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ADFTRACT

A mxbor of trislioxyhoroxines wore prepars! by rescting boron
trioxics with the correspondiing trislioxyboreme. Tue baraxines proe
pared ware trictuoxye, trienspropory=. tri-n-butoxye, triegec-butorye
trilscmioge, trien=pentorye, tri-peoctoxye, and tri-n=doiscoxye
boraming. Excopt for trien=iclecor boroxine which melted et }‘:o Ce.
t.e copounas were liquids et roow tuuporetars. Of tie boroxines
stucied, ell docosposac upon ettapted clstillstion to eplit off .o
corresponiing trialioxyborene., T.o cynsitles of tLe boroxines wero
obtained. iclsculsr weig t doterninstions end boron emalyses sl owsd
ti.o corpouncs to heve tie teiserie formla (R3B)g.

4adition of en etier sclution of sn eniline (aniline, pecilorow
enilins, p=enisicine, p-nitroepiline, p=emincbengoic ecid, p=toluidine
ani psninoacetopi.eonone) 1o on excese of trimetioxyboroxine in etuer
solution 8% room tapuretars produced a precipitete wi.ich cen be
rapresonted by “tructure Is
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Tristhagboracine wee also sucosesfully used in the resction, bub
wirnepropaxy=, tei~n-butagye, triescostutagye, trilscutage, tri-o-
pentaxy~, trien-ocboxy-, end tri-n~dodecaxyborazine yielded no visible
resction products under idmtiosl oconditions. The products cbtained
froa the reactions of the dismines, bemidine and phenylenedisuine,
with tri-ssthagboradne end tristhagboraine are sgperently nixtures
contatning both thres and four dialkagboraxiny) groups sttached to one
wolemule of the diauine. o
Gueeliks polynere are produced from sniline and trizethozyboraxine
4if the nole retio of the resctants 1s mear unity and if the reection
sixture is vefluxed for several Loure. Polymers are also cbteined in
the sbeance of & sclvent. o
otaborie scid, HBO,, wes prepared by removal of water from orthos
borde asid, ig80,, by ssectropie drying with toluene or bemsene, ‘hen
xylene was used $o sseotrope tie watar, the product had a baron ecntent
between mateborie acid and boron trioxide, Dperismtel evidence
indiosted that the metaboric ecid produced in both the benpens and
toluene experinate is iBO, IlI. I-rey pawder diagress ave given for
orthcborde acdd, metsboric scid, boren trixxide, and the xylens
dehydration product of crtidboric ecid. A caparison of the solubilities
of orthoboric acid, meteboric acid, and boron tricxide in & series of
aliphstic alcabols is glven.
Tricyolohexmybaraxine wes prepared by the following resctionss
(1) eyolchexancl plus orthchboric seid, (2) cyclchexsnol plus meteboric






eoid, (3) cyelchaxandl plus baran triaxide, (L) Sricyelchexaxyborens
with artucborie acid, end (5) tricyelabwxayborens with metaboric seid.
The reaction of cyolchexmncl and trisyclchexaxyboraxine ylelded trie
eyclohexacgyborens. The sttespted preparetion of tricyelchexoxyborexise

by addition of boras triaxide to trigyclohexcagborene wes unsucosssful,

A1 of the sbove resctions were ua with eseotropic removel of waber
by refluxing tue mixtures in tolusme.
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EISTORICAL

For the purpose of more ccherent reading, sfter the iistorical,
the investigations for this dissertetion ave grouped into four main
classificationss

I+ Preparetion and Properties of Some Alkaxyboraxines

II. Reaction of Arcmetic Asines with Alkagyboraxines

III. Dehydration of Orthoberie Acid

IV. Tricyclohexaxyboraxine
Each of these four sections is divided into three topics: Imtroductim,
Experiomtsl, end Discussion. These four sectims are followed by a
Swmary of the entire thesis study. Lestly, there is a discussion of
Future Experimentsl Problems.

The growing interest in boron chemistry hes been highlighted by
the meny recent newspsper end nonscientifioc journal articles dealing
prizerily with the use of boron compounds s fusls. Studies of mny
outetanding chemiste, such ss, Schlesingsr, Burg, Parry, Goubesmu, and
Wiberg, are noted in the severel roviews on boron chemistry that have
been written in the last few years (1,2,3). That the chemistry of boren
oan 1o longer be clessified exclusively ss inorganic chauistry is
exeplified by Leppert's extensive review on orgenic compounds of
boren (L).



In recent years, investigations on the preperetion and propertiess
of boren hydrides ware nede in this lsboretary at Michigen State
University under the guidence of Doctore L. L. Quill, D. 7. Bwing, end
Re Ko Birdubistel. Ineluded were Ulner's stady on the electrolysis of
oxygenated boran-containing naterisls (5), Johnson's study on the gesecus
diffusion of diboremne, hydrogen, end nitrogen (6), and Oglets study cn
the production of reduced boren compounds end boren hydrides (7).

In Ogle's wark some properties of trisethaxgy= and trien-butagyboraxine
were studied. It wes the purpose of this present imvestigstion to
prepare sdditional alkaxyboracines snd study their chemical end physicel
propertiss,

A survey of the litersture of boron-axygen compounis reveals &
varisty of nommolatures for the six-mesbered ring systems of alternate
boren and axygen stams. Bordc soid suhydrides, borenic anhydrides,
boraxines, boraxdles, metsborenilides, meteborates, metaborste trimers,
metsboric acid esters, msteboracetates, organcbaran oxides, trialiyl
triborines, tricmnes, md triboren ayhelides have been used by varicus
investigators to deseribe the shove-nmtimed oapounis. The term
"bopaxale® wes sseribed to theee compounds by Wiberg (8,9) in smslogy to
the borescles, the six-nasbered ring compounds comtaining altermate baron
and mitrogen stoms. More yeocently Schaeffer snd Wartig (10) proposed a
nomnclature for boren ¢ompounds in which the sixemesbered ring systems
consisting of alternste boron snd oxygen atoms are called boraxines.
The thres aveilsble positions for substitution in the baraxine ring ave
designsted by mubering in & clockwise direction, beginning with axygen.






7w, by the aystem of Schseffer and Wartlg, (BOP)a(I), (CigB0)a(II),
and (Gi3080)5(III) would be

i s i
o/'\q o0 i
rJ\o/i—r m,—'n\ o/ln—m, a.oi\o/l!*om.
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naned 2,4,6~triflnordoracings 2,k,6~trinethylboraxine and 2,l,6-tri~
msthaxyboraxine, respostively. Ourrent papers appesr to follow this
systan, with the modificstion that the muwbering system has not been
used, since all such compounds reported have been symwtricsl. The tera
“boraxine® will be used throughout the remainder of this thesis, emoept
when mantion is made $o litersture in which the baraxine was originally
given a different name.

S4noe this investigation is primarily concerned with beraxines of
the general formls (R(UBO),, where R is an organic redical, this type
will be reviswed firet. Thess cupmunis are often called msteborates,
since they are esters of meteboric acid HUBO, and heve & farmila similar
to the inorganic meteboretes, .g., (NaBOp)y and (KBO,); (10,11).

Schiff (13) found that boren triaxide dissolved in the trimetiyl
and tristhy)l estars of orthdbaric scid to form metsbaric acid esters
according o the equation

Bgdy ¢ (R0)3B —» 3XBO



BRYL metaborste was also dbtained by Schiff from ethandl end bovon
trioxide as followss

CgigQi & BgDy == [I0BO & Cgli ;080

In the seme study the metsbarates wore slso chtained by the trestami of
the arthdbaretes with barde scid. Sciiff found ethyl mstsbovete $o be
@ syrupy hygrosoopie 1iguid which decomposed upon hesting s rescted
with ethanol to form tristhyl barete.

Hotiyl netsborate, (Qia®0),, wes presuned by Scilesinger end co~
wostosys (1)) to be present e the guwmy residue in the preparation of
mothyd borate from methancl and boric axide. Similarly, & product
(probebly meteboric ester) wiich decampowed during distillation wes
obbained by Btridge end Sugien (15) when an axoess of borie anhydride wes
used in the resction with methyl elochal and etiyl slochol in the
preparstion of the correspeniing arthcboretes.

o firet study of the propertiss of trinsthagyberaxole wes cerried
on by Goubes and Xeller (15), who prepeved the compounds by & modifi-
catim of the procedure of Schiff (13), using boren triaxide and the
trinethyl ester of bordc scdd. These investigatare found trimethacy-
,-muhun-u(mumah-).

The ccapound fross st sppraximetely =10° ad desasposed sbove 170° into
the starting materials. Rasen spectra of Lrissthaxyborazole hes been
veported by Goubesu snd Kellar (17) to give proof for & sixenesbered
B30y ring. Ogle (7) prepered trimsthoxyboracine by the method of Goubeen






end Keller (16), confirmed the trimric nature (eryoseopis) in bensene,
and obtained the infrared spectrum, the density, end the vepor pressure.

¥ron the vepor pressure dats, Ogle celoulsted the bodling pednt, the
hest of veparisstim, and Trouston's camtant for trimihagbaracine,

The above-nemtimed data couflicts with & recent study by Carpenter,
Bughes, and Bargaan (18) on the preparetion, propertiss, and strvcture
of teimsthoagyboraxines. This peper reports thst the systen notiyl borste-
boren triaxide sctuslly conteins & variety of palymeric beren axides,
linear, gyelic, and cross linked, which are substituted to vericus degrees
with nethaxy grasps. The system wes studied from 0-71.5% boron triaxide.
Infreved and Remen spectroscopy failed to eonfirm the predeminence of the
qyelie structure previcusly reparted. The varistions of the following
physical properties with the retio of methyl bovate to baren triaride
were studied by the same investigatars) epparemt malscular weight, boiling
point, freesing paint, viscosity, refrective index, density, dielectric
constant, and oonductivity. Deaminstion of these date showed @ Contdme
ously verying conposition rether than 8 solutim of (Gi;080)s in the
excess ccmponent .

Poviock (19) rescted trimethaxyboraxine with arylgrignads in the
preparation of arylborencus acide. The ylelds wers mich greatar than
those cbteined by esrlisr methods.

Hetsboroscetate, BOg80, is memticnod by Dimroth (20) as the product
when scetis enhydride is split off by hesting pyrcboroscetate, Bylice,
&t 150-60°. Crystallisation from seetic mmkydride regsneretes pyrcbor-
sostate.






The malting peint for isopropylmsteborete ester is listed as 47-59°
by United States Borex end Gaemdosd Carparetion (21).

Tri-n-butaxyboraxine wes prepared by Ogle (7) by rescting diboren
triacide with tri-n-butaxyborane. Ogie showed by malecalsr weight
determinstion (eryoscopic in bmmme) that this compaund is o trinmer.
e tri-nebutagboraring decaposed whan distilled end frose inte 8
Qase=1ike solid at =75°. The demsities st verious tesperstures, alomg
with @ fow pressure velues, were detwmined. The infrared spectrum wes
also ascarteined by the same investigstor.

The dansity of nebutyl metsborete ester is listed on & techmicel
data shost of United States Sorax snd Coemicsl Covpavetica (21).

Oxtdation of n-butyl baroa axide was feund by Gramaits (22) to
procesd uantitatively sccarding to the eguation

{n~BuB0)3 ¢ 1§ Og =~=» 3 BulBJ

the product being the n-butyl ester of motsbaric acid. The n-butyl mete
borate time prepared was reparted to be nmomerie (eryoscopic in bemgene).

0%Comnor end Esce (23) ettenpted to prepare n-butyl metadorste acid
by ssterification of berie soid with an equinclar guantity of n-butencl
end ssectropie removal of the water formod with tolnens. The nebutyl
netsborete ocmld not be cbtained pure, however, since it decoposed to
2butyl borete upon vacowa distillstion.

A substance vhich appeared to be relsted to the trimsthaxybarcxcle
described by Goubesa and Keller (16) wes produced when OsBrien (24)






stteapted to prepare tri-t-butyl borete by the sseotrope method, using
tetutancl, borie acdd, and bensens.

When OfComor and Nace (23) heated equimoler quentities of lememthol
or cyclohexanol and bordc acid under reflux in toluens two molor equie
valants of water ware formed and the ot tsborstos were dotained

in prectically quantitstive yields.
3806 & 3iigB0y ~=» (ROBO)z ¢ GiigD

Holeeular weight deterainations showed the campounds to be triners.
Pyrolyeis st 270° of l-nentiyl meteborete trimer (m.p. 213-15%) and cyclo-
hexyl meteborste trimer (m.p. 165-67°) yialded metheno i cyclohexene
respectively. Lelenthyl metebareie trir was found to hydralyse to
1-nenthagpborie sedd, RIB((), in moist adr,

In this present thesis study, & muber of trialkoxyboraxines
(trinethagy-, tristhaxy, trien-propag-, tri-n-butage, tri-seo-butay=-,
trielsosutagy-, tri-n-pentagye, trisn-octaxy-, and tri~n-dodecoxyboraxine)
were prepared by ting borie mhydride and the corresponding aliyl
orthcborate. Since the copletiom of this msthor's experinentel work,
Lappart (25) hes pablished sn article on the prepsration of metiyl~,
otiyl=, n-propyle, isopropyls, a-butyls, isdutyl-, md sec-bLutyl sete~
borate by decompositicn of the corresponding dialkylehlordborenate either
under roflux for a gtated $im0 or by adding a estalyst. The sbove
mentionod alkyl metebavetes md phenyl metaborate were also prepared by
Lappert (25) by heating & mixture of the orthdbarate (1 mole) and baren
triacide (slightly > 1 mole). FPurificstion of the metsborate was







sffected by dissalving the product in @ large volume of an inert
snliydrcus solvent, filtering, and evaporeting the filtrate under reduced
pressure. The infreved spectra and indices of refrection of the meta~
borstes were dbtained by Lappert (25) who also reparted that sttempted
distillistion of the metsborates under reduced pressure csused decopo=
sition to ylald the orthdbarete and boren triaxide.

