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HETEROCYCLIC ORGANOBORON COMPOUNDS—VII!

CHELATED BIS~(1,3-DIKETONATO)BORONIUM SALTS WITH ACETYL-
ACETONE, BENZOYLACETONE AND DIBENZOYLMETHANE

A. BARABAS, E. IsFAN, M. ROMAN, M. PARASCHIV, E. ROMAS and A. T. BALABAN
Institute of Atomic Physics, P.O. Box 35, Bucharest, Romania

(Received in the UK 10 April 1967 ; accepted for publication 27 June 1967)

Abstract—Boronium salts (O=CR'CHCR”"—Q),B® X® (II), with the 1,3-diketone residues R’, R" as:
Me, Me; Me, Ph; Ph, Ph, and the anion X as Cl, AICl,, FeCl,, SbCl,, 4SnCl,, 1, I, and ClO, have been
prepared. The IR and UV spectra of boronium salts are discussed.

INTRODUCTION

Previous papers have shown'3 that 1,3,2-dioxaborinium salts (IC) yield bis<1,3-
diketonato)boronium salts (II) on heating.

R
(+H,;0)
_R p.
1H ®> (—0BYX) ZRH +
>7:0
R e
X

I 11
AR "=R"=Me; B,R=MeR" =Ph; CR =R"=Ph

The bis-dibenzoylmethanato-boronium perchlorate (I1 Cf)* thus obtained is extremely
stable: it can be heated in boiling water, or at 300° in air, without decomposition.
These properties are at variance with the data reported by Dilthey* for compounds
of this class, which were obtained from 1,3-diketones and boron trichloride, and
which were described as unstable and hygroscopic.

Dilthey could not prepare IIC: no definite compounds were obtained by him
in the reaction of dibenzoylmethane with boron trichloride. Being isoelectronic
with the well-known bis<(1,3-diketonato)beryllium chelates which strongly resist
thermal and hydrolytic decompositions,’ compounds II thus constitute an interesting
problem. They were first obtained from boron trichloride and acetylacetone or ethyl
acetoacetate before Dilthey’s paper, but were formulated® as trialkoxyborane
hydrochlorides, ¢.g. IIAa as (R®"COCH = CR’0),B. 2 HCl. After Dilthey’s studies,

¢ The notations A-C, refer to the nature of substituents R’ and R” from the cation (A, acetylacetone;
B, benzoylacetone; C, dibenzoylmethane). Small letters refer to the nature of the anion (a, chloride; b,
tetrachloroferrate; ¢, hexachlorostannate; d, chloroantimonate; ¢, triiodide; f, perchlorate; g, iodide;
h, chlorocaluminate).
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Heterocyclic organoboron compounds—V1I 1135

compounds II were reviewed several times,”~*° but were little investigated. As lately
as 1964 their spiranic structure was considered doubtful and a covalent formula
(R'COCH = CR"—O0),BCl was taken into consideration.®

Having obtained compounds II by a different reaction (I — II), we therefore
decided to reinvestigate compounds II, preparing them by several methods: four
methods starting from 1,3-diketones (methods 1-4), one from 1,3,2-dioxaborinium
salts (method 5), and four metathetical reactions involving the exchange of the
anion X in bis<{1,3-diketonato)boronium salts (methods 5-9). Analytical data and
physical constants are presented in Table 1.

DISCUSSION OF THE RESULTS

Dilthey’s method for the preparation of bis-(1,3-diketonato)boronium salts*
involved the reaction of boron trichloride etherate with 1,3-diketones. The replace-
ment of ether by other solvents (dichloromethane, 1,2-dichloroethane)is advantageous
(method 1). Other boron derivatives may be used (n-butyl borate in methods 2-4,
boric acid or acetoxy borate in method 3). In the latter cases, a strong acid is necessary
in order to cause dehydration and to provide a weaker nucleophilic anion than

TABLE 2. UV ABSORPTION BANDS OF 1,3-DIKETONES, BERYLLIUM BIS<(1,3-DIKETO-
NATES) AND BIS-(1,3-DIKETONATO)BORONIUM HEXACHLOROANTIMONATES [N
DICHLOROETHANE

