'hero tho ratio of 
boric acid to alcohol \ns .jroator than ono tj one it m s found 
that n.Qtaboric acid was forizied fron tho GXCGGO orthoboric 
acid# Under tho conditions of ho exx)orinent, all tho alcohol 
uould have bvjGii used in tho reaction, thoroforo tho only 
dGhydraiiiiii â Ĝnt prosont \;ould be ti-io hydrocarbon soivont. 
To show that bonseno, tolUv.no, and liylone woro ablG to dohydrato 
orthoboric acid, a samplo of tho acid \7as refluiied with oach 
solvont and it was found that tho resultant product x/as mota-
boric acid. 

Althoii;-h thy orthoboric acid was hoatod at in 
boilinr̂  xylono, it was found impossiblo to ta-io tho dehydration 
further than tho formation of tho motaboric acid. 

Although the dehydration of orthoboric acid i/as fomid 
to occur roadily with bonsono as tho aseotrorinj a^ont, and 
tho ease of dohydratloa increased with tho incroaso in boiling 
point o: the aseotropic solvent, howovor, it was found that 
heating at X' h^O in Kylono failed to lead to the formation of 
boron oxido. 

In viow of the foiiô v̂ ing facts 
(i) Orthoboric acid is readily dehydrated to metaboric acid, 

(loc.cit) 



(li) Trl-iitvoxy UOTOZOIQS iro ixxtorniodl'itvjs in the i'omitian 

of tri-'ilt:y . bor-itds. (loc.eit), 

(iii) Uotiboric rieid uo rr^parjd by duhydratijn oi' ortha-

'borle acid 'Tith acetic -tfihydriio (loc.cit), 

it is Lro^.osed tint ttio reaetions of orthoboric acid are 

rather those of a I^ydratG of motaboric acid» In aach of tho 

reactions quotod above, the reaction is not that of orthoboric 

acid but rather that oi" its dehydration product, mot iboric 

acid, '-hich is forned initially in the reaction. 



Orthoboric iclci wai3 dried in aii ovon it IIQ^C for two 
hours and then airily sod for boron contcat. 

Calcuiatod for H^BO^ B, 17.5/̂  
M0133 B, 2h.7/:> 

Fomid D, 
The samplG m c pulverised and replaced in oven for further 
tiroivo hours, then removed and analysed for boron contents 

Found D, 27ji 

2. Orthoboric acid \;as heated -/ith toluene (jOinl) 
in an apparatus containing; a ilclntyro Tvoir reflux ratio head 
until thire i/as no further evolution of mter. The rosldue 
in the flaSit filtered free of solvent, washed with 
aniiydrous petroleum ether and analysed for boron content. 

Calculated for H^BO^ 17 
HaBO 

I'ound 2k 

Sample %/as replaced in flas.i and refluxed for further three 
hours. There was no further evolution of \;ater and on removal, 
dryin,:; and analysis the following results were obtained:-

tound B, 2km70 
Sample was rocrystallis ̂̂ d from ;jlacial acetic acid and washed 
with inhydrous petroleum ether and molecular x/eijht determined 
iii boilint acetic acid. 



IhO 

Molocu ia r u e i ^ l i t . 

C a i c u i a t o i f o r 61 .8 

liOBO if 3 . 8 

Fouxid 

Tba Gxporiment was ro^oatod us ing bunssne and then ^lylene as 

a soo t rop i n ^ a : ion ts , i n each caco i t iras found t h a t o r t hobo r i c 

a c i d \;as dohydratod t o niQt i bo r i c a c i d as abovo. 
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THE ESSENTIAL OIL OF MYOPOBUM CBA88IF0LIUM FOEST. 

B y K . G . O'BRIEN,* A . E . PENFOLD,! a n d E . L . WEENER* 

[Manuscript received October 27, 1952] 

Summary 
The essential oil oiMyoporum crassifolium Forst., a shrub endemie to New Caledonia, 

is shown to consist principally of a tertiary sesquiterpene 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 Ltd. (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 oil was deferred until 1947 when the investigation 
was reopened in order to 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 CigHgeO. 

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 Euzicka 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 sû ch 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 cyclo'pro'pane ring. 

