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A. Introduction

For many vears the structure of ions in the gas phase has
been a topic of concern in several fields of chemistry. There
are a number of methods by which one can obtain information
leading toward the elucidation of ionic structures; however,
with the exception of optical spectroscopy, there are no methods
which lead directly to gaseous ion structures. The use of mass
spectroscopy can provide information which will favor one struc-
ture over another but it cannot definitely designate the structure
of an ion. Energetics of ion formation, metastable ion character-
istics and molecular substituent effects are techniques which
employ mass spectroscopy in ion structure determinations.

The appearance potentials for ions of the same composition
obtained from different parent molecules allow a comparison
of the enthalpies of formation of the ions. These enthalpy
values have been suggested as a means of deciding whether or
not two ions have the same structure and they may also aid in
deciding between two or more possible structures.l Before discus-
sing how a comparison of enthalpies of formation can be helpful
in structure determination, it is necessary to show how the
measurement of the appearance potential of an ion can be used
to calculate the enthalpy of formation of the ion.2r3,4

Upon electron impact a molecule (M) may merely be ionized
(to give M*:) or the initially formed molecular ion may fragment
to form a positively charged daughter ion (pt- or pt) and a

neutral fragment (N or R*).



M + e—abﬂ” + 2e (1)
M+e—=>D" + N + 2e (2)
M+ e—=>D" + R* + 2e (3)

From an ionization efficiency curve one can obtain the appear-
ance potential (AP). There is a certain amount of uncertainty
in the value obtained from ionization efficiency curves since,
depending on the method of measurement, the curve can approach
the voltage axis asymptotically.l The asymptotic nature of the
ionization efficiency curve, obtained by electron impact, is in

5

part due to the energy spread of the bombarding electrons~ and

also due to the thermal internal energy of the molecule prior to

6 Errors due to the above problems generally will not

ionization.
cause errors in the appearance potential value greater than a
few tenths of an eV. Retarding potential difference techniques
can be used to obtain more accurate values,7'8 while methods other
than electron impact can also be used.g'10

Thermodynamic consideration of equation (2) leads to the
following equation:

AP(D*+) = AHp(D'") + AH (W) - AHL (M) + E (4)

The term E accounts for the fact that production of pte or N
may occur with excess energy at the threshold. Usually AHf(N)
and AHf(M) are known,l thus the major problems involved in cal-
culating'AHf(D+-) arise from errors in determining and interpret-
ing AP(D"")6 and in estimating the amount of excess energy, E.6

The appearance potential, as measured in a mass spec-

trometer, is the amount of energy required to form the ion in

guestion plus the energy required for the formation to proceed



at a rate appropriate to the instrumental measurement. This
extra energy is known as the kinetic shift. Thus, the kinetic
shift energy is that energy which is required to produce a de-

5 The excess

tectable ion current in a time of about 107> seconds.

energy due to the kinetics of the dissociation may not be more

than a few tenths of an eV;6 however, there are cases where this

factor causes a large error in the measured appearance potential.ll
A major problem arises when one attempts to estimate the

value of E. In a simple bond dissociation the E term can be

neglected.6 In rearrangements, where there is bond formation as

well as bond cleavage, one cannot assume E to be negligible, since

the products may be stabilized relative to the activated complex.
An example of how enthalpy of formation data can be used in

ion structure determination is found in a paper by Occolowitz

and White.1 They reported the enthalpies of formation of the ion

{C5H6)+' obtained from phenol (AHgf = 284 Kcal/mole), aniline

USHf = 278 Rcal/mole), cyclopentadiene (AHg = 237 Kcal/mole) and

3-penten-l-yne (AHg = 273 Kcal/mole). The (C5H6)+‘ ions formed

from aniline and from phenol involve the loss of the neutrals HCN

and CO respectively. Since the formation of the (C5H6)+' ions

from cyclopentadiene and from 3-penten-l-yne involve only ioniza-

tion, probable structures for the (C5H6)+' ions are (a) and (b)

respectively. _ H =
Hae o ¥ \c\\ i
4 \ C H
Ho O~ “c=c
HH H CH




The AHf values for the formation of ions (a) and (b) are
quite different in magnitude, but the AHf values obtained for

the formation of the (C5H6)+'

ions from aniline and phenol are
similar to the AHf for the ionization of 3-penten-l-yne. There-
fore, one can reasonably assume that (b) represents the struc-
ture of the (C5H6)+‘ ions obtained from phencl and aniline.

This method.is not an infallible way to infer structures
because there is no way to accurately predict the excess energy
term. It is, nevertheless, a technigue which has provided some
self consistent structural inferences.

Metastable ions have characteristics which can be useful
in distinguishing the structures of gaseous ions. The abundance
of a daughter ion relative to the abundance of the metastable
ion can provide structural information. Rosenstock and Kraussl?

discuss the gquasi-equilibrium theory (QET) of mass spectrometry

which can be simplified to the rate equation
S-1
E-E,

k= & 5

(5)
where k is the rate constant, ) is the frequency factor, E is

the internal energy, E. is the activation energy and S is the

o
number of effective oscillators.

It has been estimated that ions typically spend between one
and five microseconds in the source, require about one micro-
second for acceleration and then spend about five microseconds
in a field free region before they reach the magnetic sector.13

If a metastable transition is to be recorded, the ion must



fragment somewhere in this field free region. If the rate con-
stant for the dissociation is greater than 10_6 sec.—l, fragmen-
tation will occur largely in the source and daughter ions will
be predominant in the spectrum. If the rate constant is less
than lO"5 sec.‘l, most of the ions will traverse the flight tube
without dissociating and will be detected as the parent ion.
However, if the rate constant is between 10_6 and 10_5 sec. ,
fragmentation of the ion will occur in the field free region and
the metastable transition will be detected. From equation (5)
it is obvious that by changing the energy of the bombarding
electrons one can control the relative abundances of parent,
metastable and daughter ions formed. The activation energies
for fragmentations which involve skeletal and hydrogen rearrange-
ments generally are smaller than those for simple bond cleavage.6
Thus, if the energy of the ionizing electrons is lowered, there
will be a correspondingly greater decrease in the abundance of
daughter ions for simple bond cleavage than for a dissociation
process involving a rearrangement. This particular method can
be valuable in identifying rearrangement processes14 which in
turn can provide evidence concerning product ion structures.
When different precursor ions (of the same elemental com-
position) fragment, in a metastable process, to produce daughter
ions (also of the same composition), if the metastable ion
abundances are equal, then it is assumed that the structures of
the precursor ions are identical. If the metastable ion abun-

dances are not equal it cannot be said that the precursor ions

are structurally dissimilar, since there are a number of energy
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considerations which can affect the results. Also, even if

the metastable ion abundances are equal, this may be only acci-
dental and it is conceivable that errors may arise in assuming
similar ion structures.

The appearance of flat-topped or concave-topped metastable
peaks has been determined as being due to release of kinetic

14

energy during dissociation. From the measured width of the

peak and the instrumental parameters, it is possible to deter-

7,18 Structural

19,20

mine the amount of kinetic energy involved.15,16/1
inferences have been drawn from such data in several cases.
The amount of energy transferred from the bombarding elec-
trons to the ions formed varies over a wide range of values.21
Thus it can be seen that the ions leaving the source have a
wide distribution of internal energies. The rate at which a
molecular ion dissociates is dependent upon the amount of

2l Upon electron impact

energy transferred during ionization,
some of the energy transferred is used in ionizing the molecule
with the residual amount remaining as internal energy. Upon
adding a substituent to a molecule it may be possible to lower
the ionization energy, thus the number of ions leaving the

2L phis

source with enough energy to dissociate is increased.
causes a decrease in the molecular ion abundance and an in-
crease in the daughter ion abundance, if its appearance poten-
tial remains constant. The rate of decomposition of a par-
ticular molecular ion can indicate the molecular environment

at the reaction site.22



Consideration must be given to the possibility that by
changing the substituent one also changes the rate of competi-

21 thereby altering a particular ion abun-

tive fragmentation,
dance. This could lead to misinterpretation of the significance
of the substituent effect and thus an error in structural im-
plication would result.

23 have employed the concept of meta-

Bursey and McLafferty
stable peak widths and substituent effects to show that in order
for various nitroaromatic compounds to release kinetic energy
along with the loss of NO, it is necessary to have stabilization
of the product ion by the substituents. This gives an indica-
tion of the various resonance hybrids which are important in
the over-all ion structure.