Arnax

Compound m £mey [/mole cm fe
acacH® 273 - —
(acac),Bc* 294 36,700 057
I1Ad (acac),B®SbCl,® 296 17,300 036
bzacH* 248 — —
310
(bzac);Be 253 14,500 0-36
329 38,500 0815
11Bd (bzac),B®SbCl,® 277 22,300 0-34
348 67,000 103
355sh* 66,000
dbmH”/ 252 — —
343
(dbm),Be” 262 25,800 0-62
362 64,000 102
378 sh 40,900
11Cd (dbm),B®SbCl1,© 277 17,700 0195
310 28,000 040
382 112,000 1-42
400 135,000

“ Oscillator strengths for overlapping bands were summed up.

® Lit. 274 mp in chloroform,'? 271 my in isooctane,!® 275-5 my in ethanol.'*
¢ Lit. 240 and 294 mp in hexane.!*- '3

¢ Lit. 247 and 310 mp in ethanol.!?

¢ Broad maximum resolved graphically.

/ Lit. 245-250 and 342-245 my in ethanol'®* or methanol.!**
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OH® or OAc®. When water is present in larger amounts, e.g. when using boric acid
or 70 %-perchloric acid, an excess of acid is necessary and the yields are lower.

The UV and IR absorption spectra bring further evidence as to the structure of
bis-(1,3-diketonato)boronium salts. UV absorption maxima are given in Table 2,
in comparison with the isoelectronic beryllium bis<(1,3-diketonates). As mentioned
earlier,'” the quantum energy absorbed by beryllium bis-acetylacetonate is practic-
ally identical with that of bis-(acetylacetonato)boronium IIA. The absorption
intensity, evidenced by the molar absorptivity ¢ or by the oscillator strength f, is
however lower in the boron chelate than in the beryllium analogue. A similar band
at ca. 300 my appears in the spectra of various metal acetylacetonates,!?:!3-18.19
and is assigned to a m—n* transition in the chelate ring.!®-2° Bands at higher wave-
lengths are due to transitions involving d-orbitals.2® The absence of such bands in
boron or beryllium acetylacetonates, where no d-electrons are involved is in agree-
ment with the above assignments and substantiates the attribution of the longest-
wavelength band in compounds II to a n—n* transition in the 1,5-oxa-oxonia-
pentadiene system of the ligand.3 %!

There can be no ring-current in these chelate rings.22“ In transition metal chelates,
interatomic distances,??®> NMR?22¢ and chemical reactivity data (lit. cited in Refs
19 and 22a) have not yet definitely settled the controversy about their aromaticity.

In the benzoylacetone and dibenzoylmethane chelates, the nature of the central
atom exerts a pronounced influence on the absorption spectrum. Substitution of
one or both Me groups by Ph groups in beryllium acetylacetonate causes a batho-
chromic shift of the major peak (33-35 mp for one Ph group), and a slight hyper-
chromic effect (f increases with 0-2 for one Ph group). In the beryllium dibenzoy!-
methanate, the longest wavelength band is split and a shoulder appears on the
longest wavelength branch of the band envelope. In the diketonatoboronium cation
on the other hand, the major peak undergoes much higher bathochromic (52 mp for
one Me substituted by a Ph group) and hyperchromic shifts ( f increases with 0-4-0-6
for one Ph group). In the boronium chelates with benzoylacetone and with dibenzoyl-
methane this longer-wavelength band is split.

Qualitatively, the more pronounced effect of Ph groups on the boronium than on
the beryllium chelates can be accounted for as follows: the higher positive charge
of the boron nucleus is assisted more effectively by the Ph groups in the boronium
chelates, causing a higher delocalization and hence a lower excitation energy in these
compounds.

UV absorption spectra were aiso recorded for boronium salts with the other
anions besides hexchloroantimonate, and identical spectra were obtained, with the
exception of chloroferrates and triiodides where bands due to the anion also appear.
The bis{dibenzoylmethanato)boronium iodide 1ICg presents in 1,2-dichloroethane
a low-extinction supplementary band at 530 mp which imparts this compound its
red colour. In keeping with tropylium,2® pyrylium?* or pyridinium iodides,?* we
assign this band to a charge-transfer transition from a polar ground-state to a less
polar excited state in which the boronium cation accepts an electron from the iodide
anion.

