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ABSTRACT
INVESTIGATION OF THE MECHANISM OF NUCLEOPHILIC ATTACK

ON THE [trans-BaoH,s]> ANION

by

Jacqueline Patricia Smits
Texas State University-San Marcos
August 2006

SUPERVISING PROFESSOR: DEBRA A. FEAKES

The substitution chemistry of the [trans-Bonls]z' anion was first investigated by
Hawthorne and coworkers. The product formed from the reaction of the [trans-B,,H, 8]2'
anion with the hydroxide ion is an apical-equatorial isomer of the [BooH;,OH]J* ion with
the hydroxide substituent located on the equatorial belt adjacent to the intercage linkage.
Analogous reactions have been reported for the synthesis of alkoxy and ammonio
derivatives. Previously, our laboratory reported the synthesis of an unexpected isomer of
the [BaoH17SC(O)OC(CH3)3]* ion, characterized by an apical-apical boron atom
intercage connection with the sulfur substituent located on the equatorial belt adjacent to
the terminal boron apex. In an effort to investigate the factors which lead to the

formation of the unusual isomer, our laboratory initiated an investigation of the reaction

Xiii



of the [trans—BZOHls]z' anion with sterically demanding nucleophiles. During the initial
investigation, a novel THP solvent-coordinated species, analogous to that proposed by
Hawthorne and coworkers for CH;CN and THF, was isolated.

Therefore, the specific goals of the current research project are:

1) Develop a synthetic route to evaluate the reaction of the [trans-Bonlg]z'

anion with the original proposed nucleophiles,

2) Evaluate the role of nucleophile in the formation of the THP-coordinated

product, and

3) Evaluate the potential chemistry of the THP-coordinated product.

Synthesis of the proposed nucleophile derivatives has been accomplished and the
products have been isolated and characterized. Isomeric designations (ae or a°) have
been made and the location of the substituent has been predicted for each of the products.
The direct formation of the ¢’ isomer appears to be the result of the electronics associated
with the nucleophiles containing the sulfur atom. The location of the substituent on the
equatorial belt adjacent to the terminal boron apex appears to be the result of the
carbamate functionality; however, the result should be verified with two-dimensional g
NMR spectroscopy.

The reactivity of the solvent-coordinated intermediate has been studied and the
reaction conditions required for the formation of the anion have been determined.
Although the absolute role of the nucleophile has not been determined, the nucleophile is
required for the formation of the THP-coordinated compound. The nucleophile does not
act as a catalyst in the reaction nor is the reaction base-mediated. The reaction does not

occur unless THP is the solvent for the reaction. Therefore, the results suggest that the

Xiv



formation of the solvent-coordinated intermediate is a result of mass action.
Preliminary investigations have been completed using sulfur and nitrogen
analogues of THF and THP. The sulfur analogues, like THP, require the presence of a
nucleophile for any type of reaction to occur. Although the nitrogen analogues will
eventually react with the [trans-Bonlg]z' ion in the absence of the nucleophile, the
presence of the nucleophile significantly reduces the reaction time. Results suggest that

continued investigation of the sulfur and nitrogen derivatives is warranted.
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1.0 INTRODUCTION

11 Boranes

Boron and boron-containing compounds have been the foundation of
investigation for a variety of applications ranging from the use as jet fuels to the
development of new medicinal compounds.' The isoelectronic and isostructural
similarities between the BH, ™ ion and the CH, moiety serves as the basis for the
expectation that boron will, like carbon, have an unusual and sophisticated chemistry.
Similar to catenation reactions in carbon species, boron has the ability to bond to other
boron atoms in intricate arrangements.* Some polyhedral boranes, such as the [ByoHio]*
ion and the [B1,H;2]* ion, even possess the characteristic of aromaticity.” The prospect
of boron having a profoundly complex and diverse chemistry has become a reality over
the course of the past century. The capacity of boron to bond in a magnitude of
arrangements and unexpected orientations has become the center of investigative work
yielding considerable discoveries encompassing all areas of chemistry.

Professor William Lipscomb received the 1976 Noble Prize in Chemistry for his
research on the structure and bonding of boron compounds.® Lipscomb’s investigations
of boron compounds containing three-center two-electron bonds have been quintessential
to the development and understanding of boron hydride chemistry. He developed the
theory which has been used to explain the types of bonds within the boron framework of

a borane structure, ultimately leading to the evolution of new reaction mechanisms.® His



molecular orbital studies of boranes set forth vital guidelines for chemists dealing with
boron hydride compounds and the enigmatic ability of boron to bond through
unconventional means.®

Lipscomb’s theoretical investigations were preceded by the work of Alfred Stock,
who pioneered the synthesis of boron hydrides.* Stock has been attributed with the
development of air-sensitive techniques which were essential in the preparation of the
volatile and potentially explosive borane compounds ByHg B4Hg BsH;1, and BgHyo® The
synthesis of the relatively stable, yet extremely hazardous, BioH}4, commonly referred to
as decaborane, is also attributed to Stock.®’

Decaborane is characterized by ten B-H vertices linked through a series of B-B-B
and B-H-B bonds in an arachno structure (Figure 1)."* The compound is produced by
the pyrolysis of smaller boron hydride clusters under vacuum and is sublimed to a white
crystalline solid.” Decaborane can undergo a ligand-mediated cage rearrangement
reaction with triethylamine in xylene to produce the decahydrodecaborate 2- anion
[BioH1o]* (Figure 1).® In the first step of the reaction, two electron donor ligands, such as
dimethylsulfide or triethylamine, replace two exo hydrogen atoms to form the BoH2X>
intermediate. The intermediate undergoes an internal interconversion requiring
rearrangements of the original boron configuration present in the BoH;2X, compounds,
resulting in the formation of the [B1oH10]* anion . Hawthorne reported the proposed
mechanism based on the rearrangement of the 5(7) boron atom to the 9 boron atom in
decaborane as well as the attachment of the 8(10) boron atom to the 6 position, resulting

in the formation of the polyhedral bicapped square antiprism, [ByoH;o]* %"



BioHis + 2 EtsN — (EtzNH);[B1gHjo] + Ha
Figure 1: Structure of decaborane and the reaction of decaborane and triethylamine to
form the [BoH;o]* anion.
Oxidation of the [B1oH;o]> anion by a suitable oxidizing agent, such as Fe** or
Ce*, in dilute aqueous solutions under refluxing conditions results in the formation of a

centrosymmetric [Bonlg]z- anion (Figure 2).'""

e

Figure 2: Oxidation of the [ByoH,o]* anion to form the [BaoH;s]* anion. ® =B; o = BH.

Three isomers of the [Bonlg]z' anion are known, each consisting of two
polyhedral [BoHo] anions linked by a pair of three-center two-electron bonds (Figure
3).!"1% The relative location and composition of the unique bonding region determines

the isomeric assignment of the polyhedral borane isomer. The [trans-Bonlg]z' and the



[cis-BaoHig)* isomers are both characterized by the presence of B-B-B linkages at the

intercage region while the [iso-BagH s]* isomer is characterized by a set of B-H-B

11-14

linkages between two parallel [BoHyg] cages.

aH

[tfanS-Bon“s]z- [CIS-BZQH18]2- [’SO'B20H18]2_

Figure 3: Structures of the three known isomers of the [B2oH; 3]2' anion. ® =B; o = BH.

The known isomers of the [ByoH;g]* anion are produced by different means. The
[trans-ByoHys]” isomer, first reported in 1962, was produced by the oxidation of the
[B10H1o]2' anion with the Fe** ion.!"!? Irradiation of the [trans-B;oH;s] 2 anion with
ultraviolet light in acetonitrile results in the production of the symmetric [iso-BaoHys]*
species, a photoisomer of [trans-Bonlg]z'.13 Salts of the photoiosomer will revert to the
normal isomer by thermal soaking at 110°C for 36 hours.!> The most recently
determined isomer is the [cis-Bonlg]z' anion.! The cis isomer can be converted either to
the [trans-BaoHis]* ion, by heating or by adding catalytic amounts of HCI, or it can be
converted to the [iso-BaoH]* anion, through a photoisomerization process.* The cis
isomer can be produced directly by oxidation of the [Blon]z' anion with two equivalents
of Ce*" ion in acidified aqueous solutions or by the low temperature oxidation of an [ae-

B20H18]4- anion with F €3+.4



The reactivity of the known isomers follows an established order of reactivity
based on the relative thermodynamic stabilities of the three isomers.* The [frans-
s

B20H18]2' ion is more stable than the [cis-Bonlg]z' isomer which has a greater stability

than the [iso-ByoH;s]* ion (Figure 4).

[eis-BaoHsgl”

Figure 4: Conversion reactions of the trans, cis and iso isomers of the [ByoH;g]* ion.
e =B; o=BH.

Reduction of the [trans-Bonls]z' anion in a solution of sodium metal in liquid
ammonia results in the formation of a [ByoH;s]* anion.”® The [B,oH;s]* anion is
characterized as two fragments of the [B1oHo]* polyhedra linked by a two center B-B
bond. The isomeric designation of the reduced species is determined by the location of
the two boron atoms involved in the intercage connection. Based on the possible
orien‘;ations of the linkages, three formal isomers can be derived (Figure 5). A pair of
[B1oHo]* anions linked through the cage apices are designated apical-apical or o°. When

the [B1oHy]* anions are linked through equatorial boron atoms, the isomer is designated



equatorial-equatorial or ¢°. Anions linked through one apical boron atom and one

equatorial boron atom produces an isomer designated as apical-equatorial or ae.

[€°-ByoHyg]*

Figure 5: Isomers of the reduced [ByoH;s]* anion. ® = B; o = BH.

1.2 Nucleophilic Attack of the [B20H18]2' Anion

The intercage linkages in all three of the known isomers of the [B,oH; 3]2' anion
provide an electron-deficient region which is susceptible to reactions with nucleophiles.*
The nucleophilic attack of the electron-deficient region linking the cages results in a
reductive substitution réaction. Nucleophilic attack of the [B20H18]2' isomers allows for a
wide variety of substituted derivatives.'®** A mechanism for the nucleophilic attack of

the normal isomer was proposed using the hydroxide ions as a representative nucleophile

(Figure 6)."7



Figure 6: Original mechanism of nucleophilic attack proposed by Hawthorne in 1965.
e =B; o =BH.

The first step of the mechanism is attack of the apical boron atom involved in the
electron-deficient three-center two-electron bond by the hydroxide ion. The second step
is the migration of one of the boron cages by displacement of an apical proton. After the
addition of a second equivalent of the hydroxide ion, the residual proton is removed,
resulting in the formation of the kinetic, apical-equatorial isomer of [B,oH;7 OH]4',
designated [ae-BaoH;; OH]*. The hydroxide substituent is located on the equatorial belt
near the intercage linkage. The [ae-ByoH7 OH]4' isomer is susceptible to subsequent
acid-catalyzed rearrangement to form the thermodynamically stable, apical-apical isomer,

designated [a’-BaoH,;7 OH]* (Figure 7).



[ae-ByoH470H]* [a®-ByoH47OHI*

Figure 7: Acid-catalyzed rearrangement of the ae-isomer to the a*-isomer.

e =B; o =BH.

Both the [cis-BaoHis]* and the [iso- ByoH;s]* isomers also possess an electron-
deficient region and are also susceptible to nucleophilic attack.” Reductive substitution
of the [z'so-Bonlg]z' isomer results in the formation of a substituted [ez-B20H17X]4'
isomer, where X represents a generic nucleophile, with the substituent located on the
equatorial belt adjacent to the terminal boron apex (Figure 8). Acid catalyzed

rearrangement yields the [a2 -B20H17X]4' ion.

Figure 8: Conversion of the [z‘so-Bon]g]z' ion to the [aZ-B20H17X]4' ion. # =B; o =BH.



Nucleophilic attack of the [cis-Bonlg]z' isomer results in the direct formation of a
substituted [a*-BoH;7X]* isomer with the substituent located on the equatorial belt near

the intercage linkage (Figure 9).>!

[CI'S'Bngw]Z- [32'B2OH17X]4-

Figure 9: Conversion of the [cis-ByoH,5]* anion to form the [a”-B,oH;7X]* anion.
e =B; o =BH.

Reaction of the [B20H13]2' isomers with nucleophiles is monitored by boron—11, or
B, nuclear magnetic resonance (NMR) spectroscopy. The starting material for the
current investigations, [trans-B20H13]2' ion, has a characteristic seven peak proton-

decoupled ''B NMR spectrum (Figure 10).

Juk L

Figure 10: {IH}“B NMR spectrum of the [trans-ByoH s ion.
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Isomeric assignment of the product (ae, a°, or ¢°) can easily be made from the !'B
NMR spectrum. The peaks associated with apical boron atoms and substituted boron
atoms appear in the region above -15 ppm in the ''B NMR spectrum. The peaks
associated with equatorial boron atoms appear upfield. An apical-equatorial isomer is
characterized by three apical B-H vertices (Figure 11). The signals associated with the

apical vertices will appear as singlets in the proton-decoupled ''B NMR spectrum.

» equatorial region
apical or
substituted region
D i il Mmmw
By i 1o [} BT | = 30 10 ppa

Figure 11: Representative ''B NMR spectrum of an apical-equatorial isomer of
[BaoH;7X]" (X is a generic nucleophile) indicating the apical or substituted region and
the equatorial region of the spectrum.

An apical-apical isomer is characterized by the presence of two apical B-H vertices

(Figure 12). Two sharp peaks are present in the apical region of the spectrum. The peaks

are singlets in the proton-decoupled.
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% - T -l

Figure 12: Representative ''B NMR spectrum of an apical-apical isomer of [ByoH7X]*
(X is a generic nucleophile).

The [¢*-B,oH7X]" isomer is characterized by the presence of four apical B-H vertices.
The 'B NMR spectrum of an [¢*-ByH7X]* isomer would have four sharp singlets in
the apical or substituted region of the proton-decoupled spectrum.

The [Bonlg]z' ions and the substituted [B20H17X]4' derivatives have gained recent
interest because of their potential application in boron neutron capture therapy (BNCT), a
binary cancer therapy proposed for the treatment of metastatic melanoma and
glioblastoma multiforme, a particularly lethal brain tumor.>®> Researchers have proposed
that intracellular protein moieties could serve as nucleophiles and covalently bind the
boron-containing compounds in the interior of the tumor cell.'®**?* The thiol derivative,
[B20H17SH]4', was of éonsiderable interest for application to BNCT chemistry because of
the potential of the anion to form disulfide bonds with intracellular thiol moieties.

The thiol anion, [B,oH;7SC(0)OC(CHs)s]* was isolated in our laboratories in

1999 as an intermediate to the desired [BaoH;7SH]* anion.”® Nucleophilic attack of the



12

[trans-BoH g]* isomer with the Bender’s salt, KSC(O)OC(CHs)s, yielded an unexpected
isomer of [BaoH17SC(O)OC(CHs)s]*, characterized by an apical-apical cage connection
with the substituent located on the equatorial belt adjacent to the terminal boron apex
(Figure 13). The unusual isomeric assignment is characteristic for the product of
nucleophilic attack of the [iso-BaoH;s]> anion. No reports of this type of arrangement
using the [trans-ByoHys]” as a starting material have been made. However, the reaction
of a sterically demanding nucleophile with [trans-Bonls]2' isomer had not been

investigated.

i
2KSC-OC(CHg)s

THF

o)

o

SC-OC(CH3)s

Figure 13 : Nucleophilic attack of the [trans-B,yHig]> ion by the [SC(O)OC(CHs)s]™ ion.
e =B; o =BH.

Although a single-crystal x-ray diffraction analysis of the product could not be
obtained, the isomeric assignment was ascertained using one and two-dimensional ''B
NMR spectroscopy. The one-dimensional !'B NMR spectrum exhibited two sharp peaks
in the apical or substituted boron atom region, indicating the formation of an o isomer.
The two-dimensional ''B NMR spectrum exhibited cross-coupling peaks between the two
broad signals at approximately 10 ppm, assigned to the boron atoms in the intercage
connection, and also exhibited a cross-coupling peak between the signal for the

substituted boron atom (at approximately —2 ppm) and one of the apical boron atom
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signals, indicating the location of the substituent on the equatorial band adjacent to the
terminal boron apex (Figure 14). The signal associated with the boron-boron intercage
connection also provides indirect evidence for the location of the substituent (Figure 15).
When the substituent is located on the equatorial band adjacent to the intercage
connection, only one signal is typically observed in the 10 ppm region. In contrast, when
the substituent is located on the equatorial band adjacent to the intercage connection, two

signals are typically observed in the 10 ppm region.
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Figure 14: Two-dimensional B NMR spectrum of [aZ-Bonl7SC(O)OC(CH3)3]4‘
showing the relevant cross-coupling peaks. ® =B; o = BH.
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Figure 15: One-dimensional ''B NMR spectrum of [¢°-BaoH;7SC(O)OC(CH3)3]* and
one-dimensional !'B NMR spectrum of [a2 -B20H17OH]4'. Both substituents are located
on the equatorial belt adjacent to the terminal boron apex. ® = B; o = BH.