* School of Applied Chemistry, N.S.W. University of Technology, Broadway, Sydney, 

-j- 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 composition C15H27OI3, m.p. 79-80 °C., was 
formed, apparently identical with bisabolene trihydrochloride prepared by 

1200 1300 I400 
WAVELENGTH (CM."') 

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

Eiuzicka 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. Euzicka 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 isopropylidene group gives rise to two character-
istic bands, one about 1670 cm.-^, due to the stretching of the C=C linkage and 
the other in the region from 820-840 cm.-^ 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 
^sopropenyl group gives rise to strong bands at about 1640 and 890 
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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 cm.-^, using a cell 
of thickness 0-025 mm. This suggests the presence of an isopropylidene-type 
group EiE2C=CR3H, which is confirmed by the presence of a second band at 
1674 cm.-^, also of medium intensity. The actual values found are close to those 
recorded by Barnard et 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 cm.-^ reveals only weak bands, although at the cell thickness used, 
an isopropenyl-type group RiEaC^CHg would have been expected to give a 
strong band. There is, in the 6[x-region, a band of medium intensity only at 
1619 cm.-i, but this is lower than would be expected for an isopropenyl group 
(normally about 1645 cm.-^) 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 

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 isopropylidene-
type groups. 

Only two formulae (II and III) will satisfy these conditions of which II 

(I) (II) 

is the accepted formula for bisabolol. 

I I . EXPERIMENTAL 

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

Fractions 8-14 were mixed and used in the following 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 or tertiary alcohol. 
On treatment of the oil (1 ml.) with an equal volume of formic acid (100%) 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. 

TABLE 1 

Fraction 

i 

Volume 
(ml.) 

1 

Boiling Range 
(°C.) < 

1 4 140-142 1-4934 - 4 2 
2 6 144-148 1 - 4940 - 4 5 
3 7 148-151 1 - 4944 - 4 7 
4 12 151-154 1-4964 - 4 9 
5 11 154-156 1-4964 - 5 1 
6 14 155-156 1-4975 - 5 3 
7 7 156-157 1-4977 - 5 4 
8 9 157 1-4977 - 5 7 
9 17 157 1-4976 - 6 0 

10 23 157 1-4976 - 6 0 
11 35 157 1-4976 - 6 1 
12 32 157 1-4976 - 6 3 
13 32 157 1-4976 - 6 2 
14 35 157 1-4976 - 6 1 
15 6 157 1-4976 • — 

(c) 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 alcohol with xenylcarbimide or on treatment with naphthyh'socyanate, phenyl 
Mocyanate, or benzoyl chloride under standard conditions. 

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

(iii) Trihydrochloride 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 ; CI, 33-72%. Gale, for C15H27CI3 : C, 57-41 ; H, 8-61 ; CI, 33-90%). 

(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 ^ 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 (0-5 ml.) until there was no further 
evolution of water (1-7 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. vmdepressed. 
(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. 

T A B L E 2 

Fraction 
Volume 

(ml.) 
Boiling Range 

(°C.) 

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, determiaed by cryoscopic method, using benzene solvent (Found : 226, 
219, 229. Calc. for CijHaeO : 222). Combustion analysis (Found C, 80-94; H, 11-52%. 
Calc. for CisHogO : C, 81-02; H, 11-78%). 

T A B L E 3 

Fraction 
Volume 

(ml.) 
Boiling Range 

(°C.) 

1 5-5 to 132 1 -4962 
2 8-5 132-134 1 -4962 
3 4-0 134-137 1 •4962 

(i) Trihydramide. 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 refiuxed for 3 hr. with formic acid 
(150 ml. of 98-100%). 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., imdepressed on mixing with an authentic sample. 
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(iii) The oil (0-5 g.) was treated with excess p-phenylazophenyHsocyanate in the presence 
of excess pyridine at 0 °C. for several hours and then at room temperature for 2 days. 