Whereas the information regarding ion structure obtained
from mass spectrometric investigations is inference data, one
can get much more definitive structural data from the electronic
emission spectrum of a molecule. Emission spectra of only three
polyatomic gaseous ions have been reported. Duffendack and

24

Smith first reported the simultaneous ionization and excita-

tion of the Co, which was formed from either a mixture of helium,

CO and 0Oy or a mixture of neon, CO and O, in a continuous flow

25

discharge tube. Duncan was able to show that the emission

spectrum obtained was that of the C02+ ion. Subsequent in-

26 2742823 produced

vestigation by Bueso-Sanllehi and Mrozowski
a complete vibrational and rotational analysis of the C02+

gaseous ion spectrum which indicated that 002+ is linear.



In 1951 Schiiler and Reinebeck reported a new spectrum which

30

was observed in the glow discharge of benzene vapors. They

also observed the same spectrum from the glow discharge of

naphthalene,31 phenylacetylene32 and acetylene.32 It was postu-
lated that the spectrum was due to diacetylene.33 However, J. H.
Callomon34 has shown that the new spectrum was due to the

diacetylene ion (C4H2+) which has a linear structure.

The third polyatomic gaseous ion reported was C82+.35 The
vibrational and rotational analysis of the spectrum obtained
indicated that C82+ is linear in structure.

To obtain the emission spectra of gaseous ions requires a
large amount of expensive and sophisticated equipment. It is
necessary to have a resolving power exceeding 300,000 in order
to obtain the fine structure essential to a complete rotational
analysis. Thus 21-30 foot grating spectrographs must be used.
Excitation conditions need to be carefully studied to determine
the source which will give an intense spectrum without pro-
ducing high concentrations of interfering ions. The wave-lengths
must be measured very accurately if the data obtained are to be
of any significance. A careful study has shown that errors in
the shape of the grating and the photographic plate emulsions

27

can produce errors in the wave-lengths measured. Constant ob-

servation of the barometric pressure is also necessary during the
time of exposure since a change of 2.5 torr can cause a signifi-

a.26

cant shift in the lines at the dispersion use For the same

reason it is essential to maintain the temperature of the grating



within 0.1° Cc. Thus, with exposures which many times last 50
hours, the difficulty encountered in obtaining accurate and
useful data is obvious.

This thesis is concerned primarily with the structural

implications of observations on borenium ion abundances. From

the appearance potential of various ions it is possible to cal-
culate the enthalpies of formation of the ions in guestion.

Dibeler and Liston36

employed the BF5 and B,F, systems to calcu-
late the enthalpies of formation of a large number of ions and
radicals. The ion of particular interest was BF2+. From a
photoionization efficiency curve of BF5 it was determined that
the threshold energy for the formation of BF2+ is 15.81 eV or
364.6 Kcal mole'l. The equation involved in the formation of
BF2+ is shown as follows:

BFy + hW—>BF," + F + e (6)
Assuming the threshold energy to be theAHO for the reaction,
it is possible to substitute.AHf(BF3) = =-271.08 Kcal mole-l
and AHg (F) = 18.6 Kcal mole™ ! into the proper thermodynamic
equation to obtainiﬁHf(BFz) = 75.1 Kcal mole—l. Dibeler and
Liston calculated the enthalpy of formation for a number of

* {l1lustrates the method used to

other ions and radicals. BF,
calculate the enthalpies of formation of various other borenium
ions.

A list of AHg values for a number of borenium ions is
given in Table I.

It is evident that there is some discrepancy in the AHg

values listed in Takle I. For instance, there are three values
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given for‘AHf(BBr2+), and in Table I AHf(BF2+) = B7 Kcal mole"l,

whereas Dibeler and Liston3° obtained AHf(BF2+) = 75.1 Kcal mole™1.
TABLE I
AH¢ Values for Various Borenium Tons3?
Borenium Ion AHg Kcal/mole Precursor molecule
BH,™ 274 BH,,
BBr, " 171,173,178 BB 3
BMe, ™" 175 BMes
BEt, " 159 BEt3
BCl," 147,151 BCl,4
BF,* 87 BF3
B (OMe) 5% 85 B (OMe) 5

The major reason for the variance in values for.&Hf(BF2+) is
that Dibeler and Liston used a photoionization source to obtain
a threshold energy of 15.81 eV and a value of 16.2 ev38 would
have been obtained if an electron impact source had been used.
Other causes for a deviation in results are the difficulties
involved in interpreting ionization efficiency curves; this
problem has been discussed earlier.

Tt can be seen from the AHg values listed in Table I that
BH2+ is the least stable and B(OMe)2+ is the most stable of the
borenium ions given. Thus a borenium ion stability order can

be written as follows:
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B(OMe),* >BF," >mMeBrt >Bcl, SBEt," >BMe,”, BBr,” >BH,"
It is apparent that borenium ions are stabilized by substituents
bearing lone pairs of electrons. Stabilization of the borenium
ion may result when the substituent donates its lone pair to
the unfilled orbital of boron thus increasing the bond order

of the boron substituent bond. WNot only must the substituent
contain a lone pair, but the lone pair must also be available
for bonding with the boron atom. This is why, even though
bromine contains lone pairs of electrons, AHf(BBr2+) is guite
large relative to AHf for the other dihalogen borenium ions.
The bromine atom is too large, compared to the size of the
boron atom, to allow for any effective donation of lone pairs
of electrons from the bromine atom onto the boron atom.

A further indication of the relative stability of borenium
ions is the fact that the mass spectral data for the precursor
molecules shows that in nearly all cases the borenium ion is
more abundant than the molecular ions. This can be seen in
Table IT.

The major concern of this thesis is the interpretation of
experimental results which show the nearly complete absence
of the possible borenium ions when the boron atom is enclosed in
a five-membered ring. The compounds studied are shown in
structures 1-12. It may be argued that the lack of a borenium
ion peak in the mass spectrum is due to removal of the ion by
further fragmentation. Low electron energy spectra showed that
this could not be the case. It was also possible that the

aromatic backbone of the compounds 1-10 could cause stabilization



TABLE TII
Mass Spectral Data for Selected Borenium Ion

Precursor Molecules
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Explanation of Figure 1

Boron Compounds Studied
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of their molecular ions and so prevent observation of the
borenium ions. However, this can be disproved since compounds
11 and 12 did not give a borenium ion peak greater than 1%. To
rule out the possibility of stabilization by multiple bond forma-
tion between the boron atom and the phenyl group, it was nec-
essary to obtain the specta of compounds 2-7. In not one case
was the relative abundance of borenium ion greater than 1%. The
spectrum of compound 2 was obtained also to see if a good
leaving radical could facilitate the formation of borenium ions.

The literature covering the mass spectra of heterocyclic
boron compounds is fairly restricted, especially regarding
studies on five-membered cyclic compounds.

Brooks, Middleditch, and Anthony4l reported the spectra of

a series of alkylphenyl-1,3,2-oxazaborolidines, (c).

R'=Me, n-Bu,Ph.
R =H,Me.
R =H,Me,

C

They report that there is a tendency for the loss of R" since
in the mass spectra of the compounds in which R" equals n-butyl,

there are peaks corresponding to Eﬁ—Rﬂ'+. It is quite possible



17

however, that this ion is generated by loss of propene and the
C4-methyl group. Moreover, the spectra of the compounds where
R" = Ph do not show intense [M-Ph]¥t ions. It is possible that
phenyl loss occurs from Cs. Thus it is not established that
compounds (c) tend to lose R".

42

Brubaker and Shore employed mass spectrometry to distin-

guish between the two possible structures of B, (X3CyHy) 5.

—X X— X X
/ N v
B—B B—B
/ AN 7 L
m— e X X
X=0'5 orNCH3 X=0, S,0r I\ICH3

d e

If the structures were bicyclic (d), the mass spectra would
parallel the mass spectra of the acyclic analogs. The abun-
dance of the ions corresponding to half the mass of the parent
molecular ions for the acyclic compounds indicated symmetrical
cleavage of the B-B bond. Since the intensities of the half-
mass peaks were between 16.1 and 20.7% in the spectra of the
cyclic compounds, Brubaker and Shore concluded that the fused
ring structures (e) were probably correct.

