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A mass spectrometric method was developed for the screening of the amido functionality in monofunctional
protonated analytes. This method is based on selective gas-phase derivatization of protonated analytes
by (N,N-diethylamino)dimethylborane in a Fourier transform ion cyclotron resonance IER) and

triple quadrupole mass spectrometer. Examination of a series of protonated analytes demonstrated that
only the compounds containing the amido functionality react with the aminoborane by the derivatization
reaction. The mechanism involves proton transfer from the protonated analyte to the borane, followed by
addition of the amide to the boron center, which leads to the elimination of neutral diethylamine. The
derivatized analytes are readily identified on the basis of a shift af¥2Qnits relative to then/z value

of the protonated analyte and characteristic boron isotope patterns. Collision-activated dissociation was
used to provide support for the structures assigned to the derivatized analytes. The structural information
gained from this gas-phase derivatization method will aid in the functional group identification of unknown
compounds and their mixtures.

cases, time-consuming isolation of the unknown compound is
o  often required prior to analysfs.

Development of methods that can be used to rapidly identify  Techniques used to characterize isolated mixture components
unknown components of mixtures is an important task in jnclude NMR and FFIR, which provide elemental connectivity
bioanalytical chemistry.* As the complexity of the mixtures 54 functional group information, respectivélifowever, due
increases, their analysis becomes more challenging, especiallyg the low sensitivity of these methods, large sample amounts
when some analytes are present in low abundances. In these
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may be required. To facilitate the analysis and increase miz 128
sensitivity, characterization of individual mixture components . ) ) .
directly in mixtures is desirable. Mass spectrometry/mass to deprotonate more basic amido functionalities. Therefore, a

spectrometry (MS/MS) is a sensitive technique well-suited for more basic reagent is needed for the identification of amides.

direct mixture analysis. Tandem mass spectrometric techniques V€ report here a novel reageri,Ki-diethylamino)dimethylbo-

such as collision-activated dissociation (CAD), provide con- 'ane @), that can be used to identify the amido functionality in
nectivity information for the analytes. However, this method monofunctional nitrogen-containing analytes in Fourier trans-
cannot be used to unambiguously identify the functional groups form ion cyclotron resonance (FIICR) and triple quadrupole

in an unknown analyte. Therefore, other methods are neededMass Spectrometers.

to accurately assess the analyte’s structure.

MS/MS experiments utilizing ion/molecule reactions have
been used successfully for functional group identification. Neutral Reagent.An acid/base reaction is the most common
most cases, selective ionic reagents have been used to probeype of ion/molecule reaction observed for protonated molecules.
specific functionalities in neutral analyté8 For example, the ~ These reactions are usually rapid and spontaneous when
epoxide and the acetal functionalities can be identified on the exothermic. Therefore, the method developed previously for the
basis of reactions with acylium ions, and the enol ether identification of oxygen-containing analytes involves a fast
functionality on the basis of reactions with cationic 2-azabuta- deprotonation of the protonated analyte as the first step of the
dienes® However, despite the wide use of ionization techniques reaction sequenceThis is followed by a fast substitution
such as ESI and MALDI to produce protonated gaseous analytesreaction between the newly protonated reagent and the neutral
only very few studies have focused on the use of a neutral analyte within the collision complex (Scheme 1). Diethyl-
reagent to identify the functionalities in protonated analytes (e.g., methoxyboranel, was tested in this earlier study as the reagent
ethyl vinyl ether can be used to identify the protonated for the identification of simple oxygen-containing analytes.
B-hydroxy carbonyl and protonated epoxide functionalities, and Diethylmethoxyborane also reacts with acetamide aid
dimethyl disulfide can be used to identify the protonated primary methylacetamide albeit very slowly. For these reactions, the
N-oxide functionality)® Recently, ion/molecule reaction based proton transfer and nucleophilic substitution occur simulta-
methods were introduced for the detection and counting of neously due to the endothermicity of the proton transfer step.
oxygen-containing functionalities in protonated monofunctional No reaction was observed for most nitrogen-containing com-
analytes and polyol1° This approach involves reactions pounds due to their high proton affinities (PAspiethyl-
between protonated analytes and diethylmethoxybordne ( methoxyborane has a calculatdh of 191.4 kcal/mol (BLYP/
Scheme 1Y.The first reaction step involves proton transfer from 6-311G(d,p)), whereas amides and amines have PAs between
the protonated analyte to the methoxy moietyloffollowed 210 and 240 kcal/mdtt Hence, the methoxy group present in
by nucleophilic addition of the analyte to the empty p-orbital 1 is not basic enough to deprotonate these protonated analytes,
of the borane and elimination of methanol (Schemé& The even within a collision complex. Replacing the methoxy with