The largest group of boraxines is the ane in which the R in (RBO),
is an aliyl or aryl group. These coupounds are often called boremic
anhydrides, since they are usually prepared by the delydration of a
bormis acid, M(0H)s. The resction

3M((H) g @ (B0); & 3Hgd

has been carried cut both by tharnal memns and by the use of dehypreting
egants. The alkyl snd aryl boroxines are nore mmercus in the literature
then the alkaxy end swylaxy boraxines. his is probably due to the fact
thet unlike the latter, the former mey be purified by distillstion
withost decosposition and the pavent bovenic scide sre aveilsble. The
fact that the compounds RB(CH)g, £rom which the snhydrides (1B0), are
prapared, are comam, whereas there is culy me case of & capound
ROB(CH) g being reported (23), becomes more interesting if one views the
Spayent” compounds, HOBO and HBO. Metsbarie ssid, EGBO, is wellelmown
(1 nole arthdbarde acdd, HyB0O,, rdms 1 mole Hg0 equels 1 mole metebaric
acid, EBO). However, the "peremt® compound "IBO" has never boen
isolated. Attempts by Burg (26) to prepare this acid by reacting






4rinethyl boraxole with diborane, BgHiy or borosole, NyByHe, were not
sucosssful. Ogls (7) studied the resction of trimethaxyboraxine with
sodiun hydride, tut did not cdvtain the desired HBO.

m(h),u-mmcmmcm
lists & table of physicsl constante of boronic smhydrides which is ve-
printed below with additions end correctims. A swrvey of the literature,
hovover, initcated thet in meny cases the boraxine was not positively
ddentified by chemiecsl enslyses nor moleculer weight deterainstioms.
' Bms & more tharcugh deseription of the preperation, identificstion, and
properties of the aliyl snd sxyl bopaxines will be given.

The questim that the boraxines might not be mmmeric arove from
& study by Kianey and Ponts (27) on the nolecular weights of the argmo-
bordc acide. An examinetion by those Lnvestigstore of the date denm-
streted that the orgmndboric acids studied do net date in nitrod
and that in this solvent there is no apprecisble sncunt of hydrogen bond
formatim. Preliminery experinmts in the same study showed that these
substances have & tendency to dehydrete under the stmospheric condiilons
prevailing in Salt Lake City nd that the products have high molecular
weights. Derivetives of boric scid studied weres
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Kinngy and Ponts (28) them nade an Lowestigetion of the structure
of the orgmndboron axlies. T.e axides were prepared by hesting the
correspaniing baric acdd derivetive for 33 haurs in a drying oven held
% 110° C. The products were tien enalysed for baron and their moleailar
weigite determined cryoseopically in nitrcbensens. A comsiderstim of
the deta showed that the argmcboren axides cemnot have the simple
formla B30. Kinmay and Ponts deduced that the variations in the values
for duplicate moleculer weight deterninstioms probably indicate that
mixtures of double, triple, and peships higher malecular weigits axe
produced . hmmﬂlumdﬁm¢
the axides to that of baren axide (boric aniydride) in which at lesst
one axygen bridge (0B0BO) must be present. They said that since boran
oxide as adinarily prepared is & glass, it is 1ikely that it has &
moleculsr weight higher than boric axide end thet & muzber of boron atoms
are linked together through cxygen stous. This comperisam led Kinney
and Ponts to suggest the formulss below rether than marely associated
nolecules

K103, 23 pa
LR 1 |

The trimeric formila wos adjudged to be similar to those sccepted for
the trinere of the sldehydes, thicaldeiydes, snd thicketones. Derivatives
of boron axide studied by Ximey and Pombs were:



Phenyl
p-Tolyl=
weChlorophonyle
p=Cularopuenyl:

Gelioplitiyle i

A further suggestion o tie slructure of baron axides wes umade by
Snyder, Kuck, and Jolmsen (29) after cbtaining moleculsr weigit data
showing n-butylbaric axide to be trimsaric. These authors suggested a
cyclie structure anslogms to aliphetic aldehydes snd furthered this view
by the chearvation that the boiling point of n-butylboric exide is close
to that of the corresponding pereldebyde homolog. It was noted by the
same investigators that the relstively grest stability of the cyclic
trinere may be dze in part to resonance effects imwolving an unshared
eloctran pair of the open sextot of the 3ecovalent baren.

0.
-3~ “p-
R ? T R e [

The lowest namber of tho alkyl boracines, trimethyl baraxine, hes
been prepared by varicus methods. As is the usael cese with the first
of & homalogous series, this boracine Las wxiergone & nare complete study
than meny of the othars.

Burg (26) firet prepared nstiylbaric snhydride by subliming methyle
barde seid thrasgh anbydrass celoiun sulfste in & veoms sysbem. The
naleculer welght of the copound, cbtained by Burg by vepar pressure
messurements, showed the capaund to be a trimer, (QiyB0);. The heat of






wporizetion end Trostonts constart ware caleulated, The ankydride
farmed a nonotrimethylaninete, & nono-amamiste and & far less-steblo
dimcaoniate; frem the data Burg conclided that anly ene baren etoa (of
the tues in the ring) can co-omdinate with an elactronedonor atom.
The samo investigntor faund that thie ring of metiylbarie salydride is
split by the actim of born trifluaride, to faru nethylbaron difluaride,
GiyBFy in exsellemt ylelds.

in electron diffrection Lavestizatim of trimetiyl tribarine trie
axome, (CiHB0);, by Bauer end Beach (30), lead to the following structares
plansr six-neabered ring with elternating boren and axygen etoms, with
the methyl groups banded to the boron stoms end in the plane of the ring.
Values for the B=0 bond, B=C bond, end B-0-3 angle are given by these
enthers,

e (31,32) prepaved trisetiyl baraxdle by partial
hydralysis of P-trimetiyl baresole end hexasetiyl boresdle with tuiree
moles of weter
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The adaition of exvess water gave mothylboric ecid end emsonis or methyl
exdne, respectively.

Trinetiylbaraxale wes formed by Goubema end Xeller (16) from the
cospound, barie axide, Bgly, ond trlastiyl borines, B(Gis)s, 4t 300-330°C,
and 15+20 ata. in & 6 hour reaction.

Bl ¢ B(Gls) = (Gi3B0)s

It forued & water-elesr liquid whiich in hunid air hydrolysed slowdy to
form nice crystals of metiylbordc acid. Vapor pressure msaswroncuts I
showsd the copound to be & trimer. Raman spectra by Ooubesu end Keller
(17) confirmed the trimeric nature of the trimethyldoraxcle.

In a recent study Keller and Perrine (33) reported thet etiylboremic
aoid, OgfigB(GH)g, comld not be delydrated to ethylbaraxine, (Cgi80)s.
The same paper ruports the preparetio of ethylboraxine by the thermal
deconposition of tutylbaracine sbave 700°C.

Kreuse and Hiteche (34) exanined a muber of trialkylborines
(nepropyl, ischutyl, snd iscasyl) end cmcluded thet the nowmsl suto
eddetion (controlled by slow aduission of air) gives rise %o esters of
the aliphetic baranic sedds or to the alkylborem axides. They did not
isclate mnd identify these products but showed that the alkmneboranic
acids were produced upon hydrolyeis. In a later study by Jounscn and
Ven Compen (35) on the mutoaxidatimn of tri-nebutylbdorine, the fametiocn
of the elkylboron cxides, reparted by Kreuse end Niteche wes sttriduted
%0 hydrolyeis of the estar by & limited amount of water (stuospheric
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wisture) after the initial oxidstions

HB(OR)g @ lig) » FB(QH)OR » FBO ¢ ROH

Snyder, Kuck, end Johmson (29) prepared nebutylbaron oxide (lebutano-
borande aniydride) by hesting nebutyl barenlc acid under reduced pressure
ar by warming the ecid with thionyl chloride. The trimeric axide formed
wos identified by chemical enalysis and meleculsr weight determinations.
Theso investigators found that the axide reacted with water to regemerate
the scid. hen aniydrous emmonis was bubbled into & solution of the
axide in dry ethar, & widte crystalline precipitate was formed. licst was
gemerated whon the axide wos added to phenylhydresine, aniline, methyle
andlino, dimethylaniline, distiylenine, tristhylenine, dien-butylemina,
md trien-butylacine, but @ solid was not cbtained in emy case.
Trestasnt of en ethereal solutiom of the enbydride st «65° with & cone
sidoreble excess of nbutylusgnesiua broxide geve & smell quantity of
trisnebutylborine, but nost of tio noterisl wes recovered after hydrolysis
8 J=bubanebaric ecid. The mebutylboren axide was idemtified by chemical
enalyses and moleculsr wedght deterninstions (ebulliosoopic in bensens).

Dwordcin and Ven Artodslen (35) studied the molar heats of soluticn
of nebutylboris acid end tri~n-butyl baris cxide. Their results were
summrised by the following equationss

1o (CqigB0)3 (1) # 3 gD ¢ Aq ~=— 3 OJigB(0H)"M
He -11.6 % 0,00 528



2. CHgB(G)a (¢) + AQ == Cgi,B(0H)geAq
Ane2.go0.0m B

3¢ (0@gB0) (1) ¢ 3550 —> 3 CGB(T)s (¢)
Atw-19.6 ¢ 0.0, 558

Grummitt (22) found that nebutylbaron axide undergoss quentitative
axidation and depolymerisstion in the presence of dry oxygen to fom
amameric n-butyl metebareto. There wes evidence for the intermediste
formation of & peracidic substance. The following reaction mechenism
wos suggested by Orummits, but could not be confirmed by rete meesure-
nats becmise the kinetics were complex.
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I| | ey BiBO(05) ¢ 2 BuBO
h/'\oﬁ.\h
BuB0(0g) ¢ BuB0 @ 2 BulBO

Glum (37) prepared trimeric n-butyl baren axide, n-amyl baren axide,
and neheyl boren axide by the mothod of Swyder, Kuck, end Johnsen (29),
wiilising Syl chlaride to dehydrate the respective allylboranic
sside. For wbutyl baron axide and nemyl boren acide, he determined
the infreved spectra and detarmined tho densities and refractive indices.
MoCnsicor and Glurs (38) confirmed the stolchiomstry of the reection of
baren flneride with elkyl boron acides firet proposed by Burg and
represented by the equation
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(RB0), + 2 BY; = 3 IBF, ¢ B0y

HoGasker and Glurms (38) fomd that the use of & barenic acid, rether then
& baronio seid enhydride, es sterting materisl for the preparetion of
aliyl difinorcharanes has the sdvemtegs of eliminating the deydvetion
stop in the syntieses, The sane peper reported a study of the reactim
of halogensting agents with sliylbaron axides. The follawing helogeneting
agants were foand not to react with tue elkyl bevon axidess kydrogen
ehlaride, thiomyl ehlaride, phospiorus trichloride, silicon tetrachloride,
and silicn tetrebronide. Aluminmun chloride rescted quite readily with
the allkyl boren axides in & namer sluiler to the boron helides, but with
the production of & muber of by-products. MoCusker snd Gluns (38)
suggested tast the mechanism of the reaction invalves ss & firet step,
co-ardinate bond fornstim between the axygen of the alkylboren axide end
the boron or alumimn halide. The subsequent resction mechaniswm could
not be decided from the dsta however.

Physicsl and cheuical properties of dilydraxyen-butylborene
(OgligB(Gi)g), amd its smhydride, 2,L,6-trie-m-butylbovaxine (CgiyB0), have
been reparted in 8 study by listtrew, Srickson, end Leubengayer (39). Data
are incinded on molooular weigit in solution, vepor density, vepor
pressuve, density, refractive index, end for the latter enly, viscosity,
surfsos tension, ani freeszing point. The equilibrium between the
dihydragbarme, barine, and weter is discussed by these suthore.

Keller and Perrine (33) found tributylbarazine to be very steble in
the sheence of cxypm end water, end to show no spprecisble decomposition.






They found, however, thet trfbutyl boroxine desanposed sbove 700° o
A4 predexinghtly tristiylborarine and etiylens. In the same study,
these workevs chearved thet tributylbaraxine when treated with aluwsimm
cilarids, phosphorus pentachloride, or beron trichlaride ylelded butyle
dichlordborine, 3uBlly, while the interaction of the d with

trissthylsluntmn, methyl alumimn iodide, ar methyl megnesiun iodide
yidlded the snslagmus trisliyl borine, Bulliey. Xeller and Perrine (33)
also found that trilschutylboracine when treated with alwainua chloride
formed iscbutane and boren trichloride instead of the expocted isdbutyl~
dichlordbarine, 1s0-3uCly.

t=Butylboron axide wes prepared by Jolmsan, Ven Campen, end Grumdtt
(40) by tresting t-butylborie soid with thiomyl chloride, who found it
more advantagecus to use the axide then the seid in making solutims of
& Inoun quantity of the pure boranie scid.