Cragg and Todd43 reported that the mass spectrum of
2-phenyl-1,3-dioxa-2-borole indicated the stability of
phenyldioxaborole is greater than the stability of the analogous

2-phenyldioxolanes reported by Marshall and Williams.44 In
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another paper the spectra of various 2,5-dimethylcyclotetrazeno-

boranes (f) were reported.45

Y=D
T Y= Et
B Y = CH=CH,
Me—N N—Me Y = Cl
\N N/
Y = Br

f
In the mass spectra of these compounds the expected occurs:
N, is readily lost.

Dolhun and Wiebers46 reported the mass spectra of two nucleo-
side derivatives, (g) and (h), which did give borenium ions of
approximately 22% and 7% relative abundance respectively.

The mass spectra of trimethylboroxine,47 trifluoro-

boroxine, 48,49 diflucroboroxine,4? 49,50

and boroxine were re-
ported in the early 1960's. In all cases, except trifluoro-
boroxine, the base peak was due to the loss of either CHy or an
H atom. In the mass spectrum of trifluoroboroxine the molecular
ion was the base peak and the [M-F]* ion had only 9.6% of the
total ion intensity. Recently Brooks, Harvey and Middleditch®l
reported the mass spectra of triphenylboroxine, tricyclohexyl-
boroxine, tri-t-butylboroxine and tri-n-butylboroxine. In the
case of triphenylboroxine the base peak was due to the molecular
ion and in the other three cases the base peak was due to a
fragment ion. It is interesting to note that only for tri-n-

butylboroxine was the @&ﬁﬂ+ ion (where R is the substituent

attached to the boron atom) of any appreciable abundance. Post,



Explanation of Figure 2
Structures of Uridine Phenylboronate

and its Trimethylsilyl Ether Derivative
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Cooks, and Kotz>2 reported similar results for the spectrum of
triphenylboroxine. They also found that the spectrum of tri-
ferrocenylboroxine is devoid of M-Fc] t ions.

In the case of most boroxine derivatives the loss of sub-
stituent attached to the boron atom was not a facile process.
However, in borazine derivatives, cleavage of the boron-
substituent bond apparently can occur quite readily. This can
be seen from a careful study of an article by Snedden.53 However,
Painter®4 reported that the spectrum of B-triferrocenylborazine
did not include a [M-Fg] %t ion.

Although none of the boron ring compounds studied in this
research gave abundant borenium ions, this is not taken to
imply that there are no similar systems which will give abundant
borenium ions. It is fully expected that there exists such a

system; however, it has not been uncovered.
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B. Experimental Methods and Data
1s Equipment and Techniques

Vacuum Line. The vacuum line was a Pyrex system similar to

the basic Stock design,55 equipped with a two-stage mercury
diffusion pump and a Welsh Duo Seal No. 1400B mechanical pump.
The fractionation manifold consisted of five U-traps connected
in series with mercury float valves.

Dry Box. The dry box was a Model No. DRI-LAB HE-43-2 from
Vacuum Atmospheres Corp. The nitrogen atmosphere was dried by
passing through a P,0g column before entering the dry box. The
atmosphere was kept clean by circulating through a series of three
columns; the first column containing Linde 4A molecular sieves
removed water, the second column containing Linde 13X molecular
sieves removed organic molecules, and the third column contain-
ing MnO suspended on vermiculite removed any oxygen in the at-
mosphere.

Infrared Spectroscopy. The IR spectra were obtained with

a Perkin-Elmer 337 grating spectrophotometer.

Mass Spectrometry. An Associated Electronics Industries,

Ltd., MS-9 high resolution mass spectrometer was used to record
the mass spectra. Samples were introduced through the direct in-
let, heated inlet or gas inlet systems. For direct introduction
of air sensitive compounds, an 1°R glove bag was attached to the
direct inlet system and purged with nitrogen before use. To
introduce air sensitive compounds through the heated inlet system,

the sample flask was filled in the dry box, plugged with Apiezon T
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grease, and sealed in a small glass bottle. Once the sample
flask was attached to the mass spectrometer, the grease plug was
easily removed by vacuum.

Melting Point Apparatus. Melting points were determined

in sealed capillary tubes with a MEL-TEMP melting point apparatus.

Distillation Column. Nearly all solvents and reagents used

were dried, except where noted, by distillation using a three

foot vacuum jacketed glass column packed with glass helices.

2 Reagents and Solvents

o-Aminophenol (Aldrich) was purified by repeated recrys-

tallization from ethanol and dried under reduced pressure.

2-Aminothiophencl (Aldrich) was used as received.

Benzene (Mallinckrodt, Analytical Reagent, thiophene free)
was refluxed at least six hours over Caly, distilled, and stored
in a stoppered flask in the dry box.

Boron Trichloride (Matheson, technical) was purified by

repeated fractionations through U-traps at -78, -112, and -196°
C until the vapor pressure at 0° ¢ was 476%1 torr (1it.56 vp at
o° ¢ is 476 torr).
Catechol (Eastman Organic Chemicals) was purified by
vacuum sublimation at 55-60° C. Recrystallization from methylene

chloride was an alternative method of purification.

Diethyl Ether (B & A, Reagent, anhydrous) was refluxed

over LiAlH, for at least eight hours, distilled, and stored in

a stoppered flask in the dry box.
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Dimethylamine (Matheson, anhydrous) was dried over Calj

overnight before used.

sym-Dimethylethylenediamine (Aldrich) was used as received.

Ethanol, 95%, was used directly as received.

Ethyllithium (Foote Mineral Co.) was received dissolved in

benzene as a 5.07% solution. It was stored at 0°9 C.

Ethylene Glycol (Fisher, Certified) was vacuum distilled

from MgSO, and stored in a stoppered flask in the dry box.
Hexane (Mallinckrodt, Analytical Reagent) was refluxed
over CaH, for at least four hours, distilled, and stored in a
stoppered flask in the dry box.
Methanol was refluxed over magnesium turnings for at least
ten hours, distilled, and stored in a stoppered flask in the
dry box.

Methylboron Dibromide was synthesized by following reported

procedures,57 and the IR spectrum obtained agreed very well with

the literature spectrum.58

Methylene Chloride (Fisher, Certified) was refluxed over

P,05 for at least six hours, distilled, and stored in a stoppered
flask in the dry box.

Methyl Magnesium Iodide was prepared by the reaction of

metallic magnesium on methyliodide in diethyl ether.

Phenylboron Dichloride (Alpha Inorganics) was used as

received.

o-Phenylenediamine (Aldrich) was purified by recrystal-

lization from CHClj3 and dried under reduced pressure.
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Skelly B (Skelly 0il Co.) was refluxed at least four hours
over CaHy, distilled, and stored in a stoppered flask in the dry
box.

Toluene-3,4-dithiol (Eastman Organic Chemicals) was used

as received.

3. Preparations and Data

The experimental procedures employed in the preparations of
2-phenyl-1,3-dioxa-2-borole, 2-phenyl-1,3-diaza-2-borole,
2-phenyl-l-oxa-3-aza-2-borole, and 2-phenyl-1,3-thiaza-2-borole

have been reported by Dewar, Kubba, and Pettit.59

The experi-
mental methods listed were followed precisely except that in the
case of the latter three compounds, the refluxing times were
lengthened to between 24 and 39 hours. The products were all re-
crystallized from Skelly B in the dry box to safeguard against
air oxidation. The experimentally determined melting points were,
in all cases, slightly higher than those listed by Dewar, Kubba,
and Pettit.

2-Phenyl-1,3-dioxa-2-borole. (Exp. m. p. 116-117° C, lit.’”

m. p. 109-110° C)

Mass spectrum at 70 eV. (direct inlet; source temp. 150O C)
m/e = 197(15.5%), 196(81), 195(26), 168(1.3), 167(1.2),
157(1.5), 152(0.9), 151(1.2), 150(0.7), 149(0.5), 145(1.0),
144(5.4), 143(2.1), 142(1.0), 141(1.8), 140(1l.6), 139(1.7),
138(0.7), 137(0.5), 126(0.6), 125(0.6), 120(3.2), 119(1.2),

115(1.8), 114(1.6), 113(2.7), 112(1.1), 105(2.1), 104(3.2),
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103(2.2), 102(1.2), 101(1.9), 100(1.1), 99(1.1), 98.5(2.0),
98 (10.7), 97.5(3.2), 93(2.3), 92(23), 91(2.4), 90.5(0.9),
90(1.3), 89(1.6), 88(1.2), 87(1.5), 86(0.8), 85(2.6),
84.5(1.3), 84(1.0), 79(1.2), 78(4.3), 77(17), 76(6.5),
75(5.1), 74(4.8), 73(1.7), 72(1.0), 71(0.8), 66(4.4),
65(19), 64(100), 63(95), 62(25), 61(13), 60(5.7), 59(3.0),
568(2.3), 57(1.3), 56(1.2), 55{1.7), B54(1.8), 53(28), 52(13),
51(30), 50(24), 49(5), 48(2.7), 47(1.0), 45(1.5), 44.5(1.0),
44(1.7), 43(1.8), 42(1.5), 40(2.7).

m* = 44.5, m*¥* = 43.2, m*¥ = 105.2-105.6

spectrum at 20 eV.

m/e = 197(20%), 196(100), 195(34), 92(7.6), 77(2.6), 64(1l1),

50(2) .