The unusual isomeric arrangement was hypothesized to be the result of the steric
requirements of the nucleophile. No evidence of the formation of the kinetic, apical-
equatorial isomer, or the expected substitution pattern on the equatorial belt adjacent to
the intercage connection was observed while monitoring the reaction. An investigation
of the reaction between the [trans-Bonlg]z' isomer and a series of sterically demanding

nucleophiles was initiated. The compounds that were selected for investigation are

depicted in Figure 16.
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Figure 16: Starting materials for the investigation of the reactivity of the [trans-
BaoH;s]* ion.

The n-butyl derivate of the previously investigated Bender’s salt,
KSC(O)O(CH,)CH3, was selected to compare the steric factors of the alkyl group. In
addition to the Bender’s salt, #-butyl and »-butyl alkoxide and #-butyl and »-
butylcarbamate nucleophiles were selected for investigation. The oxygen and nitrogen
analogs were selected because of the expectation that they would react as strong
nucleophiles and the steric factors could be evaluated in both cases. The selection of the
nucleophiles provided a basis to evaluate whether the unusual isomer product could be
observed with heteroatom nucleophiles having a similar structure to the original Bender’s
salt derivative or if the phenomenon is due solely to the steric requirements of the
substituent.

If steric effects where the primary factor contributing to the isomeric and
substitution pattern, both the #-butoxide and the s-butylcarbamate should form an o

isomer and the substituent should be located on the equatorial belt adjacent to the
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terminal boron apex. Alternatively, if the substitution was attributed to the electronic
effects of the substituent, only the sulfur derivatives would form the &’ isomer and the
nitrogen and oxygen nucleophiles should form the expected ae isomer with the
substituent located on the equatorial belt adjacent to the intercage connection.

In the original synthesis of the [BoH;7SC(O)OC(CHs)3]* anion from [trans-
Bonlg]z- and the Bender’s salt, KSC(O)OC(CH3)s, in THF, a ring-opened impurity,
[B20H70(CH,);CH;]", was observed in 'H and '*C NMR spectra. The ability of THF
and acetonitrile solvents to complex to the [trans-B20H18]2' anion was reported by
Hawthorne.*** Hawthorne proposed the possible coordination of a solvent molecule,
such as tetrahydrofuran (THF), to the [frans-BaoH;s]* anion. The coordination could
result in a subsequent nucleophile-induced ring-opening. Consequently, ring opening
could lead to potential impurities in a nucleophilic substitution reaction if THF is used as
a solvent. As aresult, a solvent that would be neither capable of coordination to the
[trans-BygHy5]* anion nor susceptible to nucleophile-induced ring-opening became
increasingly important to the development of the nucleophilic reactions.

Tetrahyciropyran (THP) was used for the solvent in the nucleophile reactions
because of the structural similarity to THF. THF and THP were expected to be similar in
their ability to dissolve the desired starting materials. The six-membered ring in THP
was expected to be more stable and, consequently, less susceptible to nucleophile-
induced ring opening. The nucleophile for the reactions was created by deprotonating the
appropriate starting materials using NaH in THP. The solution of deprotonated

nucleophile was cannulated into a solution of (EtsNH),[trans-ByoH;s] in THP and the
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reactions monitored by ''B NMR spectroscopy. The products were isolated by
precipitation with a solution of the appropriate cation.

Regardless of the nucleophile used, the "H, °C and "B NMR spectra exhibited
identical patterns (Figure 17). The product of the nucleophile reactions was the THP
solvent-coordinated compound, an intermediate analogous to that proposed by

Hawthorne.*?

3 W T g - E T

Figure 17: 'H, 1°C, and "B NMR spectra of the product of the reaction of [trans-
B20H13]2' and a nucleophile in THP and the structure of the product. ® = B; o = BH.

Isolation of a product resulting from the ring-opening of THF lead Hawthorne and

coworkers to propose a modified mechanism involving three types of nucleophilic attack,
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each of which depends not only on the identity of the nucleophilic species but also the
solvent (Figure 18).* The type 3 mechanism involves the reversible coordination of a
nucleophilic solvent molecule to the anion. The coordinated solvent molecule is
activated for nucleophilic attack by an anionic nucleophile present in solution.
Rearrangement of the intermediate, followed by deprotonation of an equatorial proton on

the substituted cage by a second equivalent of nucleophile, yields the product.

Figure 18: Type 3 mechanism of solvent coordination to the [trans—Bon1s]2' ion.
e =B; o =BH. ‘

Understanding the relationships of both the nucleophile and the solvent in the
reaction with the [ByoHg]* anion has become increasingly important to the synthesis of

substituted polyhedral borane anions. The unusual isomeric arrangements of the thiol
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carbamate as well as the ability for certain solvents to coordinate to these compounds
raises new questions as to the nature of the mechanism of nucleophilic attack of the two
center three electron linkage and the nucleophiles role in the substitution pattern on
isomers of the [BoH)s] > anion. The complex and unusual chemistry of this anion may
one day lead to the development of new mechanistic models leading to the synthesis of
new derivatives the [ByoHig] 2 anion with potential applications to developments in

medicinal chemistry.



2.0 STATEMENT OF PROBLEM

Although two mechanisms of nucleophilic attack on the [trans-Bonls]z' ion have
been proposed,*!” neither of the mechanisms adequately describe the formation of the
unexpected isomer in the reaction of [trans-Bonlg]z' and the Bender’s salt,
KSC(O)OC(CHs)s. The product of the reaction, [B20H17SC(O)OC(CH3)3]4' is an apical-
apical isomer and the substituent is located on the equatorial belt adjacent to the terminal
boron apex. The isomer is formed directly, with no spectroscopic evidence of the
formation of what has traditionally been considered the kinetic, apical-equatorial, isomer.
No reports of the substituent location have been made for a compound derived from the
[trans-Bonlg]z' ion. In an effort to understand the steric and electronic effects
controlling the formation of the unusual isomer, an investigation of sterically demanding
nucleophiles (Figure 16) was initiated using tetrahydropyran (THP) as the solvent. In
three of the cases, reaction of the [trans-Bonlg]z' ion and the nucleophile in THP
produced the THP adduct, [B20H17O(CH2)5]3 ", There was no reaction observed when the
[trans-BaoH1s]* ion was reacted with t-butylcarbamate in THP. Based on the current
mechanisms, the role of the nucleophile remains undefined. Additionally, the preparation
of the desired compounds, resulting from the reaction of the [trans—Bonw]z' ion and the

sterically demanding nucleophiles, has not been accomplished.

20
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Therefore, the specific goals of the thesis research are:

1) Develop a synthetic route to evaluate the reaction of the [trans-BaoH s>
anion with the selected nucleophiles,

2) Evaluate the role of the nucleophile in the formation of the THP-
coordinated product, and

3) Evaluate the potential chemistry of the THP-coordinated product.

Information regarding the potential electronic and steric effects which control the
formation of specific compounds will enhance the understanding of the mechanism of
nucleophilic attack on the [trans-ByH;g]* ion and, potentially, aid in the development of
a more comprehensive mechanism. The results of this project should also provide a

means of preparing boron-containing compounds for specific applications.



3.0 EXPERIMENTAL

3.1  Materials

Sublimed decaborane, B;oHi4, was obtained from Professor Lee J. Todd at
Indiana University (Bloomington, IN). Caution: decaborane is a highly toxic, impact
sensitive compound that forms explosive mixtures especially when in contact with
halogenated materials. A careful examination of the MSDS is recommended. The t-
butylcarbamate was purchased from Lancaster (Pelham, NH) and used without further
purification. The n-butyl alcohol was purchased from EMD (Gibbstown, NJ) and the #-
butyl alcohol was purchased from Mallinckrodt (Paris, KY). Both of the alcohols were
dried over molecular sieves. All other reagents were purchased from Sigma Aldrich
Chemical Company (St. Louis, MO). All solid reagents were used without further
purification. Liquid reagents were dried over molecular sieves unless otherwise
specified. The following solvents: tetrahydropyran, diethyl ether, tetrahydrofuran and
acetonitrile, were all reagent grade and were distilled in the presence of the appropriate
drying agent unless otherwise specified in the synthesis. All synthetic reactions were

performed under argon in anhydrous conditions using Schlenk techniques.

3.2  Physical Measurements
One-dimensional 'H, 1*C, and ''B Fourier transform nuclear magnetic resonance

(NMR) spectra were obtained with a Varian INOV A spectrometer, equipped with a

22
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boron-free probe, operating at 400 MHz, 100 MHz, and 128 MHz respectively. Boron-
11 NMR spectra were obtained using quartz tubes. Proton chemical shifts were
referenced to residual solvent protons. Carbon shifts were referenced to CDClz, when
appropriate, or to either CD3CN or dg-DMSO, added as an internal standard to aqueous
samples. Boron chemical shifts were externally referenced to BF;-Et;0 in C¢Dg; peaks
upfield of the reference are designated as negative. All Fourier transform infrared (IR)
spectra were obtained using a Perkin-Elmer Spectrum One instrument and were obtained

either as neat samples or as nujol mulls.

33 Synthetic Procedures

Preparation of (Et;NH)2[B1oH 9]. The (EtsNH),[B1oH1¢] preparation was based on the
technique developed by Hawthorne and coworkers.® Sublimed decaborane (30.0g, 0.246
mol) was added to a 1-Liter three neck flask that had been equipped with an argon inlet, a
250 mL pressure equalizing dropping funnel (PED), and an overhead stirrer. The flask
was flushed with argon gas and placed into an oil bath. Xylene (300 mL) was added to
the reaction flask and triethylamine (90.0 mL, 0.616 mol) was placed into the PED and
added dropwise to the stirred decaborane solution. As the triethylamine was added, a
yellow precipitate of the B;oH12(NEt3), intermediate was produced. After all of the
triethylamine had been added, the PED was replaced with a thermometer adapter and
thermometer. The temperature of the reaction mixture was raised to 100 °C and the
mixture was allowed to react for 3 hours. After 3 hours the thermometer adapter was
replaced with a condenser and the reaction was allowed to reflux for an additional 12

hours.
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The reaction mixture was cooled in an ice bath and filtered. The light yellow
solid was washed with isopropyl alcohol (7 x 50 mL), removing a majority of the yellow
color. The white solid was washed with diethyl ether (2 x 100 mL) and transferred to a 1
L round-bottom flask and dried in vacuo. The resulting white product was dissolved in
approximately 70 mL of boiling water and quickly filtered through a hot sintered glass
filter, removing any insoluble residue. The yellow filtrate was brought to a rolling boil
and 50 mL portions of ethanol were added to the filtrate until the solution just began to
appear cloudy. Filtration of the solution resulted in 59 grams of (EtsNH),[B1oHj¢] in 74
% yield. B NMR (ppm, acetonitrile) d -1.8, -16.2,([B12H;2]") -30.9.

Preparation of (Et;:NH),[trans-BxyH s]. The (Ets;NH),[ByoH;s] preparation was based on
the technique developed by Hawthorne and coworkers.'? (EtsNH),[B1oH;o] (30.0 g, 0.093
mol) was placed in a 1 L three-neck flask that that been equipped with a condenser, a
pressure equalized dropper (PED), and a stir bar. Distilled water (300 mL) was added to
the reaction flask to dissolve the (EtsNH),[B1oHjo] and the mixture was refluxed. A
solution of FeCl3-6H,0 (57.2 g, 0.212 mol) dissolved in a minimum amount of distilled
water was prepared. The FeCl;-6H,0 solution was transferred to the PED and added
dropwise to the refluxing solution of (Et;NH),[B1oHj¢]. After addition was complete, the
reaction was allowed to reflux an additional 3 hours. The reaction mixture was cooled
and the solid was filtered. The residue was recrystallized from boiling water, cooled and
filtered, resulting in the isolation of 15.4 g of pale yellow crystals of (EtsNH),[trans-
ByoHs] in 75% yield. ''B NMR (ppm, acetonitrile) 28.2, 13.7, -8.9, -14.1, -17.9, -21.3,

-27.0.
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Preparation of KSC(O)O(CH)3;CHj; The Bender’s salt derivative was prepared using
the method reported by Daly and coworkers.”* A clean, dry 500 mL three-neck flask was
equipped with an argon inlet and a stir bar and flushed with argon gas. The reaction flask
was placed in an ice bath. Dry n-butanol (125 mL, 1.36 mol) was added to the reaction
vessel via syringe. Potassium metal (7.6 g, 0.19 mol), which had been thoroughly
cleaned with hexane to remove all residual mineral oil, was added to the vessel in small
pieces under an atmosphere of flowing argon. After all of the potassium had reacted, dry
dimethylformamide (75 mL) and freshly distilled THF (25 mL) was added to the reaction
flask via syringe. Carbonyl sulfide (20 g, 0.33 mol) was bubbled into the reaction
mixture, forming a white precipitate. The reaction was allowed to stir under an argon
atmosphere overnight at room temperature. The entire reaction mixture was poured into
diethyl ether (250 mL) and filtered through a sintered glass frit. The white solid was
rinsed with diethyl ether and dried in vacuo to yield 28.2 g of the white product in 84.5%
yield. 'H NMR (ppm, D,0) 3.83 (1), 1.14 (p), 1.04 (m), 0.71 (t); *C (ppm, D,0;
dg-DMSO0) 186.7, 55.4, 32.1, 20.3, 15.0; IR (cm™, nujol) 1573 (C=0).

Preparation of K4B,H;;SC(O)O(CH3)3;CHj3]. A clean, dry 100 mL Schlenk flask was
equipped with a stir bar and flushed with argon gas. (Ets;NH),[trans-B,oHis] (0.500g,
1.13 x 10 mol) was added to the flask and the flask stoppered and evacuated. A solution
containing THF, dried over molecular sieves, and 1% (w/v) BHT, was prepared and 20
mL of the solution was syringed into the reaction vessel. The flask was filled with argon
and the stopper removed. The Bender’s salt, KSC(O)O(CH;);CHj3 (1.20 g, 6.97 x 107
mol), was added to the flask and the flask was restoppered. The reaction was allowed to

stir under an argon atmosphere at room temperature and was monitored periodically
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using "B NMR spectroscopy. After a two week period, the reaction was complete. The
reaction mixture was filtered and the solid, containing both the product and the excess
Bender’s salt, was retained. The crude product was recystallized from water:ethanol, and
the solid was isolated and dried in vacuo to yield 0.794 grams of white product in 57.8%
yield. 'HNMR (ppm, D,0) 3.34 (t), 2.60 (t), 1.47-1.40 (m); *C (ppm, D,0;ds-DMSO)
32.0,31.0, 30.9, 27.2; ''B NMR (ppm, D,0) -5.4, -9.4, -23 .4, -27.6, -29.4, -34.7.

IR (cm™, nujol) 2431 (BH), 1607 (C=0).

Preparation of Rb[B2yH;;0(CH3);CHj3]. A clean, dry 100 mL Schlenk flask was
equipped with a stir bar, stoppered, and flushed with argon gas. Freshly distilled diethyl
ether (5.0 mL) and n-butanol (0.60 mL, 6.6 x 10 mol) were added to the flask via
syringe. The stopper was removed and a 60% dispersion of NaH in mineral oil was
added (0.286 g, 6.90 x 10~ mol). The stopper was replaced and the mixture was allowed
to stir until the evolution of hydrogen gas was no longer evident. The polyhedral borane
starting material, (Et;NH),[frans-ByoH;s)], was added (0.500 g, 1.13 x 107 mol) after
increasing the flow of argon gas and removing the stopper. The flask was restoppered
and the reaction was allowed to stir under an argon atmosphere overnight at room
temperature. Complete reaction was confirmed by ''B NMR spectroscopy. The reaction
mixture was dried in vacuo and the residue dissolved in a minimum amount of room
temperature water. The solution was extracted with CHCl3; (4 x 50 mL). The aqueous
layer was retained and the solvent removed under vacuum to yield the crude product,
Nay[B2oH;70(CH,);CH;3]. The white solid residue was dissolved in a minimum amount
of room temperature methanol; water was added to dissolve any solid which remained

undissolved. Precipitation of the rubidium salt of the desired anion was achieved by
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adding the solution of the sodium salt to a solution of rubidium acetate, RbC,H30,, in
methanol (10 mL, 0.5 M). The salt was isolated by filtration of the mixture through a
sintered glass frit. The rubidium salt of the product was recrystallized from
water:methanol. The solid was filtered and dried in vacuo to yield 0.734 g of white
product, Rb4[B,oH70(CH,)3;CHs], in 82.2% yield. 'H NMR (ppm, D,0) 3.03(1),
1.11(m), 0.95(m), 0.59(t); *C (ppm, D,0;d¢-DMSO) 72.7, 35.2, 20.4, 15.1; 'B NMR
7.0,2.1,0.9,-3.3, -10.2, -25.3, -26.6, -28.7, -30.1, -34.4; IR (cm™’, nujol) 2450 (BH).
Preparation of Rby[B>H;,0C(CHj3)3]. A clean, dry 100 mL Schlenk flask was equipped
with a stir bar, stoppered, and flushed with argon gas. Freshly distilled diethyl ether (5
mL) and #-butanol (0.60 mL, 6.6 x 10 mole) were added to the flask via syringe. The
argon flow was increased and a 60% dispersion of NaH in mineral oil was added (0.778
g, 1.87 x 10%mol). The stopper was replaced and the mixture was allowed to stir until
the evolution of gas was no longer evident. Additional freshly distilled diethyl ether (15
mL) was added to the reaction mixture via syringe. The flow of argon was again
increased and the stopper was removed to add (Ets;NH),[trans-ByoHis] (0.501g, 1.14 x 10
3 mol). The flask was stoppered and allowed to stir under argon overnight at room
temperature. Complete reaction was confirmed by "B NMR spectroscopy. The reaction
mixture was dried in vacuo and the residue of Nas[B,0H;70C(CH3)3] was dissolved in 50
mL of room temperature water and extracted with CHCl3 (4 x 50 mL). The aqueous layer
was retained and the solvent removed under vacuum. The white solid residue was
dissolved in a minimum amount of room temperature methanol; water was added to
dissolve any solid which remained undissolved. The desired anion was precipitated as a