Kreuse end Nebbe (L1) reported that tert-tutyl borie seid loses
water over phesphorus pentaxide in vaeuum, but did not report chemical
analysis nor a molosular weight for thelr product.

In & stady on the stability, sclvolysis, and co-ondination resctions
of esters of boronic acids md their halogen derivatives, Brindley,
Gerrard, and Lappert (i2) cbserved thet traces of ferric chloride ceused
the decanposition of mebutylehlesboronite yielded n-butylbaric scids

R=BCl~0R = R=BO ¢ RC1

Snyder, Kuok, and Johnson (29) prepared n-hexylboron axide by placing
the erystelline a=hexylborenic scid in a dessicstor over concentrated
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sulfuric acid or phosphoms pentoxide. The 1iguid snhydride, idemtified
by boren anslysis, was also prepered in the same study by refluxing the
eacid for ane hour with an excess (3 moles) of thiomyl chloride. On con=
tact with water the oxide regensreted the boranic scid with slight
evolution of heat.

References 0 & large muber of aryl boracines sppesr in the
litereture. The first such compound wes prepared by Micheslis snd Decker
(43) who reported thet phenylbaric acid upon distillation lost water to
forn phenylboric axide, CgigB0,

ColigB(Ci)g @ CgiighO ¢ Hgd

The seme workers found that if erystalline phemylborisc acid is placed in
& dessicator for a lang time, it is sluwost completely comverted to phenyle
baric oxide. Kreuse snd Mitsche (3L) confirmed the work of Michselis
and Becker (L3) by forming phenylberaxide, Ceigh0, by plasing phenylboric
scid over phospharus pentaxide in & vecwus. Kreuse snd Nobbe (L)
cbeerved that phenylboric axide and magnesiun ethyl bromide reacted
vigorously, snd that the product when distilled gave boron trietiyl,
B(Cgis)y and boren tripheryd, B(Cdig)y. The molealar weight studies of
Kinnay and Ponta (26) on phenyl boron axide have already been memtdoned.

Brindley, Gerrerd, and Lappert (L2) prepared esters of phenylborenic
acid by esterification of phenylboronic anhydride with the sppropriat:
alochol by an assotrope method.
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4ble, Dandeganker, Gerrexd and Lappert (i4) interacted boron tri-
chloride with phenylborenie slyiride in an inert solvent at -80° to
prepare phenyldicilorborane, PL3C1,.

Hicheelis end Behrans (LS) dehydrated o-tolylborio seid, o~-nsphtiyl
boric acid, and Penaphthyl borie acid in & dessicator over sulfurle sedd,
ad identified the resulting axides by boron snalyses. Michaells (L6)
8180 obtained the anhydrides of 2,l~(Gi,)aCd1sB(GH)a, 3,4=(Gis)aCalaB(0l) 4
and 2,5-(Cy) sC3B(%)ge Since Kuivila and Hemdrickson (47), in & study
o the rates of brominolysis of substituted bensensboranic scids, found
thet bensensbaronic acid and its eniydride yislded the same epecific rate
constante, they felt Justified i using the scid in some csses (p-Brljig-
end meCgH 00CClg~) end the aniiride in the following casess

iy

Bean and Johnson (L8), while studying the action of derivatives of
pharylboric aeid upen bacteris, reported that p~bromgphenylberic scid
melted with decomposition at 286-269°%, resclidifisd, end remelted withaut
resolidification at 301-302°% 4hay sssumed the latter to be the malting
paint of the anhydride. The same snhydride, p-bromophenyl-, wes reported
by Kenig and Scharrrbeck (L9) along with the meenisyl=, p~tolyle, and
Genapihyl~ derivatives.

Branch, Tebroff, ad Bettmen (50) reparted that if o-chlorophenmyle
barde ecid s hestad below its melting pednt (m.p. ® 97-98%) the anhydride
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slouly forms and the semple does not melt untdl 167-163°. Some of the
acid wes dehydrated in & varuun dessicator containing comcentrated
sulfuric acids the anhydrids tius obtained (loss of water correct for
the ArSO compound) melted at 171-172°: In the same peper, menticn is
made thet mephenstylborio scid and p-phemstylboric acid melt repidly
with the liberation of molsture s resclidify to form new solids
(anhydrides) which nelt spprocimetely 20° sbove the respective soid.
No chemlcal snalysis or maleeular determinstions were made on sny of
these reported smhydrides.

In & stady of the relative strengthe of some hydroearbon derivstives
of borie acid, Yehroff, Branch, and Bettmsn (51) reparted that o-diphemyle
barie acid fome long needles which molt at 129° with effervescences
after malting resclidification takes placej the now solid (the amhydride)
melted at 195°. In the same study, & saple of benzylbaris acid upon
drying, became wern, geve off white fumes, partially melted, end shrank
%0 an amorphous mess which consisted aluost emtirely of boric ecid.
Although other samples did not beheve in this msmmer, Lappert (L), in
bis review, lists this s & preparation of bensylboraxine.

Wndle studying the dissocistion ccnstamts of organic beric scide,
Bettamn, Branch, end Yabroff (52) found thet o-nitrophenylbaric acid
melte at 101° (imstant Lmmersion) and resolidifies to melt sb Ws~L7°.
This melting point corresponds $o the value of 143.5-147.7° dbserved by
Semun and Joinson (53) for tie substance dbtained by drying ownitrophenyl=
baric acid in a vacuum dessicstor over sulfuric scid. The latter workers







confiraed the formle for the anhydride, H0xCglS » 0, by nitrogen
analysis., Seamsn and Johmson (53) also found that m-nitrophenylboric acdd
formed the enhydride when dried to constant weight in a dessicator in
vacuo over eoncentrated sulfurie scid. In the same study, Seanen and
Johneon dried meemincphenylboric acld to constent woight in & vacuun
dessicator (10 days) over sulfuric acid. Xjeldshl anslysis ylelded
results of 11.11 and 11.12% nitrogen. These results were compared with
the calculated percentage nitrogen fors

W CHP(M)y 10,23

W01 B0 11.78

(MigCgigB0H) 40 10.95
The nitrogen deteruinations indicated to the investigatore that tue
capletely dried sample was an aniydride formed by the eliuinstion of
one molecule of water from two wdlocules of the acid. An egplsastion by
Seamen and Johnson of the farmetion of this type of enhydride is that
the aminoacid mey exist es & salt (28 do glyoeine snd sulfanilic scdd)
farmed by intremclecular neutralisation) tius the elininatim of a mole=
cule of water can only cccur between two molecules:

2 Big"=C gligrb0" =0 =2 1130 gl BO 050" 0 gigrliiy”

Another olsse «f campounds of the type (B(X), is the halcbarexines,
in which the X 1s 2 helogen. Probebly the firet indication of such
campounds was in studies by Wibarg (5L) and co-workere on the reaction
of boron trichloride with slochals and ethers in which dichlorcdarde






o834 esters, BC1,0R, were formed. There wes formed in the thermal
deccuposition of the dichlordbaris ecid ester a salid white substence
for which the suthars sssumed the farmls BOCL and which was extensively
decpased into B0, and BCly.
so..'oﬂ
BC1g0R ===p RC1 # BOCL
3 BOGL === By0, ¢ BCl,

Baumgarten and Brune (55) propesed a heterocyelic six-ring structure
for the resction product of boron triaxide and boron trifluaride end
considered 1t as & tripolymer of BOF, and not an addition product. The
ssme paper proposed the unstable boron oxyflnoride (BOP), for the
reastion product of some alkali and elkaline earth selts with bovon tri-
finaride at L50°. Bquations for some of the resctims of Bmungarten
nd Bruns axe given 89 followst

3KBOg @ GBF, —==» 3IBFy ¢ 2(BOF),

KO, @ 9BFy ~—s GIIT, ¢ (BOF)5 + 3lg0s(2M0g ¢ Kg0p)
3Kg00, ¢ 9BF; =~ GKSF, # (BOF); ¢ 3C0g

30a(4g)Co, @ 3BF, == 3Ca(iig)Py ¢ (BOF); ¢ 3005

In later work Beungsrten and Bruns (56) studied the resctions of

boren trifiuoride with alumimn exide, siliom dioxide, titeniun exide
end silicates. The resction with slumimw exide cocurred st sbout L50°
scoarding to the reactim

41505 ¢ 2BFy = 2A1F, ¢ B0,






2

el &b this tewperature the boron triaxide rescted with boren triflucride
el valatilised, presumehly as tho cgyfinordde. Other typicel resctioms
in this study weres

35104 ¢ &Fz —— 3313‘ ¢ Z(BQF)S
3”5103 * mﬂ -l i@‘. ¢ BiF‘ * (DW);
3(A1g04-2540,) @ 21BF, w=ep QALY @ £54F, ¢ 7(30F),

Trifluchoroxole, trichlorcboraale, and tribromcboraxale were pro-
pared hy Goubean and Xeller (15) from boron triaxide and the respsctive
boron tribalide st teperstures sbove 2507 under mormal pressure. Tuese
irnvestigetors found e volatile, gasscus halcboraxoles to decampose,
on eooling, back to baron triaxide end boron trihalide by wsy of none
isolated intermediste steps. In the same study, msssuremant of the
tapersture cosfficlent of pressure showed that theoe compounds eorrespond
to the trimeric formlas betwesn 250 and 110°, Ancther peper by Goubesa
ad Kadler (S7) gives sn extensive study 40 prove the trimeric natuve of
trichlorcboraxole. Goubesu and Keller (17) heve also presented the Ranen
mummmmppmwuwnao,m.

Tri=dimethylanindboraxals, By0, K(li,)slmes forwed by Ocubean sxd
Keller (16) from boron triaxide and tri{dimethylanino)borine st 260-300°
and 10-15 stmospheres in 3= hours, Tue walleorystallised ocrpamds
hydrolysed easily with water ¢o form baris sacid snd dimothylanine. The
triseric foowmila was detarmined by vepor pressure msasiremants snd also
by ebulllicscoplo measurenaats in bermane.
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Hetaberenilide, CgigltiB0, was prepared by Chenciard (58) by hesting
& mixture of bardc acid, miline, snd fused zine chlordde st 135-1.0°% J

Cdfigltiy ¢ g0y —= CJIE0 ¢ 200

In Lappart's rovien (i) womkicn is mede thet *mo piysicel mesuremts |
were made, but 14 sesus possiile tist metebormnilide is triseris mnd hemce
8 boraxole” Chendimri, however, gives deta for moncmeric Cgi B0, as ,\
detarnined by the platiniciloride setiod.

A repid dncrease in dmerest of tie baraxines for industria) use is
evident fron recent chonlosl news itens end tecinical dsta shosts.
Trinsthaxboracin is now & 1a) production iten of Anderson Ghemiesl
Company. Originelly reguested to meke the ¢ompound for use in evalnatim
af the acticn of born compaunds on engines using high energy fuels,
Andereon (59) ssys ite product is now being used in testing specisl engines,
o8 & paint formlstion ingredlent, md » & five extinguisher fluid.
Andarecn amticipetes that trinethagboraxine may be used in mary applice-
t4cns, such a3 an eutanobive fusl additive,  test additive for jeb fuels,
o fomletion of self ectinguisiing fire resistat paimts, m ingredient
of special fire extingiisher flnids, & trestmemt of fidraus neterials for
fire resistance, 8 formilstion of hest resistant plastics, a formlatim
of quick drying printing inks, & dehydreting agent in chemicsl resstions,
end a neutvon detector. It is also significant to mote thab metiyl,
iscpropyl, and nebutyl metsborete esters are availsble comsercislly.

Comarfard, Chasberlain, and Shophard (60) found trinethaxyboraxine
%0 be & 14quid hoving unique charecteristics which were useful for

;
lirriniai:







extingishing fires dus to such motals es megnesiun, titenina, and

sirconiun. Smell sodium and sodinn-potassiun alloy fires ware also
eontrolled by the agent.

Further nention of the future of boraxines is made in an erticle
(61) on "ihatts New for Boran™ In tids generel interest article,
ineriomn Potesh end Chamical state their optiuisn that the boracines
will £ind widespread epplicetions in industrial processes in which high
boron content ccmpounds in liquid form eve desired.






I. PREPARATION AID PROPERTINS OF SOME ALKOXYBOROXINES

Zntroduction

The firet boraxines farmed were trimethaxy= end tristhacgydoroxine,
prepared by Schiff (13) by dissolving boron triaxide or arthdbarie acid
in the trimethyl and tristhyl esters of orthaboric ecid, respectively.
Goubesu and Keller (16) used & medificstion of the procedure of Schiff
to prepare trimethoxyboraxcle, and corried out the first study of the
properties of the ewpound. Ogle (7) prepared end investigated scme
physical properties of trimsthag~ ad tri-n-butagyboraxine. A recent
stady of the preparetion, properties, md structure of trimsthaxyboraxine
wes nade by Carpenter, iughes, end Bergmen (18). Since the campletimn
of the eperinmtel work of tids thesis study, Leppert (25) hes published
en article on the preperetion of metiyl-, ethyl=, n-propyle, iscpropyl-,
nbutyl=, isdbutyl-, and sec-butyl meteborete.

A% the start of this thesis project, however, the only alkaxybaroxines
previcusly studied ware the trinsthaxye and trien-butoxy- compaunds.
Tims en dnvestigation was underteken to prepare and study some higher
hamolognes of trimsthaxybaroxine.