IR absorption bands are presented in Table 3. The long discussion
the assignment of the two bands of metal acetylacetonates in the 1500-1600 cm
range to C=C and C=O0 streching vibrations was recently solved by Musso and

26-33 concerning

-1



Heterocyclic organoboron compounds—VII 1139

Junge®* in an unambiguous and elegant manner, by labelling copper (II}-acetyl-
acetonate with '3C and %0 in various positions. The assignments of these authors
are included in Table 3. Bands due to the four stretching and bending vibrations
of boron—oxygen bonds have been identified by Funck3® between 1050 and 700
cm™! on the basis of a detailed analysis of reference spectra. These assignments
are also included in Table 3 and they are meant to revise partly the previous assign-
ments.?? 3 The agreement between our data presented in Table 3 and literature data
is satisfactory for acetylacetone,?’-29:37:38 jts beryllium2® 28-29.31.33.3%a 4p(
boron®*® chelates, benzoylacetone?®- 38 and dibenzoylmethane. 23738

The NMR spectra in liquid sulphur dioxide of (acac),B®CIO® (I1Af), (bzac),B®
Cl0,® (11Bf) and (dbm),B®ClO,® (IICf) are consistent with the proposed formu-
lae. Thus (acac),B®ClO,® presents two signals: one at t 7-53 corresponding to
12 Me protons and another at t 3-54 corresponding to two protons, analogously
to (acac),Be which presents the same peaks at t 792 and 4-30 ppm. (lit.'2-3% 7 802
and 4-53). Similarly (bzac),B®ClO,® shows signals at T 735 (6 Me protons), at
7 2-88 (two protons) and a multiplet due to the Ph protons at 7 1:70-2-60. The same
signals appear in the NMR spectrum of bzac,Be at t 7-60, 3-39 and 1:95-2-70 ppm.
Compound dbm,B®ClO,® presents the methine peak at 2-32 1, while dbm,Be has
this peak at 2-82 7. A detailed study of the NMR spectra of boron chelates will be
reported elsewhere.4?

Attempts to resolve bis-(benzoylacetonato)boronium salts into enantiomers by
partial hydrolysis with brucine dihydrate or by fractional crystallization of the
camphorsulphonate salt have until now proved unsuccessful. Further work is in
progress.

EXPERIMENTAL

1. Starting materials

Commercial acetylacetone (acacH) was used. Benzoylacetone (bzacH), dibenzoylmethane (dbmH) and
anhyd perchloric acid in CH,Cl, soln were prepared as described previously.?

Beryllium bis<(1,3-diketonates) were prepared for the purpose of comparing their UV and IR absorption
spectra by adding the diketone into a soln of anhyd BeCl, in AcOE, evaporating the solvent and purifying
the product by recrystallization and vacuum sublimation.*!

IL. Preparation of bis<(1,3-diketonato)boronium salts.
Method 1: from 1,3-diketones and boron trichloride. Dilthey* employed abs ether as solvent, because
it was convenient to use BCl,- etherate at room temp. By employing this procedure we obtained :

11Aa (acac,B®C1®) as a white unstable ppt which darkened in the air even in the absence of moisture;
it could, however, be converted into IIAf by anhyd HCIO, in CH,Cl,.

11Ba (bzac,B®Cl®) as a white ppt, m.p. 80° which did not afford correct analytical figures but was
converted by HCIO, in CH,Cl, into I1Bf.

1ICa (dbm,B®C1®) as yeliow crystals m.p. 240° (recrystallized from 1,2-dichloroethane) which analysed
correctly and gave with HCIO, in water or in CH,Cl, the perchlorate 1ICf. These compounds could not
be prepared in Dilthey’s laboratory by the same procedure. Ether is not, however, a suitable solvent just
because its donating ability can impair on the chelating properties of the diketone.