rubidium salt by adding the solution of Nas|B,oH;7OC(CHs)s] to a solution of rubidium
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acetate, RbC;H30,, in methanol (10 mL, 0.5 M). The solid was isolated by filtration
through a sintered glass frit. The rubidium salt of the product was recrystallized from
water:methanol. The solid was filtered and dried in vacuo to yield the product (0.261 g)
in 34.8% yield. "H NMR (ppm, D;0) 0.92 (s); *C (ppm, D,0;d¢-DMS0) 31.3. ''B
NMR (ppm, D;0) 5.1, 2.4, -3.5, -9.6, -24.9, -30.4,-47.9; IR (cm™’, nujol) 2452 (BH).
Preparation of Rby/B2H;;NHC(0O)O(CH3)3CHj]. A clean, dry 100 mL Schlenk flask
was equipped with a stir bar, stoppered, and flushed with argon gas. Freshly distilled
diethyl ether (5 mL) was added to the flask via syringe. The stopper was removed under
an atmosphere of flowing argon and n-butylcarbamate (0.669 g, 5.70 x 10°mol) and a
dispersion of NaH in mineral oil (0.550 g, 3.68 x 10~ mol) was added to the flask. The
reaction mixture was stirred at room temperature until the evolution of hydrogen ceased.
After increasing the flow of argon, the stopper was removed and (Et;NH,)[trans-ByoH;g]
(0.500g, 1.13 x 10 mol) was added. The flask was restoppered and allowed to stir under
argon overnight. Reaction completion was confirmed by B NMR spectroscopy. The
solvent was removed under vacuum, resulting in a white solid which was dissolved in a
50 mL of room temperature water and extracted with CHCl; (4 x S0mL). The aqueous
layer was retained and dried under vacuum. The white solid was dissolved in a minimum
amount of room temperature methanol and the resulting solution was added to a solution
of rubidium acetate, RbC,H30; (10 mL, 0.5 M), in methanol to yield a white precipitate.
The mixture was filtered through a sintered glass frit to isolate the solid rubidium salt
which was recrystallized from water:methanol. The solid was filtered and dried in vacuo,
resulting in 0.521 grams of the product, 66% yield. 'H NMR (ppm, D,0) 4.05 (m), 3.28

(m), 1.72(s) (RbC,Hz0y), 1.15 (m), 1.01 (t), 0.92 (m), 0.73 (m). *C (ppm, D;0;
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de-DMSO) 181.9, 80.2 (ethyl contaminant), 55.3, 50.3 (acetate), 32.2, 25.0 (ethyl
contaminant), 20.1, 14.5; ''B NMR(ppm, D,0) 2.6, -3.0,-8.6,-29.5; IR (cm™, nujol) 3434
(NH), 2444 (BH), 1550 (C=0).

Preparation of Rby[B2yH;;NHC(0O)OC(CHj3)3]. A clean, dry 100 mL Schlenk flask was
equipped with a stir bar and flushed with argon gas. The ¢-butylcarbamate (0.539 g,
0.460 mol) was added to the flask and the flask was stoppered. Freshly distilled diethyl
ether (5 mL) was added to dissolve the ¢-butylcarbamate. The argon flow was increased,
the stopper removed, and a 60% dispersion of NaH in mineral oil was added (0.214 g,
5.16 x 10 mol). The stopper was replaced and the mixture was allowed to stir under
argon until no gas evolution was evident. The flow of argon was increased, the stopper
was removed, and the starting material (Et;NH,)[frans-BagHis] (0.497 g, 1.13 x 10 mol)
was added. The flask was restoppered and allowed to stir under an argon atmosphere
overnight. The reaction was monitored for completion using !'B NMR spectroscopy.
The solvent was removed under vacuum, resulting in a white solid. The solid was
dissolved in 50 mL of room temperature water and extracted with CHCI3 (4 x 50mL).
The aqueous layer was retained and dried under vacuum. The white solid was dissolved
in a minimum amount of room temperature methanol and the solution was added to a
solution of rubidium acetate, RbC,H30, (10 mL, 0.5 M), in methanol, yielding a
precipitate of the rubidium salt of the product. The mixture was filtered through a
sintered glass frit and the solid recrystallized from water:methanol. The solid was filtered
and dried in vacuo resulting in 0.186 g of the product in 23.7% yield. "H NMR (ppm,

D,0) 1.17(s); *C (ppm, D,0;ds-DMSO0) 55.3, 29.6; ''B NMR (ppm, D,0)9.1, 2.2, -4.0, -
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7.0, -8.6, -15.5, -25.2, -29.4, -30.2, -33.3; IR (cm™, nujol) 3575 (NH), 2418 (BH), 1677
(C=0).

Preparation of RbyB:oH;,S(CH>);CH;J. A clean, dry 100 mL three-neck flask was
equipped with a stir bar, an argon inlet, and a stopper, and flushed with argon gas.
Freshly distilled diethyl ether (5 mL) and n-butanethiol (0.70 mL, 7.60 x 10 mol) were
added via syringe. The argon flow was increased and a 60% dispersion of NaH (0.245 g,
5.90 x 10 mol) in mineral oil was added. The stopper was replaced and the mixture was
allowed to react until the evolution of gas was no longer observed. Additional freshly
distilled diethyl ether (15 mL) was added to the reaction mixture via syringe. The
starting material (Et;NH),[trans-ByoH;s] (0.500 g, 1.14 x 107 mol) was added after
increasing the flow of argon and removing the stopper. The flask was fitted with a water
jacketed condenser and placed into an oil bath. The reaction was brought to reflux and
allowed to react overnight. The reaction mixture was dried in vacuo and the residue
dissolved in a minimum amount of room temperature water. The solution was extracted
with CHCl; (4 x 50 mL). The aqueous layer was retained and the solvent removed under
vacuum to yield the crude product, Nas|B2oH;7S(CH,);CH3]. The white solid residue was
dissolved in a minimum amount of room temperature methanol; water was added to
dissolve any solid which remained undissolved. The rubidium salt of the desired anion
was precipitated by adding the solution of the sodium salt to a solution of rubidium
acetate, RbC,H30, (10 mL, 0.5 M), in methanol. The salt was isolated by filtration
through a sintered glass frit. The rubidium salt of the product was recrystallized from
water:methanol. The product was isolated by filtration and dried in vacuo to yield 0.382

g of white product in 50.5% yield. "H NMR (ppm, D,0) 3.33 (m), 3.17 (s), 3.16 (m),
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0.90-0.75(m); *C (ppm, D,0;de-DMSO) 76.0, 63.4, 6.53, 1.60; 'B NMR (ppm, D?0)
7.0,-3.2,-5.9, -8.0, -10.0, -24.7, -29.8 ;IR (cm™, nujol) 2414 (BH).

Preparation of Rb3[B:eH1,0(CH>)s]. A clean, dry 100 mL Schlenk flask was equipped
with a stir bar, stoppered, and flushed with argon gas. Freshly distilled THP (5 mL) and
n-butanol (0.60 mL, 6.6 x10™ mol) were added to the flask via syringe. The flow of
argon was increased, the stopper removed, and a 60% dispersion of NaH in mineral oil
was added (0.24g, 5.8 x 10° mol ) to the mixture. The stopper was replaced and the
reaction was allowed to stir until gas evolution was no longer evident. An additional 15
mL of THP was added to the flask via syringe. The flow of argon was increased and the
starting material, (EtsNH),[trans-BaoH;s] (0.501 g, 1.14 x 10™ mol ) was added to the
flask. The flask was restoppered and the mixture was allowed to react overnight at room
temperature. The solvent was removed from the reaction under vacuum. The resulting
white solid was dissolved in a minimum amount of room temperature methanol; water
was added to dissolve any remaining solid. The solution containing the reaction product
was added to a solution of RbC,H30; (10 mL, 0.5M) in methanol, resulting in
precipitation of a white solid. The solution was filtered and the solid was retained. The
solid was recrystallized using water:methanol, filtered through a sintered glass frit, and
dried in vacuo, resulting in 0.411 grams of the product in 61.8 % yield. "H NMR (ppm,
D,0) 3.97 (t) 1.50 (m) 1.35 (m); >C (ppm, D,0;ds-DMSO) 82.1, 25.1, 20.2; ''B NMR
(ppm, D,0) 2.6, -3.2, -9.7, -25.4, -26.6, -28.4, -29.8, -31.7; IR (cm™, nujol) 2425(BH).
Preparation of Rb[B2yH;,0(CH3)sOCHCHjJ. A clean, dry Schlenk flask was
equipped with a stir bar, stoppered, and flushed with argon gas. Freshly distilled THP

(25 mL) and ethanol (0.400 mL, 6.80 x 10° mol) was added to the flask. The flow of
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argon was increased, the stopper removed, and a 60% dispersion of NaH (0.302 g, 7.27 x
107 mol) in mineral oil was added. The flask was restoppered and the mixture was
allowed to react until gas evolution was no longer evident. The flow of argon was
increased, the stopper was removed, and (EtsNH),[trans-BaoHis] (0.496 g, 1.13 x 102
mol) was added to the reaction vessel. A condenser was attached and the reaction
mixture was brought to reflux and allowed to react for 72 hours. The reaction was
monitored for completion using ''B NMR spectroscopy. The solvent was removed from
the reaction under vacuum. The resulting white solid was dissolved in a minimum
amount of room temperature methanol; water was added to dissolve any remaining solid.
The solution containing the reaction product was added to a solution of RbC,H30, (10
mL, 0.5M), resulting in the formation of white solid. The mixture was filtered and the
solid was retained. The solid was recrystallzed using water:methanol. The product was
isolated by filtration and dried in vacuo, resulting in the isolation of 0.589 grams of the
product (59.9% yield). 'H NMR (ppm, D,0) 3.52 (m), 3.50 (m), 3.31 (s), 3.12 (m), 1.50
(m), 1.30 (m), 1.14 (t); ''B NMR (ppm, D,0) 2.6, -3.2, -9.7, -25.7, -26.8, -30.0, -32.0, -
34.0;IR (cm™, nujol) 2425 (BH).

Preparation of KyB2H;,0(CH)sS(CH3)3CH;J. A clean, dry Schlenk flask was
equipped with a stir bar, stoppered, and flushed with argon gas. Freshly distilled THP (5
mL) and n-butane thiol (0.70 mL, 6.50x107 mol) was added to the flask via syringe. The
flow of argon was increased and the flask was unstoppered to add a 60% dispersion of
NaH (0.302 g, 7.3x10° mol) in mineral oil. The flask was restoppered and the mixture
was allowed to react until gas was no longer evolved. An additional 15 mL of THP was

added to the flask. The flow of argon was again increased, the stopper removed, and the
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starting material, (Et;NH)x[trans-BaoH 5] (0.500 g, 1.13x107 mol) was added to the
reaction mixture. The stopper was replaced and the reaction mixture was allowed to stir
at room temperature overnight. The reaction was monitored for completion using ''B
NMR spectroscopy. The solvent was removed from the reaction under vacuum and the
resulting white solid was dissolved in a minimum amount of room temperature methanol.
The solution was added to a solution of potassium acetate, KC,H30, (25 mL, 0.5M) in
methanol causing the precipitation of a white solid. The solution was filtered using
gravity filtration and the solid was retained. The solid was washed with methanol (3 x 50
mL) and allowed to dry under argon, yielding 0.229 g of the product, 26.3 % yield.

'H NMR (ppm, D,0) 3.35 (), 3.10 (t), 2.35 (m),1.73 (s) (KC,H;05) 1.34 (m) , 1.17 (m),
0.67(t);°C (ppm, D,0;ds-DMSO) 182.4, 72.8, 32.7, 32.6, 32.5, 32.3, 31.7, 30.3, 30.2,
26.2,24.9,22.8,14.5; "B NMR (ppm, D,0) 11.9, 6.2, 2.4, -10.3, -15.5, -19.3, -30.1,
34.3; IR (cm™, nujol) 2457 (BH).

Preparation of K4 B,sH;;0(CH2)4,S(CH3)3CHjJ. A clean, dry Schlenk flask that was
equipped with a stir bar, stoppered, and flushed with argon gas. THF containing 1 (w/v)
% BHT was added to the flask (5 mL) along with n-butanethiol (0.70 mL, 6.5 x 10°
mol). The flow of argon was increased and the stopper removed. A 60% dispersion of
NaH in mineral oil (0.307 g, 7.40 x 10 mol) was added. The flask was restoppered and
the mixture was allowed to react until gas was no longer evolved. Additional THF-BHT
solution (15 mL) was added to the flask. The flow of argon was again increased and the
stopper was removed. The starting materiaf, (EtsNH),[trans-ByH;s], was added to the
reaction mixture and the stopper was replaced. The reaction mixture was allowed to stir

at room temperature overnight. The reaction was monitored for completion using 1B
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NMR spectroscopy. The solvent was removed from the reaction under vacuum and the
resulting white solid was dissolved in a minimum amount of room temperature methanol.
The solution containing the reaction product was added to a solution of potassium
acetate, KC,H30, (25 mL, 0.5M) in methanol, resulting in the precipitation of a white
solid. The solution was filtered using gravity”ﬁltration. The solid was washed with
methanol (3 x 50 mL) and allowed to dry under argon. The product was isolated in 44.4
% yield. "H NMR (ppm, D,0) 3.17 (m), 2.36 (m), 1.17 (s) (KC,H30,) 1.40-1.10 (m),
0.69 (t); °C (ppm, D,0;ds-DMSO0) 70.1, 31.5, 31.3, 31.2, 31.0; 'B NMR (ppm, D,0)

6.9,2.5,-3.5, 6.1, -10.2, -25.3, -30.0, -34.1, -57.2; IR (cm™, nujol) 2430 (BH).



4.0 RESULTS and DISCUSSION

4.1  Reactions with Nucleophiles

Six nucleophiles were selected for investigation. The #-butyl derivative of the
Bender’s salt was selected for comparison to the #-butyl derivative investigated and
reported earlier.”* Both Bender’s salts have a sulfur atom as the nucleophilic atom. Two
alkoxides, #-butoxide and n-butoxide, were selected because of the known ability of
oxygen derivatives to react with the electron-deficient bonding region in the [trans-
Bon18]2" anion.*'%'” The varying steric bulk of the substituents enables an investigation
of the steric effects of the alkoxide nucleophiles. Two carbamates, the n-butylcarbamate
anion and the z-butylcarbamate anion, were selected because of the structural similarities
between the carbamates and the Bender’s salt derivatives. As a result, the direct
comparison between the effect of varying the sulfur and nitrogen nucleophilic atom can
be investigated. Although four of the selected nucleophiles had been investigated earlier,
three of the reactions produced the THP-coordinated compound rather than the desired
substituted, reduced species of general form [ByoH;7X]*, where X is the nucleophilic
substituent. The reaction of z-butylcarbamate and the [trans-Bonls]z' ion resulted in no
reaction.

The n-butyl derivative of the Bender’s salt, KSCOO(CH);CH3, was prepared
from the reaction of potassium n-butoxide and carbonyl sulfide in a mixed solvent

system, using the method reported by Daly and coworkers for the #-butoxy derivative,

35
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KSC(O)OC(CH3)3.2* The 'H NMR, "*C NMR, and IR were consistent with the formation
of the desired product. The "H NMR exhibits four sets of peaks with shifts and splitting
patterns consistent with the #-butyl group. The IR spectrum exhibits a carbonyl
absorption at 1607 cm™.