Results and Discussion

derivatized analytes are readily identified on the basis of
characteristic boron isotope patterns.

Although 1 derivatizes oxygen compounds, acetamide and
N-methylacetamide, the methoxy moietyliis not basic enough

(6) Furniss, B. S.; Hannaford, A. J.; Smith, P. W. G.; Tatchell, A. R.
Vogel's Textbook of Practical Organic ChemistBth ed.; Pearson: New
York, 1989.
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625-631. (c) Ramos, L. E.; Cardoso, A. M.; Correia, A. J. F.; Nibbering,
N. M. M. Int. J. Mass Spectron200Q 203 101-110. (d) Moraes, L. A.
B.; Gozzo, F. C.; Eberlin, M. N.; Vainiotalo,.B. Org. Chem1997, 62,
5096-5103.
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a more basic amino group should facilitate deprotonation of
nitrogen functionalities. Unfortunately, aminoboranes are not
readily available commercially. Therefore, a simple aminobo-
rane, (\,N-diethylamino)dimethylborane?, with a calculated
PA of 217.0 kcal/mol (BLYP/6-311G(d,p)), was synthesized
for this study!> 1 Its reactions with various analytes were
examined in FFICR and triple quadrupole mass spectrometers.

(11) Hunter, E. P.; Lias, S. G. Proton Affinity Evaluation. NIST
Chemistry WebBookNIST Standard Reference Database Number 69
Linstrom, P. J., Mallard, W. G., Eds.; National Institute of Standards and
Technology: Gaithersburg, MD 20899, March 2003 (http://webbook.nist.
gov).

(12) Brown, J. FJ. Am. Chem. Sod.952 74, 1219-1221.

(13) Niedenzu, K.; Dawson, J. W. Am. Chem. Sod.959 81, 5553~
5555.

(14) Eubanks, I. D.; Lagowski, J. J. Am. Chem. S04966 88, 2425~
2427.
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TABLE 1. Reactions of Various Protonated Amides with ,N-Diethylamino)dimethylborane in the FT—ICR Mass Spectrometer

proton observed
reagent affinity@ product ion8
(m/zof [M + H]T) (kcal/mol) m/z(%) reaction eff
acetamide (60) 20747 114 (100) proton transfer not available
N,N-dimethylacetamide (88) 217.0 201 (1) addition 20%
128 (99) nucleophilic substitution
(adduct— diethylamine)
N-phenylacetamide (136) 2159.1 249 (22) addition 17%
234 (24) addition— -CHs
176 (54) nucleophilic substitution
(adduct— diethylamine)
N-phenylpropionamide (150) 219.0 263 (22) addition 25%
248 (12) addition- -CHjz
190 (66) nucleophilic substitution
(adduct— diethylamine)
N-methylpropionamide (88) 220.0 201 (4) addition 13%
128 (96) nucleophilic substitution
(adduct— diethylamine)
N,N-diethylacetamide (116) 221.2 229 (2) addition 39%
156 (98) nucleophilic substitution
(adduct— diethylamine)
N,N-diphenylacetamide (212) 226.3 325 (25) addition 11%
310 (5) addition— -CHjs
252 (70) nucleophilic substitution

(adduct— diethylamine)

aRef 11.° Primary products are listed (only product ions containing the most abundant boron isB@par¢ listed; the!%B isotope is present in
approximately 25% abundance relative to #i isotope).® kexy/keor. ¢ Calculated at the BLYP/6-311G(d,p) level of theory using an isodesmic reaction
scheme involving\,N-dimethylacetamide as a reference compound.