2-Phenyl-1,3-diaza-2-borole. (Exp. m. p. 217° C, lit.>>
204-206° C)

spectrum at 70 eV. (direct inlet; source temp. 110° ¢)

m/e = 195(14%), 194(100), 193(31), 192(7.1), 191(3.1),
168(1.5), 167(1.5), 166(3.7), 165(1.4), 164(0.8), 142(1.2),
141(0.9), 140(0.9), 139(0.8), 138(0.6), 118(1.3), 117(0.7),
116(1.9), 115(1.6), 114(1.3), 113(1.3), 97(7.3), 96.5(2.5),
96(1.1), 90(0.9), 89(2.2), 88(1.2), 87(1.3), 84(1.6),
83.5(0.9), 83(1.3), 78(2.2), 77(1.0), 76(0.8), 71(2.0),
64(0.8), 63(1.5), 62(1.2), 61(1.5), 52(1.7), 51(1.3),
50(0.7), 39(1.2).

m* = 72,8, m* = 145.5
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Mass spectrum at 18 eV.
m/e = 195(30%), 194(100), 193(16), 78(3.6).

m* = 105

2-Phenyl-l-oxa-3-aza-2-borole. (Exp. m. p. 105-107° ¢,

1it.%? m. p. 105-106° C)

Mass spectrum at 70 eV. (direct inlet; source temp. 150O C)
m/e = 196(15%), 195(100), 194(28), 193(3.0), 192(1.0),
180(0.3), 179(0.2), 169(1.0), 167(2.0), 166(2.0), 156(0.6),
149(0.6), 143(1.4), 134(2.0), 119(1.0), 114(1.0), 113(1.0),
105(1.4), 98(1.0), 97.5(7), 97(2.0), 91(3.0), 90(1.5),
89(1.0), 78(1.0), 77(2.0), 65(2.0), 64(4.0), 63(3.0),
62(1.0), 61(1.0), 53(1.0), 52(2.0), 51(2.0), 50(1.0),
43(2.0), 42(2.0), 41(1.0), 39(3.0), 38(1.0).
m* = 146.8 (ca), m* = 73.2

2-Phenyl-1,3-thiaza-2-borole. (Exp. m. p. 158-160° ¢, 1it.°?

m. p. 154-156° C)

Mass spectrum at 70 eV. (direct inlet; source temp. 15§~ C)
m/e = 213(5%), 212(16), 211(100), 210(29), 209(5), 208(3.0),
185(1.4), 184(1.0), 183(1.4), 178(1.0), 177(1.0), 166(1.8),
165(1.3), 159(1.1), 150(2.5), 135(1.4), 134(1.0), 133(2.6),
132(1.0), 120(1.0), 115(1.1), 114(1.0), 113(1.0), 108(1.0),
106(1.7), 105.5(6.2), 105(2.5), 104.5(1.4), 104(1.0),
93(1.0), 92.5(1.6), 92(1.4), 91(2.4), 90(1.3), 89(l.5),
88(1.0), 87(1.5), 78(1.0), 77(3.0), 76(1.0), 75(1.0), 69(2.0),
65(1.7), 64(2.2), 63(3.5), 62(1.7), 61(2.3), 52(1.8),

51(3.0), 50(1.8), 43(1.6), 39(4.0), 38(1.0), 37(1.0).



Explanation of Figure 3
Mass Spectrum at 70 eV of 2-Phenyl-1,3-dioxa-2-borole

(Direct inlet; source temp. 150° C)
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Explanation of Figure 4

Mass Spectrum at 20 eV of 2-Phenyl-1,3-dioxa-2-borole

(Direct inlet; source temp. 150O C)
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Explanation of Figure 5

Partial Fragmentation Scheme of 2-Phenyl-1,3-dioxa-2-borole
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Explanation of Figure 6
Mass Spectrum at 70 eV of 2-Phenyl-1,3-diaza-2-borole

(Direct inlet; source temp. 110° ¢)
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Explanation of Figure 7
Mass Spectrum at 18 eV of 2-Phenyl-1,3-diaza-2-borole

(Direct inlet; source temp. 110° ¢)
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Explanation of Figure 8

Partial Fragmentation Scheme of 2-Phenyl-1,3-diaza-2-borole
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Explanation of Figure 9
Mass Spectrum at 70 eV of 2-Phenyl-l-oxa-3-aza-2-borole

(Direct inlet; source temp. 150° C)
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Explanation of Figure 10

Partial Fragmentation Scheme of 2-Phenyl-l-oxa-3-aza-2-borole
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Explanation of Figure 11
Mass Spectrum at 70 eV of 2-Phenyl-1,3-thiaza-2-borole

(Direct inlet; source temp. 150° C)
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Gerrard, Lappert, and Mountfield6D have reported the syn-
thesis of o-phenylene chloroboronate and o-phenylene hydrogen
borate. o-Phenylene chloroboronate was prepared using the lit-
erature procedure, but not without some difficulty. Gerrard,
Lappert, and Mountfield added a suspension of catechol in methy-
lene chloride to boron trichloride to obtain the product; how-
ever, it was found that if boron trichloride is added to a
suspension of catechol, di-o-phenylene pyroborate and the an-
hydride of o-phenylene hydrogen borate were the products formed.
To prepare o-phenylene hydrogen borate, 0.0585 g of o-phenylene
chloroboronate was weighed out, in the dry box, into a small
bottle which was then stoppered with a serum cap. Then an
equimolar amount of water (0.0068 ml) was added using a hypo-
dermic syringe to form o-phenylene hydrogen borate.

o-Phenylene chloroboronate. (EXp. m.p. 58° C, lit.60 m. p.

57° C)

Mass spectrum at 70 eV. (direct inlet; source temp. 60° C)
m/e = 157(2.4%), 156(33), 155(15), 154(100), 153(25),
138(4.2), 137(1.0), 136(1.7), 120(1.0), 119(0.8), 103(1.2),
100(3.5), 99(1.6), 98(10.3), 97(3.5), 93(2.5), 82(35),
91(6), 90(3.5), 89(2.3), 82(1.4), 80(1.1), 78(1.2),
75(4.0), 74(4.0), 73(1.5), 71(2.8), 66(2.0), 65(5.8) ,
64(54), 63(61), 62(22.1), 61(18.5), 60(2.4), 59(1.3).,
57(3.6), 56(9), 55(4.1), 53(11.4), 52(3.2), 51(4.4), 50(8.2),
49(4.0), 47(2.3), 46(2.2), 45(2.0), 43(3.8), 41(6.2).

m* = 44.5, m* = 54.8, m* = 62.1
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Mass spectrum at 18 eV.
m/e = 157(2.3%), 156(34), 155(14), 154(100), 153(25),
138(1.7), 137(0.5), 136(0.6), 120(0.2), 119(0.2),
100(0.8), 99(0.3), 98(2.5), 97(0.6), 93(0.7), 92(9.5),
65(0.3), 64(3.8), 61(0.5), 56(1.2).

m* = 44.5, m*¥* = 62.0, m* = 55.0

o-Phenylene hydrogen borate and its anhydride (these two

compounds could not be separated since o-phenylene hydrogen borate

dehydrates readily to its anhydride in a vacuum)

Mass spectrum at 70 eV. (direct inlet; source temp. 11.6° C)
m/e = 256(1.6%), 255(13), 254(100), 253(44), 252(5),
229(1.0), 228(9), 227(1.0), 196(2.0), 172(1.4), 171(1.4),
162(3.5), 161(1.4), 138(2.0), 137(6), 136(89), 135(24),
127(6), 126.5(2.5), 120(2.0), 110(5), 108(1.0), 107(1.0),
92(10), 91(1.0), 80(4.0), 79(1.5), 68(1.5), 65(1.0), 64(17),
63(12), 62(3.0), 61(1.0), 54(1.0), 53(4.0), 52(2.0), 51(1.5),

50(1.5), 39(2.0), 38(4.0), 37(2.0).