Formation of the [B20H17SC(O)O(CH2)3CH3]4" ion was achieved by the reaction
of KSC(O)O(CH)3CH3 and (Et;NH),[B2oH;s] in a solution of THF containing 1%
butylated hydroxytoluene (BHT) at room temperature. BHT was added to the reaction
mixture to inhibit the THF ring-opening reaction which was observed in the formation of
the #-butyl derivative, [B20H17SC(O)OC(CH3)3]4', reported earlier.** Elimination of the
BHT in the reaction mixture, through the use of distilled THF, results in the formation of
significant amounts, approaching 50%, of the ring-opened product,
[B20H17O(CH2)3CH3]4'. The boron-containing starting material, [trans-Bonlg]z', is
soluble in THF whereas the product of the reaction, K4[B2oH;7SC(O)O(CH);CH3], is
not. Therefore, the reaction was monitored by the disappearance of the seven peaks
corresponding to the [trans-BygH;s]* ion starting material located at 28.2 ppm, 13.7 ppm,
-8.9 ppm, -14.1 ppm, -17.9 ppm, -21.3 ppm, and -27.0 ppm in the "'B NMR spectrum of
the solvent. The reaction required two weeks to obtain complete reaction. Refluxing the
reaction mixture decreases the required time significantly, but increases the relative
amount of ring-opened product. The product was isolated, recrystallized, and
characterized. The ''B NMR spectrum of the product is characterized by the presence of
two sharp apical boron atom signals, at -5.4 ppm and -9.4 ppm, which are singlets in the
proton-decoupled spectrum. Therefore, the product of the reaction (Figure 19) is the

apical-apical isomer, consistent with the results obtained in the reaction of the #-butyl
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Bender’s salt derivative. Formation of the apical-equatorial isomer would result in the
presence of three sharp apical boron atom signals in the ''B NMR spectrum. The signal
centered just above 10 ppm is assigned to the boron atoms in the boron-boron intercage
linkage and appears to have two broad peaks as opposed to one single broad peak. The
two broad peaks are indicative of substitution on the equatorial belt adjacent to the
terminal boron apex. The IR spectrum confirms the presence of the B-H functionality, at
2431 cm’, and the presence of the carbonyl functionality, at 1607 cm™. Both values are
similar to those observed for the 7-butyl derivative, [B20H17SC(O)OC(CH3)3]4', which
exhibited a B-H stretch at 2457 cm™ and a C=0 stretch at 1590 em™.%° Four distinct sets
of peaks are observed in the 'H NMR spectrum, with the anticipated splitting patterns,
which are consistent with the formation of the product. The peaks associated with the
CH, moiety alpha to the carbonyl group are expected to exhibit the greatest shift. The 'H
NMR spectrum of the starting material exhibits a triplet at 3.83 ppm whereas the 'H
NMR spectrum of the product exhibits a triplet at 3.34 ppm. Similarly, the *C NMR of
spectrum the starting material exhibits a peak at 55.4 ppm whereas the BC NMR

spectrum of the product exhibits a peat at 32.0 ppm.



38

4 KSC(0)O(CHo)4CHz
THF (BHT, 1%)

[(CH3CH2)3NH]> Ks

SCO(CH)sCH; |

+ 2 (CH3CHy)3N + 3 HSC(O)(CH,)3CHj

Figure 19: Balanced chemical reaction for the formation of
K4[B20H17SC(O)O(CH2)3CH3 from (CH3CH2)3NH)2[trans-Bonls] and
KSC(O)O(CH,);CH;. @ =B; o = BH.

Alkoxide nucleophiles were selected for investigation because of the known

reactivity of the [trans-BagHis]” anion with alkoxides™'®!”

and the availability of
alkoxides with varying steric bulk. In order to maintain the similarity between functional
grbups in the selected nucleophiles, both n-butoxide and #-butoxide were selected for
investigation.

The n-butoxide nucleophile was generated in situ by the reaction of n-butanol
with NaH in diethyl ether and the polyhedral borane starting material, (Et;NH),[trans-
ByoHjs], was added to the mixture. Completion of the reaction was confirmed by the
absence of the seven peaks in the ''B NMR spectrum corresponding to the starting
material. The reaction was complete within 12 hours. The product,
Rby[B,oH;70(CH;);CHj3], was isolated and characterized. The I3 NMR spectrum is
characterized by the presence of three sharp apical boron atom signals, located at 2.6
ppm, -3.0 ppm and -8.6 ppm. The presence of three apical boron atom signals indicates
the formation of an apical-equatorial isomer (Figure 20). A single broad signal associated

with the B-B intercage linkage indicates that the substituent is located on the equatorial

belt adjacent to the intercage linkage. Infrared analysis indicates a peak at 2450 cm™
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associated with the B-H stretch. The —OH absorption associated with the starting
material is absent in the product. The 'H NMR spectrum yielded four distinct sets of
peaks, with the appropriate splitting pattern, corresponding to the four unique chemical
shift environments expected for the n-butoxide derivative. The triplet associated with the
protons nearest the oxygen atom is shifted upfield from 3.39 ppm in the #-butanol
starting material to 3.02 ppm in the product. The *C NMR spectrum exhibits four peaks.
The peak observed at 72.7 ppm in the >C NMR spectrum of the product represents a
downfield shift from the analogous peak in the >C NMR spectrum of the starting

material observed at 63.1 ppm.

‘A OCH2CH20H20H3

2

Figure 20: Product of the reaction of the [trans-Bonlg]z' anion and sodium #-butoxide.
e =B; o =BH.

NaH was added to a solution of z-butanol and diethyl ether, producing the #-
butoxide nucleophile in situ. Reaction between the #-butoxide ion and the [frans-
B20H13]2' anion was monitored by the disappearance of the peaks associated with the
polyhedral borane anion starting material. Reaction was complete after 12 hours. The
product, [B20H17OC(CH3)3]4", was isolated and characterized. The "'B NMR spectrum of
the product afforded three sharp peaks at 2.4 ppm, -3.5 ppm and -9.6 ppm which

represent three distinct apical boron atom signals and which are characteristic of an
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apical-equatorial isomer (Figure 21). A single broad signal associated with the B-B
intercage linkage predicts that the substituent is located on the equatorial belt adjacent to
the intercage linkage. The IR spectrum of the product exhibits a strong B-H absorption at
2452 cm™ as well as the loss of the broad -OH stretch observed in the IR spectrum of the
starting material. The 'H NMR spectrum of the product exhibits a singlet located at
0.923 ppm. No significant shift was observed from the corresponding signal in the 'H
NMR spectrum of the starting material, -butanol. There is also a small impurity
observed just above 1.00 ppm. The BC NMR spectrum of the product contains a single
peak located at 31.3 ppm, corresponding to the methyl carbons attached to the tertiary
carbon of the #-butyl substituent. Like the 'H NMR spectrum, no significant shift was
observed in the location of the methyl signals associated with the -butyl group of the
product as compared to the starting material, #~-butanol (30.9 ppm). The absence of a
significant peak shift is not unexpected since the carbon atoms are further from the
polyhedral borane cages and are less likely to be subject to the electronic effects of the

cage. The signal associated with the tertiary carbon of the product could not be resolved.

A5y OC(CHa)s
i

Figure 21: Product of the reaction of the [tmns—Bonlg]z' anion and sodium #-butoxide.
e =B; o =BH.
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The n-butyl and #-butyl carbamates are available commercially and provide a
means to evaluate the properties of the nitrogen analogues of the Bender’s salts,
KSC(O)OC(CHsz); and KSC(O)O(CHz)3CHs, in terms of both electronic and steric
effects. Since the substituent groups are identical in the two sets of compounds, the
reactivity of the nitrogen atom can be assessed compared to the sulfur atom. If the
compounds behave the same as the sulfur analogues, the unusual isomer formed in the
sulfur reactions may be a result of the carbamate functionality whereas, if the compounds
behave differently than the sulfur analogues, the unusual isomer formed in the sulfur
reactions may be a result of the nucleophilic behavior of the sulfur atom.

The n-butyl carbamate nucleophile was produced from the reaction of #-butyl
carbamate and NaH in diethyl ether. Reaction between the n-butyl carbamate anion and
the [trans-Bonls]z' anion was monitored by the disappearance of the peaks associated
with the polyhedral borane anion starting material. Reaction was complete after 12
hours. Two broad signals associated with the B-B intercage linkage indicate that the
substituent is located on the equatorial belt adjacent to the terminal apex. The IR
spectrum exhibits a B-H absorption at 2444 cm™, a carbonyl absorption at 1550 cm™, and
a N-H absorption at 3434 cm™. The N-H absorption and C=0 absorption of the starting
material appear at 3418 cm™ and 1682 cm™, respectively. Characterization of this
product by NMR resulted in seven sets of peaks in the '"H NMR spectrum three of the sets
are impurities. There are eight peaks in the *C NMR spectrum located at 181.9 ppm,
80.2 ppm, 55.3 ppm, 50.3 ppm, 32.2 ppm, 25.0 ppm, 20.1 ppm, and 14.5 ppm. Three of

the peaks are impurities.
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NHCOCH,CH,CH,CH;

Figure 22: Product of the reaction of the [trans-Bonls]z' anion and the sodium salt of »n-
butylcarbamate. @ = B; o = BH.

The t-butylcarbamate anion was obtained by deprotonating z-butylcarbamate with
NaH in diethyl ether. The reaction between the [trans-Bonlg]Z‘ anion and the -
butylcarbamate anion was monitored by the disappearance of the peaks associated with
the polyhedral borane anion starting material, [frans-BagH s]>, in the''B NMR spectrum.
After 12 hours, the reaction was complete and the product was isolated. Three sharp
peaks in the apical or substituted boron atom region of the !'B NMR spectrum confirm
the formation of an apical-equatorial isomer (Figure 23). Two broad signals associated
with the B-B intercage linkage predict that the substituent is located on the equatorial belt
adjacent to the terminal B-H apex. The IR spectrum displays a B-H absorption at 2418
cm™, a carbonyl absorption at 1677 cm™, and a N-H absorption at 3575 cm™. The N-H
absorption and C=0 absorption of the starting material appear at 3418 cm™ and 1682 cm”
! respectively. Characterization of the product by NMR resulted in a singlet located at
1.17 ppm in the "H NMR spectrum and two peaks in the BCNMR spectrum located at
55.3 ppm and 29.5 ppm, respectively. The peak located at 55.3 ppm is thought to be an

artifact of the NMR while the actual signal corresponding to the quaternary carbon of the
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t-butyl group and the quaternary carbon of the carbonyl group are most likely too small to

be observed in the noise of the spectrum.

Figure 23: Product of the reaction of the [trans-BaoH;s]>” anion and the sodium salt of #-
butylcarbamate. ® = B; o = BH.

Based on the experimental data obtained with the two alkoxy nucleophiles and the
two carbamate nucleophiles, the #-butanethiol anion was added for investigation. The n-
butanethiol nucleophile is a sulfur analogue of the n-butoxide derivative and provides a
basis of comparison between the sulfur nucleophiles and the oxygen nucleophiles. The n-
butanethiol was deprotonated using NaH in diethyl ether and the anion was allowed to
react with the polyhedral borane anion starting material, [trans-Bonlg]2'. The reaction
was monitored by the disappearance of the peaks in the “B{ NMR spectrum associated
with the starting material. The reaction did not occur in room temperature diethyl ether;
however, the reaction occurred overnight in refluxing diethyl ether, probably due to the
increased solubility of the sodium salt of n-butanethiol in the refluxing diethyl ether. The
B NMR spectrum of the product exhibits a preponderance of two peaks, at -5.8 ppm
and -7.8 ppm, in the apical or substituted boron atom region of the spectrum, indicating
the formation of an apical-apical isomer (Figure 24). Although the two apical signals are
clearly present, additional signals indicate the possible presence of an apical-equatorial

isomer. As a result, the identity of the original isomer remains unknown since the apical-
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apical isomer may be a result of thermodynamic conversion of the apical-equatorial
isomer. The 'H NMR spectrum exhibits five sets of peaks although only four are

expected.

Figure 24: Product of the reaction of the [trans-Bonlg]z' anion and the sodium salt of »n-
butanethiol. ® = B; o = BH.
42  Coordination of THF and THP Molecules

Preliminary investigations of the nucleophile reactions were completed by Mr.
Brian Newell using THP as the solvent. The reaction of [(Et)sNH],[trans-B,oH;s] and
approximately 4.5 equivalents of the n-butoxide anion, the #-butoxide anion, or the »-
butylcarbamate anion, THP as the solvent all indicated the formation of an apical-
equatorial isomer using 1B NMR spectroscopy. As noted earlier (Figure 17), the 'H, B,
and ''B NMR spectra were identical to each other. The "H NMR exhibits three distinct
peaks corresponding to the three chemical environments observed in the THP molecule.
The chemical shifts are clearly different from the 'H NMR spectrum of the starting
material, which exhibits a downfield triplet, at 3.64 ppm, assigned to the protons on the
carbon adjacent to the oxygen atom and overlapping pentets, between 1.65 ppm and 1.53
ppm, associated with the remaining hydrogen atoms. The integration of the "H NMR

signals in the product spectrum resulted in an integration ratio of 2:2:1. The THP-
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coordinated anion, [B20H17O(CH2)5]3 ", is analogous to the THF-coordinated intermediate
proposed, but never isolated, by Hawthorne.*?*

When the polyiledral borane anion starting material, [trans-BaHis]”, is dissolved
in THP, no reaction occurs based on the ''B NMR spectrum of the reaction mixture. In
the standard reaction procedure, a total of approximately 4.5 equivalents of the
nucleophile are added: two equivalents of the nucleophile are required to deprotonate the
triethylammonium cation and the remaining two equivalents are added to complete the
reductive substitution reaction. Since the triethylammonium salt of the anion is less
soluble in THP, both (EtsNH),[trans-ByoH;s] and Nay[trans-BygH;s] were evaluated to
determine if the function of the nucleophile was only to deprotonate the starting material
and increase the solubility. The sodium salt of the [trans-Bonlg]z' ion also did not react
in the absence of a nucleophile based on the ''B NMR spectrum of the reaction mixture
despite the fact that it is highly soluble in THP.

All of the nucleophiles investigated have the potential to act as a Bronsted-Lowry
base. Therefore, the possibility of the reaction being a base-mediated reaction, as
opposed to a nucleophile-mediated, reaction was evaluated. A series of reactions were
developed to address the issue. Sodium hydride, NaH, was added to distilled THP to
determine whether the THP could be deprotonated by a strong base. The deprotonation
process would release H, gas. No gas evolution was observed. The triethylammonium
salt of the [trans-ByoH;s]> ion and NaH was added to THP to determine if the reaction
would occur in the absence of the nucleophile. No change in the 'B NMR spectrum of
the starting material was observed, even after a period of two months. The reaction was

repeated using the sodium salt of [trans-ByoH;s]> ion. No change in the ''B NMR
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spectrum was observed. Although both NaH and #-butyllithium are much stronger bases
than the nucleophiles used in the investigation, the reaction was repeated using »n-
butylithium. The "B NMR spectrum of the reaction mixture changed significantly.

The product of the reaction was isolated and "H NMR was obtained. Only one singlet
was observed in the 'H spectrum which is not indicative of the THP-coordinated product.
The product of the reaction is predicted to be the result of the n-butyl carbanion reaction
with the [frans-BagHig]* ion. The singlet would be consistent with a 1,2 rearrangement
of the butyl group producing a tertiary alkyl substituent and forming the
[B20H,7C(CH;)3]* anion.®> Although, if accurate, the product would be the first reported
product of a carbanion reaction with the [trans-BaoH;s]* ion, the reaction was not within
the scope of the current project and the investigation was tabled for future research. The
series of reactions completed indicate that the coordination of the THP molecule is not
base-mediated and that the nucleophile is required for the reaction, forming the TﬁP-
coordinated adduct, to proceed.

The stoichiometry of the [trans-Bonls]Z' ion and THP reaction was also
investigated for the possibility that the nucleophile is a catalytic species. Two reactions
were completed. One reaction was completed with Nay[trans-B,oH;s] and 0.5 mole
percent potassium z-butoxide in THP and the other reaction was completed with
Nay[trans-ByoH;g] and 5 mole percent #-butoxide. The reactions were monitored using
"B NMR spectroscopy. After 24 hours, the ''B NMR spectrum of each reaction mixture
was obtained. Most of the mixture contained unreacted [trans-Bonlg]z' ion; however,
small, yet obvious peaks, were present in the spectra. The reaction was allowed to react

over the course of a two week period and the ''B NMR spectra were obtained
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periodically. The relative intensity of the small peaks did not increase over the entire
reaction period. Therefore, the nucleophile is not a catalyst for the reaction. When the
reaction was completed using one equivalent of (Et;NH),[trans-BoH;s], one equivalent
of THP, and four equivalents of #-butoxide in acetonitrile as the solvent, a change in the
staring material was observed but the isolated product was not consistent with the THP
coordinated product. Coordination of the THP intermediate was only observed when the
THP was used as the solvent. Therefore, the coordination of the THP molecule appears
to be the result of mass action.

The revised mechanism of nucleophilic attack on the [tmns-Bonlg]z' proposed by
Hawthorne (Figure 18) was used to describe the nucleophile-induced ring-opening of
THF.* To determine whether an analogous reaction would produce the ring-opened THP
product, a mixture of (EtsNH),[trans-B2oHis], ethanol, and NaH was allowed to react in
refluxing THP. The reaction was monitored by '"B NMR spectroscopy and was complete
after 72 hours. The "B NMR spectrum exhibited three sharp peaks in the apical or
substituted boron atom region of the spectrum, indicating the formation of an apical-
equatorial isomer (Figure 25). A single broad signal associated with the B-B intercage
linkage indicates that the substituent is located on the equatorial belt adjacent to the
intercage linkage. The "H NMR spectrum contains multiple sets of peaks, several of
which are overlapping The "H NMR peaks characteristic of the THP-coordinated product
were not observed. The IR spectrum of the product contained a B-H absorption at 2425

em’.
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e

O(CH5)50CH,CH3

Figure 25: Product of the ring-opening reaction of THP with ethoxide ion. @ =B; o =
BH.