TABLE 2. Reactions of Various Protonated Monofunctional TABLE 3. Reactions of Various Protonated Amines with
Oxygen Compounds with {\,N-Diethylamino)dimethylborane in the (N,N-Diethylamino)dimethylborane in the FT—ICR Mass
FT—ICR Mass Spectrometer Spectrometer
proton observed proton observed
reagent affinity@ product ion8 reagent affinity2  product ion8
(m/zof [M + H]™) (kcal/mol) m/z (%) reaction (m/zof [M+H]*)  (kcal/mol) m/z (%) reaction
propanal (59) 187.9 114 (100) proton transfer aniline (94) 2109 114 (100) proton transfer
hexanoic acid (117) 19027 114 (100) proton transfer isopropylamine (60) 220.8 rffa no reaction observed
pentanol (89) 18948 114 (100) proton transfer tert-amylamine (88) 224.1 n/a no reaction observed
acetone (59) 194.0 114 (100) proton transfer triethylamine (102) 234.7 n/a no reaction observed
tetrahydropyran (87) 196.7 114 (100) proton transfer  tributylamine (186) 238.6 n/a no reaction observed
ethyl acetate (89) 199.7 114 (100) proton transfer aRef 11.P Primary products are listed (only product ions containing
aReference 11° Primary products are listed (only product ions contain-  the most abundant boron isotopéR) are listed; thé®B isotope is present
ing the most abundant boron isotopéR) are listed; the'%8 isotope is in approximately 25% abundance relative to th8 isotope).c Not
present in approximately 25% abundance relative to ‘e isotope). applicable.
¢ Calculated at the BLYP/6-311G(d,p) level of theory using an isodesmic
reaction scheme involving formic acid as a reference compd\@élculated 5 -
at the BLYP/6-311G(d,p) level of theory using using an isodesmic reaction
scheme involving protonated methanol as a reference compound. 10
Borane Derivatization Reactions in FT-ICR. Several g 51
monofunctional amides, other oxygen-containing compounds,g [ AR = N AN W

and amines were chosen as analytes for this study. The analX
ytes were protonated by self-chemical ionization, isolated,
and transferred from one side of the dual cell into the “clean”
side. (\,N-Diethylamino)dimethylboran&, was found to react
at moderate efficiencies with the protonated secondary andg -15 -
tertiary amides by the desired addition/elimination reaction 20
(Table 1, Scheme 2). The product ions are easily recognized
on the basis of their boron isotope pattern. Analogous products  -25
were not observed for protonated monofunctional oxygen- Reaction Coordinate
containing compounds and protonated amines (Tables 2 and 3)FiGURE 1. Calculated partial potential energy surface (BLYP/6-31G-
A. Monofunctional Oxygen-Containing Analytes.The PAs (d,p) + ZPVE level of theory) for the reaction of protonated dimethyl-
of the oxygen compounds studied range frert88 to 200 kcal/ amine with {,N-diethylamino)dimethylborane. Because of the high
mol 1! whereas the PA o2 is calculated to be 217.0 kcal/mol  proton affinity of the amine relative to that oN{N-diethylamino)-
(BLYP/6-311G(d,p)). Such differences in basicities allow only dimethylborane, the proton transfer/nucleophilic substitution transition-
fast proton transfer to take place (Table 2). state energy is greater than the total energy of the system.
B. Amines.No products were observed for reactions between mol) relative to that o2 (Table 3). The high PAs of the amirés
the protonated amines aBdexcept for protonated aniline which ~ (>220 kcal/mol) relative to that a2, as well as the relatively
undergoes proton transfer due to aniline’s low PA (210.9 kcal/ low solvation energy (calculated to be8.2 kcal/mol for