In this dissertation study, the method of Goubesu and Kaller (16)
was used to prepure tristhagy, trisa-propagy=, tri~n-butagy, triiso-
butaxy=, tri~seo-tmtaxy-, tri~n-pantacy-, trisneostaxy=, md trienedo-
decagyboracine. The preparetim of tristhagyboraxine is given in detall
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in the Experinantsl of tids Soctlony thie preperation of the ctier
boraxines is sumuarigad, Tie boiling point and freesing paint of each
caxpound wes cbsarved, &8 recordad in Tohle 2, The demsiiy of each
capaund was observed over & rzi8 of te.peretures. The baruxincs ware
foaind to be soluble in & mubor of argonio solvente such &a bonseno,
tolnens, dietiyl etuer, carbm totresiloride, end chlarofarms Molacular
welghts, determined ebullioscopically or cryoscopicslly in barmans,
showod the oxpounis to be trineric, The baraxines hydralysed in wates
to farm, presumebly, orthcboric scid, snd the correspanding alcohol.
The additim of ether solutions of a mubhar of arcaatic smingss to ethor

salutions of trinethagy~ end tristhagboracine yielded precipitstes; no
visible precipitates were cbsorvad when the other boroxines were usad,

| eng song)

ety (YD CTORING

To prepare tristhagbaraxine, tie two resctants, diboron triaxiie
(500 gop 0.8L0 moles) and tristharyborens (122.5 g., 0.840 moles) ware
heatad under reflux in & round=-botiom fissk st & tepersture such that
the tristhagyborme wonld drip slowly back into the Slssk. The wixtire
wes stirred repidly by 8 glassecovered magnetic stirring bar. The top
of the reflnx condensor was fittod with a drying tube fillad with
Drisrite. Aftar six hours of hoating the didboruvm tricdde appesred to
be caplstely disscived. The viseous 1igquid was allowed to cool to rooa
taporeture and was then f1ltered thraugh sintered glass into & gless
stoppared flask. The flask wes stoppered and placed in s =73° C. beth
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of dry ice and iscpropyl alechol for six houre; the liquid frose solid.
The flask end its contents were sllowed o heat up to room texpersture,
whereupon the frozen compound melted end the produch wes stared in a
glass~stoppered bottle.

The calorless, viseous compound Lydrolysed repidly in weter. (In
same of the runs the preparstions were light-yellow liguids.) The come
pomd wes analysed for boron by dissclving and hydrolysing it in hot
water and titreting the liberated boric acid with standaxd bese, using
mennital, accarding $o the procodure cutlined in Kolthoff smd Ssmdell (62).
The copound wes found to contain 15.3 par cent boran (theoretical
percentege for (Cgi;080)y, 15.2). The molecular weight, deterained
eryoscopically in bemsens was found to be 210 (theoretical for (CgH,080),,
213).

The tristhaxyboraxine frose as a clear gless at epproximetely =L5°
Co A flask comtaining & thernomoter well wes used in the determination
of the boiling point so that both the liguid end vepor temperstures could
be dheerved when the distillate wes collected. No distillate appeared

until the flask thermemeter resched 210° C. At thds time the tharmonster
registering the vapor tespereture rose repidly (from spproximetely room
tamperature) to 107° C., end 1iquid eppeared in the cond . The

majority of the 1iquid distilled at 107-109° C., lesving in the flask &
gumy residue of baren tricxide. Analysis of the water-clear distillste
showad 7.50 per cent boron (thecreticsl percentage for (CgH,0), B, T.4l.
The density of the tristhaxyboraxine, from 0.0° C. to 80.0% C. was
detarnined by using & one-milliliter dilatometer. The diletonster was



walghad empty and them filled with tristhaxyboroxine end reweighed.
The volune was cdtained by reading the liguid level on the greduated
stan to within 0.001 ce. The A1l tor was 4 d in a Dewar flassk

umtdl the 1iquid level in the dilatamstor was covered with water of the
desired tampereture, The temparature wes msesured, using a Netiomal
Burem of Stendards thermometer, socurate to within £ 0,1° ¢, The dsta
for the density detersinations of tristhagyboraxine sre given in Tahle 5.
The follawing equetion giving the density of the triethaxyboroxine from
0.0° C. to 80.0° C. was calewloted from the experimentsl demsity dota

Dgfee » 1,113 = 0.0011 ¢

where ¢t equals degrees centigrede.

The tristhoxyboraxine is miscible with bensens, toluens, ethyl ether,

) CaTd t oride, and chloroform. Two milliliters each of
triethaxyboraxine and the respective solvent were used in the mixtures.

Since resctims of various kinds of boron compounds with ammonia
and its derivatives have been of interest, ether solutions of 2 muber
of sromatic amines were added to ether soluti of tristhaxyboraxi
Solid compounds to which the following empirical structure has been
sssigned were cbtaineds
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The neture of tuis reaction is discusscd in more dotsil in fection II,
page L6.

Tri-n=nv ‘ .n-bwm-‘mtm triiscntonr,

oo = o

The preparation of these alkaxyboratines followed the procedure
dotalled for tristuaxyboraxine and will anly be outlined in tids next
section. A peddle stirrer was found to ba more efficient than a megnstis
etirrer. The diboron tricxids eppesrsd to dissolve more resiily in the
higher molecular weight alkoxyboranss, probghly dus to the Ligher boiling
points of theee compounds.

The tri-n~dxiecaxyboraxine vas a wnite wax-like solid at room
tepaerature; the other boraxines studied were visoous compounds st roca
tapersture. The tri-n-propaxy=, tri~-n~butaxy-, tri-seo-butoxy-, and
tri~isoutoxyboroxines were water-clesr lignids (although same preparstions
of the tri-n-propaxyboraxines ylelded a light yellow liquid). The tel-n-
pantaxy- and tri=n~octagyborarines wores cleer 1ighit yellow liquids,
Prolonged hesting of the yellow compaunds tended to cmse them to darken.
Upon distillation each of the boraxines decorposed {0 split cud a watar
alear distillate and lsave & gusyy residus high in baron cantent. The
distillates were anmalysed for por cent borons the results of the analyses
(Table 2) indioste that the dlstillsatus were the corresponding trialkaxy=
borenes. The temporature &b which eacu boraxine decarposed and also the
tacpersture &t which the corrssponiing distillste coandensed are givan
in Teble 2. In sll cases tie docarposition temperstaires (thet of the
1iquid in the flesk) are higher tian tie vapor temperatures (at which the



vapor condemsed). The temperatures &t which the baroxines became
salids are givem in Table 2. The trisnepropaxy=, trien-butcagy-, tri-
ischutaxy-, end tri~p-pmtaxyboraxines frose as clear glasses) the

trieso-butaxyboraxine b & white salld, In an attempt to obtain
the freczing point of trispeoctaxyboracine, the solution remsined &
elear-yellow until =25°C. A% tlis point, the ccupound becaws a wiite
sclid. Upon g tle copaund app to melt slightly sbove =25°
Gay but remadned & white 1iguid until the temparsturs was 5° C., &t
which time the calor changsd to yellow again. The same results were
obtained with and without & J freesing point tube.

The baroxines hydrolysed in waterj the rete of hydrolysis appeared
to diminish with dncressed moleculer weight of the compounds, being
@specially slower for the triemroctacr and trie-pedodosoxyboraxines.
The formation of sn inmiscihle substance (probebly n-dodecyl elociol)
wes eppersnt in the hydrolysis of trien-dodecoxyboroxine.

The baraxines were snzlyzed for boron by dissolving end hydrolysing
them in hob water and titrebing the libersted boric acid with standard
base, using mmnitol, scearding to the procedure autlined in Kolthoff
md Sandell (62). To sssure complete hydrolysis in the analyves of
the trimneoctaxye and trie-nedodecoxyboraxines, tuese compounds ware
dissolved in hot water in icdine flasks, the fiasks stoppered, snd the
solutions kept hot far two and four hours, respectively. The solutions
were cooled to room teup before titretion. e results of the

boren analyses are given in Table L} in all ceses the percentage of boren







TABLE 2

MELTING POINTS AND DECO:POSITICN POINTS OF THE BOROXINES
AND BOILING POINTS OF THE DISTILLATES

Halting Point Decamposition
R 4n (R0BO), ¢.'(=1'no). ‘.((:.“))l o
Hethyl 10* 170* [
Buyl -L5 a0 107-109
a-Propyl -28 265 i
oeButyl -&3 295 2Lo
iso-Butyl =10 276 207
seo-Butyl «13 258 184-186
neAnyl =50 3L0 240
0oty -25 275/2 190/2 m.
-Dodecyl 30 310/2 m 275/2 m.
Sreference 16.

Blo distillate at 375° at 1 ata.






TABLE 3
BORON ANALYSES OF THE DISTILLATES FROM THE BOROXINES

Per Cont B Found Per Cent B
R in (ROBO), in Distillste for (R0), B
Byl 750 71
eFropyl 5.83 5.75
-Butyl L.60 L.70
iso-Butyl L2 k.70
sec=Butyl L.80 L.70
oAyl L.os 3.98
ne=Octyl 2.6 2.n
n-Dodeayl 2.02 1.9







TABLE L
BORON ANALYSES AMD MOLECULAR WOIGHTS OF THE BOROXINES

e ——— e ————
¥
Rin (w00), ol Chen  Feh it
Buyl 15.3 5.2 210 as
o-Propyl 1246 12.7 261 257
n-Butyl 10.8 10.9 290 299
iso-Butyl 1.0 109 292 299
sec-Butyl 10.8 0.9 305 299
oeAnyl 9.69 9.58 330 3
o-Ogtyd 691 7.00 L8o L67
neDodeayl L2 5.00 60l 625







found sgreed with the valne caleulzted for the trislkaxyboraxine,

(R3B0)5e
Toe molecular wsights of the bararines were dbteined either ebullio=
plolly or eryoscopieally in b The results cbtained (Tabls L)
indicate thal the compounds Lave the triserie formila, (2B0)3.

Tua densities of the boraxines, frua 0.0-30,0° C., were detemaaed
by the smme dilatonster metiod ss with the tristhoxpboraxine. The
density data are given in Tnblos 6-10, From the density data cbtained
for eeci boratine, en smatim

Deaebt (¢t equals degrees Centigrede)

wos coloulated for that boraxine. These squations, and the demsity of
eech boraxine et 25° C. esloulated fron the equation, sre given in
Teble 1.

The borarines sre miscible with benszems, tolaens, etlyl ether,
aeetone, earbon tetrechloride, snd ciloreform. Two milliliters cach of
tho horoxine end the respective solvent were used in the wmlxtures.
Salutiom was not as repid with tri-n<lcdacoxyborarine es with the otiar
beraxines, mad was alded izmensely by stirring.

Yo stteapt was made by {lis worker to recover ths boruxinss from
the sclvent, tut Lappsrt (25) recovered the bapu:cines from such anhydrous,
volatile solvents es methylens, dichloride and sthyl sther by evaporstion
of the eclvent.

Unlike the trimethacy~ end tricthagboraxines, the additlon of
ether solutions of andline and ring-substituted anilines to sther
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TIBLE 5

DEMSITY OF TRISTHOXYBORIXINE

Coservod Density Caloulated Densi
{@8o/Ce8oy £ 0,001)  (gof0e0e, % 0.003.

0.0
10,0
20.0
30.0
4.0
5040
60.0
7.0
80.0

1413
1.102
1,09
1.080
1.070

2,048

1.028

123
1.0
1.091
1.080
1.069
1.058
1.047
1.036
1.025

*) = 123 - 0.0011 &






m m:m"&) (g./c.0., *m
0.0 14047 1.067
20.0 1.038 1.037
200 1.027 1.027
300 137 1.017
bo.0 1.008 1.007
50.0 0.998 0997
.0 0988 0.987
70.0 0.978 0977

") @ 1,047 = 0,000 ¢






TABLE 7

DENSITY OF TRI~seo-BUTOXYBOROXINE

39

040 1.092 1.090
10,0 1,061 1,081
20,0 1.072 1.072
30.0 1,083 1,083
40,0 1,084 1.05
50,0 1.0L8 1.045
60,0 1.037 1.036
70.0 1,028 1.027
80.0 1.019 1.019

*5 = 2.090 = 0,0009 ©
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TABLE 8
DENSITY OF TRIZSCESUTOXYBORAKINE

Obsarved Dansif Calculated
?G.. % 04) ((Jc.o.,nt o.dvcn.) (go/ceCey *Dm'

0.0 1.098 1.098
10.0 1,088 1.088
20.0 1.017 1.078
30.0 1.067 1.063
koo 1.058 1.058
50,0 1.048 1.048
40 1039 1.038
7040 1,030 1.028
80.0 1,020 1.018

*) @ 1.098 = 0,000 ¢






TARLE 9

DENSITY OF TRIen+PiTOXYBOROXINE
TN Gleairemy e ey

0.0 1,095 1.6
10,0 2,065 1.088
20.0 1,076 1.076
30,0 1,067 1.067
40.0 1.058 1.058
50,0 1.09 1.09
6040 1.040 1.0,0
70.0 1.031 1.03
80,0 14023 1.022

*D @ 1,096 = 0.0009 ¢






TADLE 10
DENSITY OF TXI=sOCTOXYBORCXINE
OIS = =~ -]
0.0 0.937 0.936
10.0 0.930 0.929
20.0 0.922 0.922
30.0 0915 0.915
10.0 0.908 0.908
50,0 0.9@ 0.901
0.0 0,894 0,094
70,0 0.887 0.887
80.0 0,801 0,880

*5 m» 0.936 = 0.0007 ¢






TAILE 11
DQUATIONS FOR DENSITIES ALD CALCULATED LENSITIES AT 25°C.
e

Density st 25°C.