The reaction of n-butanethiol and the [trans-Bonlg]z' ion was of interest because
of the analogies that could be drawn to the #-butoxide ion in the investigations of the
nucleophiles completed earlier. Deprotonation of n-butanethiol was achieved using NaH
in THP as a solvent. The triethylammonium salt of the [tmns-Bonlg]z' ion was added
and the reaction was monitored for completion by the disappearance of the peaks
characteristic of the polyhedral borane starting material. The reaction was complete after
a period of 12 hours and the product was isolated. Three sharp peaks in the apical or
substituted boron atom region of the ''B NMR spectrum indicate formation of the apical-
equatorial isomer (Figure 26). The presence of two signals in the region for the intercage
connection indicates the possibility that the substituent is located on the equatorial belt
adjacent to the terminal apex. A B-H absorption at 2457 cm™ is observed in the IR
spectrum. The 'H NMR spectrum shows sets of peaks at 3.12 ppm, 2.35 ppm, 1.35ppm
1.21-0.90 ppm and 0.69 ppm. Reaction of the [trans-BaoH;s]* anion with both the
alkoxides and the carbamates in THP as the solvent produce the THP-coordinated adduct;
howeyver, the n-butanethiol anion produces the ring-opened product analogous to the

THF-coordinated intermediate in Hawthorne’s proposed mechanism.* Therefore, n-
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butanethiol acts as a stronger nucleophile then either the alkoxides or the carbamates in

the reaction of the [frans-BoH 5]* anion in THP.

O(CH3)5S CH,CH,CHLCH3

Figure 26: Product of the ring-opening reaction of THP with the n-butanethiol anion.
e =B; o =BH.

Based on the success obtained with the THP investigation, attempts were made to
isolate the THF-coordinated intermediate proposed by Hawthorne.* A nucleophile which
was sufficiently bulky or sufficiently weak should result in the formation of the THF-
coordinated product. Reaction of #-butoxide, a sterically demanding nucleophile, and the
[trans-ByoH; 8]2' anion in THF resulted in the formation of an apical-equatorial isomer
with a THF substituent that had been ring-opened with #-butoxide (Figure 27). Gabel and
coworkers reported the unsuccessful ring-opening of a THP-coordinated
[B12H110(CH2)5]2' anion with halogens.26 Therefore, the reaction of the [trans-Bonns]z'
ion with tetraethylammonium fluoride and another with tetrabutylammonium bromide,
both in THF, was completed. Both reactions were monitored using ''B NMR
spectroscopy. No reaction was observed. Clearly, the strength of the nucleophile is
critical not only for the formation of the THF-adduct, but also for the ring-opened

product. Butylated hydroxy toluene (BHT) is a stabilizer that is added to THF, typically
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in the amount of 0.025%. The possibility of isolating a THF-coordinated species by
using an increased concentration of the stabilizer in conjunction with a sterically
demanding nucleophile was tested. Two reactions were completed using (Et;NH),[trans-
ByoHs] and #-butoxide, one reaction containing 1% added BHT and the other containing
5% added BHT. The reactions were monitored using !'B NMR and, upon completion,
the products were isolated and characterized. In both cases, the ring-opened product was
observed. Ring-opening of the THF molecule occurs at room temperature whereas ring-
opening of the THP molecule requires elevated temperatures. The possibility of the ring-
opening reaction being thermodynamically controlled was investigated by completing a
reaction between the [trans-Bonlg]z' ion and n-butoxide in THF at 5 °C. Reaction
aliquots were taken and the n-butoxide ion was quenched using trifluoroacetic acid. The
reaction was monitored for completion using ''B NMR spectroscopy. Once the reaction
was complete, the remaining reaction mixture was quenched with trifluoroacetic acid and
the product was isolated. Evaluation of the '"H NMR spectrum indicated that the ring-
opened product was formed; however, preliminary results also indicate the possible

presence of the THF-coordinated product.

Figure 27: Product of the ring-opening reaction of THP with the #-butoxide anion. ® =
B; c =BH.
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The reaction of (Et;NH),[B,oH;s] and the n-butane thiol anion, formed from the
deprotonation of n-butanethiol using NaH, in THF was completed as a comparison to the
results obtained with the THP solvent. The reaction was monitored for completion by
observing the disappearance of the peaks characteristic of the polyhedral borane anion
starting material. The reaction was complete within 24 hours and the product was
isolated. The "B NMR spectrum is characterized by three sharp peaks in the apical or
substituted boron atom region of the spectrum, indicating the formation of an apical-
equatorial isomer (Figure 28). The presence of two signals in the region for the intercage
connection indicates the possibility that the substituent is located on the equatorial belt
adjacent to the terminal apex. The IR spectrum contains a BH absorption at 2430 cm™.
The "H NMR spectrum shows sets of peaks at 3.15 ppm, 2.45 ppm, 1.40-1.10 ppm and
0.68 ppm some of the multiples observed overlap each other. The carbon NMR spectrum
contains nine distinct peaks. One of the peaks is attributed to a potassium acetate

impurity.

O (CH2)4S CH2CH20H2CH3

Figure 28: Product of the ring-opening reaction of THF with the n-butanethiol anion.
e =B; o =BH.
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4.3  Coordination of Other Solvent Molecules

Preliminary investigations were completed using solvent molecules which
contained nucleophilic heteroatoms in an effort to evaluate the potential of alternative
five and six-membered rings to coordinate to the [trans-Bonlg]Z' ion. The solvent

molecules selected for investigation contain either sulfur or nitrogen in the ring system

U 0

(Figure 29).

Pentamethylenesulfide Tetrahydrothiophene
CFH QNH
Piperidine Pyrrolidine

Figure 29: Solvents selected for investigation.

Pentamethylenesulfide and (Et;NH),[trans-B,oH;s] were mixed and an aliquot of
the reaction was monitored for a period of one week using ''B NMR spectroscopy. No
change was observed in the ''B NMR spectrum of the product when compared to that of
the polyhedral borane anion starting material. A solution containing 4.5 mole equivalents
of n-butoxide was added to the reaction mixture and allowed to react at room temperature
overnight. The '"B NMR spectrum of the reaction mixture containing the nucleophile
exhibited significant changes from the ''B NMR spectrum of the polyhedral borane anion

starting material.
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Tetrahydrothiophene and (Et;NH),[#rans-B,yH;s] was placed in a reaction vessel
and an aliquot of the reaction mixture was removed and monitored using ''B NMR
spectroscopy. After 24 hours, no change was observed in the spectrum as compared to
the spectrum of the polyhedral borane starting material. A solution containing 4.5 mole
equivalents of n-butoxide was added to the original reaction mixture and another aliquot
was taken for NMR analysis after 24 hours at room temperature. The ''B NMR spectrum
of the reaction mixture containing the nucleophile exhibited significant changes from the
1B NMR spectrum of the polyhedral borane anion starting material. The original
aliquot, which did not contain the nucleophile, was retained and monitored for reaction
over the course of two months. No reaction was observed in the absence of nucleophile.

Pyrrolidine and (Et;NH),[trans-B,oH;s] were combined and an aliquot was
removed for !'B NMR analysis after 24 hours at room temperature. No reaction was
observed in the ''B NMR spectrum. A solution containing 4.5 equivalents of n-butoxide
was added to the original reaction mixture and allowed to react overnight. The ''B NMR
spectrum of the reaction mixture exhibited complete reaction by the absence of the peaks
characteristic of the polyhedral borane anion starting material. The NMR tube of the
original reaction mixture was retained and monitored over a period of two months. After
72 hours, the sampleA exhibited appreciable reaction and by the end of the two month
period, no starting material was observed in the "B NMR spectrum.

Piperidine and (Et;NH),[frans-BoH 3] were placed in a reaction vessel and the
reaction progress monitored. An aliquot of the reaction mixture was taken after 24 hours
and evaluated using ''B NMR spectroscopy. No reaction was observed. A solution of #-

~

butoxide was added to the original reaction mixture and the ''B NMR spectrum was
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obtained. In the presence of the nucleophile, complete reaction was observed within 24
hours. The aliquot of the original reaction mixture was retained and the reaction
monitored for a period of two months. After 72 hours, substantial reaction was evident;
after two months, no starting material was observed in the reaction mixture.

No products were isolated in the solvent reactions; however, preliminary reaction
results that the nucleophile is either required, in the case of the sulfur rings, or the
presence of the nucleophile enhances the rate of reaction, in the case of the nitrogen

nucleophiles. Further investigation is recommended.



5.0 CONCLUSIONS

5.1  Reactions with Nucleophiles

The reaction of the [trans-Bnglg]z' anion and each of the six different
nucleophiles was completed and the products isolated and characterized. Particular
emphasis was placed on the identification of the isomeric assignment of the reaction
product (ae or a°) and the characteristics of the boron-boron signal associated with the
intercage linkage in the ''B NMR spectrum of the products. Comparisons were made
based on the identity of the nucleophilic atom as well as the steric demands of the
substituent group.

The formation of the apical-apical isomer of [BygH;78C(O)OC(CH;);]* directly
from the [trans-B,ocH 13]2' anion and the location of the substituent on the equatorial belt
adjacent to the terminal boron apex was initially attributed to the steric demands of the
nucleophile, [SC(O)YOC(CH3)s]". The results of the current investigation do not support
the original hypotheses (Table 1). Both n-butoxide and the sterically hindered #-butoxide
nucleophiles formed the apical-equatorial isomer of the product directly with the
substitution predicted to be on the equatorial belt adjacent to the intercage linkage. The
formation of the apical-equatorial isomer is also observed when the [trans-Bonlg]z' ion is
allowed to react with both of the carbamate derivatives. The substitution of both the -
butylcarbamate and the #-butylcarbamate derivatives appear to be located on the

equatorial belt adjacent to the terminal boron apex. Confirmation could be completed

55
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using two-dimensional ''B NMR spectroscopy, not currently available within the
department. Substitution on the equatorial belt adjacent to the terminal boron apex
appears to require either the ester moiety present in the Bender’s salts and the carbamate

derivatives or a sulfur nucleophile.

Table 1: Summary of the products formed from the reaction of the nucleophiles
with the [trans-BaoH;g]> anion. X represents the nucleophile investigated. ® =B; 0 =
BH.

[a®-ByoH17X]* [ae-BaoH7X]* [ae-B2oHy7X]"
X X X
~SCOO(CH,);CHs —O(CH;);CHs NHCOO(CH,);CHj
—S(CH2)3CH3 _OC(CH)3 NHCOOC(CH)3

Direct formation of the apical-apical isomer appears to be the result of the
electronic characteristics of the sulfur-containing nucleophiles, regardless of the steric
demands of the alkyl group. Both of the Bender’s salts, [SC(O)OC(CHj3);] and
[SC(O)O(CH,)3CHjs], clearly produce the apical-apical isomer of the product. The
product of the reaction of [trans-Bonlg]z' ion and the n-butanethiol anion appears to be
an apical-apical isomer; however, the result can not yet be confirmed since the reaction

must be heated to reflux to form the product. Refluxing temperatures may lead to the
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thermodynamic conversion of the kinetic apical-equatorial isomer to the more

thermodynamically stable apical-apical isomer.

5.2  Coordination of THF and THP Molecules

The solvent-coordinated THP species, [B2oH70(CH,)s]>, has been isolated and
the reactions forming the anion, as well as the reactivity of the anion, have been
investigated. Coordination of the THP to the polyhedral borane anion does not occur in
the absence of the nucleophile. The coordination reaction does not occur in the presence
of NaH nor n-butyllithium and is therefore, not base-mediated. The reaction is
incomplete when a catalytic amount, 0.5% or 5%, of the nucleophile is added. The
coordination reaction only occurs if THP is used as a solvent. Therefore, the reaction is
believed to be a resﬁlt of mass action.

The product of the nucleophile-induced ring opening of THP was isolated and
characterized. Both ethoxide and the anion of n-butanethiol lead to the ring-opened
product of THP. Likewise, the anion of n-butanethiol was able to ring-open THF in
similar reaction conditions. Based on the reaction results, the THP-coordinated species
exhibits a greater stability that the THF-coordinated species. Despite several efforts, the

THF-coordinated species could not be isolated.

5.3  Coordination of Other Solvent Molecules
Preliminary investigations involving the sulfur and nitrogen analogues of THP
and THF were completed. Analogous to the THP reactions, both sulfur analogues,

tetrahydrothiophene and pentamethylenesulfide, require the presence of a nucleophile for
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the reaction to occur. Absence of the nucleophile results in no reaction. In contrast, the
nitrogen analogues, piperidine and pyrrolidine, did react with the [trans-BaoH;s]* anion
in the absence of the nucleophile; however, complete reaction occurred much more
quickly in the presence of the nucleophile. Additional reactions and complete

characterization of the product are necessary for complete analysis of the results.



6.0 SUGGESTIONS FOR FUTURE RESEARCH

The chemistry of the [ByoHys]* isomers remains relatively unexplored. Results of
the current project serve as the basis for additional research which would enhance the
understanding of the mechanism of nucleophilic attack and lead to the development of
novel target materials. A series of reactions has also been proposed which would
investigate the range of reactivity of the [B20H13]2' isomers with a variety of nucleophiles
and provide additional compounds available for investigation by chemists specializing in

the area of boron chemistry.

6.1  Extension of the Current Project

Reaction of the [trahs-Bonlg]z' anion and n-butanethiol yielded ambiguous
results since a clear isomeric assignment, a’or ae, could not be made from the B NMR
spectrum. The low solubility of the sodium salt of n-butanethiol in diethyl ether
necessitated heating of the reaction mixture. Therefore, what appears to be a prevalence
of the o isomer may be a result of either the electronic characteristics of the sulfur-
containing nucleophile or thermodynamic conversion of the ae isomer to the o’ isomer.
A reaction performed at ambient temperature would confirm one of these possibilities. In
order to complete the reaction at ambient temperature, a change of solvent, and
potentially the use of the sodium salt of the [frans-BagH]> anion, may be required.

Suggested dry solvents include: acetone, acetonitrile, and n-butanethiol.
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If the reaction of the sodium salt of n-butanethiol and the [trans-BoHis]* anion
under ambient conditions produces the ¢’ isomer, the formation of the ¢’ isomer is likely
to be the result of the electronics associated with the sulfur-containing nucleophile. In
contrast, if the reaction yields the ae-isomer, the formation of the a*-isomer may be due
to either steric effects or be a consequence of the electron- withdrawing groups present in
the Bender’s salts, KSC(O)O(CH,)3;CH3 and KSC(O)OC(CHj3);.

Reaction of the [trans-Bonlg]z' ion with a series of thiol-containing compounds
(Figure 30) would investigate the effect of a sulfur nucleophile in conjunction with
varying steric and electronic characteristics. The nucleophiles of interest are not
commercially available; however, analogs similar to the two carbonyl derivatives have
been synthesized using methods developed by Sunner and Nilsson.”” Additionally, the
butoxy-methane thiol compounds could, potentially, be formed by the reduction of the
appropriate precursors which contain a disulfide bond and which are commercially

available. Reduction could be accomplished using either B-mercaptoethanol or sodium

0
HS/\O>< HS/“\X

sulfite.?®

tert-Butoxy-methanethiol 3,3-Dimethyl-thiobutyric acid
HS HS
\_L > )
(0]
Butoxy-methanethiol Hexanethioic acid

Figure 30: Compounds proposed for future investigation.
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Preliminary reactions between solvents capable of coordination and the [trans-
ByoH 13]2' anion were completed using tetrahydrothiophene, pentamethylensulfide,
piperidine and pyrolidine (Figure 29). Replacement of the triethylammoniom cation by
the sodium cation should enhance the solubility of the [trans-B,oHis]* anion in the
desired solvents. Additionally, the experiments should be refined to improve the
isolation techniques. The ability of the product of a solvent coordination reaction to
undergo a nucleophile-induced ring-opening reaction should be investigated in order to
provide comparison between the coordination chemistry of five-membered rings
compared to that of six-membered rings.

The relative nucleophilicity of the heteroatoms when reacted through solvent
coordination to the [frans-BagH;s]> ion could be evaluated by investigating the reaction
of a solvent species containing two different heteroatoms (Figure 31). The identification
of the heteroatom bound to the polyhedral borane anion would require a careful
examination of the chemical shifts in the 'H, *C, and !'B NMR spectra. If the reaction is

not selective and both heteroatoms bind, the results could be extraordinarily complicated.

HN @)

Morpholine Thiomorpholine 1,4-Thioxane
Figure 31: Proposed compounds for competitive reactions

The investigations completed in the thesis research as well as the proposed

reactions have been based on the chemistry of the [trans—Bonlg]z' anion. All of the
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reactions could be repeated using both the [cis-BagH,s]* isomer and the [iso-ByoHis]*
isomer. Both the [CiS-Bonls]z- and the [iso-Bonls]z' isomers are characterized by the
presence of the three-center two-electron bonding region which is susceptible to
nucleophilic attack. The isomers have similar reactivity characteristics to the [trans-
BaoH 5]* anion, but yield different isomeric arrangements in the products. The synthesis
of both isomers has been reported in the literature and the [iso-B,gH;s]* ion has been
made in our laboratory.'>'* A reinvestigation of the nucleophiles with the two different
isomers can lead to a better understanding of the relationship between the [trans-

B20H13]2-, [CiS-Bonlg]z-and [iSO—Bonls]z- isomers.