-5
-10

ative Energy

-14.5
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FIGURE 2. Mass spectrum measured after 20 s reaction of protortédiimethylacetamidentz 88) with (N,N-diethylamino)dimethylborane.
The reaction results in a product corresponding to addition with subsequent loss of diethylarzihi@q, 128; see Scheme 2). Note: ionmfz
74 corresponds to a protonated diethylamine impurity (reagent used for synthesis).
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) ) ) ) two of the amides are equal to or greater than th& (?A =
protonated dimethylamine; Figure 1), likely prevent the proton 2170 kcal/mol; BLYP/6-311G(d,p)), the proton transfer/nu-
transfer necessary for the derivatization reaction. cleophilic addition steps are expected to occur simultaneously,

C. Amides. Primary products, their branching ratios, and pased on an earlier study where transition states were calculated
reaction efficiencies (eff= Kex/keon) are given in Table 1. No  ysing the STQN method for the reactions Ipfand found to
secondary reaction products were observed. Although protoninvolve proton transfer and nucleophilic addition in a single
transfer is the only observed reaction between protonated step when the PA of the analyte exceed that.dThe solvation
acetamide and, other protonated primary, secondary, and energy is calculated to be substantially larger for protonated

tertiary aliphatic and aromatic amides react witto form  amides than amines (e.g-20.9 kcal/mol for protonateti,N-
products (Table 1) consistent with the proposed mechanism dimethylacetamide; Figure 3). Therefore, these complexes can
shown in Scheme 2 (Figure 2). overcome larger energy barriers. Proton transfer/nucleophilic

Also, substantial amounts of stable addition products and addition leads to a very stable triply charged (dritterionic)
adducts that have los€Hz were noted for all aromatic amides  intermediate foN,N-dimethylacetamide; this ion lies 29.8 kcal/
but not for the aliphatic amides. Therefore, the aromatic ring mol below the separated reactants (Figure 3, Scheme 2).
must play a role in the formation of these products. Methyl Formation of the final reaction products from the protonated
radical loss may occur from either the acyl or borenium site of N,N-dimethylacetamide and is calculated to be exothermic
the derivatized aromatic amides. To examine the site@bi; overall by 6.2 kcal/mol.
loss, an aromatic amide with an ethanoyl instead of an acetyl |on Source Reactions.The reaction of protonate®,N-
group, N-phenylpropionamide, was allowed to react wizh dimethylacetamide wit was examined also in the ion source

(Table 1). Addition with the loss ofCH,CHjz from the acyl of a triple quadrupole mass spectrometer. The derivatized amide
site was not observed. Instead, addition with lossCifiz was of m/z 128 was observed as the major product, just like in the
observed, in addition to the expected addition and boron FT—ICR (Figure 4). However, other ions (molecular ion and
derivatization reactions. These results imply that-Bkl; lost protonated? (nvz 113 and 114, respectively)), a proton-bound

from the adducts comes from the borenium site. A proposed dimer of the amiderntyz 175), and other addition/elimination
mechanism for generation of this addition/elimination product products vz 144 and 185) were also observed in the ion source.
is shown in Scheme 3. These multiple products are likely observed due to the high

The reactivity of the protonated amides tow&ri dictated pressure in the ion source and the simultaneous presence of both
by their PAs and solvation energy. Because the PAs of all but the neutral analyte and reageht

3162 J. Org. Chem.Vol. 72, No. 9, 2007
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(BLYP/6-31G(d,p)+ ZPVE). The proton transfer/nucleophilic addition events are expected to occur simultaneously for reactions involving protonated

amides with greater PAs thail,(N-diethylamino)dimethylborang.
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FIGURE 4. Mass spectrum measured after the reaction between protdddtatimethylacetamidenfz 88) and N,N-diethylamino)dimethylborane
in the ion source (1000 mTorr) of the triple quadrupole instrument (see Scheme 2). Note: nidin1&5 contains boron.