11Ba (bzac,B®CI®): 40 g (250 mmoles) bzacH was dissolved in 100 ml CH,Cl,, then the soln was cooled
to —15° and the reflux condenser at —30°. With stirring, 13 g (125 mmoles) BCl, are added, when abundant
white crystals are immediately formed. The crude product has m.p. ca. 80°; it was not purified further,
but converted metathetically into other salts in the same installation.
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IICa (dbm,B®CI®): 50 g (ca. 200 mmoles) dbmH was dissolved in 100 ml CH,Cl, and as above 12 g
(ca. 100 mmoles) BCl; were added with cooling. A rich orange-yellow coloured ppt was immediately
formed. After 15 min' refluxing for the escape of HC, the product was cooled, filtered off and washed
with & small amount of CH,Cl,. By concentrating the soln, a further amount of product was obtained,
leading to a quantitative yicld. The crystals were dried in vacuum over NaOH and recrystallized from

acetonitrile, m.p. 240°. The compound is not hygroscopic and can be stored indefinitely in the air.

Method 2: from 1,3-diketones, n-butyl borate and gaseous hydrogen chloride. 11Aa (acac,B®Cl®): Tri-
n-butyl borate (2:8 ml, 2:2 g, 10 mmoles) and acetylacetone (acacH, 2 g, 20 mmoles) in 5 ml CH,Cl; were
cooled to —40°, then gaseous HCl dried over P, O, was introduced into the soln. The colourless or slightly
yellowish soln was worked up in the same installation.

By leaving the mixture overnight to warm up gradually to room temp and evaporating the solvent in
the air, HC] was evolved and colourless crystals were obtained. They were insoluble in CH,Cl,; and melted
starting from 250°. Since they represent probably chelate complexes of higher ketones formed by hydrolysis
of I1Aa and condensation reactions of acetylacetone, they were not investigated further.

11Ba (bzac,B®C1°): Into a soln of bzacH (3-3 g 20 mmoles) and 3 ml (2-3 g, 10 mmoles) tri-n-butyl
borate in 15 ml CH,Cl,, dry HCl was bubbled for 1 hr at 0°. The soln darkened and 30 min. after beginning
the introduction of HCl deposited white crystals. The suspension was converted in the same flask into
other salts of IIB. The chloride IIBa is sensitive to atmospheric moisture; the crude product has m.p.
60-80° after filtration in a dry atmosphere; for purification it was dissolved in CH,Cl, and reprecipitated
by bubbling HCl into the soln at 0°, m.p. 70-80°.

1ICa (dbm,B®C1®): Into a soln of 18 g (80 mmoles) dbmH and 12 m! (92 g 40 mmoles) tri-n-butyl
borate in 50 ml 1,2-dichloroethane, dry HCl was bubbled at 0° with mechanical stirring. After 15 min
yellow needles of I1Ca appeared. The introduction of HCl was continued for 1 hr longer, the product was
filtered off, washed with dichloroethane, and dried on a porous plate, then in vacuum over NaOH. By
concentrating the soln a further crop of crystals was obtained, the yield was quantitative. The crude product,
m.p. 235-238° was recrystallized from acetonitrile: long, shiny yellow needles, m.p. 240°.

Method 3: from 1,3-diketones, perchloric acid and a boric acid derivative. 11Af (acac;B®C10,°): 10 ml
(10 g, 100 mmoles) acetylacetone in 30 ml CH,Cl, were treated with 14-5 ml (11-5 g 50 mmoles) tri-n-
butyl borate. Into this mixture 50 mmoles of anhyd HCIO, in CH,Cl, (5 g, 50 mmoles of HCIO,) were
added with stirring at 0°. After standing overnight most of the solvent was evaporated. The yellowish
crystals were filtered off and washed with anhyd benzene, then recrystallized from CHCIl;-benzene afford-
ing the colourless perchlorate.

11Bf (bzac,B®Cl0,®): 32 g (20 mmoles) benzoylacetone in 15 ml CH,Cl, was treated with 3 ml (23 g,
10 mmoles) tri-n-butyl borate or 2 g (ca. 10 mmoles) acetoxy borate.*? The resulting soln was treated
under stirring with 10 mmoles anhyd HCIO, in CH,Cl, (1 g HCIO,). After several hrs’ stirring the mixture
was filtered off, and the soln was concentrated and filtered off again. Thus 3-5 g crude perchlorate m.p.
240-245° was isolated. It was recrystallized from acetonitrile.