6.2  Potential New Projects

During the course of the base-mediated investigations, the formation of what may
be the product formed by the reaction of the [trans-Bonlg]z' anion and a carbon
nucleophile was observed. Reaction of the [trans-ByH,g]* ion and »-butylithium in THP
lead to the formation of a substituted apical-equatorial derivative based on the ''B NMR
spectrum. The 'H spectrum for this compound yields a singlet, consistent with the
formation of the [ae-BaoH 7C (CHs)3]* anion, possibly the result of methyl shift causing a
carbanion rearrangement yielding a tertiary alkyl substituent.® The reaction should be
repeated and the product completely characterized. The Bc NMR spectrum as well as a
NMR DEPT experiment should be performed to confirm the identity of the product. No
reports of reaction of [trans-ByoH;5]> with a carbon nucleophile have been found in the
literature. A series of carbon-containing nucleophiles could be investigated, including

acetylide and cyanide.
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The cyano derivative, [B20H17CN]4', is of great interest to chemists who develop
boron-containing compounds for application in boron neutron capture therapy (BNCT).
Conversion of the cyano group to an acid or amide group should be possible by reaction
with triethyloxonium tetrafluoroborate, followed by either treatment with acid or
base.”>! Coupling of the acid derivative, in particular, to biologically active molecules
should be possible through standard coupling techniques. The preparation of the desired
compound has been limited by the lack of suitable solvents for the reaction. Both KCN
and NaCN have limited solubility in organic solvents. They are freely soluble in water;
however, the resulting solutions are basic and the [trans-Bon1s]2' anion will react with
the hydroxide present in solution. Both KCN and NaCN are reasonably soluble in
alcohols. The tetramethylammonium salt of [CN] ™ anion could potentially be
precipitated from a solution of Me4sNBr and methanol and subsequently isolated. The
tetramethylammonium salt should have an increased solubility in non-aqueous polar
solvents as compared to the sodium or potassium salts. Dry acetonitrile or dry acetone
may serve as solvents for the reaction of [trans-Bonm]z' and the tetramethylammonium
salt of the cyanide ion.

Hawthorne and coworkers reported the production of bridged anion, designated
[#-B2oH16X] where the bridging species, X, is an oxygen atom or an amidium moiety, in
1996 and 1998, respectively.*>* The oxygen-bridged species was obtained by heating a
solution of [B,oHi70HJ” in a solution of 1 N HC, followed by deprotonation in strongly
basic solutions. The amidium-bridged species was obtained by oxidation of the
[B20H17NH3]3 "anion with an organic oxidant, such as benzoquinone, in acetonitrile. >

The bridged compounds can only be formed if the substituted starting material exhibits
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substitution on the equatorial boron atom adjacent to the intercage linkage. Reports of
compounds using a single sulfur or nitrogen as the bridging group in the [u-ByoH;6X] ion

have not been found in the literature.

Figure 32: Structure of bridged species reported by Hawthorne. ® = B; o = BH.

The [a2-B20H13]4' ion can also undergo bis-substitution reactions. Accounts of a
bis-substituted carbonyl product as well as a bis-substituted isocyanate product were
reported in the literature by Hawthorne and coworkers.>* New derivatives of the bis-
substituted [a’-B,oH;s]* anion may provide new starting compounds suitable for
polymerization reactions. Polymerized chains of the [BaoH;s]* anion have not been
reported in the literature.

Both phosphorus and arsenic have electronic structures similar to that of nitrogen.
As a result, phosphide and arsinide compounds should react in a similar manner with the
[trans-Bonlg]z' ion. No literature reports of a reaction between either a phosphorus
nucleophile or an arsenic nucleophile and the [B20H13]2' anion have been found.
Reactions with the phosphorus and arsenic nucleophiles would provide a basis for

comparison of the possible differences observed with nitrogen nucleophiles.
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The proposed reactions provide an essential foundation for the thorough
investigation of the complex nature and unusual chemistry of the three-center, two-
electron bond in the isomers of the [BxgH;s]* anion and provide a prelude for the vast
array of reactions which can be developed with the [ByoH;s]* anion. Investigations of
this nature will allow for better description of the potential reactivity of the [BagH;s]*

anion.
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751:1
7o
o
6t
55
50
45
4.
35
aty
25
2
15 |
1b ]

2 B
4ddv.4

bl

72



HEL. .

'y INDEX FREGUENCY PPM
] 1 1383.772 4.612 85.4
. SCoon-Bu 2 1282.398  4.607" 52.8
3 1155.218 3.850 25.0
exps  stdih 4 1148.626 3.828 50.4
SAMPLE DEC. & VT 5 1146.783 3,822 20.7
da§e Apr 19 zggg gfrq 309.048 8 1142.034 3.806 26.8
solvent n Hi
file exp dpwr 37 7 344.572 1.348 21.8
ACQUISITION dof o 8 213.583 0.732 33.3
sTrq Sml.ﬂ:é am nnn L] 212.186 0 707 67.7
tn dmm .243 0. .a
at 1.998 dnf 11860 u A i g
np 17884 PROCESSING * 4 N
sw 4500.5 wtfile
Tt 2600 proc t
hs 15 fn not used
tpwr S8
pw 3.5 werr
a1 1.800  wexp
ot whs
nt 16 wnt
ct 16
alock
gasn not used
11
in n
dp
DISPLAY
sp ~818.8
wp 45p0.5
vs g5
se 0
we 250
hzom 14.60
1s sSg0. 00
rt1 2202.¢
rfp 1383.2
th 20
ins 1.000
nm ecdc ph
D S e s e e e e e e LA i e e i e ey s T T T
12 11 10 9 ‘
8 7 3 5 -1 -2 ppm

*HOECHD)0(0)OS J© YN H,

tL



qanpee
=td13c

SAMPLE
Ty Jul 17 2008
rent pmse

\CQUISITION
' 160.580
c13
1.198
59858
25000.0
14000

»
mnsc. & Seo.0es
dn “H
dpwr 24
-4 v
e ]
&t 11545
dseq

dras 1.0
homo n
™ .08
wifile

proc

n mot used
math

werr

wexp

-
»
Nggﬂhﬁmmbbwha

FREQUENCY
18278.8023
10138.824
7824.6818
67496.93%
£780.818
5564.37¢
4020.602
3227.808
8206.546
2045.852
1508.248
~-1504.79¢

186.224
00,822
27.802
87.584
67.424
55.378
25.878
32.036
21.884
20.387
14.392
~34.828

8.8
8.8
9.2

~45.8
95.4
~11.0
28.2
-8.9
2.8
20.2
10.14

60

S

FHOS("HD)O(0)DSI J0 MIIN D¢,

bty 1

YL



0
15
10 |
5
30 ]
476.99_,5//0

1136.07,58.87 473.17 <42
s 469.05,57.73
35 4
30 2431.36,52.74
15
10 | 2923.40,37.60
4 :

1 1§ T T
4009.9 3900 2000 1500 1000 450.0
cm-l
cipel datatspectraiscoonbusub.sp

[FHDECHD)0(0)ISHH%GIM Jo U1

SL



INDEX FREQUENCY PPM HEIGHT
00nBu 1 ~894.998 -5.416 23.8
2 -1201.588 ~9.364 23.7
pt  stdldc 3 -3132,180 ~24.408 27.8
SAMPLE 4 -3773.609 ~28.492 96.1
4e  Jul 14 2008 dfrg 299,984 g ~4454.151 -234.710 18.9
Tvent £pC13 dn H1
s exp dpwr 19
ACQUIS dof [}
rq 128.324 dm yyy
dmm W
1.200 dmf 11324
480 dseq
' 20000,0 dres 1.0
. 11000 homo n
16 PROCESSING
W 53 b 1.006
1 3.5 wifile
2.0800 proc
0.200 fn not used
i 6.4 math
54
oek 64 were
o n wexp
vin 20 whs
witt
| n
1 n
4 y
i nn
DISPLA
] -32580.0
) 19999.4
3 0
2 [
= 250
zmm 80.00
3 500,00
F1 9250.6
>
;B 100.000
~
i T N
M T v
T T T T T T T T T T LS S B S B S e T T T T ™ T ™ T T
] 78 60 Y] 438 30 20 19 -18 -20 -3 -40 ~50 -690 ppm

FFHOS(*HD)0(0)OS“H™ I Jo NN g,
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axp2 std
date Nay 28 2008
solvent
file
sfrq 299,985
+n Hi
at 3.244
np
sw 80006
£b 3000
bs 16
Ee 155:
w -
a1 0
tof o
nt 16
ct 16
a3 ot used
gqain us
FLAGS
11 n
in <]
s o
pIseiRY
sp ~251.8
wp 2278.6
ve 712
s¢ 0
we 250
hanew 8.11
is 500.00
r£1 2852.2
rfp .8
+h 20
1ns 100.000
me cdc ph

IRDEX FREQUENCY PPN

1

1843.828 4.510

HEIGHT

711.8

[FHO*CHD)0(0)DS H™E]"> Jo YN H,

LL



13C OBSERVE
axpl stdilc s
SANPLE oEC
date Jut 14 2008 dfrq 889,966
soiw oMso0 dn "1
file sexport/homa/~ dpwr 44
feaks/vmmrsys/datev dof ]
ci3CsConibn. fid dn yyy
dom W
100.580 dmf 11545
tn €C13 dseq
at 4.133 dres 1.0
np 58968 hemo
sw 25000.0 PROCESSING
fb 140 b .00
bs 16 wiftile
Lpwr 57 proc
[ 13.8 fn not used
d1 ]
tof
nt 18000 warr
ct 18000 wexp
al n whs
galn not used wnt
i1 n
‘l’n n
p y
hs
DESPLAY
sp -2688.1
wp 24999.2
s 15
se
we 0
hzem 100.00
is 500.0
”1 2668.8
rfp
th
ins 100.000
nm no

FREQUENCY
22089,289
21214 .895
21817 .967
21152.403
21092.137
21082.456
20658.024
20552.605
13864.512
19599.084
18842.9236
18850.621
18781.193
18218.807
17448.101
17382.225
16453.130
16838.840
15552.300
13295.658
128394.683
10835 .451
9492405
7433.232
£4976.231
5783.757
5548.008
4862.225
3933.501
2879.405
3973.801
2855.754
2951.839
3944.319
3931.84¢
3862.438
2281.724
3221.048
3154.,867

PPH
218.640
215.815
211.970
210.324
203,725
209.618
205.408
204.430
188.512
194,879
188.355
187.43?
186.746
381.155
178.501
1722.841
168.570
167.925
154.719
182.202
128,265
408,336
94.385
73.911
59.367
57.509
55.165
48,550
28.7%2
29.568
39.508
3%.328
39.295
39.229
33.090
38.415
32.139
22.028

HEIGHT

1
) - )
R

BORHIDBEINLOPID oD NN

J
R

13
¢

3
-
PAODDBRODADORNDIODUDDODHE SV

)
R

) )
[ ol
L R R

IR

)
P

»

}

)
R

1
h
NAMD D DO~ D YD W

U
bodl g
o o

N

~10.5

IRDEX

40
a
a2
a2
44
45
46
a7
48
a3
50
s1
52
82
s4
55
56

FREQUENCY PPM HETGHT

8151.615 81.387 5.5
3128.727 32.110 -9.7
3118.048 81.004 5.3
3109.654 806.920° -6.4
3104.813 20.867 .28
2798.885 57.23§° ~ T -8.8
2735.813 27.208 14.1
2661.045 —2EEBY T =I0CT
2525.242 25.108 8.4
1882.710 18.814 ~12.08
1986.607 13.753 5.3
1579.360 15.710 ~11.2
1445.688 14.875 ~10.5
765.141 7.608 ~11.6
248.831 2.472 -11.5
~1829.428 -13.218 -12.1
-1685.421 ~16.758 ~11.2

IFHI*CHD)0(0)OS HY 1" J0 AN D,

8L



J
|
//\ 1614.99,72.31

3563.90,53.95

1129.28,73.30

13{%7.24,57.54

478.07,65. 91

1462.72,45.99
2450.21,40.88
462.99,30.51
T T T 1 1
3060 2000 1500 1000 459.0

cm-1
cipel_dabalspectrainbutodde.sp

[EHDECCHD) O H IV Y Jo Al
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-butoxide
<pl1  stdil3c

SAMPLE
ate Jul 17 2008
>ivent cocis

-
~
*
2
k-

q 128.824
B11

FLAGS

I - ggnnxwrsswucuwa
L

5
100.080

3

3

i

m 80.00
7

p

]

b3

i

ph

waﬂnmaumug
2

FREQUENCY
10360.306
8237.259
8177.445
898.026
269.3724
122.269
~418.213
-1172.897
~1802.902
~8241.828
~-3421,.432
-3679.811
~8865.158
-4412.038
~5414.84¢9
~5675.460

PPH
86.736
71.384
71.518
6.998
2.104
0.852
-8.266
~8.140
~10.158
-25.259
-26.662
~28.674
~-20.120
~34.882
-42.187
-44.228

HII

[EHDECCHD)O“HR ] q 30 )

08



INDEX  FREQUENCY PPM HETOIT
1845.298 4.614 336.0
1843.828 4.610 473.8
249.558 0.824 24.2
241.861 0.505 38.9
284.720 0.587 21.0

320M17]-n-butoxide
stdih
SAMPLE DEC. & VT
May 10 2006 dfrg 389,965
bnt p20 dn #
exp dpwr 30
dof
393.865 dm nnn
H1 dmm ©
8.244 dnf 200

44932 dseq
6800.6 dres 1.0
tono

0NDWN R

53 wiftle
15.3 proc

9 math

18 wers

n wexp
not used whs
wnt

£t
not used
4 -
DISPLAY

~-821.9

cde  ph

[FHO(FHD) O H®d]"qY 3o YIAN H,

18



oxide
stdisc
SAMPLE DEC. & VT
;7 Jul 6 2006 dfrg 299.366
" OMS0  dn H1
[ dpwr 44
dot ]
1 100.580 dm vy
amm
1.299 dmf 11545
59968 dseq
25000.0 dras 1.0
4000 homo [}
- 57 b 1.60
18.8 witfiie
8 proc
4 fn not used
18008 math
16000
E rr
2 not used wexp
FLAGS whbs
n wnt
o
y
m
532.0
7967.4
66
[
250
L] 21.87
500.00
£628.1
2872.5
2a
100.009

INDEX

pepg
PRPOOANINRBNM

FREQUENCY

7210 398
5566.318
4016 .025
4000.766
3983.800
2974.404
2872.538
3960.331
8951.938
3934.578
2536859
2048.404
1522.739

PPH

72.689
u5.847
23,832
89.781
898.712
39,568
29.500
38,3728
88.29%
88.088
35.168
20.368
15.141

HETGHT
49.4
~20.7
26.4
-25.%
55.23
-26.5
65.5
-23.7
50.6
24.2
41.8
56.7
29.8

[EHat(ZHD)OLIHOZ&]PqH 30 YN Der

[4:



68.0_
66
64 ]
62 |
60 _
58
56 _
54 _
52 4
50 |
48

44
42

3565.12,43.92

2923.3

1377.29,53.97

1462,.84,48.36

2452.36,36.40

123,49

1112.92,56.50

2000 - 1500
cm-1

1000

1
500.0

ECHD)D O HY gl g Jo |1

£8



a0 proguct
11 stdilc
SANPLE
.4 Feb 21 2006
tvent cDeIs
e
N
g 128.424
811
1.208
480068
20000.6
11000
" 59
.5
2.008
6.208
N 3656.4
s
18
ek n
in 20
FLAGS
n
n
¥y
m
-6318.8
9224.2
753
]
250
L 25.90
508,00
I 9241.2
)
3 100.000

INDEX

BER
POBONRARDN W

FREQUENCY
1820.874
B5%.325
805.87%
-444.141
~-864.654
~1227 .882
-1720.986
~8201.708
~8847.516
-5268.016
~6151.538
-6183.042

e
14.19¢6
5.3238
2.380
~8.481
~7.556
-9.568
-13.411
-24.950
-30.372
-42.816
-47 .938
-48.261

11

[EEHD)D 0T HYglP Y J0 YN 4

¥8



oH17)~t-butoxide
stdih

SANPLE DEC
May 18 2808 dfrq
t D28 dn

exp dpwr
on ~ aoF
383.365 dm

500.00

20
100.000
ph

INDEX  FREQUENCY PPH
1 1843.828 4.620
2 368.316 0.928

HETunT
200.0
70.3

1

[ECHD)D O HY G 9 Jo YN H

¢8



stdisc

SAMPLE DEC. & VT
Jul 6 2008 dfrq 884.856
DMSO dn mn

ant
sexportshome /~ dpwr a4

s/vmmrsys/dat:

a~ dof
Thutoxided7050~ dm ¥y

£.f1d
OR
100.580
1.138
59968
25000.0
14000

32
100.000
h

p

¢

dom W
dmf 11545
dseq

dres 1.0

homo
PROCESSING

1b 1.00

wtfile

proc °t

£n not used

math T

wore

wexp
whs

wnt

INDEX FREQUERCY

1 4018.222
2 assa.810
<] 2972.548
4 2951.185
-] 2148.572

PPH

28,925
29,712
83,500
89,288

31.307
e

HEIGHT
32.8
79.8
82.9
68.6
85.2

[(CHI)O 0 H " g]"qd 30 ANN O,

98



18 4

16

T 4]

12 3434.06,14.11

2]
10

2444.11,12.76

2923.1),1.49

1550.08,18

1461.42,12.12

-

466.85,11.78

4000.0

. cipel_datzispecirncarfderivativa.sp

2000

1500
cm~1

1200

T 1
450.0

FHOCHD)O(0)DHNTH*G] 4 30 W1

L8



. INDEX FREQUENCY PPM HEXGHT
1 328.568 2.560 21.1
2 ~383.712 -2.4990 22.8
2 ~1108.810 -8.641 15.2
L ~3730.084 -29.535 62.0

>
stdi18c

SANPLE i
Jul 12 2006 rq 399,884
Tt epcis Hi

12
100.800

ORI

LI N S B 2 S I RN M SN SR B E R S S

-30  ~48 -50  -&8

dNN 4y,

FHDCHD)0(0)OHN-H" gl 9y jo

88



M7~ m]m&.

stdisc 12&(‘*3"0'

SAMPLE
Nov 18 2005
ent coeIs
axp
COUISITION
128.324
B11

395 984
&':w &
i v
vy
L] w»
daf 11324
dseq
dras 1.0
n
PRI e
1

)
[ e sl e
nw»»oomvamamnng

FREQUENCY
4127.849
1562.542
1430.520
1098.885
1012.004
~849.590
-861.165

~1081.97Q

~1108,987
~1284.514
~3027.302
~3655.964
~8768.269
~A235 798

PPY
82.167
12,177
21.61%
8.571
7.886
-2.725
~6.711
~8.276
~8.642
~16.088
~-23.581
~28.490
~29.365
~33.009

HE ol T
~5.3
4.8

Hdl" ] PozII®IsA100 Jo HIN €,

*

[EHD*CHD)O(0)OHN

68



INOEX  FREQUENCY PPM HEIGHT
1 1842.180 4.606 640.4
b 2 1841.081 4.503 343.9
stdi 8 1628.108 4.071 19.9
h a 1621.150 4.052 18.3
DE 5 591.613 1.728 115.8
Jul t 2003 frq 898.985 [ 460.684 1.152 10.7
pei L 1 ? 414.364 1.036 22.8
U dof ° 8 407.222 1.818 38.6
965 dm ann 8 400.268 1.001 20.3
3 19 270,781 0.827 1.7
riee g 200 gy 288.741 9.722 10.9
00.6 dres 1.0 12 281.418 0,704 15.0
2000
18 PROCESSING
58 wiftls
15.4 proc
9 fn not used
0 math
18
16 wecr
¢ n weaxp
not| used whe
FLAGS ‘vt
n
n
y
nt
DISPLAY|
lénu
23.9
244
[]
250
7.70
.00
5.2
49.8
i0
1bh. 000
cde ph
e L e TR A S S Bl e T ;
T ——
4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.8 ppm

[FHOCCHD)O(0)OHN T g]

@1 Jo AN H,

.