2-Ethyl-1,3-dioxa-2-borole was prepared in the dry box by

dropwise addition of 5.4 ml of a 1.2 M solution of EtLi in benzene
to 1.0 g of o-phenylene chloroboronate dissolved in benzene.

The LiCl was filtered out of solution and the benzene distilled
off under vacuum. The remaining clear liquid, upon studying its
mass spectrum, appeared to be pure 2-ethyl-1,3-dioxa-2-borole.

Mass spectrum at 70 eV. (heated inlet; source temp. 170° ©)
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m/e = 149(4.0%), 148(40), 147(10.5), 146(1.4), 134(2.0),
133(7), 121(5.4), 120(100), 119(25), 105(1.0), 103(3.8),
102(1.0), 93(1.1), 92(5.8), 91(3.2), 90(1.0), 89(2.4),
65(5.5), 64(16), 63(24), 62(6), 61(2.8), 57(5), 56(1.8),
55(4.2), 54(1.2), 53(6.3), 46(3.8), 45(13), 44(1.1),
43(4.0), 42(1.5), 41(3.4), 40(1.5).
m* = 97.3, m* = 76.2

Mass spectrum at 18 ev.
m/e = 150(1.3%), 149(9), 148(100), 147(28), 121(4.8),
120(87), 119(22), 92(1.5), 91(0.5).

m* = 97.3

2-Methyl-1,3-dioxa-2-borole was prepared by adding 1.08 g of

MeMgI, in ether, to 1.0 g of o-phenylene chloroboronate, dissolved
in 10 ml of ether. By fractionation in a vacuum line and collect-
ing in a -23° C trap one was able to purify the product formed.
There was some doubt as to the purity of the product. The spectrum
obtained indicated that the major impurities were HC1l and Etj;0,
thus it was necessary to subtract out the spectra of these two
compounds.
Mass spectrum at 70 eV. (heated inlet; source temp. 100° C)
m/e = 135(10%), 134(100), 133(30), 132(1.0), 131(2.5), 107 (2},
105(3.0), 104(10), 103(3.0), 101(6), 100(2.0), 97(2.0),
95(3.0), 93(3.0), 92(11), 91(4.0), 90(2.0), 89(3.0), 87(3.0)
85(2.0), 84(1.0), 83(2.0), 81(3.0), 79(1.0)}, 78(5), 77(6),
76 (1.0}, 75111y, 7400.7) . 73(3.1), 72(2.0), 71{(3.0),; 69(3.0),
67(3.5), 66(1.0), 65(3.0), 64(20), 63(23), 62(5), 61(2.0),
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60(1.5), 59(4.3), 58(1.0), 57(4.0), 56(1.6), 55(4.5), 53(4.0),
52(2.0), 51(6), 50(5), 47(1.0), 45(14), 44(3.0), 43(12),
42(2.6), 40(6), 39(6), 35(4.5).

Mass spectrum at 20 eV.
m/e = 135(10%), 134(100), 133(26), 104(14), 101(2.0),

92(4.0), 64(2.0).

2-Methyl-1,3-diaza-2-borole was prepared by slowly adding

0.4487 g gfphenylenediamine to a stirred methylene chloride
solution of 4.05 mmoles methylboron dibromide. The solution

was refluxed, using a dry-ice condenser, for about eight hours,
the remaining solvent removed and the solid sublimed twice; once
at 80° C and the second time at room temperature. The melting
point of the product was 89-90° C compared to the literature
value of 94° C.61 The mass spectrum of this compound contained
a number of ions having a mass greater than the 132, the 2-
methyl-1,3-diaza-2-borole molecular ion, indicating that the
prepared sample was impure. Repeated attempts at purifying the
compound failed, so the complete mass spectrum of this compound
will not be reported. It is significant to point out, however,
that the peak at m/e = 117 was less than 1% abundant relative to

the molecular ion.

2-Phenyl-1,3-dioxa-2-borolane was prepared by the drop-

wise addition of 1.95 g of dry ethylene glycol to 5.00 g of
phenylboron dichloride, with constant stirring. The solution was

then stirred for about two hours, filtered and stored in the
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dry box until its spectrum was obtained.

Mass spectrum at 70 eV. (heated inlet; source temp. 502 1)
m/e = 149(9%), 148(100), 147(27), 146(1.7), 121(1.3),
119(6), 118(44), 117(22) 116(3.0), 105(3.0), 104(5),
103(3.8), 92(7), 91(72), 90(3.2), 89(3.0), 88(1.0), 87(1l.5),
79(3.7), 78(49), 77(20), 76(4.8), 75(1.7), 74(4.2), 73.5(4.4),
73(3.0), 71(0.8), 69(1.1), 66(1.5), 65(2.7), 63(2.5),
62(1.3), 61(2.1), 57(1.4), 56(1.2), 55(1.5), 53(3.0},
52(9), 51(14), 50(9), 49(1.3), 45(1.4), 44(3.0), 43(2.8),
42(1.0), 41(1.3), 39(7), 38(2.7), 37(1.8), 36(2.0).
m* = 56.1, m* = 70.2

Mass spectrum at 18 eV. (heated inlet; source temp. 50° C)
m/e = 149(9%), 148(100), 147(25), 119(3.0), 118(12), 117(5),

92(2.0), 91(21), 79(2.0), 78(30), 77(1).

1,3-Dimethyl-2-phenyl-1,3,2-diazaborolidine was not pre-
62

pared using conventional methods. To 1.11 g of sym-dimethyl-
ethylenediamine, dissolved in 15 ml of hexane, 1.0 g of phenyl-
boron dichloride was added with constant stirring. The solution
was stirred for about two hours, filtered and the hexane was
removed by vacuum distillation.
Mass spectrum at 70 eV. (heated inlet; source temp. 60° C)
m/e = 176(0.5%), 175(6.5), 174(63), 173(100), 172(24),
171(2.7), 160(1.3), 159(6.8), 158(38), 157(15), 156(3.2),
155(2.2), 154(0.6), 146(0.7), 145(1.5), 144(3.2), 143(1.8),
142(1.6), 141(0.6), 133(1.0), 132(4.5), 131(2.6), 130(6.5),

129(2.7), 128(6.4), 127(1.2), 126(0.6), 119(0.8), 118(2.2),
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117(5), 116(18), 115(6), 114(3.0), 113(0.8), 107(0.5),
106(1.0), 105(7), 104(6), 103(11), 102(5), 101(2.8),
100(1.5), 99(1.9), 97(1.0), 96(1.8), 95(2.2), 94(0.7),
93(0.7), 92(2.4), 91(17), 90(7), 89(47), 88(l6), 87(1l3),
86(4.5), 85(1.9), 84(0.8), 83(1.4), 82(1.1), 81(1.9), 80(1.1),
79(2.8), 78(5.2), 77(9), 76(4.2), 75(3.5), 74(2.6), 73(1.3),
72(0.9), 71(4.5), 70(2.9), 69(1.6), 68(2.2), 67(3.2),
66(2.8), 65(4.0), 64(4.8), 63(14.9), 62(6.2), 61(10),
60(2.7), 59(0.8), 58(14.8), 57(9), 56(11.9), 55(5.1),
54(6.5), 53(2.9), 52(4.2), 51(10), 50(5.5), 49(1.5), 45(7.6),
44 (90), 43(24), 42(38), 41(13), 40(9.6), 39(9.6).

m* = 144.2, m* = 68.2, m* = 143.5

Bis-(dimethylamino)phenylborane was prepared using reported

procedures.62 In the dry box, 1 g (6.28 mmoles) of phenylboron
dichloride was dissolved in 15 ml of dry hexane. On the vacuum
line, 27.6 mmoles of dimethylamine was condensed into the re-
action flask at -196° Cc. The system was then allowed to gradually
warm to room temperature, the precipitate was filtered off and
the hexane was distilled away under vacuum leaving the clear
liquid product.
Mass spectrum at 70 eV. (heated inlet; source temp. 180° Q)
m/e = 177(12.5%), 176(100), 175(72), 174(17), 173(4.0),
162(7), 161(21), 160(5), 159(2.0), 145(5), 144(2.0), 133(9),
132(96), 131(23), 130(6), 119(2.0), 118(16), 117(19),