CAD of Derivatized Analytes. To provide structural infor-
mation for the amides, CAD of the isolated derivatized analytes
was examined in the dual-cell FTCR mass spectrometer and
in the second quadrupole of a triple quadrupole instrument.
Similar results were obtained using both instruments. Informa-
tion on the acid moiety of the amides is obtained from the major
acylium fragment ions (CkCO", mV/z 43, for acetamides and
CH3CH,CO*, m/z 57, for propionamides; Scheme 4; Figure 5)

The CAD spectra obtained for the aromatic amides indicate
a characteristic loss of 16 Da, which was not observed for the
aliphatic amides. This loss likely corresponds to methane. A
proposed mechanism (Scheme 5) involves the losSld§ from
the dimethylborenium moiety, with a subsequent hydrogen atom
abstraction from the phenyl ring to form a boranaphthalene ion
(Scheme 5). Methyl radical loss from the borenium moiety is
rationalized by the ability of the phenyl substituents of the
aromatic amides to donate electron density into the empty
p-orbital of the boron atom to form a stable six-membered ring.

SCHEME 5

C*CHs

— dih

|
@:B\o
@/)\
N
H

m/z 160

$
3

m/z 176

loss of CH,

To verify the origin of the-CHjs (i.e., either the acyl or the
borenium moiety), CAD of the boron-derivatiz&édphenylpro-
pionamide analyte was examined. This aromatic amide deriva-
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FIGURE 5. CAD mass spectrum of the derivatization produtiz
190) formed in a dual-cell FFICR in the reaction between protonated
N-phenylpropionamide andN(N-diethylamino)dimethylborane (see
Schemes 2, 4, and 5).

SCHEME 6
I \B/
- I3\0 —» O —» 0 | ——
9(\:&‘9/\ )L,[\ —/%ﬁa\
m/z 156
™\ / (
FH N—8 - D/ o
°=@_/ N T O0=C=CH, " N\)B\
m/z 43
H_N(/—‘ p N /\("3/\
) . QB/ B H2
@

m/z 74

tive’s acyl moiety contains an ethyl instead of a methyl group.
This derivatized analyte fragments by loss of 16 Da, i.e.,
methane loss (Figure 5). Hence, the lost methyl portion must
come from the dimethylborenium moiety (Figure 5).
Information on the identity of the amine part of the amido

functionality of nonaromatic amides can be obtained from
fragment ions corresponding to the protonated amine 74;
Figure 6, Scheme 6) or the amine radical cation for protonated
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FIGURE 6. CAD mass spectrum obtained using a QqQ instrument
(Q2; 1.4 mTorr; offset-20 V relative to source) for the derivatization
product (nz 156) formed in the ion source in the reaction between
protonated\,N-diethylacetamide and\(N-diethylamino)dimethylbo-

rane (for reaction mechanisms, see Schemes 4 and 6). Note: ions of
m/z 43, 74, and 116 do not contain boron (based'@® CAD data,
which are not shown).
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protonated amides, they react with the borane by proton transfer
and addition followed by elimination of diethylamine. Informa-
tion on the structures of the derivatized amides can be obtained
by using CAD. The acylium fragment ions yield information
for the acid moiety of the amides. Boranaphthalene fragment
ions reveal the presence of an aromatic amino group. Finally,
protonated amine and amine radical cation fragments provide
information for the amino moiety of the aliphatic amides.
Continued development of the mass spectrometric characteriza-
tion method presented here will aid in the development of high
through-put screening techniques for complex mixtures.

N-methylpropanamide. The absence of these ions indicates theexperimental

presence of an aromatic amino moiety.

Conclusions
A mass spectrometric method utilizing ion/molecule reactions

Chemicals and Materials.(N,N-Diethylamino)dimethylborane,
2 (Scheme 7), was synthesized from commercially available
reagents by using literature methdds!* All glassware used in
the synthesis o2 was flamed dry and cooled under nitrogen. The

has been developed for the screening of the amido functionality purity of each reagent was confirmed by FICR mass spectrom-

in protonated monofunctional compounds. Examination of the
reactions of ,N-diethylamino)dimethylborane with various

etry and by!H and'B NMR recorded at 300 MHz.
Instrumentation. All experiments were performed using a

protonated monofunctional amides, amines, and oxygen- Finnigan model FTMS 2001 Fourier transform ion cyclotron

containing analytes demonstrates that the borane selectively’

derivatizes the protonated amido functionality. The reaction
involves proton transfer from the protonated analyte to the
aminoborane. This proton transfer is highly exothermic for

protonated oxygen-containing analytes and hence the only ob-

served reaction. However, the proton transfer is highly endot-
hermic for protonated amines, which prevents their derivatiza-
tion. Although the proton transfer is slightly endothermic for