In aqueous ethanol: 1-6 g (10 mmoles) bzacH and 0-31 g (5 mmoles) boric acid were dissolved in the
minimum amount of EtOH, then 4-2 ml 709, HCIO, (5 g HCIO,, 50 mmoles, 10-fold excess) were added.
The soln was concentrated under reduced press, the oil was left overnight, the resulting crystals were
filtered off and washed with water and a small amount of CH,Cl,, yield 1 g

11Cf (dbm,;B®CI0O,®): 45 g (20 mmoles) dibenzoylmethane dissolved in 15 ml CH,Cl, was treated
with 3 ml (23 g, 10 mmoles) tri-n-buty} borate, or 2 g (10 mmoles) acetoxy borate,*? or 0:6 g (10 mmoles)
boric acid. Then 10 mmoles anhyd HCIQ, in CH,Cl, was added. The suspension of the perchlorate was
stirred for several hrs and filtered off next day. By successive concentrations and filtrations, 5 g of IICf
were obtained, which were recrystallized from acetonitrile.

In aqueous ethanol: 4-5 g (20 mmoles) dbmH and 06 g (10 mmoles) boric acid dissolved in 90 ml EtOH
were treated with 126 ml (15 g HCIO,, 150 mmoles, 15-fold excess) 709, HCIO,. By successive concentra-
tions in vacuum and filtrations, 3-1 g of IICf (56 %, conversion) were obtained along with unreacted dbmH.
The same procedure afforded only 0-5 g (109 conversion) perchlorate when a 1-5-fold excess of HCIO,
was employed : on concentration dbmH precipitates first.

Method 4: from 13-diketones, tri-n-butyl borate, hydrochloric acid and antimony pentachloride. 11Ad
(acac,B®SbCl®). Into a soln of acetylacetone (1 ml, 1 g, 10 mmoles) and 1-4 mi (1-1 g, S mmoles, tri-n-butyl
borate) in 2 ml glacial AcOH, a soln of 0-6 ml (5 mmoles) SbCl; and a few drops of conc. HCl was added
with cooling. The hexachloroantimonate crystallized on seeding and scratching.
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The formation of n-butyl acetate which may be detected by its odour in the mother liquor seems to
favor the course of the reaction. The crystals were filtered off, washed with AcOH and dried over KOH
in vacuum, yield 1-2 g, m.p. 133-140°.

1IBd (bzac,;B®SbCl,®) was prepared similarly from 1 g (6 mmoles) benzoylacetone, 0-8 ml (3 mmoles)
tri-n-butyl borate and 0-4 ml (3 mmoles) SbCl, in 5 ml AcOH. The salt crystallized immediately, yield 12 g
m.p. 155-160°.

[1Cd (dbm,B®SbCl,®) was obtained analogously from 1 g (5 mmoles) dibenzoylmethane, 0-7 ml (25
mmoles) tri-n-butyl borate and 0-3 ml (2-5 mmoles) SbCl; in AcOH, yield 1-2 g, m.p. 220-225° (from
acetonitrile).

Method S: from 1,32-dioxaborinium salts. The preparation of IICf (dbm,B®ClO,®) from I(R = R' =
R" = Ph, X = ClO,) is described in Ref. 3. The m.p. of the mixture with 1ICf prepared by methods 3 or
7 showed no depression.

Method 6: from bis<1,3-diketonato)boronium chlorides and metallic chlorides. 11Ab (acac,B®FeCl,®),
I1Ac (acac,B®4SnCl2®), 11Ad (acac;B®SbCl4®) from I1Aa (acac,B®Ci®): Into the cool (—40°) soln of
11Aa prepared by method 2, a stoichiometric amount of anhyd metallic chloride dissoived in CH,Cl,
was added (for 10 mmoles I1Aa, 1-6 g anhyd FeCl,, 06 ml SnCl, or 13 mi SbCl;). After stirring for several
hrs at —40°, the suspension was allowed to reach room temp, the solvent was evaporated in air, the ppt was
dried on a porous plate, then in vacuum over NaOH. The yield was practically quantitative. For purification,
IIAb and I1AQ were recrystallized from CH,Cl,, and IIAc from acetonitrile—dichloromethane. They are
not hygroscopic.