TABLE 4 

Volume Boiling Range 
df Fraction (ml.) (°C.) df 

1 4 to 125 1-4970 - 3 6 0-0000 
2 1 125 1-4985 - 1 5 0-9703 
3 4 150 1-5042 - 3 3 0-9600 
4 2 150-155 1-5013 - 4 1 0-9888 
5 7 155 1-5010 - 4 4 0-9754 
6 10 155 1-4975 - 6 4 0-9537 
7 11 155 1-4969 - 6 6 0-9426 
8 10 155 1-4970 - 6 6 - 5 0-9404 
9 10 155 1-4966 - 6 7 0-9385 

10 10 155 1-4970 - 6 6 - 8 0-9376 
11 10 155 1-4970 - 6 7 - 1 0-9376 
12 10 155 1-4972 - 6 7 - 6 0-9377 
13 10 155 1-4970 - 6 7 - 6 0-9377 
14 10 155 1-4970 - 6 7 - 6 0-9376 
15 10 155 1-4972 - 6 7 - 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. 

TABLE 5 

Fraction 
Volume 

(ml.) 
Boiling Range 

(°C.) 

• 

1 

t 

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 petroletun (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 -8%. Calc. for C28H35O3N3 : C, 75-4; H, 7-92%). 

(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. c^cZohexane absorbed 54 ml. hydrogen at N.T.P. Calc. for CigHjeO containing two 
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double bonds 36-5 ml. hydrogen at N.T.P. Fovind : 0-2006 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 cycZohexane in the first instance and glacial acetic acid in the second 
case, with 0-05 g. o f Adam's catalyst (Found : 0-1511 g. hydrocarbon absorbed 47 ml. hydrogen 
at N.T.P. Calc. for 0^6^24 containing three double bonds 51 • 7 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 6[ji-region and ammonia in the 10-12[x-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 cm.~^ at 1000 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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[Manuscript received April 8, 1954] 
Summary 

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

I . I n t r o d u c t i o n 
A decision between formulae I and I I 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 

(I) 

N 

(II) aii) m 
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 (III) and terpinen-4-ol (IV) may be regarded as model substances 
corresponding to the two possibilities' (I and II) for the structure of anymol. 
The phenylazophenylurethanes (" azourethanes ") (Davenport and Sutherland 
1950) of I I I 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 phenyKsocyanate 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. 
f Museum of Applied Arts and Sciences, Sydney. 
X Department of Chemistry, University of Queensland, Brisbane. 
§ Department of Physical Chemistry, N.S.W. University of Technology, Sydney. 



SESQUITERPENE ALCOHOL OF MYOPORUM CRASSIFOLIUM FORST. 2 9 9 

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-
phenyKsocyanate, occurs to a neghgible extent, since the pyrolysate shows very 
weak absorption in the OH stretching region by infra-red examination. 

\ / — CII —C —0 —CO —NH. 4, .K-.K.<I> ^ —C==C— +00. + H9N — .N:N. ./i 

By pyrolysing about 50 mg of azourethane under 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 I I I showed bands at 1644 and 887 cm-^, positions expected 
for R2C=CH2 absorption (for references see O'Brien, Penfold, and Werner 1953). 
Also observed were bands at 836 cm-^ 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 
E2C=CEH and no absorption due to the R2C=CH2 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 cm-^ which indicates clearly the presence of E2C =CH2 in the hydrocarbons 
and establishes the a-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. I t is probable, therefore, that this alcohol is only 
one of the two diastereoisomers represented by formula I, whereas the bisabolols 
of Euzicka and Liguori (1932) and Euzicka 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 CHg —C —OH has been 
I 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 (Plattncr and 3Iagyar 1942) of crude 
dihydroguaiene, is excluded. 

^OH 

(V) (VI) 

I I . EXPERIMENTAL 
(a) Pyrolysis.—Terpinen-4-ol phenylazophenylurethane (50 • 7 mg) was placed in a side-arin 

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, 57% of the theoretical yield, not allowing for dissolved aminoazobenzene. 

a-Terpineol phenylazophenylurethane (87 • 2 mg) similarly pyrolysed for 4 min yielded 8-5 mg 
of yellow oil. 

Guaiol phenylazophenylurethane (56 mg) (G. Lahey and M. D. Sutherland, unpublished 
data) pyrolysed imder 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. < 4 0 °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 Pei-kin 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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Tliorc 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 
polycyclic 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 thioplienes 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 diene in the reaction and can undergo 1, 4-addition of maleic 
anhydride. Such a reaction seems unlikely, particularly in view of the similar 
elc^ctron-deflcient 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 Samuels (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 midertaken 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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