R 4 (RBO), Equation for Density (esdoulated)
Hothyl D ® 1242 « 0,0012 t* 1212
Bthy) D w1333« 0,001 1236
nePropyl D ® 1.047 = 0.0010 ¢ 1.022
nBatyl D ® 1,030 = 0,009 t* 1.008
1so-Butyl D = 1,098 = 0,0010 ¢ 1.073
sec-Butyl D ® 1,090 = 0,009 & 1.078
ookl D = 1.096 = 0.0009 & 1.074
n=Ootyl D & 0936 « 0,0067 ¢ 0.919
®Rafarence 7.
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solutions of the higher boraxines did nob yidld any visible precipitatos.
(These resctims are discussed in detall ia Sectlion III, page L6.)

Riscuselom

1he method of Goubem and Keller (16) was used to prepmre triethaxye,
trd~nepropoaxy=, tri-ncbutary-, trilsdutage, tri-sec-butagy=, trisne
pambag, tri-nroctaxy- andtri~-nedodecagyboroxine. Bxcopt for tri~ne
dedecaxyboraxine which mlted et 30° C., the compounds prepared ware
liquids ab room tempereture. Of the boracines studied, sll dscomposed
upon attespted distlillstion to split off the corresponding trislkaxyborene,
()8 The tesperature required for the decomposition was Ligher tham
the boiling polnt of the tridlkay borens, e difference varying from
102° for tue etiyl coupaund to 35° for the dodecyl copound. Gouboas,
in a study o trissthagboracing, end Leppert (25), working with trie
msthany, tristiagye, tri-mpropagy., trilsopropage, tri-o-butagy-,
trilscutay=-, 0 trirgso-butayboracings, siuilarly found that the
mwmmhtm‘ummmm
&b @ bath tepareture higier than .0 bolling podut of o erthdborate.
The docoupositim temparetures ware not listed by Lappert. Lappart (25)
also found wat etbespted distillation of the borexine under reduced
P csused disproportionation o yiald the ortidborete ad barem
trlaila.

he infrered spoctra Lo tho borazines studied were obbained,
Howeves, axaaination of the spectre indicated that the samples had




L5

bocan partislly Lydroliyzed so no conclisions ware made fram the cwuvos.
Tae ixirared spectra of sap el:iagHoraines ware dbtained by Loppart
(25) who concludod that ebsorphion m 720 axd 735 m’z is of goad
dlagnostic value for motcbaris estass (boraxines).

The ratos of hydrolysis of tho boraxines studiad gppoaroad to
diaindsh with incressing moloculies woiZ:its. The donsitics of tho
boraxinos studiod docressed Wil famdesing solocular wolgid., Tho Gxmde
ting followad the relationsiipy D e a ¢ bt ovor the taparcturs rayms
studiad,

Tlocaior wolgih dotaradnctlons &l baron snslysoe showod tho
capounds to have ths trinxds forrmla, (1000),. This is in oorocacnt
with the data of Goubsan and Kollor (15) for trimsthaxpboraxing, el
tiat of Ogle (7) for trimeli.. baocaxing and trienbutagboraxine,
Lappart (25) concluded from inilcos of rulrastion thst trinrilixsye,
tristhogyw, triisgropary-, tcl-a-propage, tri-pebutasys, trilschubagye,
axl triecgec-butoxyboraxine ware tslooric,



II. REACTION OF ARCIATIC AMINSS WITH ALKOXYBOROXINES

Igizoduction

One serdes of resctims of alkaxyboraxines with anmines was studied
to note whether the reections of these types of compounds were similar
t0 the resctims of snines end aliyl orthcborates. In the roview by
Lappert (L) 2 muber of references on tie reactions of suines with aliyl
orthcborates are cited. However, the litersture lacks any reports on
the bebavior of aminss end alkacyborexines. lience thie study of the
resctions of trislkagboraxines (trimethagy-, tristhagye, tri=n-propasy-,
tri-n-butage, tri-seo-butaxy~, triisdutacgye, trie-n-pentogy-, trien-
octaxy=, end tri-n~dodecaxyboraxine) with the eromstic exines(eniline,
p-ciloroeniline, p-anisidine, p-sminchbensoic scid, p-nitrosniline,
peeninoacotophanons, p-toluidine, phenylemedianine, and bensidine) wes
undertaken.

Addition of en ether solution of the eniline to en excess of tie
boraxine in ether solution et roon tesparwture produced a precipitate
which suggested Structure I.
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Capmnds of €ils type hovo boen propared fron aniline end six
subetituted enflines and fron two aroactls disaincs. Trimotiagye ol
tristhayboracing Love beon succossfully used as & reagent, but tri-ne
propacy=, trienebutoxye, tri-sco~buitagm, triiscwutay-, tri-n-petay-,
trisn~octaxy=, snd trism=dodocayhorarine ylold no reaction products
undor idontlicsl econditions. Iiczone end bonzane are adequate mdetityutos
for tus ¢ther solvart ia t:is roactimy ecotons ard cerbon totrachlorice
can be used with s decreese in ylald.

Bridance tuat tiie product Laes firucture I mey be swawrizod es
£olloms

1. Toct the epiricel formila is correct lLics boen establislied Ly
malysls of eseven gnilines for boron, hydrogan, nltropen, end
cilorine (uen prosent) end anclysis of products froa reccticns
of tristhaxyboroxine with tiho some enilines for boraa elma.
Twoso enelysee hove tlso estoblisiiod tiet e protuct is &
"aancoer radiior tlan e palyaoe of endling and .9 baraxinag,

2. Thet tho boracine 1s not boing docorposad to the ellylorithos
boreta, whiich in turn roncis with tie eniline, is si:om by tie
fact tuat eniline doos not fora & precipitete with tue ortioe
boratas. It wes £130 shown thct when boron triccide is eddad
40 an ether solntlion of anilino, no reaction occurs.

3. That the eniling is not cltarad bayoed losing the two hydrogon
stoas bandad to tiie nilropasn is sliown by the fact st hydralysis
of the produch with hot potemsiun hydroxide permits quantiteative
recovery of the anilinn,






Lo Taat & nitrogen-boran boand 1s formed 1s suggested by the fact
that displacement resctims of the types

s ¥,
/l- “QGge e \—o)-{ *He0-G

are known (63,64) to occur undor conditions similer to those
usad in this reaction. Tuo reectimn aay be represanted by the
oguations

2 (R0B0), # Cylgllly == I ¢ 2 Gl,GH

Qun-like polyners are produced from sniline and the baraxine 1f the
nole retio of the resctents is neer unity end 4f the reaction mixture is
refluxed for several haure. Polymers are also cbtained in the sbeence
of & solvent by constantly stirring & uixture of the reactants st rooa
tepereture, The materisl prepared in the sheence of sclvent is &
viscous ofl which swells to & gua when solvent is added. The repeating
unit in the palymer sppears to Lave the Structure IT.

ey

v |
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i 5 “ ] ‘
L N l
o |

This sssumptiom is based prisarily on an anslyeis of borom in tho polymer.
These polymers are less susceptihle to noisture than the boraxine.
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Exspanstion of the Dorgrines

Trinothaxy=, triethagye, trisn-propagye, trien-butagw, tri-sec-
butagye, trilsdmtag-, tri-n-pentagy-, trien-octaxy-, and triene
dodecanybaraxine were prepered by the method Goubesmu and Keller (16)
used to prepave trimsthaxyboraxing, that of rescting borie anbydride
and the carresponding aliyl crthdborste. Thelr preperstion is descrided
in the section an elkcxyboraxines (Sectim I, page 27).

Eosaghica of Jongmr
Salutims of the anilines listed in Takle 12 ware propared by

ddssalving 0,01 mola of tie aufline in 50 ml. of enydross ethary tic
boraxine solutions wero propared by dlssolving 0.04 mole of the berasine
4n 50 sll. of salydross ethor. Ilasks wsed for this purpose were protected
from etnospharic water vaper by drying tubes containing CaCly. A white
precipitete formed immedistely upon addition of the aniline solution to
the boraxine salntion. The nixture wes shaken for 3-5 mimtes, the
preoipitete was sllowsd to settle and wos Clltered repidly thireug: &
Buchner fuel. The precipitate wus washed several times with ether,
drded in @ strean of wara dry air and stored in & veomn desicestor.

In & typical eperimnt, 1.07 g. (0.01 mole) of petoluidine dissolved
in $0 . of ether was addsd $o 6.96 g. (0.04 mole) of trimethamy-
boraxine in 50 ul. of ether. Tuils produced 3.5 g. (0.009 male) of
N, l=bis(dinethagybaracingd Jp=tolnidine, Other results are given in
Teble 12,



lioles Axlline loles
Taken m(m W(ms

Anlline Used
Aniling 0,010 0.0088 0.0068
p-Calaromiline 0,010 0.0080 0.0057
peinisidine 0.010 0.0092 0.0071
prAnincbanmode Acid 0,010 0.0081 0.,0060
peliitromiline 0,010 0.0033 -
pAninoacstophenons 0,010 0,000 0.002%




The sane reaction wes zlso studied (sniline plus borexine) with
diomne, bensae, acetons, and curbon tetrechloride instead of dicthyl
ethors

In reastions of dianines the mole rétio of boroxine to smine wes
eigut to une.

Formation of Polyners

The procecure cutlined sbove was used by Lippincott end Ogle (65)
in preparing polymers of miline and trinethexyboroxine except that the
mole retio of resctants was nade unity and the resction wixture wes
refluxod for six hours. Ether cr acetone served as & solvent, During
the reflux paricd the white precipitate initially formed dissppesred
end @ brown gumelike material formed in its place.

The polymer wes prepared by Lippincott end Ogle (65) without use of
& solvent by adding aniline to the boraxine at room tempersture end
stirring the aixture for 30 mimites. Considerable heat wes evolved
during this time end & viscous brown oll resulted. Anslysis of the odl
for baron gave 14.09%; celoulated for the materisl represemted by
Structure II, 1,.50%. Additien of the ofl to ether produced & gulike
material sinilar to that cbtained if the reaction was carried cut in a
solvent .

Sulio £ 2 =D AR s ar o I T L SR LN
Hydrolysis of O ge of tie product cbtained from reacting trie
methaxyboraxine and p~toluidine with 1 N X0, extracting witi other and
eveporeting the ether extrect resulted in recovery of 0.1l g. p-toluidine,
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caloulated for the material represented by Staucture I, 0.12 g. Similer
results (Tsble 13) were cbtained for the other eniline compounds.

Nalting points of the resction products were not sharp. The heating

aposed the coapounds to give unldentilisd products.

The boron snalyses were sccaplished by the method of Zolthoff ad
Sandell (62). Tsbles 1 and 15 indicate the results of malywes of the
foartoen snilides prepaved by tils yesction.

idero malyses for carbon, Lydrogen, nitrogen, and cilarine were
perforned by Clark Micromealyiical Leboretary. The carbon anslyses were
erratic and umrallchls evan though Vgls was used in the combustion tubes.
Tadle 1 sumsarises the hydrogen, nitrogon, and chlorins anslyses Loz
gix milides prepared froa irissthagbaracing.

Attapte to deternine ths naleculsr weighit ebullioscopically and

» pieally were ful due to the extreme insolubility of the
sniline compounds.
The infreved specira of the cospounds were dbtained .

snslysis of the spectra indicated that the compounds had become pertislly
hydrolyzed. Tms no conclusims gbout the structure of the compounds
could be made fram the spectra.

bicn of AU-Aorthabomebas pod Poran Telaride with Andliss
In order to deternine 1f triastiyl borate would fara & precipitete
with miline, & salutian cantaining 0.01 mole of enilinme in 50 ml. of
ether was added t0 & solutim of 0,01 mola of trimetiylborete in 50 ml.
of ethar. No visible reaction cccwwol. The axperimet wes altavad,






TADLE 13

REULTS OF KYUROLYSTS OF M, ikbd s (OTALKOXTBORIKINL JANILINGS

53

tioles Compound Moles Aniline
2021400 4n Corpound Lydrolyzed Becovered
Aniline 0.0029 0.0028
p-Ciloroaniline 0.0022 0.0022
peinigidine 0.0028 0,000
prinincbensode Acid 0,002} 0,002
pelilizomiling 0.007 0.008
prhuainoacetophenans 0,005 0.0012
ﬂ% 0,001 0,0010
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TABLE 1
RESULTS OF ANALYSES OF N,l~Bis(DIETHOXYBOROKTNYL)ANILINES

17.5
p-Culoroaniline 15.80 3.83
15.07 3.59
p~Anisidine 161 3.78
w1 138
prhuincbensole Acid 15.07 L.O7
152h k.25
p-litromiline 15.2, L.01
15156 L.05
peAjincacetophencme 14.26 L.22
.07 L2
Tauldine® 16.50 L85
r 8% im

15.79

bLE2 8

ey

pLp

15.50

16.61

390 31 8.8
468 3.5
L.os 3.35
3.80 6.65
Ll 3.3

L.90o 3.58

solvent dioxane=—16.60 end 15.38% Bj reaction solvent benseno--

®asnction
16.54 and 16438 B.
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TXALD 15
BOIM ARALYISSS OF U,M-Dis{C TSI OROXTNYL) AHILINGS
Pap Cx% 2oron
M

Antltna 15.03 15.01
15.04

p-Glorooniline 13.58 13.59
13.64

p-fnisiiine 1k .04 1,.03
1,.18

p~Ainocacotophenkng 13.77 13.63
13.74

p-Auinocbanzals Acid 13.28 13.62
13.64

p-Toluidine 14.86 1%.53
;.95
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17.14, 17.02
6465, 6.60
L., 3.6
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using 311, 1211, and 1t3 retics of boreto to aniline, tut no precipitate
formad. Sinilar negative results were cbtained with tristhyl borete.