I1Bb (bzac,B®FeCl,®), 11Bc (bzac,B®4SnCl,2®) and 11Bd (bzac,B®SbCl,®) were prepared similarly
at 0° from the suspension of 11Ba prepared after method 2, in quantitative yields. For purification, 1IBb
and IIBc were recrystallized from acetonitrile, and 11Bd from chlorobenzene.

HCb (dbm,B®FeCl1,®), 1ICc (dbm,B®4SnCl1,2®), IICd (dbm,B®SbCl,®) and IICh (dbm,B®AICI,®)
were prepared from 5 g (10 mmoles) 11Ca dissolved in the smallest amount of 1,2-dichloroethane and a
soln of 10 mmoles metallic chloride (1-6 g FeCl;, 0-6 ml SnCl,, 1-3 ml SbCl, or 1-3 g AICl,) in dichloroethane.
The solns were mixed with stirring for several hrs, then the solvent was evaporated under reduced press.
Finally the product, obtained in quantitative yicld, was dried on a porous plate, then in vacuum over
NaOH. The yellowish crystals were then recrystallized from acetonitrile.

Method 7: from bis<(1,3-diketonato)boronium chlorides and strong acids. 11A¢ (acac,B®1,®) from 11Aa:
Into the soln of 11Aa prepared after method 2, a soln of 1 ml HI 67% (1-3 g HI, 10 mmoles) and 2581,
(10 mmoles) in 5 ml CH,Cl, was added with stirring at —40°. After several hrs® stirring at —40°, the sus-
pension was allowed to reach room temp, then evaporated to dryness. For removing the hydrolysis
product of the chloride (the white crystals, m.p. 250°), the crystals were dissolved in CH,Cl; and chromato-
graphed on a column packed with alumina. The forerun yields after evaporation violet crystals, which were
recrystallized from CH,Cl,.

11Be (bzac,B®1,°) was prepared similarly from the suspension of I1Ba at 0° (-1 mmoles) and a soln
of HI and I, (10 mmoles each). The yield of triodide IIBe was 5 g. It was recrystallized from acetonitrile.

1ICe (dbm,B®1,°) was prepared from 5 g (10 mmoles) [ICa suspended in 20 ml dichloroethane and a
soln of 1 ml 67 %-HI and 2-5 g 1, in dichloroethane. The black crystals were agitated for 4 hrs, then filtered
off, washed with dichloroethane and dried in vacuum over NaOH. The yield was quantitative. For analysis
the difficulty soluble triiodide was recrystallized from acetonitrile or nitromethane.

I1Af (acac;B®C10,®): into the soln of 10 mmoles I1Aa prepared by method 2, a solution of 10 ml anhyd
HCIO, in CH,Cl, prepared after Klages*? (containing 1 g HC1O,, 10 mmoles) was added with stirring
at —40°. The resulting suspension of the perchlorate was allowed to reach room temp, then the solvent
was cvaporated. The white-yellowish crystals were dried on a porous plate, then in vacuum over NaOH.
The yield was quantitative. The purification was effected by recrystallization from CH,Cl,.

11Bf (bzac,B®Cl0,®) was prepared from the suspension of the chloride obtained after methods 1 or
2, or from the solid chloride 11Ba, and from an equimolar amount of anhyd HC1O, in CH,Cl, at 0°. The
suspension was stirred first at room temp, then at reflux, for removing HCL The cooled suspension was
filtered off and washed with CH,Cl, affording I1Bf in quantitative yield and almost pure. For recrystalliza-
tion, acetonitrile was employed.

I1Cf (dbm,B®C10,®): S g (10 mmoles) of IICa in 25 ml dichlorocthane were treated with 10 mmoles
anhyd HCIO, in CH,Cl,. For onc moment the chloride dissolved completely, then the prismatic crystals
of the perchlorate appeared. After refluxing for the evolution of HC, the perchlorate was filtered off.
The yield was quantatitive. For purification the product was recrystallized from acetonitrile. The same
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perchlorate was also prepared in aqueous EtOH : 0-25 g (0'5 mmoles) 1ICa in 2 ml abs EtOH were treated
with 2 ml 709, HCIO,.