116 (15), 115(4.0), 105(3.0), 104(2.0), 103(6), 102(2.0),
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99(26), 98(11), 97(3.0), 95(2.0), 92(11), 91(62), 90(2.0),
89(14), 80(4.0), 79(4.0), 78(5), 77(7), 76(3.0), 72(2.0),
68(5), 67(5), 66(3.0), 65(5), 64(3.0), 63(6}, 62(3.0),
61(3.0), 54(8), 53(11), 52(4.0), 51(10), 50(7).

m* = 108.1, m* = 99.2, m* = 62.8, m* = 37.4, m* = 36.5,

m* = 27.4

Dimethoxyphenylborane was prepared by dropwise addition of

2.02 g of methanol with stirring to 5.00 g of phenylboron
dichloride, in the dry box. The solution was stirred for an
additional hour and then the excess methanol was distilled off

under vacuum. The IR spectrum of the product agreed with the

reported spectrum.63

Mass spectrum at 70 eV. (heated inlet; source temp. 50° C)
m/e = 151(7%) 150(75), 149(19), 120(7), 119(28), 118(9),
117(5.8), 116(1.5), 105(3.4), 104(10), 103(6.6), 102(1.4),
93(9), 92(98), 91(11), 90(1.2), 89(1.4), 77(12), 76(2.4),
75(1.4), 74(4.0), 73(100), 72(74), 71(12), 67(1.1), 65(2.1),
63(1.2), 59(1.8), 57(2.5), 53(3.2), 52(3.4), 51(9), 50(4.4),
43(17), 42(4.4), 39(3.3), 32(21), 31(24), 30(1.8), 29(9),
28(29), 27(1.5).

m* = 115.0, m* = 56.5, m* = 25.4



Explanation of Figure 12
Mass Spectrum at 70 eV of o-Phenylene Chlorcboronate

(Direct inlet; source temp. 60° C)
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Explanation of Figure 13
Mass Spectrum at 18 eV of o-Phenylene Chloroboronate

(Direct inlet; source temp. 60° C)
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Explanation of Figure 14

Partial Fragmentation Scheme of o-Phenylene Chloroboronate
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Explanation of Figure 15
Mass Spectrum at 70 eV of o-Phenylene Hydrogen Borate
and its Anhydride

(Direct inlet; source temp. 110° ¢)
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Explanation of Figure 16
Partial Fragmentation Scheme of

o-Phenylene Hydrogen Borate and its Anhydride
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Explanation of Figure 17

Mass Spectrum at 70 eV of 2-Ethyl-1,3-dioxa-2-borole

(Heated inlet; source temp. L7G" C)
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Explanation of Figure 18
Mass Spectrum at 18 eV of 2-Ethyl-1l,3-dioxa-2-borole

(Heated inlet; source temp. 170° C)
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Explanation of Figure 19

Partial Fragmentation Scheme of 2-Ethyl-1,3-dioxa-2-borole
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Explanation of Figure 20
Mass Spectrum at 70 eV of 2-Methyl-1,3-dioxa-2-borole

(Heated inlet; source temp. 100° ¢)
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Explanation of Figure 21
Mass Spectrum at 20 eV of 2-Methyl-1,3-dioxa-2-borole

(Heated inlet; source temp. 100° c)
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Explanation of Figure 22

Partial Fragmentation Scheme of 2-Methyl-1,3-dioxa-2-borole
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Explanation of Figure 23
Mass Spectrum at 70 eV of 2-Phenyl-1l,3-dioxa-2-borolane

(Heated inlet; source temp. 50° C)
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Explanation of Figure 24

Mass Spectrum at 18 eV of 2-Phenyl-1l,3-dioxa-2-borolane

(Heated inlet; source temp. 50° C)
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Explanation of Figure 25
Partial Fragmentation Scheme of

2-Phenyl-1,3-dioxa-2-borolane
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Explanation of Figure 26
Mass Spectrum at 70 eV of
1,3-Dimethyl-2-phenyl-1,3,2-diazaborolidine

(Heated inlet; source temp. 60° C)
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Explanation of Figure 27
Partial Fragmentation Scheme of

1,3-Dimethyl-2-phenyl-1,3,2-diazaborolidine
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Explanation of Figure 28
Mass Spectrum at 70 eV of Bis-(dimethylamino)phenylborane

(Heated inlet; source temp. 180° @)
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Explanation of Figure 29
Partial Fragmentation Scheme of

Bis-(dimethylamino)phenylborane
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Explanation of Figure 30
Mass Spectrum at 70 eV of Dimethoxyphenylborane

(Heated inlet; source temp. 50° C)
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Explanation of Figure 31

Partial Fragmentation Scheme of Dimethoxyphenylborane
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C Conclusion and Discussion
The spectra of the boron-phenyl compounds 1, 8, 9, and 10

are all similar in that each fragments very little upon electron

1 X=0,Y:=0

Y
\B - 8 X=NH,Y=NH
g 9 X=NH,Y=0
10 X=NH,Y=5

impact. The [M—Pﬁ]+ ion from each of the compounds is less than
1% abundant relative to the base peak. The intensities of the
peaks corresponding to the loss of a phenyl group from the melecu-
lar ions are in some instances greater than 1% abundant. However,
the isotopic contributions of neighboring ions must be subtracted
which leaves less than 1% of the peak due to the [M—Pﬂ]+ ion.

Each compound also gives an unusually intense doubly charged

ion. This,64 along with the failure of the molecular ion to
fragment to any appreciable extent,65 gives a good indication as
to the stability of these species. Compound 1 does fragment much
more than the other three compounds since the ions with mass 92
can readily lose CO to produce ions of mass 64 (see fragmentation
scheme on page 33).

It is also interesting to note that when the phenyl-boron
bond is cleaved, the charge accompanies the phenyl group as in-
dicated by the ion at m/e = 77. This peak is especially intense
in the spectrum of compound 1.

It has been shown that the phenyl-boron bond has a signifi-

63

cant amount of double-bond character. The spectra of boron-
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chloro compound (2), the boron-alkyl compounds (3, 4, and 7).

the boron-hydroxyl compound (5), and the anhydride, (6), were

O
. i~
/B—Y N ®)
O AN N
_2- Y= C] B—Me /B O
3 Y=Ft w O
4 Y=Me H
5 Y=0OH 7 o]

obtained to show that the above resonance effect was not the

reason why the borenium ion (i) could not be observed.

B
Y/
i

Since chlorine is a good leaving radical, one would expect
the boron-chloro compound (2), to lose chlorine readily; however,
the [ﬁ—ci]+ was less than 1% abundant. Interestingly, it appears
that an oxygen atom is lost from the molecular ion, since there
is a 4.2% [M-16]t peak at m/e = 138.

In discussing the mass spectrum of boron-phenyl compound 1,
it was mentioned that when the boron-phenyl bond was cleaved, the
charge accompanied the phenyl group. For that reason the boron-
hydroxy compound (5) and its anhydride (6) were prepared and
their spectra obtained. It was felt that the substituents
attached to boron in these two compounds would assist in retain-
ing the charge on the possible borenium ion. Even under these

favorable conditions, borenium ions did not form.
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To minimize resonance interaction between boron and the
substituent, it was necessary to make an alkyl derivative.
Boron-ethyl compound 3 was chosen because of the ease in which
it could be prepared. However, upon electron impact a four-
centered rearrangement took place in which ethylene was lost.
Since this rearrangement process could provide a low energy path-
way, it was essential to obtain the spectra of boron-methyl
compounds 4 and 7. In both of these compounds a rearrangement
process is not possible and the tendency for cyclic borenium
ion formation should be high if such ions are not intrinsically
unstable. However, the spectra of both compounds were devoid of
a (M-Mel + peak.

The peak at m/e = 120 in the spectrum of the boron-ethyl
compound (1) is due to the fragment ion formed by the loss of
ethylene from the molecular ion. The peak at m/e = 119 is due
entirely to the 10g isotope of the m/e = 120 ion.

It might be argued that the aromatic nature of compounds
1-10 stabilizes the molecular ion to the extent of hampering
further fragmentation, and that this, rather than the intrinsic
instability of the cyclic borenium ions, accounts for the above
observations. To answer this, the spectra of compounds 1l and

12 were obtained.