To check the possibility of amilino rescting with barm triccide
0,01 mole of endline in 50 ml. of ether wes added to a mixture of 0.01
mole of boron triaxide end 50 nl. of other. MNo visible reaction occurred.
The white solid was yecovered by filtretiom and dried in & vacuua
dossleator. Andlysis of the white solid for boren showed it to be boaren
trimide. The aperinmt wes cltered using 611, 311, end 133 ratics
of boron triaxide to eniline, but the boren tricxide wes recovered
quantitatively in esch case.

Since aniline will not form & precipitete with trimethyl borete,
tristhylborete, or boron triaxide, it is sssumed that the copomds
forued in this study are not the result of decomposition of the boraxine
%o the aliyl orthdborate and boron triacide.

spirclvule of e Froduck of Fhonylenedissine exd Irimethgghborgrine

A Iydrolysis resstion wes cmried cut to debermine if the awine
eald be recovered fram the product of phenylensdiemine end trimthag
boraxine.

liydralysis of Oudli ge of the product cbtelned from reacting tri=
mothagboracine end phenylenedicaing as above with 1 N, K(i, extrectiom
with ether and evaporetim of tie etior axtrect gave 0.11 g. phenylene-
dizuine (caleulsted far II, 0.096 g.).






Vhen arometic snines and, alkaxyboraxines are reacted, oitiar
nomoneric (Structure I) or polyneric (Structurs II) (see pages L6 end L8)
products are cbteined., The resctim by which the mmomer is formed is
very repid; polymer formstiom is spperently considersbly slower. Both
resctims are excthermic. With trimethagboracine the yields ave neerly
Quantitative, although very week beses such 8s p-nitroeniline give lower
yidlds. With tristhagyboroxine these yields are reduced by eppraximtely
emo-thindj pemitromiline gives mo procuct et all.

The products cbtained froa the resctioms of the dismines are
epparently mixtures comtaining both tiree and faur dislkaxyboraxinyl
groups atteched to ane molecule of diswine.

The nechanisn undaubtedly involves attack of the amine nitrogen on
@ boren aton followed by & proton tvensfer from nitrogen to axypen end
subsequant farmation of slcchol by clesvage of the borou-axygen bond.
The base strength of the emine nitrogm sppesrs to be a critical facter
in the nechanion 88 is evidenced by the low yields for the three nitro-
anilines. The decrease in reactivity caused by the change from trinsthagy-
boraxine to the higher hamlogaes nay be explained by the incresse ia
steric hindrence areund the boron atons @8 the alkaxy groups becomo
larger.



il DAIAMTIA OF GuZulB0IC0 ACID

Th9 now "hardic ecid,® unloss cthcrwise qualifiod, rofars to ortlioe
borls ecid, H,905. As &8 the usunl cnso with "ortho" eclds, orthoboris
acid i3 the most highly igpdretad el wny lose & molecula of witor o0
form motabaoris ocid, 1005,

A survay of tie literch.c> rovocls thct an hoeting shove 1%° C.
ortiidhoris ecid gradually lcecs wotar, chenglng %o metsboric ecid (65).
AV Hge>» toporsturas all 0 wotar is lost end aiyydraus baran triccide,
By0y, romults. Al%hcizh tha older litxrabire (67) roparts a pyroboris
(totreharic) scid, EByD,, X-ray amd temslonstrio studies (60) heve
siom tiat tie dolpdretlon from 05 to 330, 1s & cantimous procoss
vidiot the formetion of ey Ltoredicios,

Prease studios (43,00) of e sywtaa Dy0=t30 elso show tieh tis ouly
stobls Lyxiratos of tha ctds to ba ta l-hydmeto (030;) el tis 3«=ljrirsts
(ia203)e Fracc:, Morey, &2 lavwin (40) obtainsd @ plese dlograzn for
the srriam BgDy~Eg0, bssed ca romilts obtainad by hoating mixtures in
suclad tubes., Tuey fourd the oy solid phases to bo ice, ortlidborie
ecll, &d tures modifications of mtDarle eclds

rhoblc FI0,T domslyy, 2.4303 m.p., 236° C.
nonoclinds IDOLIT  domity, 2.0043 a.p., 200.9° C.
arthorhiosbis iD0LIIT  dansity, 1.703 m.p., 176.0° C.






Siace taluene (bep., 110.7° C.) 13 aften used to asectrope the
woter produced in the esterificatimn of arthdboriec acid, it wes tue
purpose of this imvestigation to study the possibility of arthdbaric
2214 iteelf being debydreted by reflucing in tolueme. It wes found
that the reflux mixture (toluens plus orthcborie acid) ylelded metaboric
acid, Hotaborie scid wes also produced by refiucing artlicberis scid in
bengeno. In both cases the notdberic acid wes identified oe IBOGIII.
Rafluxing of arbhdberic seid with xylens ylelded products less hydrated
then 10, but with no reproducible cospesitim. A wiady of the relstive
salubilitics of arthcberic nold, metsbarie acdd, and boren triaxide in
& seriss of aliphatis slochols was mado.

Zopernilon and Montification of astbordc scld
A mixture of 18.6 g. (0.3 males) of arthdbords asid snd 200 . of

dry tdluens were hested under reflux using & constent water separator.
After 8 houre the macunt of weter removed eppesred to remein constend at
S . (Dworetiosl for B0, == 10y ¢ Lgl, Sui nl. @b kgd). The
mixture wes sllowed to cool to room temperature, filtered through sintared
glass, end the white solid wasbed with mbydrous etiyl ether. The white
solid wes pleced in & vecuun desiccator and the desicoator pumped for
2); hours to romove sy excess ether. The white solid was placed in @
weighing bottle (marked T,) and stored in & desicoatar over CaClg.

Boron analysis of the white solid, Ty, ylelded 2,578 B (esle. for DO,
24.69%). The experinent was repooted, refluxing 62 g. (1 mdde) in 40O






sl. dvy tolnens for 12 haws o yleld 13 . (1 mols) of HyO and L) g.
(3 mole) of white saldd, T,, which wes handled as with T, Analyeds of
T, yiclded 24,748 B. It wes nobed thot the pob tampereture never rose
eove 110°%, nor the vepor texperature sbove 108° (b.p. of tcluens is
110.9%).

To establish whethar & tapereture below 100° condd ba used to
doiylate erthobaric ecld by esectroplc dzying, 15.5 g (0.25 mole) artios
baric scid wes reflaxed in 270 al,. dry bamsens (b.p., 80.2). After 12
hours, the emount of water removed wes constant at L. ml. (thearetiesl
forr HgROy == 1305 ¢ Hg0, L.S ml.). The white solid (3,) was handled
in the saae mormor &8 T; end Ty In emother rum, 18 ul. (1 mole) of
wetor wes vemoved from 62 g. (1 mole) of arthdboric sedd in L0O nl, of
bammeno, to yield L3.8 g. of wirite solid (By). The pot tempereture did
not go @ove 80° C. The solid By wes treated sinilarly to B, Ty, and Tg.
Baron anzlyses for By md By showed 24,52 end 21,588 B, respectively.

The mlting polnts of meteboric ecid smples Ty, Ty, By, and D, were
dbteined by heating the coupamds in sealed mlting poimt tibes. o
saxples melted starply st 175°%, 175% 175°, and 176°, respectively. The
mlting point of IBOLIIT is 176° % 0.2° ¢,

To doteruine whother prolanged hoating would further debydrste the
notsbaric eedd, 12 g. (0.2 mole) of crthcborie scid was placed in cach
of two flesks comtaining 200 ml. of toluene and 200 nl. of bemsens,
respactively. The mixtures were refluxed with constent water removel for
72 hoare. In both cases the finsl volums of weter collected, 3.6 ul.
(0.2 nols) hed been removed aftar 6~8 hows. Analyses of the solid






products indicated 24.58% and 2,607 B (cale. for iB0,, 24.697), far
saples from the benzens and tolions reactims, respectively. Both
saples malted at 175° (m.p. of 100,71, 176%).

To determine 4f a highor budling 1iquid then toluene wuld cmse
further dehydretion, 18.6 go (0.3 nale) of arthcboric acid wes refluxed
for § hours 4n 200 =, xylemo. The volmas of water resoved was 7.0 ml.
Dovon enalyeds of the dried solid product inddcated 26.0L% B, (Caleulated
far E00pp 27.517). Other runs using xylens ss the salvent gave products
baviag 2840, 2930, et 29.427 boran. This fndicstes that xylane
comot be used to delydrete arthdboric ocid to a definimbe capositim.

In mother experinmt, 1) g. (0.25 male) of meteboric acid wes
refliced in xylene for 12 howe with constent removel of the water (1.3
m.). Analysis of the dwisd product indicsted 29.L% B.

I=ray diffrection patterns ware cbtained for erthdbaric acid, mote=
barie acdd, baran triaxide, and t.e xylen delydration product., Samples
were prepered by grinding and packing the resulting paxier carefully into
a 0,03 m. glase coplllary. The cepillary wos sealed with o match flame
4o give & saple tube of cbout ome~half inch length. This tubo wes then
nounted in & Phillips Debye-Scherrer typs, 1l.l cm., camare. After
aligment the camera was loaded with Xodak No-Screen type £1ln which had
been cut and punched to f£it the camera. The ommera was them placed om
the Novaleo Xeray undt for exposure. All exposures ware for 6 hows et
35 XV and 16 me, using copper Ko radistion.

The patterns cbiained from the vericus saxples ave included (Fig. 1)
elong with @ 1list of "d" spacings end the relative intensitics of the
lines of the X~-rey patterns (Table 18).
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TABLE 13 « Comtdmied

24" Values Intensity "g" Values Intensity
50,
6.07 ] e 2.06 L
L ve 2.0 ww
Lels0 ve 1.96 [}
La3 8 1.67 v
400 s 1.86 ww
37 : 13 -
o v o v
346 e 1.68 v
3.20 vs 1.66 v
3a2 s 1.6, ww
2.98 ] 1.6 W
2.90 v 1.56 w
2.78 w p o ww
2,70 v 1 v
!flé [ 1.36 ww
2 s 1.23 W
238 - 1.2 W
2.32 w 1.188 vvw
2.25 - 127 vvw
249 v 125 v
226 v
B&
6.05 ve 2,25 w
349 vve 2.0 vvw
2.83 v 1.69 vow
2,57 ww 1.59 W
2 1450y Deigareted in Jyime
o vs #68 v
ig e 1.59 e
90 v 151 vve
225 [} 1.39 W
230 W 17 oW
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Comparison of the "d* valucs and relative intensities of the lines
of the X-pey patterns indicaie that the denydration of ortudboric acid
in bermens and in toluene ylelded tus sass form of meteboric acid.
Since the purpose of the X-ray study wes & qualitative comparisen of
the two samples, and glso since the crystal structure of the crthorhonbi
HBOLITT 4s Imown (65,69), no further work was done with the X~ray
pattems.

Density neesure of metaboric acid were meds &b 23.00 + 0,02°%
A weight pyencmeter with & thermoaster and & swall capillaxy side-arn
wes usad., The pycenouster was calibreted with redistilled watar. The
toluene used was the middle cne-thini of freshly distilled CP toluene.
The deneity of the tcluens was determined, using tie calibreted pyoucaster.
For the density determination of the solid motdboric acid, the salid
smple was weighad into the clem dry pycacmster. Tolueme was placed
ovar the salid, and the pyencestor was placed in & veouun systea to
renove suy occluded bubbles., After the toluens was sllowed to bolil st
least a half hour at roon temparature, the pyenouster was reamcved froa
the vaomn dessicatar, filied completely with tolusne, snd placed in a
tharmostated beth ab 25.00 + 0.02° C. Tue time necessary for esteblishe
ment of thermal equilibrium wes determined froa the time it tock far
the tesperstare in the pyonomster to equal the tapersture in the bath,
This time (15 to 30 uminutes) wes quadrupled to guarsntes thermal
equilibriun, Accomdingly, efter two Lours tue pyencueter was removed
from the bath, capped, coolsd in & stresn of cold waber end placed in







the balsnce case for wedghing, Densities were calemlsted by the followe
ing formlat

dsw o Cgciv,
ﬁv. Voye © Wunit < Vg

dg = demeity of tie eoldd

dgoly ™ deneity of the solvent

wg = welght of the solid saple

Wars © weight of the solid plus solvemt coatalned
in the pychnometer

Vpye @ volume of the pychnomster

HMeesurenents wers made en the metadoric sold prepaved by dehydraticn in
toluens (T, and T3) and in bensans (3, end Bg). The densities (g/ec)
ares Dy, 1773 Bgy 14783 Ty, 1.795 Ty 1.77. AL the density determine-
tins egree with the lmown value of 1.78 for HBOL(III) ().