Method 8: preparation of bis<{1,3-diketonato)boronium iodides by reduction of triiodides. 11Cg (dbm,B®1°):
into 84 g (10 mmoles) 1ICe (dbm,B®1,°) suspended in 50 ml abs EtOH, dry SO, was bubbled until all
the tritodide dissolved, and golden-yellowish needles were formed. On heating this suspension, or on
filtration, the crystals became a brown mass. This was heated with six portions of acetonitrile, decanting
the hot soln which deposited greenish-black crystals of triiodide m.p. 280-283°. The insoluble iodide
remained as brick red beautiful crystals, which were washed with acetonitrile on the porous plate, yield

3

—
L»)
:L

ibotonatnlharonium norahklnvatoe haramivm calte with ~nmnlox
iketonatojooronium percaiorates J: Oty poronium sails wiln compiex

(4

anions. 11Bf (bzac,B’ClO‘e) from [IBc (bzac,B®4SnC1,2®) or 1IBe (bzac,B®1,°): 02 g 1IBc or ]lB
were heated 5 min in 2 ml 709, HCIO, on the boiling water bath. After cooling, the crystals were filtered
off and recrystallized from acetonitrile, m.p. and mixed m.p. 246°. Analogous treatment of 1IBb
(bzac,B®FeCl,®) led to complete decomposition of the boronium salt, while 11Bd (bzac,B®SbCl®)
was recovered unchanged from hot 70%, HCIO,.

11Cf (dbm,B®Cl10,°) from IICb (dbm,B®FeCl,®), 1ICc (dbm,B®4SnCl42®), or 11Cg (dbm,B®1°):
0-5 g boronium salt IICb or 1ICb was suspended in 2 ml EtOH, then 0-5 ml 709, HCIO, was added and
the mixture was ground in a mortar for 30 min. The resulting crystals were filtered off, washed with water,
dried and recrystallized from acetonitrile, yield 02 g of IICf, m.p. 335°. Analogous treatment of IICg
afforded I1CY only on refluxing the ethanolic suspension of the sparingly soluble 1ICg with a large excess
(10 ml) 70% HCIO, until the red crystals dissolved. On the contrary, 1ICd (dbm,B®SbCl,®) or 1ICe
(dbm,B®1,®) were recovered unchanged even from hot 70%, HCIO,.

111. Hydrolysis of 11Cf (dbm,B®C10,°)

The hydrolysis cannot be effected by boiling IICf in water or conc HCl. On boiling in KOHagq the
hydrolysis was accompanied by acid splitting of dibenzoylmethane so that benzoic acid was isolated in
75% yield.

An ethanolic soln (10 ml) of 2 g KOH was left overnight with 1-8 g IICf. By dilution with distilled water
and acidification with HCl, a quantitative yield (1.5 g) of dibenzoylmethane m.p. 76° was obtained (identifica-
tion by mixed m.p. and eutectic mixtures).

IV. Analytical

Analyses and m.ps of boronium salts are included in Table 1. The errors in the C and H analyses are
higher than in compounds devoid of boron. Sometimes separate combustions for C (longer heating period)
and H (normal heating period) were necessary. Compound I1ICe (dbm,B®1,°), however, always afforded
a lower figure for C. For chlorides (a) and perchlorates (f), boron could be determined from the non-volatile
residue of the combustion as B,O,. The value thus obtained for 11Cf is in excelient agreement with the
boron contents determined by titration.!! Chlorine and iodine were determined by argentometric titra-
tions, after decomposing the substance by boiling in 2N KOH.

V. Spectra

UV spectra were recorded with a CF4 Optica (Milan) spectrophotometer. IR spectra were recorded
with a Jena UR-10 spectrophotometer in KBr pellets.

NMR spectra were recorded in sealed vials with a JEOL-3H-60 apparatus at 25° in liquid SO, using
TMS as internal standard.
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