»
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“Beoty -nlarb]

IBSERVE
stdisc
SAMPLE

Jul 17 2066
nt pMse
exp

100,580

DISPLAY
~2650.5
24899.2

210

b

250
1e0.00
500.00
6623.8
8972 .g

t00.000

DEC.

df" 389,966

dn H1

dpwr a4

- v
yyy

dmm w

dmf 11545

dseq

dres 1.0

homo n

PROCESSING

m 1.00

wifile

proc

fn not used

math

werr

we!

vbe'

wnt

BWNANDSBNP

INDEX FREQUENCY

18284.778
11204.441
8064.182
5565.555
5060.483
4015.262
2994.689
82823.219
3972.538
3951.175
3238.353
2516.849
2024.758
1457 .889

PPy HEIGHT

181.968 9.8

211.409 ~8.4
80.184 ~- 86.0
55.340 -~  20.0
50.318 ™~ 210.8
Y ey .y ol
892208105
33.606 ~8.5

39, 500-—=—404~
29.288 ..~ 8.8
-BTE=" 8
25.026 — 84.7
20.133 -~ 9.4
14,496 — 22.8
i [ dinbsig

il laate di

100

€1

B

O(0)DHNH™ I Jo MIAN D

*

EHDECHD)

16



0

982.88,60.08

1 56.76
40 1463,75,43.81
35
2418.44,35.50
30
25 2923.24,21.16
210 T T T T
4600.0 3000 2000 1500 1000
cme1
cipel_dataiepactmiteatbderiative.sp

500.0

[EEHD)D0(0)OHNS RG] 9y Jo I

76



INDEX FREQUENCY PPH HEIGHT-
1 272,412 2.123 25.2
t~carbamate 2 ~6.513 -0.051 10.2
2 ~460.821 ~3.580 25.2
xp3  stdise a ~771.800 ~5.015 5.8
S6MPLE DEC. A VT 5 -1020.928 ~7.956 27.9
ua::cm Jm1 20 c%g}ng g:rq aes.sg: B -1211.858 ~8.440 18.6
e 7 ~8249.827 +25.326 §3.4
R courerrzon P 407 - 8 -3500.782 ~27.281 59.8
strq 126.824 dm Yy [ -3811 .54 ~30.482 174.8
tn B11 dmm w
at :i%gg gmf 11824
n iseq
= 26000.0 dres 1.0
b 11800 homo n
bs 16 PROCESSING
tpwr .58 1h 1.08
pw 9.5 wifiie
a1 2.0600 proc
a2 200 fn not usad
tof 8656.4 math
nt 18
ct 16 wecr
alock n wexp
gain 20 wbs
i wnt
i1 n
in n
dp ¥
hs m
DISPLAY
Sp -8829.6
wp 13933.4
s 1597
sc 8
we 250
80.00
is 506.00
1 .
rfp ]
th 5
s 100.000
al ph
T
L e e e s e L s e e e e s e e S LA e e s s e e e e A T

OHN“H"dl" 94 3o AN 4,,

[ECHD)D0(0)

*

£6

T
3 79 60 50 48 30 29 10 8 -10 ~28 -30 -44



IRDEX  FREQUENCY PP HETGHT
1 10182.084 79.347 18.2
arb 2 1173.285 9.143 16.1
3 277.908 2.186 3.8
1 stdize s -510.055 ~8.375 9.4
SMPLE DEC. & VT 5 ~891.524 ~6.947 21.9
e Jul 1% 20068 dfrg 389.864 & ~2100.875 ~8.578 2B.9
Yoot o Gowr " 7 -1397.481 -15.566 13.8
ACQUISITION dof o 8 -32238,326 -25.236 37.0
q 128.324 dn vy 3 -8768.722 ~29.389 180.5
» 10 -8879.808 -30.234 107.0
L3t o 1328 g4y -a267.989 -33.253 28.7
20000.0 dres 1.0 12 -6636.153 ~51.714 5.8
11089 - e " 12 ~7158.004 ~55.781 5.4
" i AOESSING. o0 14 ~7555.848 -58.877 5.0
Q53 Wit o
0:200 Fn not used
96564 math f
500
500 warr
1~ .4 n wWexp
" 20 whs
FLAGS wnt
n
n
Y
m
pISPLAY
-8662.8
198984
4704
[
258
m 86.00
500.00
i SEBZ2.9
b
H
; 100,000
ph
T T T T T T T T T T T T T T T T T T 71 T 1 T T T T T T T ‘Fﬂl
70 60 50 a0 28 10

[ECHD)DO0(0)OHNH® L] qYd PozI[eIsA1oay Jo YIAN 4,

v6



INDEX FREQUENCY PPM HE
1 1398.873 4.666 ¢0.3
RbA{B2qHL7]~t~butyl carbamate 2 1382.848 4.508 689.6
N 2 1382.123 4.886 575.8
exps  qrath 4 1378.278 4.584 38.7
PLE DEC. s 1375.256 4.583 23.2
date |dpr 13 2006 dfrg 208.048 ] 1369.762 4.565 15.9
39)ven 020 dpwr e 7 1362.718 4.545 18.1
ACOUTSITION dof 0 8 947.819 3.159 14.4
sfrg 300.058 :m non ] 926.935 3.156 13.0
tn 1 dom < 353.440 §9.1
at 1.998 11608 10 51.440 1171
np 17984 PROCESSING
sw 4500.5 wtfile
fb 2660 proc Tt
bs 16 fn not used
tpwr 56
pw 3.5 werr
d1 1.000 wexp
tof ¢ whs
nt 16 wnt
ct 16
alock n
gain not used
AGS
i1 n
in n
dp v
sp ~243.4
wp 1732.8
vs 69
scC ]
we 2590
hzmm 6.93
is 500.00
rfl 2202.0
rfp 1383.2
th 12
ins 1.008
nm cde] ph
I e e T [T T
4.5 4.0 3.5 3.0 2.5

[ECHD)D0(0)OHNHYd]"qd 30 YN H,

»

'

S6



>

1 stdise
SAMPLE

& Jul € 2008

/oxport/hmg
e" ent v
‘ta~

o
dpwr

S /VImMrsys /da
3Tcarb070606 . fiv dm

ACQUISITION
~q 100.520
€13

DEC. & YT
afrq 209.886
n

1.480

e
not used
£

INDEX  FREQUENCY

1 5560.215
4016.788
89293.300
3372.538
8958.042
8950.413
2973.850
1664.482

NN BN

PPN

89.940
39.712
39,500
38.356
28,280
28.570

74

HEIGHT
20.4
11.6
18.8
19.2
~8.5
15.5
23.8
~-9.0¢

ECHD)D0(0)DHNH ] 30 MIAN Oy

96



2414.15,12.70

2923.99,3.70

1460.60,14.99

000 3000 2000

—__ eipel_datataprctrateninsp

om~1

1000

[EHD*CHD)S“'HY G 4y Jo I

L6



INDEX FREQUENCY PPM HEIGHT
1 10016.678 ?8.058 i0.1
3nBy 2 8517.855 66.376 4.6
3 7822.484 §0.953 9.5
expl stdise 4 7414.750 57.781 8.4
SAMPLE DEC. S 5428.276 42.308 6.8
d&%ﬁ Jul 17(:%3?; gﬂ\q ‘ aas.sgg [ 201.688 7.027 18.4
50’ n - -
file exp dpwr a3 ? 416.061 ~3.242 1e.5
ACOQUISITION dof 0 8 ~763.351 ~5.949 23.6
ifrq 128.%24 gan YyYy s ~1028.208 ~7.951 15.8
n W - . -3, .
2 LA Ly o on
np 48000 dseq * . .
sW 20000.8 dres 1.0 12 ~8828.043 ~28.792 108.8
12000 a
bs 16 PROC! (]
tpwr 59 b 1.00
o) 9.5 wifile
a1 2.000 proc t
a2 0. fn not used
tof 8856.4 math f
nt 16
ct 168 warr
alock n wexp
gain 20 whs
FLAGS wnt
i1 n
in n
4p ¥
hs nn
sp ~8626.8
wp 129898.4
vs 658!
sC 0
we 1
hzmm 80.00
is §00.00
r£1 9826.9
rfp -
th 5
ins 100.000
al
y
H
th i
R 0
] . i :';. s 1 X
y g AT
LI Bt S S LB A e R D S s e S Mt Sttt e S S A S e T T
70 60 5¢ 40 30 20 10 1 ~-10 g

[EHDSCHD)STH ] 94 Jo YN 4,
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IRDEX FREQUENCY PPM HEIGHT
1 ~§57.766 ~5.126 59.9
Sniu 2 -920.211 -7.171 41.8
3 ~2994.186 ~-28.333 54.6
oxpt stdise 4 -3182.285 -24.808 82.7
SAMPLE DEC. & ¥T 5 ~2789.474 ~29.531 248.1
date Jul 18 2008 dfrq 399,264 P ~4052.421 =33.136 37.2
solvent coc12 :;” 1
a8 x|
£ 128 32: :Of v
rg R m
in Bi1 dmm W‘l‘;
at %5%:0 gmf 11824
se
o 20000.0 dres 1.8
B 11000 homo n
:s gs b m1 00
el 8.5 wiffle :
d1 - proc
d2 0.200 fn not used
:gf 3656.4 math
ct 84 werr
alock wexp
gatin 20 whs
FLAGS wnt
11 n
in n
dp Y
hs nn
BISPLAY
sp -8361.5
9486.7
vs 153783
8C
we 25
37.85
1s 500,00
rf1 2620.8
rfp
th 30
ins 100.000
al ph ~
13 ">' :
SR el AT j 1]
: i Lot 7 T
e g gt
Y T r v T T T T v T . T T T
20 16 g ~-18

[FHOSCHO)SYH™ ]9y 30 YN 4, popusdxy
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INDEX  FREQUENCY PPM HEWHT
1 1866.718 4.667 5.7
SnBu et02 2 1882.608 4.658 32.0
2 1848.575  4.512 777.0
exp2  stdih 4 1845.283 4.624 588.0
3 DEC. & VT s 1849.748 4.622 §08.7
daze May £5 20068 dfrg 299,985 6 1843.828 4.610 ' 705.8
e o e u 7 1826.615 4.567 21.3
privd o a 1822.818 4.559 a1.8
sfrq pes.s0s dn nnn s 1821.670 4.555 26.6
n c 10 1830.889 3.328 20.3
iy prinr gl 20 g 1286.805 8.167-  29.4
sw 8000.6 dres 1.0 12 1264.058 2.160 - 24.4
™ ”:s homo n 13 $60.158 0.900- 30.5
14 859.018 0.883 44,4
tovr 58 wifile 15 245.878  0.865 28.9
pw 15.4 proc
@1 o fn not used 18 882.874 0.832 28.8
tof 0 math 17 325.548 0.814 28.1
nt B verr 18 312.675 0.784 28.8
alock n wexp 18 311,082 ©.778 27.7
gain oyt used whs 20 305.222 D.76% 36.1
1 F wnt 21 287.897 0.245_ 24,1
in by 22 157.624 0.394 22.9
dp y
hs nn
DISPLAY
3 B
v 772
sc [
we 250
haem 8.722
is 500.00
mo |mes
th 20
ins 100.000
mm  cde  p
L) T T T ' T T T T T T T
e 4.5 4.0

[EHOECHD)S Gl ad Jo YNIN H;

001



~SiBy,

exp2 sidisc

SAMPLE
date Jun 12 2008
et p2o

so
file axXp
TSEXTION
sfrq 100.580
tn c13
at 1.19%3
np 53968
sw 25000.0
b 113
bs 16
tpwr msg
v K
a1 ]
tof a
nt 1024
ct 1024
a n
gatn not used
11 n
in n
dp k4
hs nn
DISPLAY
£p -2941.1
wp 114%7.5
vs
sc 14
we 250
hzem 45.58
1s 500.00
rf1 5016.8
180.9
th 2!
ins 100.000
m o ph

DEC. & VT
afrg 299,965
a i

W
dof Q
dm yvy
dom W
dmf 11545
dseq
dres 1.0
homo n

PROCESSING
h .80
wifile
proc
n not used
math
werr
wexp
whs

INDEX

DA LUNM

FREQUENCY
B605,.708
7843 .826
8878.110
4842.318

858.827
160,318

PPM
25.607
78,002
63.418
48.147
6.581
1.6500

HEIGHT
~22.%
22.8
5.8
-21.2
95.7
52.0

[FHOECCHD)SUHYGI'GY JO WIAN D¢y
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76.9

%T

70

65

60 |

55 ]

2425.92,55.76

50}

35 |

30
25 |

2923.31,24.61
20

10

5]

0.0

1463.55,48.44

949.146,63.48

4000.0 3000

—___ cipel_datalspectame4n)3h20NT 7-4hp:ap

cm-l

15400

1000

450.0
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@4N)3B20H17~THP
Pl stdisc
SAMPLE
te Jun 10 200%
Tvent cpc1s
1 exp
ACQUISITION
rq 128.2324
Bi1
1.200
20000.0
11000
18
wr 58
8.5
2.060
0.200
£ 3656 .4
18
18
ock n
in 20
n
n
Y
mn
Y
-4289.7
19999.4
30
4
250
m 80.00
500.00
1 9300.3
p
1
s 100.000
1 no ph

not used
1

INDEX

FREQUENCY
10112 .488
10008,960
9483.227
7961.010
7613.109
7039.87%
6352.844
5237 .621
4123.11%
2982.823
1943.554
482.382
381,615
~250.860
-416.065
-B55.518
-1247.975
-1257.008
-2274.586
-3260.914
-3413.502
-3639.%42
~8814.725
~4067.183
~5977.589%
-5283.985
~8528.858
-6956.538
~7612.721
~8105.274
-8413.502
~2063.526

PPY
78.808
78.0606
73.901
62.038
59.327
54.858
49.510
40.816
32.131
22.851
15.448
3.764
2.534
-1.853
~3.242
~6.667
~8.725
~13.692
-17.725
~25.4312
~26.601
~-28.385
-29.759
=-31.885
~46.582
~48.8220
-50.889
~54.211
-54.324
-63.163
~65.5685
~70.630

HEIGHT
-15.2
-15.1
-14.8
~15.0
-15.0
-15.1
-15.1
-15.2
~15.6
-15.7
~15.7

-14.0
10.8
~-14.8

2.9

-14.8

8.3
~15.8
-15.7
14.0
13.8
11.6
29.8
i3.2
-18.7
-14.0
~18.8
-14.0
~14.1
-14.4
~14.5
-14.1