Tn erder to deternine tha relative soludilities of ortheboric acid,
m,mmmu-mun@(wn—,m—,
propyl=, nebutyl-, neamyl=, snd nehoptyl slochol), 20.0 g. of the
respective borm cospound was sdded o 50 ml. at the anhydrous aloohol
4n mixing cylinders equipped with gromd glass stoppers. Duplicste
mixtures were prepared for each borem corpound and aleohiol mixtare.
Equilibretion wes effocted by dcal shalking in horizontel position
in e constemt bemperature beth maintsined et 25.00 + 0,02% Aftev
shelcing hed comtimed for 2 hours, one of eech difforent mixture was







£ltered through sintered glass. The solid residue wes washod with
sohydross ether and placed in & vecuun dessicster to remove the vdlatile
ether. Samples of the liguid were analysed for boron by dissolving in
weter, adding mamitol, end titreting with stendard base. The duplicate
mixture of each wes allowsd to slioke fur en additimal 24 hours.
Analywis of the 1iguid phase of each showed that solubility wes complete
in the fivet 2 hours. The resalts of the alysis of the liquid phases
(thet is, the soludilities) sre given in Table 19. For comparison the
soiubilities ave listed s nolos of boron, grams of bavon, and grems of
baran compound, dissolved in 100 ml, of polution. The results of the
boron snalyses of the respective solid residues ere given in Table 20,
84nce the dissolutiom of tho boron cospound is probebly threugh esterifie
cation by the alcaiol, water is one of the products. That some of the
uniisecived salute (in the cese of the B0, and BO,) is becoming
hydeoied is clesrly indicsted by compering the results in Teble 20 wiil
the caloulated values far lBo,, iD0g, ad B0, for per cent B. Further
Tuns ueing 50 ml. of mlechol wers made in which the moles of B ia the
salute wes held constant. Tiese salubilities are given In Table Z1.
(Insluded in Table 21 ave the ly50, results fram the previcus runs.)

Discussiog

Tus resulte of tiis stady show thnt metaborde scid, iBOg, can be
prepared by delyiretion of arthdborde acid, HgB0s, by reflumxing in

berzame or toluene wita a tant water separator. The metsborie seid
prepared Lave 13 of the fom IBOGIII. It is known thet the By0g~ iom







TAILS 19
emwm.mo.msp,unwmrmsm

m‘“\!ﬂr——m

GIE 20,0 ge HzB0y 0,37 3.32 19.0 go HgP0y

G, @ 20,0 g. HBOg 0.501 5.85 23.7 g. DOy
Giy® 20.0 go BgOy 0.595 6.2 L1k ge BgOy
Cgis@i 200 go ER0, 0251 1.5 932 g. BP0y
CgislH 2040 g. HBOg 04388 Lay 17.0 g. iBOg

Cgisll 20,0 go By, 0497 536 3u.6 g Bgds

neCylipCl 2040 ge JigBOy 0,080 0.869 5425 go HgB0y
BeCalia Gl 2040 ge HBOg 0.319 3.8 14.0 g. HBO,
n=CyliaG 2040 ge Bgly 0466 5.03 32,4 g. Bg0s

n0gfiplil 2040 ge HaBO3 0,072l 0.784 LT3 g. B0y
nCJlol 20,0 g. HBOg 0.298 339 12.9 g. B0
Cgiplli 200 ge Bgdy 034 1,63 30.2 ge By

meCglia & 20.0 ge HyB0y 0.08L5 0.5% 337 g. 180y

n-Cglig 0l 20,0 g. IO, 0274 2.96 12.0 g. 1BOg
neCgligg@ 2040 ge BgOy 0,55 Laa 31.6 g. Bg0y
neCligsOii 2040 ge HgBOy 0,840 0.33 2.8 g. HBOy
m“m 20,0 ge BBD. 0264 1.1 14‘ 8 }m.

oeColiy 0l 20,0 ge B0 027 293 18.9 ge Bgls




TABLE 20

DORON AMALYSES OF THE SOLID FHASES FROM B SOLUBILITY STUDIES
OF LgBly, L0 AMD Bgly







SQUUBILITIES OF L0y, DO, AID Bgdy

T 1

B I T3 SIS
p——— ]

WITH CONSTANT MILES OF

ofB of B Compound
Gig® 20,0 ge (0.32 moleliiaRO; 0.307 3432 1940 ge N0y
G0 U2 go (0.32 mole)iDOg 0u5L2 5.85 2346 g B0y
Gl 113 ge (0262 mole)Bg0, OJ98 5.38  3L.8 g Bgdy
Cgisl 20,0 go (0324 molo)HgB0; 051 154 9.32 g. IR0,
CaitgCtl 1.2 g. (032, mole)iBO; 0.372 k.02 16,3 g. B0y
CH 0 113 g (0162 mole)B05 0u3L1 3.87  23.8 g. B0y
eCgiiy B 2040 ge (0u32h mcle)iigBOy 0.055 0,509  3.37 g. HyBOy
wCgipaE a2 go (0.324 malodiiogy 0,260 2,80  14.2 g. IBY,
oeCai1a 103 ge (04162 mole)Bg0; 0.255 2.75  17.9 ge BgOy
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cocurs in potessiize and sediun aobebaretes (11,12) and meve iuportent,
that sludlar By0q groupe linked togothor by hydrogm bonds to form
shiosts, also oocur in IBOLIII (70). Tims it is possible thet tie
nochanisn of esterificstion of artideris seld with en aloaiol with
contimous removal of s weter by refluxing in teluens or bemsens to
fam trissrie boraxines might include the formetim of metebarie eoid
£irets
EgBOy == iB0g & HgD
3 R ¢ 3 1BO0g = (R0B0)y ¢ 3 Hgd

It 1s noted thet the terperature necessary for the preperatim of
metebarde acid 4s lower then that needed far the usuel theruel dehydretion
of ortacbaric scid. Thls is undaibtedly due o the shifting of the
equilibriun in the deydretion reachio by the constant removel of the
wetar,

It is noted that the meteboris acid produced in tiis thosis study
is IDOGIIT. Kreocek, largy, end lMerwin (&) found that when arthdboric
00id i dehydrated in open vessels b sbaut 130° C., the product at
£iret comsiste af IDOLIIT together with unconverted erthcbaric ecid) om
omtimed hesting the letter gredually dissppeare end the HBORIIT conw
vorts $0 HBOSII. At this stege tio derydretion stops exactly at the
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Soposition HBOy (so that this procedure semves os & mothod of preparee
tiom of HBOLII unless the t1n0 is exccssive or the tespersture is reised
sbove 150° C, Under these conditims the dehydration slowly comtimes,
yialding & higly viscoss limuid whose camposition 1ies betwean HBO
and BgOye These same workers () found theb when a sealed tibo comteln-
ing melted metebaris oeoid is repidly cocled, ite contants fivet solidify
0 a glass) this greduslly beconos milky awing to the formstim of
EDOGIII. On rehesting this quicidy crystellizes to an cpague whito mass
malting shawply &t 176.0° C. (n.p. of IDOLII 48 176.0° C.).

Tegaicd (70) produced metsboric ecdd by controlled hesting of orthoe
borde ecid sbove 100° C. in molst air et e atacsphere. Depending on
the quantity of specinem, end the rete of veising the tespereture, he
produced either HBORIIL or & mixture of E30LIL end HBOSIII, Teseki (70)
further famd that hesting arthcboric aeid %o 150° C. for & few days
woald produce HBOSIII, while heating to 160-1° C. would coawert the
EBOSIIT to HB0RII.

The deljydretion of orthcbaris acid in both toluene end bensens in
tids thesis study ylelded IBOGIII, although the removal of the water
sppoared to be slower in tho lower boiling bansene. Although othor
workore (69) needed @ temperature sbove 150° to further delydrete 1B0,
in an open vessal, thls worker fomd that reflmxing of either HyB0, ar
EDOg 4n xylens (bepe, 139°) would result in products having & compo=
s1biom betwean HBO, and B0y, Tils worker did not produce any tetreborie
#il, NigBeOyy in his dehydretion studies.
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A caperison of the solubilitics of orthoborie acid, metsboric
acid, end boron triacide in aliphstic alochols shows a decresse in
palubdlity with an increese in maleculer weight of the alochol (Tsbles
19 end 21). Analyses of the solid residucs (excess boron capoul) from
the salubllity studles showed that the emeess IBO, end Bg0; had bscoms
hydreted, becoming H B0y in most ceses. The incressed salubllity of
1B0g and B0y coupared $0 HyB0; suggests that the disslving of these
capamds in slochdls is due to ssterification %0 form edther the
ortucborete or nstebarate. Tye «icess ByO; and B0, renoves the water
of estarification and retards the hydrolysis of the barate osters.






IV, TEICYCLOUEICXYBOROXINE

Zoteoductioy

The nethod of esterificatim of orthdbaric acdd (or baron triaxide)
with the sppropriate alcchol or phendl and removal of the water by
smeotroping with an inert sclvent (0.g., toluens) has besn usod to prepare
@ large nuber of carthdborato estare (L). In the preperatio of the
orthchorates ab lesst & 311 mole redlo of the alechol (or phenal) to the
orthoborie acid is uwsed to inswro maxlmn esterificetion of the orthoe
baric ecid by the resction

3 RO # 1yB0y === (R0)3B # 3 Nigd

12 less tham @ 311 retio of alociol to scid 4s used, maximm esterifie
cation to (R0),B 1s not imsured and sous neteborate may be produced by
the reactian

3 B ¢ 31,503 = (2003 ¢ 6 g0

0% Conmor and Nece (23) found tist a 211 male retio of cyelohemanol to
crthcborie acid produced & mixture of gyclchexyl arthoborete and cyclos
heaxyl metsborate

12 B ¢ 6 lighoy ——s (ABO), ¢ 3(0)B ¢ 15 Hgd

One might expect a 211 male retio of alechal to crthdbaris acid to
esterify as
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2 Rl ¢ HgBOy === (R0) -0 ¢ 2 HPO

end then to dehydrate by
2 (RO) Bl = (D) mOmD=(0R)g ¢ HgO

Howover, examples of copaunis of the type (R0)gheGi ar (R0)gB=0=(0R)g
cannct be found 4n the Litereture.

0%Comnar and lace (23) prepared lenenthyl metabarete end ayeloe
haxylnsteborate by interectim of the sppropriste slockal end arthdbaric
80id in @ 111 mile retio; the water formed in the esterificstiom was
renoved by eseotropic distillation with taluens. From the moumt of
wotar odllested and the identification by baron analysis md malecular
welgit dotermination of the product, the over-all resction ves iniicated
to bo

3R0H & 3 HyBOp == (3080)3 ¢ 6 Hg0

O'Cannor end Neos suggest that tho rosction 4 ono in which the alkeagys
boris scid, R0B(CH)y, is formed first, and them it is dalydreted to form
the notsborete (boraxine), (R(BO)ge They could not isolate any alkagy=
barie acid, since the dehydretion yiclded the boraxine by the tinme all
the baric acid hed beem rescted. lowever, 0'Comnor and Nace showed that
42 l-nenthyl metsborete was ellowed to stend in the air for severel hours,
1% edds one molar eqmivalmt of water to form lemsathogbaric acid.

£ince in this presemt stady (see Section III, page 60) it wes found
thet arthderic acid wes deliydrated to metebarie scid by reflwxing in
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toluens ar bexgene, it wes thought that the formetimm of trisyclohexoy=
barazinge mght be carried cut by the estarificstim of metsbaric acid,
HOBO, tims eliminating the intermodiate RB(GH)z. To lemrn more sbaut
tho nechanism, ettespte to prepere trigyclohexagyborexine, (Cdiyy®0),,
by rescting eyelchecamol with orthddoric sedd, meteborie acid, and baren
triazide were nade.

Tricyeldhexmyboradne is @ erystelline salid (m.p., 165° C.) sad
may be erywtallised from toluens sclutlons, if the solutins axe suffie
clantly concentrated. Thus tricyclchexcyborens was chosen &s 2
coaavenient orthdborste to react with crthdborie acid, meteboric acid,
and bovon triocide in attepte to prepare the boraxine. Triayelohesmey~
boracine wes chtained in the resctims Lwolving crthddoric and meteborie
ecids, but no resctim cccurred with the baren triacide.

Since Schiff (13) foand that ethencl reacted with etiyl metsborete
to form the arthdborate, it was thought that ayclehexanol would react
with trigycladexoyboracing to form tricycldhexagborens. This sssumption
was eorrect, e the reastion

6 RE + (REO0); ~=—s 3 (D)8 ¢ 3 Hg0

went 40 caupletion with the removal of the water by aseotroping with
Soluane.




Tricyeldhaxayborme (15. g., 0.05 nole) wes dissolved in 200 ml.
of dry toluens in & roundebotton flask. Solid orthdbaric acid (6.2 g.,
0.0 mole) was sdded to the flssk. The mixtuve was refluxed with cone
stant otirring, using & constont water separetor to remove the water
produced in the resstion. Afver roflucing for § heare & cloar solution
resulted and 2.7 ml. of water had boen removed (Thooreticsl for
(Calg10)3B # 2 HyBO; == (C iy, B0), # 3 EgD, 2.7 ul. of watar). Ibout
125 i, of the toluens was distilled off end the remaining solution
silowsd %0 cocl $0 roon texpareture, whereupon @ white solid crystallised.
The salid wes filtered end drded st 100° G, (2 m.) for 3 howrs. The
product wes 17.2 g., 918 ylald caloulated as (Cgiy®0)y. The white
50144 uelted ot 144=166° C. Daron emalysis gave resulte of 8.70% B
(Teoretioal, 8,628 B far (CJ13,080),). The molemular weight, deternined
émllioseapioslly in bensane, was 30, (Theoreticl for (Cdiy3@®0);, 378).