3164 J. Org. Chem.Vol. 72, No. 9, 2007

esonance (FFICR) mass spectrometer and a Finnigan TSQ 700
triple quadrupole instrument. The FTCR mass spectrometer is
equipped with a Finnigan Odyssey data station, a differentially
pumped dual cell, aha 3 Tsuperconducting magnet, as described
previously!® The two cells are separated by a conductance limit
plate wih a 2 mmhole in the center. Voltage settings for the
trapping plates were-2 V, unless otherwise stated.

(15) Littlejohn, D. P.; Ghaderi, S. U.S. Patent 4,581,533, 1986.
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The analytes were introduced by using a variable leak valve into quadrupole (Q1) and allowed to undergo CAD with argon collision
one side of the dual cell where they were ionized by electron impact gas (0.72 mTorr nominal pressure as measured by a Granville
(20 eV, 6 uA, 70 ms) and allowed to undergo self-chemical Phillips Convectron gauge), which was leaked into the second (rf-
ionization ¢-3.0 s) to yield protonated analyte molecules. Self- only) quadrupole (Q2) via a Negretti needle valve manifold. The
chemical ionization occurs when the analyte and the ionic fragments co|lision energy was controlled by setting the Q2 dc offset &5

of the analyte react to form the protonated analyte. The protonatedor —20 . CAD products were monitored by scanning the third
analyte was transferred into the other cell by grounding the gyadrupole (Q3).

conductance limit plate. lon-transfer efficiency was increased with . . R .
the use of quadrupolar axializatiéhin this technique, a resonant For CAD experiments in the FICR, derivatized aromatic

rf potential is applied for 1.0 s to the excitation and detection plates @mides were generated in one cell at analyte nominal pressure
such that one set of plates is £8fut of phase relative to the other ~ Petween 2.3 and 7.8 107° Torr and reageng at (2.0-5.0) x

pair of plates. The result of the two-dimensional potential has been 108 Torr, isolated, and transferred into another cell that contained
shown to interconvert magnetron motion and cyclotron motion. @ nominal pressure of k 107 Torr of argon. The derivatized

In the presence of a buffer gas, such as helium introduced via pulsedanalytes were cooled by collisions with argon for 1 s. The
valves at~1 x 1075 Torr, collisional dampening of the cyclotron  derivatized analytes were then isolated and subjected to an on-
motion allows for the relaxation of the ion of interest into the center resonance excitation pulse with an amplitude between 0.19 and 1.1
of the cell prior to transfer. Following transfer into the other cell, V for 300 ms followed by collisions with argon for 1.0 s. The
the ions were radiatively and collisionally cooled (via argon pulsed spectra obtained were subjected to background subtraction. In the
into the cell at a nominal pressure fL0~° Torr) for 1.0 s. Stored case ofN-phenylacetamide, it¥B CAD data were not obtained
waveform inverse Fourier transfof(SWIFT) excitation pulses  due to the low abundance of the ionrofz 175. Background spectra

were employed to isolate the analyte ion. The isolated ion was \ere obtained by the removal of the derivatized analyte ion prior
allowed to react for 0.£100 s with the neutral borane reagent g caD.