—

1

Y=
Y=N

—

Y
\\\\
B—Ph lz ¥=NMe
v~
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In both cases the loss of phenyl to form the borenium ion
did not occur to any appreciable extent. There was loss of
methane from the molecular ion of compound 12 and also loss of
a methyl radical from the [M-H] T ion. Cragg and Todd have re-
ported the mass spectrum of compound 1ll. Our spectrum was very
similar except that the m/e = 78 peak in our spectrum is
partially due to extraneous benzene. (Phenylboron dichloride,
used to prepare compound ll, was synthesized by the reaction be-
tween boron trichloride and tetraphenyl tin in benzene.) It
was evident that not all of the m/e = 78 peak intensity was due
to a fragment ion since in changing from high to low eV it did
not decrease in intensity as did all other ion intensities.

Since all the above compounds failed to produce borenium
ions upon electron impact, it may be concluded that by encom-
passing the possible borenium ion into a five-membered ring one
is attempting to form borenium ions which are unstable. If this
is indeed so, compounds 13 and 14, which can give linear rather

than cyclic borenium ions, should readily lose a phenyl group

Y\\\ 13 \(=Iqh462

Y/ 14 Y=0OMe

upon electron impact. The spectra of these compounds very clearly

shows that if the borenium ion formed can assume a linear



97

configuration, it will indeed be abundant. However, if the
borenium ion formed cannot assume a linear configuration it will
be unstable and thus will not be observed in the mass spectrum
of its precursor molecule.

Employing the Walsh rules®® one would expect the linear
borenium ion to be the more stable; however, for more quantita-
tive evidence a CNDO calculation was performed. The stability
of BF2+ was calculated at various bond angles. (The B-F bond
distance used was 1.380 3.67) The results, given in Table III
and Fiqure 32, show that the linear configuration is about 115
Kcal more stable than the configuration in which the F-B-F bond
angle is 90°.

It is proposed that the instability of the cyclic borenium
ion is due mainly to bond-pair and lone-pair repulsions. There
are lone pairs of electrons on the nitrogen, oxygen, and sulfur
atoms, and together with the bonded pairs of electrons between
these atoms and boron the total repulsion is great enough to
cause the linear borenium ion to be stabilized relative to the
non-linear borenium ion.

Another factor which may aid in stabilizing the oxygen
borenium ions is the fact that in the linear configuration the
filled orbitals on the oxygen may overlap with the empty orbital
on the boron.

In the following borenium ion (j) there is overlap of
orbitals (x) to give aromatic character to the compound. How-

ever, if and only if the ion has a linear configuration will



TABLE TIITI
Calculated Stability of BF2+ as the F-B-F Bond Angle Varies

Between 180 and 90 Degrees
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TABLE IIT

Calculated Stability of BF2+ as the
F-B-F Bond Angle Varies from 180-90°

Bond Angle Total Energy
(degrees) au ev Kcal
180 ~58.38915 -1588.477 -36,631.864
170 ~58.38811 -1588.448 -36,631.211
160 ~58.38490 -1588.361 -36,629.198
150 ~58.37929 -1588.2089 -36,625.678
140 ~58.37088 -1587.980 -36,620.402
130 ~58.35907 -1587.658 -36,612.993
120 ~58.34301 -1587.222 -36,602.917
110 ~58.32147 -1586.636 -36,589.403
100 ~58.29251 ~1585.848 -36,571.235

ga ~58.25314 -1584.777 -36,546.535



Explanation of Figure 32
Energy Plot of BF2+ as the F-B-F Bond Angle Varies

Between 180 and 90 Degrees
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the filled (B) orbitals on oxygen be able to overlap with the

empty (B) orbital on the boron atom. In borenium ion (j) this
type of overlap is not possible, consequently (j) is relatively
unstable.

While there may well be some five-membered heterocyclic
compounds which could produce borenium ions of measurable abun-
dance in their mass spectra, the systematic search described
above failed to uncover such compounds. Indeed, the most
striking feature of our results was the evidence that typical
five-membered cyclic borenium ions are destabilized to a

relatively large extent.



10.

Ll

12,

13

14.

15.

16.

103

LITERATURE CITED

J. L. Occolowitz and G. L. White, Aust. J. Chem., 21, 997
(1968) . - T

M. Krauss and V. H. Dibeler in "Mass Spectrometry of
Organic Ions," F. W. McLafferty, Ed., Academic Press,
New York, N.Y., 1963, p 145.

W. S. Koski, Joyce J. Kaufman, and C. F. Pachucki, J. Amer.
Chem. Soc., 81, 1326 (13959). -

Morton E. Wacks in "Modern Aspects of Mass Spectrometry,"
Rowland I. Reed, Ed., Plenum Press, New York, N.Y., 1968,
p 348.

William A. Chupka, J. Chem. Phys., 30, 121 (1959).

R. Graham Cooks, Ian Howe, and Dudley H. Williams, Org.
Mass Spectrom., 2, 137 (1969).

R. E. Fox, W. M. Hickam, T. Kjeldaas, Jr., and D. J.
Grove, Phys. Rev., 84, 859 (1951).

R. E. Fox, W. M. Hickam, D. J. Grove, and T. Kjeldaas,
Rev. Sci. Instrum., 26, 1101 (1955) .

K. Watanabe, J. Chem. Phys., 26, 542 (1957) .

H. Hurzeler, M. G. Inghram, and J. D. Morrison, J. Chem.
Phys., 28, 76 (1958).

Richard J. Kandel, J. Chem. Phys., 22, 1496 (1954}.

H. M. Rosenstock and M. Krauss in "Mass Spectrometry of
Organic Ions," F. W. McLafferty, Ed., Academic Press, New
York, N.Y., 1963, p 14.

H. M. Rosenstock and M. Krauss in "Advances in Mass Spec-
trometry," R. M. Elliott, Ed., The Macmillan Co., New
York, N.Y., 1963, p 258.

Dudley H. Williams and R. Graham Cooks, Chem. Commun.,
663 (1968).

A. S. Newton and A. F. Sciamanna, J. Chem. Phys., 40,
718 (1964).

J. H. Beynon, R. A. Saunders, and A, E. Williams, Z.
Naturforsch., 20a, 180 (1965).




17

18.

19

20...

21,

22.

23,

24.
25 .
26.
27.
28.
29,

30.

31

32

33.

34.
35.

36.

104

M. Barber, K. R. Jennings, and R. Rhodes, Z. Naturforsch.,
22a, 15 (1967).

J. H. Beynon and A. E. Fontaine, Z. Naturforsch., 22a,
334 (1967).

J. H. Beynon and A. E. Fontaine, Chem. Commun., 717 (1966).

J. H. Beynon, R. M. Caprioli, W. E. Bartinger, and J. W.
Amy, Org. Mass Spectrom., 3, 963 (1970).

F. W. McLafferty, Chem. Commun., 956 (1968).

Maurice M. Bursey and F. W. McLafferty, J. Amer. Chem.
Soc., 88, 529 (1966).

Maurice M. Bursey and F. W. McLafferty, J. Amer. Chem.
Soc., 88, 5023 (1966).

0. S. Duffendack and H. L. Smith, Phys. Rev., 34, 68 (1929).

James F. Duncan, Phys. Rev., 34, 1148 (1929}.

Facundo Bueso-Sanllehi, Phys. Rev., 60, 556 (1941).

[e)]

S. Mrozowski, Phys. Rev., 60, 730 (1941).

0, 270 (1941}).

=)

S. Mrozowski, Phys. Rev.,

|

S. Mrozowski, Phys. Rev., 72, 682 (1947} .

Von H. Schiiler and L. Reinebeck, Z. Naturforsch., 6a, 160
(1951) .

Von H. Schiiler and L. Reinebeck, Z. Naturforsch., 6a, 270
(1951).

Von H. Schiiler and L. Reinebeck, Z. Naturforsch., 7a, 285
(1952) .

Von H. Schiiler and L. Reinebeck, Z. Naturforsch., 9a, 350
(1954) .

J. H. Callomon, Can. J. Chem., 34, 1046 {1956) .

J. H. Callomon, Proc. Roy. Soc., Ser. A, 244, 220 (1958).

Vernon H. Dibeler and Susan K. Liston, Inorg. Chem., 7,
1742 (1968).