W(Js.“.,o-os-m)umw
(hei g5 0460 male) were reactod in the sano memer as the preceding
resction with the substitution of metshoric acid for orthebordc acid.
After 6 houre of vefinxing, 0.9 sl. of watar had been removed, and &
cloar solutio resulted (thearetical far (Cdiy;0)B ¢ 2HRO, wew
(R0BO), ¢ Hgd, 0.9 ml. of water). The product wes isclsted end handled
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8 In the motsborie acid mperimnt. Analytical results for the white
salid (u.p. 165-1267°) were 6.55% B, end molooular weight, 371 (caleulsted
for tricysldixagyborarinet 08.627 B, malecular wedght of 378).

Trisyclohasmyborens (15.4 gop o.xm)-dw in 200 ml,
of dry tolaens in a round-botica flmsk, Diboren triaxide (3.5 g., 0.05
mole) wes added to the flask with no noticesbile dissolutim. The mixture
wos refluxed for L0 hours, st which tino the baren triaxide sppeared
sppevently wmreacted. The white solid was filtered, washed with enhydrous
ether, ad dried at romm tesparsture unler vacuo. The dry sclid weighed
3.5 go Boron snalysis of the white solid showed 30.67 B (caloulsted for
Bglyy 31.0% B)e The axperiment wus repeated with dry xylons as the
solvent with the sams results.

T T T T W e
2. Cyclohexsnol and orthabardc ecid [the method of O'Connor end lNace
(23)1.

A sixture of 25.0 ge (0.25 z0le) of eyclohazsnol, 15.5 g. (0.25
ndle) of arthcborie acid, end 100 ml. of dry toluens was heated unier
reflux using & comstent water separetor and constant stirring, After 3
hoare all the boric scid had rescted yislding a clear solutim end 8.9
nle of weter (thearetionl for 3 CgJiy G 3 HyBOp ===» (Cgiya0B0), ¢
6 Hgh, 940 nl. of water). Adbaut 50 ul. of the toluens was resoved by
distillstion end the remeining solutim allowed to cool to room







€1

toparelare, whisroupm 8 whilte salid crstallisad. Tus solld wese
£21taod end dried gt 1002 €. (2 m.) Lo 3 hours. The solld mtxd
ab 143-265° €. Ths yleld wos 20.2 g. (92.77 31214 as (C.F,,200),5).
Boran enalysie of tw corpamd gwe 8.7%1 B (thoarotical, 8.62733, tue
moloculir welght, dotamina énliloconically in bemene, was 363
(themretiznl, 372).

be Cralohaumol emd leddharls AL,

e esterificatim of uotibnrle achd with eyclciozawl in a el
Bcia ulo was corlad cub &8s In Y p%‘.:»smii;zg erarirat, will prioe
batis ecid gabstitatod £ ortnchade eld, A mivture of 25,0 g. (0.25
nole) of cyclotarzmol, 11.0 ge (9.25 20l2) of meishorie ecdl, end 1D
e of dry taluone yloldad k.0 vile of wotor wian tie resctin wos
cxuplatod (theoretics] for 3 Cylg T ¢ 3 1005 =es (CJ11,050)5 ¢ 3 KD,
4.5 nl. of woter). Ancizsis of .8 vhite solid protuct (a.p., 153-265°
C.) grva 8,507 B &nd & molecular walzht of 365 (Lisaretical for
€103 §.60% B, molecular wolidt of 373).

In another eperiamt orthidboris ecid was partinlly dabydretad
belore estarificetion with ¢yelhiezancle 4 mixbure of 15.5 g. (0.25
Bale) of olchorie acid £33 100 . of &ry tolnane wos heatad unlor
raflux veing & cmetast webor poparator. 26 o ed of 2 hours the
evurh of wetor roovsd revioad constont at LS wl. (calesiatxd for

Egily wmeew 120, ¢ 0, L5 1ds of wator). Cyeloneomaol (27,0 go, 0.2

male) ws addad $o the flagk e Lo rlcture raflicesd far 2 Low's.
At Lo end of tiis tine 21l tho w ito sulld rexnining from the firot







reflux (presuwsshly neteboarde acld, 137,) was dissolved snd the totel

enount of water recained constant 8t 9.0 ml. (thus, 4.5 al. for
the second reflux). The thooreiical smouts of water for 3 Cgiy 0l &

3 HBOp === (Cg1,1B0); ¢ 3 Hy0 4a 1.5 ml, Again toluene was distilled
off and the resulting wilte solid £iltared and dried at 200° C, under
vemuo, Anelysis of the salid produch (m.p. L6u=167° C) gave 8.521 B
£ 8 nolecular weight of 370 (tuscrotdosl for (Cglys080)a3 8.627 B,
naleculer welght of 378).

©. Gyelchexandl and beven triaxide.

The esterificstion of boron triexide with cyclhexanol in a 112
nole retio wes cerried aut s in the provioss experiment (cyclchexanol
plns orthdboric acid) with boren triaxide substituted far orthebaric
ocide A mixture of 25.0 g. (0.25 mole) of cyolchexanel, 7.5 g. (0.125
male) of boron triaxide, and 100 ule of dry toluene ylelded 2.2 ml. of
water (thoaretical £ar 6 CglyyCil # 3 Dgly == 2 (Cgi3,080), # 3 Hal,
225 nl. of water). Anslysis of the white solid product (m.p., 164=167°
G.) gave 8.71% B and & malecular woight of 363 (thearetisal for
{C111080),3 8.62% B, maleoular wadght of 378).

ption of Cyeloh ol goxl

To deternine if tricyela

M0 oA s RERYLE 0 N8 N usihin b 3 A0 e

eald be propared by reacting

D o oot M A oA s
acsording to the equation
6 Cfaa @ (Cg13,0B0); == 3 (Cd13:0)3B + 3 Hyf,




250 go (050 mole) eyvlehaxancl was added b0 9.5 g. (0.025 swmlo)
teioyel dis in 200 wls of dry tolmens. The mixbure
wos using & waber with stirving, After 3
howe the anamt of waber renoved reedned b 1.3 sl. (theoretiesl,
135 dl). Stivring wes stopped and the clear salation allowsd $o codd

0 rowm the soluk clear. The mjority of the
taluens wes removed by distilistion wad the flask was ccoled to room
Al whidte solid The WS

distilled at reduced pressure, o bulk of the materisl being collected
o 295198/ st o ylold of (Ogiyy0)B was 21 g. (91%). o vhite
saldd (@up., 55%57° C.) wes anslysed for barems fowsd, 3.53% Bj
caleulated for (Ciya0)sB, 34505 Be

0%Commor and Neco (23) mmbion the sliaxyborie acdd, RIB(GH),,
o8 & possible intarmediste in the preparetion of the metebarate ester,

(ROBO),, by estarification of oodd with lepenthol er gyelos
bhosmdl. If the all ocid is an diste, the don would
procesd as followss
B G L
1. MEe W - M * Bgd
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Inea attespt to prepare the elk ecid (by stopping
&b step 1), O'Comr end Nase (23) used bensens as the inert solvent.
Those stated that was used in place of tdluens

boomse barie soid doss mot lose water balow 100°, and tms it mght be
possihils to stop the resctdon at the slkaxy acid stege.” lowover, it
wes fomd in this thesis investigation (see Section ITI, page 60) that

sodd is to netebords scid by refluxing in bensens,

Sinoe metaborde seid is nowm to be trimarie (70), ancthar possible

mechenisn is suggested from this thesls study Zor tho reactimn of cyulos
hemnol with arthobardc scdd to fam tricyelchexagboracine. The firet

wtep vould be the deydration of the wie scld %o fom
ecids
& w
3 ]
WeBl s e . B
by o . 0 tin



This resction 1s followed by estarification of the meteborie sedd with
the ayelohemanals

L. W,
JEmHe ! |t i 1 * 350

Evidancs dn suppart of thds wotimisn is 1) tue fect thad crthcborde acdd
i3 daghvabed to metabords ssid by rollucing ia tolnens or bensano,

2) miabaric seld 18 ttmerlo (45), 3) motebaris acld reacts with cyclow
hazmol to forn tricyelehexaghoraring, end L) eyuldissamyboric acid has
never boan isclated.

In the came of e reactim of cyslahewancl with baron triaxide %o
fora tricyclchexagyboracine, a possible mechanien is thet the baren
trixdds 48 partislly hydreted to netsbaric sedd by initial esterificstim,
ad the notsbarie aodd thus formad is then esterifioed to fom the
boraring.

The possibility of the reaction procseding thwaugh the alkagbarie
80id stage is not discamted by tils writer. The reactim most likely
proceads through & cadidnsticm of pessible mechanisms.

The succossful prepavation of the bapaxine by rescting tricyclo-
hemoxyborane, (R0).B, with artadberie ecdd and metebardo acid, togethar
with the negative reactiom of the tricyclchexwmyborens with boron
triadde, indicates that the mechenisn of this resctim must preceed
tirough the removel of webter.



The nethod of Goubeeu end Keller (16) (baren triaxide plus trie
sliaxybarene, (R0)s8) was used to prepere tristhagy-, tri-n-propacy-,
trien-butoxy-, triiscbutaxye, triessc-butaxy-, trie-n-pertagy-,
tri-neoctagy-, and tri-n-dodecoxyboraxine. meoept for tri~-n-dodecaxy-
borazine which nelted b 30° C., the compounds prepered were liguids et
room of the dnes studied, all decamposed upon
sttempted distillation to split off the esponding trialkoxyb
The densities of the dnes studied in with nolecul
wolgat. The densities followed the relationship D = & + bt over the
tenpereture renge studied. weight and boron

showed the to have the formla (ROBO)3.
Addition of en ether solution of s eniline (aniline p-chlorcsniline,
P > caniline, p-asin ole acid, p anl
peeminoacetophenne) to en excess of in ether
at room temperature produced s precipitate which can be represented by
Structure I.

o i\o 0 o
| | | |

SIS NN NESE Nt
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was also used in the b
tri-n-propagy=, tri-n-butoxy-, trissec-butaxy-, triiscutacy-, trien-
pataxy-, tri-n-octaxy~, and trisnedodecaxyboraxine yislded mo visible

pr under conditions. The products cbtained

from the reactions of the dismines, bemsidine and phenylemediamine,
wvith I8 and TEB ave ently both thres and four
dialicoyb groups to me of diamine.

Oum~like polymers are produced from eniline and trimsthaxyboraxine
if the mole retio of the reactants is near unity and if the resction
mixture is refluxed for seversl hours. Polymers are also chtained in
the sheence of & solvent. The repeating unit in the polymsr eppears
t0 have the structure II.

B

| 0 0
i
| —'\o/'\ '

1
|
=
i 1
n =
Motsborio acid, iBOs, was prepaved by removal of water from artiio-
mu.m,wwmu&m-n—u. ‘hen

Xylens wes used to asectrope the water, the product had a baren
botwoen metaborie scid end boren triaxide. Bep b
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s meteborie scid produced in bota the bensene and toluens experinente
1s IBO,TII is the maltdng point (175° C.) and the density (1.78).
I~ray powler disgreme and d valuos are given for arthdborie seld,

teborie acid, boron triaxide, and the xylene dehydration product of
ar esid. A comp of the solubilities of orthoberic scid,
metabarie acid, and boron triaxide in @ seriss of aliphetie slechols
(M.M.W.M'M.dm)hm-

Triayel was by dng: 1) gyed

with or acid, 2) eyel with met acid, 3) cyclohazancl
with boven triaxide, L) tricyelon with or acid, and
5) trigyal with ric acld. A1l of the sbove resctions

wore mn in tdluene with eseotropic removal of weter. The resction of
eyelchexancl (6 moles) and tricyelohexayboraxine (1 mole) in toluene
1n statent Fialdad teicy o intiested by
the following resctions

6 Cgigg0H @ (Cgigy0BO0)y ~wmets (Cgfiyy0)yB # 3 ligd

he of by addition of boren

triaxide to trd diss in toluene was unsuccessful.







FUTURE EXPERDMENTAL PROBLEHS

A muber of slkagyboraxings have besn prepared and charecterised in
tais davestigetion and that of Leppart (25). The enly erylagboraxine

reported, > 48 trd ) wildh vas by Lappert
(25) wy orblado with boron It would
seon prob that axine, and other N
could be by rescting the approp phencl with orthdborie sedd

in toluene with constent removal of the water of esterificstion.
Although there are & fow cases mantioned where sliylboroxines yield
precipitates when rescted with smmonis, the only quentitetive work

reported is Burg's (26) of tri Ab with amnie and
Thus the of amonis and auines with the boraxines,
both (HB0); and (RQBO), should afford extensive research possibilities.
The use of such o wylene, ete. for
asectropic removal of wabter from o bas not
ay stbention in the 14 It would seen that meny dehydration

studies could be made on meny compeunds $o yield different results then
those under ordinary drying conditions.
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