(introduced into the same cell through a variable leak valve). . . . .
Nominal pressure of the neutral borane in the cell was~3.9) Computational Studies.The Gaussian 98 suite of programs was
x 1078 Torr, as measured by two Bayarélpert ionization gauges, used in all calcqlatlon?. _Calculatlon of the_ potential energy
one located on each side of the dual cell. All ions were excited for Surfaces for reactions @with protonated\,N-dimethylacetamide
detection by using a “chirp” excitation sweep of 2.65 MHz and protonated dimethylamine involved geometry optimizations and
bandwidth and 3200 Has. A background subtraction was applied vibrational frequency calculations for stationary points at the BLYP/
to all spectra to ensure that the observed products were generate-31G(d,p) level of theory. Stationary points were characterized
from the desired ion population. Background spectra were generatedby frequency calculations to confirm a correct number of imaginary
by the removal of the reactant ion prior to the reaction time. frequencies. Minimum energy structures have no imaginary fre-
Kinetics. Kinetic data were obtained by allowing the protonated quencies. Zero-point vibrational energy corrections were carried
analyte to react with the neutral borane for variable periods of time out on all calculated energies, which are given at 0 K. The proton
at a constant pressure prior to excitation and detection. The neutralaffinity (PA) of 2 was calculated at the BLYP/6-311G(d,p) level
reagent is present in excess relative to the protonated analytesof theory by employing an isodesmic reaction scheme involving
Hence, all reactions studied here follow pseudo first-order kinetics, protonated trimethylamine as a reference compdénd.
and their second-order reaction rate constkaf)(can be obtained
from a semilogarithmic plot of the relative abundance of the analyte .
ions vs time. The theoretical collision ratdg,f) were estimated _Acknowledgment. The authors gratefully acknowledge Eli
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are assumed to occur at the collision rate. artwork

CAD Studies.The CAD experiments were performed in the TSQ
700 triple quadrupole instrument, except for the aromatic amides
which were studied in the FFICR mass spectrometer because of Supporting Information Available: Experimental data not
their low volatility. The analytes studied in the triple quadrupole given in the Experimental and Results Sections, including charac-
were introduced into the chemical ionization (CI) source via a home- terization data forl{,N-diethylamino)dimethylborane. This material
built volatile sample inlet probe which utilizes a Varian variable is available free of charge via the Internet at http:/pubs.acs.org.
leak valve to control the pressure of the analyte (18 mTorr nominal
pressure; measured by a GranvilRhillips Convectron gauge).
Simultaneous introduction of reageinto the ion source via the
Cl reagent gas inlet at a substantially higher pressure (1000 mTorr
nominal pressure) allowed for chemical ionization of the analyte  (19) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.: Scuseria, G. E.; Robb,
by reagent ions generated upon electron ionization (70 eV, 400 M. A.; Cheeseman, J. R.; Zakrzewski, V. G.; Montgomery, J. A., Jr.;
1A filament current) of reagen?. The protonated analyte was  Stratmann, R. E.; Burant, J. C.; Dapprich, S.; Millam, J. M.; Daniels, A.
allowed to react with reageft The derivatized analyte was mass D-; Kudin, K. N.; Strain, M. C.; Farkas, O.; Tomasi, J.; Barone, V.; Cossi,

10) 1R i : M.; Cammi, R.; Mennucci, B.; Pomelli, C.; Adamo, C.; Clifford, S.;
selected (both™B and ™'B isotopes, separately) by the first Ochterski, J.; Petersson, G. A.; Ayala, P. Y.; Cui, Q.; Morokuma, K.; Malick,

D. K.; Rabuck, A. D.; Raghavachari, K.; Foresman, J. B.; Cioslowski, J.;
(16) Schweikhard, L.; Guan, S.; Marshall, A. [&t. J. Mass Spectrom. Ortiz, J. V.; Stefanov, B. B.; Liu, G.; Liashenko, A.; Piskorz, P.; Komaromi,

JO0618223

lon Processed992 120, 71-83. I.; Gomperts, R.; Martin, R. L.; Fox, D. J.; Keith, T.; Al-Laham, M. A;
(17) (a) Marshall, A. G.; Wang, T.-C. L.; Ricca, T. 0. Am. Chem. Peng, C. Y.; Nanayakkara, A.; Gonzalez, C.; Challacombe, M.; Gill, P. M.

Soc.1985 107, 7893-7897. (b) Chen, L.; Wang, T.-C. L.; Ricca, T. L.; W.; Johnson, B. G.; Chen, W.; Wong, M. W.; Andres, J. L.; Head-Gordon,

Marshall, A. G.Anal. Chem1987, 59, 449-454. M.; Replogle, E. S.; Pople, J. AGaussian 98revision A.9; Gaussian,
(18) Su, T.; Chesnavich, W. Chem. Phys1982 76, 5183-5185. Inc.: Pittsburgh, PA, 1998.
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