37.

38.

39.

40.

41.

42.
43,

44.

45,

46.

47.

48.

49,

50.

51.

52.

53.

105

J. L. Franklin, J. G. Dillard, H. M. Rosenstock, J. T.
Herron, K. Draxl, and F. H. Field, "Ionization Potentials,
Appearance Potentials and Heats of Formation of Gaseous
Positive Ions," National Standard Reference Data System,
NSRDS-NBS 26, 1969.

R. W. Law and J. L. Margrave, J. Chem. Phys., 25, 1086
(1956) . - T

P. J. Fallon, P. Kelly, and J. C. Lockhart, Int. J. Mass
Spectrom. Ion Phys., 1, 133 (1968).

J. Mariott and J. D. Craggs, J. Electron. Control, 3, 194
(1957) . -

Cc. J. W. Brooks, B. S. Middleditch, and G. M. Anthony, Org.
Mass Spectrom., 2, 1023 (1969).

G. L. Brubaker and S. G. Shore, Inorg. Chem., 8, 2804 (1969).

R. H. Cragg and J. F. J. Todd, Chem. Commun., 386 (1970) .

J. T. B. Marshall and D. H. Williams, Tetrahedron, 23, 321
(1967) .

E. F. H. Brittain, J. B. Leach, and J. H. Morris, Org.
Mass Spectrom., 1, 459 (1968).

J. J. Dolhun and J. L. Wiebers, Org. Mass Spectrom., 3,
669 (1970).

W. J. Lehmann, C. O. Wilson, Jr., and I. Shapiro, J. Inorg.
Nucl. Chem., 21, 25 (1961).

Richard F. Porter, Dino R. Bidinosti, and K. F. Watterson,
J. Chem. Phys., 36, 2104 (1962).

Richard F. Porter and William P. Sholette, J. Chem. Phys.
37, 198 (1962).

William P. Sholette and Richard F. Porter, J. Phys. Chem.,
67, 177 (1963) .

C. J. W. Brooks, D. J. Harvey, and B. S. Middleditch,
Org. Mass Spectrom., 3, 231 (1970).

Elroy W. Post, R. Graham Cooks, and John C. Kotz, Inorg.
Chem., 9, 1670 (1970) .

W. Snedden in "Avdances in Mass Spectrometry," Vol. 2,
R. M. Elliot, Ed., Macmillan, N.Y., 1963, p 456.



54.

55.

56.

57.

58,

59.

60.

6l.

62.

63.

64.

65.
66.

67.

Wid Painter, Ph.D. Thesis, Kansas State University, 1970.

D. F. Shriver, "Manipulation of Air-Sensitive Compounds,"
McGraw-Hill Book Co., Inc., New York, N.Y., 1969, p 5.

Reference 55, p 267.

W. Gerrard, E. F. Mooney, and R. G. Rees, J. Chem. Soc.
740 (1964).

Von W. Schabacher and J. Goubeau, Z. Anorg. Allg. Chemn.,
294, 183 (1958).

106

M. J. S. Dewar, vVed P. Kubba, and R. Pettit, J. Chem. Soc.

3076 (1958).

W. Gerrard, M. F. Lappert, and B. A. Mountfield, J. Chem.
Sog.,; 1529 (1358).

Dieter Ulmschneider and Josef Goubeau, Chem. Ber., 90,
2733 (1957).

K. Niedenzu, H. Beyer, and J. W. Dawson, Inorg. Chem., 1,
738 (1962).

J. E. Burch, W. Gerrard, M. Goldstein, E. F. Mooney, and
H. A. Willis, Spectrochim. Acta., 18, 1403 {1962) .

F. W. McLafferty, "Interpretation of Mass Spectra," W. A.
Benjamin, Inc., New York, N.Y., 1967, p 49,

Reference 64, p 41l.
A. D. Walsh, J. Chem. Soc., 2266 (1953) .

R. C. Taylor, H. S. Gabelnick, K. Aida, and R. L. Amster,
Inorg. Chem., 8, 605 (1969).




107

ACKNOWLEDGMENTS

To receive any type of advanced degree one must make a number
of sacrifices. Notlonly must the person receiving the degree
make sacrifices, but also must the individual's wife. Whereas,
the author has a degree to show for his work, his wife has only
a number of years of careful budgeting of the money behind her.
Therefore, I wish to express my heartfelt thanks to my wonderful
wife for her kind consideration, the patience to spend evenings
alone while I was working in the laboratory, and also for her
fine job of typing the final copy of this thesis.

I also wish to thank Dr. John Kotz, formerly of this depart-
ment and now at the State University of New York, Oneonta, whom
I feel contributed very much to my success as a chemist due to his
understanding. Certainly I wish to express my gratitude toward
the tremendous amount of help and assistance received from my
major professor Dr. R. Graham Cooks. It definitely was a privilege
for me to be able to work for the above-mentioned men.

I also wish to thank my many peers who contributed to the
better understanding of my research problem. I wish to thank the
National Science Foundation for grant GP-8650 and the Research
Corporation for financial support. Last but certainly not least,
I wish to thank my parents, my wife's parents, and both our

families for encouragement upon many occasions.



108

VITA

The author was born the tenth child in a family of four-
teen, on December 14, 1945, to Martin and Marie Vander Zanden,
in Appleton, Wisconsin. Shortly thereafter, the family moved to
Shiocton, Wisconsin, where the author completed his first eight
grades of formal education. After his eighth grade year the family
moved to Combined Locks where the author attended Kimberly Senior
High School, and graduated in June of 1964.

In the fall of 1964 the author enrolled at Wisconsin State
University-Platteville where in May of 1968 he received a B.S.
degree with a major in chemistry and a minor in mathematics. After
graduation from Wisconsin State University the author began his
graduate studies at Kansas State University.

On December 27, 1967, the author married Barbara A. Nack,
the daughter of Robert and Alice Nack of Kaukauna, Wisconsin.

One year later, on December 23, 1968, their first and only child,
Holly Christine, was born.
The author is a member of the American Chemical Society and

also a member of Alpha Chi Sigma professional chemical fraternity.



BORENIUM IONS:

A MASS SPECTROMETRIC INVESTIGATION

by

ROBERT JOHN VANDER ZANDEN

B. S., Wisconsin State University-Platteville, 1968

AN ABSTRACT OF A MASTER'S THESIS

submitted in partial fulfillment of the

requirements for the degree

MASTER OF SCIENCE

Department of Chemistry

KANSAS STATE UNIVERSITY
Manhattan, Kansas

1971



The structure of ions in the gas phase is a topic of long-
standing concern in several fields of chemistry. Reported in
this thesis are some observations concerning the stabilities of
borenium ions and the structural implications of these observa-
tions.

From the heats of formation of gaseous ions the following
thermodynamic stability order can be derived:

B(OMe) ,* > BF,T > MeBF' > BCl, S BEt,” > BMe,", BBry' > BH, " .
It is apparent that borenium ions are stabilized by substituents
bearing lone pairs of electrons. A further demonstration of
this stability is found in numerous reported mass spectra of
acyclic boron compounds in which borenium ions are abundant.

When potential borenium ions are encompassed in five-
membered rings, the mass spectra are devoid of these ions. The
compounds examined were chosen to optimize the possibility of

generating the cyclic borenium ions, (a) and (b).

o> O
X/ Z/
(a) (D)
Xand Y =0,S or NH Z = NMe or O
The non-observation of borenium ions is not due to ready
competitive fragmentations; the spectra are generally extremely
simple with the molecular ions constituting the base peaks, while

those fragment ions which do occur are mostly due to simple ring

cleavages. Low electron energy spectra showed that the absence



of borenium ions could not be explained by their removal by
further fragmentation. Furthermore, the absence of these ions
could not be ascribed to any special molecular ion stability
due to an aromatic backbone, as is evident from the failure to
form borenium ions (b).

Tt is therefore concluded that the cyclic borenium ions
(a) and (b) are thermodynamically unstable relative to their
non-cyclic analogues. This stability of the non-cyclic borenium
ions relative to the cyclic borenium ions may be taken as evidence
that the acyclic borenium ions are probably linear. Also, the
relative instability of the cyclic borenium ions is probably due
to bond-pair and lone-pair repulsions. Thus it appears that
the experimental evidence for the instability of five-membered
cyclic borenium ions supports the view that for such ions a linear

structure is the most stable.