ECHD)OHYEIEINYCHD)] 30 AN 4,

€0l



INDEX EREQUENCY PPN

HEIGHT

[ECHD)OL H™d]fqy 30 AN H,

1 1843,828 4.612 182.7
RBSTHP COORD .
exp2 stdih
SAMPLE avr
date Jun 9 2006 dfrq 299.%65
i op s
covzsrrzon O abF o
sfry 399.965 dm nnn
tn #H1 dem (3
at ia;gg dmf 200
:3 6000.6 dres 1.0
h 3000 homo n
= & vert
pwr} L]
v 15.4 proc
di 0 fn not used
tof ¢ math f
nt 16
Siod n woxn
a n
gain not used whs
wnt,
11 n
in »
dp ¥
bhs nn
OISPLAY
- 1579:8
v 182
st @
we 258
hzem 2.82
1s 500.00
rfl 4.
rfp o
th 2
ins 100.000
nm
J m . NEPT o
T L B 1 T T T T T T T T
{
4.5 4.9 3.8 3.0 2.5 2.0 1.5 1.8 8.5 ppm

¥01



INDEX FREQUENCY PPM HETIOHT

1 1592.216 23.88%1 41.7
RESTHP COORD 2 15R7.089 8,968 &80.0
8 1581.412 3.954 44.6
axp2 stdih a 601.882 1.505 24.9
DEC. & VT s 596.883 1.491 34.8
date Jun 9 zgg ::rq sss.sﬁ I 590,520 1.478 29.7
? 885.218 1.453 12.4
e cursrron =7 or =2 ) 540,808 1.852 18.4
sfrg 299,985 dm nnn 1 585.206 1.338 19.27
tn Hi dom <
at 3.724 :ﬂf 200 ﬁ
np 44882  ds
sw 60008 dres 1.0 b
by 2000 homo n =]
bs 18 PROCESSING
tpwr 58 wifila =
oW 15.4 proc =
a1 ‘ o fn not used S
tof 0 math 3 @
ot 15 (=5
Py 16 werr . “
a’ N wexp
qatn not used whs =
wnt ‘
17 n
in n
dap ¥
nn
sp 478.8 .
wp 1225.7 o
v5 : ]
K¢
we 250 z
hzom 4.70 =
is S06. Py
r£ 2854.2
o 1023 8 =
1ns 108,006 8
-~ =
ey
[=)

>

[ECHD)

P . M ‘L...D\“b A A

L LB T B L O A L LU L O I 0 O B L B I B L L B B LR S RIS SRS B R SR R

4.8 3.8 3.6 3.a 3.2 3.8 2.8 2.6 2.4 2.2 2.0 1.8 1.6 i.4- ppm

¢o1



RLSTHP COORD
axp2 stdi3c

sfrq 100.580
G18

at 1.1%9
599638

25600.0

14800

15
52
13.8
L]

[
1024
1024

np

sw

bs

tpwr

pw

a1

tof

nt

ct

alock n

gain not used
FLAGS

11

in

hs

sp

wp

vs

sc

we

hzmm

is

Ixi)

rfp

ins

vT

rq 298,965
dn
dpwr a4
dof o
dm yyy
dem W
dmf 11545
dseq
dres 1.0
homo ”
b 1.00
wifile
proc
fn not used
math
were
wexp
whs
wnt

INDEX
1
3
-]

FREQUENCY
8252.828
2530.596
20233.922

PPM

82.051
25.162
20.224

HETGHT
84.5
86.7
43.4

[ECHD)O“H™ Gl qd Jo AN D,

901



6 2423.07,58.42

7J

1460.24,50.79

-

453.17,49.87

1000.0 3000 20'00

c\pel_datalepectrithproretosp

cm-1

1500

1000

T 1
450.0

[EHDHOOSCHD) O HY Al a1 Jo uI
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24N)3B20M1 2 -0( CH2 )50CH2CHS
p2 stdisc
SAMPLE DEC. & VT
ta Jun 21 2005 dfrq 899.964
Tvent coeiz  dn Ha
1e exp dpwr 49
ON dof 0
rq 128.324 dm Yy
B11 dem w
1.200 dmf 11324
48000 dseq
20000.0 dres 1.0
11000 homo
16 PROCESSING
»r 59 1b 1.00
1.5 wiffle
2.008 proc ki
0.208 fn not used
12 8656.4 math f
16
18 werr
ack 0 Wexp
in 20 wbs
wnt
n
n
Y
m
DISPLAY
-9849.8
19989.4
28
14
250
m 80.00
500.00
1 ss:s.:
]
5
5 100.000

ph

INDEX

BRVANAEWNN M

FREQUENCY
10130.810
9412.428
8856.236
8524.858
B8022.032
7806.591
8488.828
£145.214
4008.431
3216.247
1978.244
1592.602

880.126

828.124
~118.214
~408.741
~§10.059
~1247.8864
-2577.930
-3295.704
~8435.474
~3845.020
~41041.878
=4822 .815
~5665.08%
~6518.360
~2050.587
-2517.508
~7927.6682

PPN
78.947
78.349
63.016
66.471
62.600
£60.835
59.652
47 .888
81.198
25.067
15.417
12.411
5.800
2.588
-0.921
~-3.185
~3.975
~8,720
=20.089
~25.683
-26.772
~29.368
~21.966
-83.683
~44.147
~50.796
-54.944
~58.582
-81.77¢9

~10.7
~10.8
~10.4

T1

[EAD'HDOSCHD) O HYA]’ INY(CHD)] JO MIAN 4
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1

[FHDHO O (*HD)O-* A" A1 Jo YWN H

601

INDEX HETGHT
1 231.5
THP RO e2OM 2 21.8
2 20.8
expl stdth 2 22.9
DEC. 5 130,38
data Jul 12 2008 dfrg 389,956 PS 63.4
SoJvent n 7 s1.0
file axp ggr H 8 27.1
sfrg 289,958 dm non 9 133.7
to Hi  dmm 10 214.7
at 3.744 dmf 200
44332 dseq 11 205.3
sw 8000.8 dres 1.0 12 25.8
g '1’3 on n 18 28.4
tpwr 58 wafile b Pogid
pw 15.4 proc )
d1 tn not used 16 24.2
tof 9 rfath 17 21.9
ot 64
c%cu( 64 werr
& wexp
aain not used whx
mt
11 o
;: n
¥
hs nn
DISPLAY
sp 308.0
wp 1189.0
vs
sc [
we 256
hzmm A.76
18 500.00
:-_;; 138,
th
ins 100,000
om
L e L L B N B i I e B o o o o L L e e R RN AR R e s

3.6 3.4 3.2 3.0 2.8 2.6 2.4 2.2 2.8 i.8 1.6 1.4 1.2 1.8 » ppm



3401.30,26.21

0.1

2457.93,38.06

2923.52,12.43

1557.20,30.

1462.6

4000.0 3000

__ &pel dete\specimiitpmanbusp
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ShBua THP
expl stdisc
SANPLE DEC.
date May 30 2008 dfrq
solvent €pC18  dn
file exp  dpwr
on dof
sfrgq 128.324 dm
n L3 [
at 1.200 dm¥
op AB000 dseq
et 20080.0 dres
> 11000
b8 16 PR
tpwr 53 1
pw 3.5 wifile
a1 2.880 proc
& 6.200 fn
tof $656.4 math
nt 18
ct 18 weer
aloek n wexp
gatn 20 whs
FLAGS wot
i1 n
in n
dp ¥
nm
sp -9630.5
wp 19993.4
vs 26!
sc 9
we 250
hzmm £0.00
is 500,00
;:; 9881.%
th S
ins 100000
at

INDEX

-
BREBcu~vauawmm

14
15

17
18
18
20
21
22

FREQUENCY
9789.628
9320.267
8428.544
7844.4327
7459.628
082,822
5088.024
1531.5721

794.877
312.888
-459.336
-580.856
~1098.434

-1824.824

~1984 864

-2475.3%97

-3244.420

-2861.495

-48%6.774

~6388.520

~6768.500

-6988.092

PPM HETOMT

76.288 ~5.4
72.831 =5.2
65.682 ~5.4
£4.130 ~5.1
55,798 -5.8
47.246 -5.3
39.712 ~§.4
11.835 5.9
6.194 8.4
2.437 20.9
-3.580 24.8
-4.528 14.8
-8.560 12.1
~10.324 21.¢0
~15.466 B.0
~19.295 2.1
~25.283 24.5
~30.082 48.?
~34.268 10.2
~-49.7689 =5.0
~52.748 ~4.4
-54.535 ~4.9

[EHDECCHD)SSCHD)O- HY™G1Y 30 YN d,,
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SnBuTHP
exp1 sidigc
SAMPLE
date Jul 34 2008
solvent cpeis
fils oxp
ACQUISITION
sfeq 128.324
tn Bl
at %ézoo
33 20000.0
fb 12000
= 4
pipl”r 8.5
di 2.:000
a2 1.200
tof 3656.4
nt 64
ct 64
alock n
gain 20
11 [
in n
dp ¥
ns nn
sp ~8290.0
wp 159389.4
v
sc [
wo
hazmm 80.00
is 500.00
rfl 92590.6
th
ins 100.000
ai ph

DEC.
dfrg 899,964
dan
dpwr 49
dof 9
dm yyy
dmm d
dmf 11324
dseq
dres 1.0
PROCESSINI
i ] 1.00
wtfile
proc
n not used
wers
wexp
whs
wnt

INDEX

POID bbb b bk b b b 1 B
(RS S R g o o o P N T

FREQUENCY
10224.188
89718.329
8750.124
8225.802
8082 .821
7362.841
7265.897
5738,226
38582.858
2244.457
2054.638
714.916
=854.429
-710.255
~864.272
-1218,288
-8168.141
-3799.244
-5085.827
~6845.508
~7586.478

PPR
78.675%
75.694
£8.188
£4.202
62.871
62.053
60.516
44.678
27.921
17.481
16.011
5.571
~-2.762
~5.588
~7.518
~9.502
-24,688
=-28.807
~38.243
-52.346
-58.120

HETGHT

[EHOCHO)SSCHD)O“'HY )" poziTe)sii0ay Jo AN 4,

48!



INDEX FREQUENCY PPM HEIGAT

1 1849.505 4.824 28.4

THP4SnBY 2 1848.956 4.528 28.4
2 1848.406 4.521 29.2

expl  stdih a 1847.857 4.620 36.4
5 1847.308 4.618 40.4

dats 393,968 ] 1848.575 4.817 §0.5
SoJuent o 7 1845.202 4.614 293.2
e 8 1844.744 3.612 977.1

sfrq amn 9 1843.828 4.810 2855.7
o c 10 1842.268 4.606 188.2
a 200 11 1841.814 4.605 128.4
w 1.0 12 1841.081 4.603 7.9
fb n 18 1840.582 4.602 83.8
bs 14 1829.983 4.600 69.4
owr " 18 1888.428 4.598 s7.1
at not used 18 1828.884 4.598 a7.2
tof £ 17 1888.151 4,596 45.9
nt 18 1837 .802 4.584 42.7
atock 18 - 1887.058 4.533 46,3
qatn 20 1838.508 4,592 aa.0
21 1835.854 4.580 38.?

i 22 1835.405 4.589 32.7
dp 28 1834.672 4.587 22.5
hs v 24 1834.123 4.586 22.4
DISPLAY 25 1833.573 4.584 25.8

brd 26 1838.024 4.588 23.4
ve 2?2 1832.475 4.582 21.6
sc 28 1823.545 4.574 20.8
:"m 28 1823.685 4.560 28.9
e a0 895.642 1.238 243.1
1 2 £95.008 1.738 140.6
rp a2 $94.177 1.736 389.2
R 88 688.078 1.783 37.8
o 34 §32.528 1.731 24.2
35 288.557 0.724 26.7

[FHO*(CHO)S* (FHD)O-'HY™d]") Jo YN H,

ell




ck n warr

o

Mummmm.mm
138 160

:Pﬁ“ﬂﬁi

1.00

INDEX FREQUENCY

NN DEUWN M

140

Sty N
iyl als Bty v )

18340.928
7819.558
2288.655
3280.551
3265.292
8258.848
8250.797
2182.050
3043.618
2041.751
2631.290
2624.428
2509.220
2286.359
1462.467

b

1z0

PPH

182,389
72.780
32 .680
32.619
32.468
82.854
32.324
21.738
20,218
20.245
26.184
28.045
24.950
22.833
14.542

HETGHUT

18.2
40.6
16.4
46.4
31.8
39.0
4.4
17.0
12.6
50.2
62.9
18.6
85.0
36.27
28.4

e

fas ik s
l"i;'n,\'.lhiu'."lyllzkllwﬂ'ﬁﬂ.‘i’ﬂf)ﬂm

&4

r AT

i
N

i dg

L

X

CENE S B L S GO T B R L A B M NS B N B SR A B

60

af

28
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2430.3%,50.64

2922.38,32.08

1462.5

47,54,

0.0 3000 2000

o\pet_datlepectreithfrosninsp

om~1

450.0
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1F48nBu in D20
8 stdisc
SANPLE
ate May 15 2006
>ivent coeca13
ACQUISTITION
frq 128.324
1 811
3 1.200
] 48000
¢ 20000.0
2 11000
s 16
B 59
v 8.5
! 2.000
2 0.200
> 3656.4
t 16
13 16
lock [
ain 2
[
a n
) ¥
nn
DISP
F ~9817.4
19 19985.4
5 212737
e e
¢ 1]
Zmm 260.00
5 500.00
£l 9318.0
fp [
h 5
ns 100.000
1 ph

(2] 399.364
dn 1
dpwr a3
dof e
dm yyy

w
dmf 11324
dseq
dres 1.8

PROCESSING

16 1.00
wifile
proc
fn not used
math
warr
werp
wbs
wnt

-
I
B 1Y ﬁ :’m PNDADION 3

NN N e >
RBRREBEENERE

FREQUENCY
10500.078
10238 .842
10127148
9978.443
2853.710
9455, 154
2214.062
8857.006
§284.570
2879.838
884.477
526,313
823.681
146.678
~450.245
-786.549
~953,278
~1310.841
-2085,758
-3242.808
-8845.651
~4870.583
~6880.250
~7341.724

PPt
81.825
79.7288
78,919
7?7.268
76.788
73.682
71.803
69.021
40,792
22.442
6.932
4.101
2.522
1.143
~3.508
~8.1228
~7.475
-10.215
~16.332
-25.269
~29.968
~84.058
~58.227
-§7.218

48.1
~12.6
61.0
145.0
a3.2
-10.0
12.4

[FHO*CHD)S FHO)O“HY 1" Jo WIAN 4,

911



;{\‘ INBEX  FREQUENCY PPM HEIGHT
1 706.87% §.505 18.1
uTHF 2 300.487 2.842 11.8
3 -208.546 ~1.625 23.1
1 stdisc 4 ~744.485 -5.801 a4.4
SAMPLE DEC. & ¥T 5 -495.288 ~7.7568 26.8
e Jul 14 2008 dfrq 388964 8 ~1240.651 ~9.688 20.8
yent e n ? -2558.517 -19.838 7.0
ACOUISTTION dof 0 8 -3171.808 -24.747 44 .6
q 123..321: dm yyy ] -8808.400 ~28.578 155.4
w -
ngg i 11304 10 -5183.522 -40.3%4 13.8
20000.0 dres 1.0
11000
16 PROCESSING
r 53 th .00
5 wtfile
2.000 proc
.200 fn not usesd
8656.4 math f
84
X 64 warr
Cl W
n 20 w:’stp
FLAGS wnt
n
n
¥
an
DISELA
-5630.1
7852.7
144032
2590
m 31,43
500,00
3290.6
100.000
ph
4 ! i
f s ".»‘,‘
Ny 'v"
1‘““ i i I
i1 X 7 ; 1 ; f'} y 1!: ,j,l 'll; /
i sy 7!,“ i
T T T T . T T T T ) T T o7 [ L T T 1 T T T 1 l T T Ll T l' Ll T T T ' T 1] T T ] T T T T ‘ T T T T ] T T T T ]71 T T T
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INDEX FREQUENCY PPN HEIGHT

1 1845505 4.624 32.4
2 1848.228 4.621 47 .6
3 1847.674 4.620 53.8
4 1847.124 4.618 68.5
5 1846.575 4.617 81.2
6 1848.026 4.615 24.9
7 1844.92? 4.618 178.9
8 1843.828 4.610 424.6
8 686.120 1.715 36.8
10 685.204 1.712 72.1
11 2?74.457 0.586 38.7
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INOEX  FREQUENCY

1 8182.327
IF SnBu 2 7984.807
b 8295.85%
pl stdise a 4001.501
SANPLE 5 2821.746
%e Jal 12 2008 :frq 838.!g§ 8 2945206
I oNSQ  dn ? 288a.188
le exp dpwr 44 B
dof 8 3444 585
rq 100.580 :;:n wy £} 8227 .880
' c18 w o 8018.072
L e 11548 2 2183.415
' ™ .
' 25006.0 dres 1.0
' 14 homo n
is PROC
wr 52 1 1.00
' 13.8 wtfile
8 proc T
< e fn nok used
2000 math £
8000
warr
in not used wexp
Fi whs
n wnt
] n
Y
nn
o
14289
7085.3
70
o
250
[ 28.38
500,00
T 5888.7
P ssné
s 100.000
oh

PPM

3%.458
78.298
82.800
39.788
33.492
38.284
88,711
34,259
32.046
3¢.010
21.710

HETGHT
-20.7
8s.4
~22.2
50.9
4.2
46.1
22.8
70.4
2.0
29.4
28.2
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