Facile Preparation of Glycomimetics from Uronic Acids

By

Craig Richard Smith

Submitted in Partial Fulfillment of the Requirements
for the Degree of
Master of Science

in the Chemistry Program

YOUNGSTOWN STATE UNIVERSITY

August 2005



Facile Preparation of Glycomimetics from Uronic Acids

Craig Richard Smith

I hereby release this thesis to the public. | understand that this thesis will be made
available from the OhioLINK ETD Center and the Maag Library Circulation Desk for
public access. | also authorize the University or other individuals to make copies of this
thesis as needed for scholarly research.

Signature:
Craig Richard Smith Date
Approvals:
Dr. Peter Norris Date
Thesis Advisor
Dr. John Jackson Date

Committee Member

Dr. Sherri Lovelace-Cameron Date
Committee Member

Dr. Peter J. Kasvinsky Date
Dean of Graduate Studies and Research



iii

Thesis Abstract
The following work describes facile methods for the preparation of amino sugar
analogs of N-acetyl-2-amino-2-deoxy-D-mannopyranose uronic acid (D-ManAcA). Two
main approaches were investigated in the synthesis of N-glycosides. Staudinger and aza-
Wittig approaches were used to synthesize glucosyl amides and imines. Another
approach to the synthesis of N-glycosides involved the application of 1,3-dipolar
cycloadditions of azides and alkynes in the presence of a Cu(l) catalyst. The synthesis of
O-glycosides and C-glycosides of the methyl ester of glucuronic acid were studied in

regard to the development of high yielding, stereospecific mimetic syntheses.
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Introduction
Glycobiology

Glycobiology deals with the nature and role of carbohydrates in biological
recognition events, as well as in the influence that carbohydrates have upon the protein to
which they are attached. The chemical study of the biological functions of carbohydrates
sounds relatively simple due to the fact that there are a limited number of naturally
occurring carbohydrates, but in all actuality, carbohydrates differ from nucleic acids and
peptides by two important characteristics: carbohydrates are highly branched molecules,
and their monomeric units may be connected to one another via many different linkage
types.' This complexity allows carbohydrates to provide an almost unlimited number of
variations in their structures.

Glycobiology has proven that there is no single unifying function for
oligosaccharides, and it is known that oligosaccharides play important functions in
binding, recognition, intercellular interactions, and cellular control and signaling. Any of
these functions can be drastically modified by simple alterations of glycosylation due to
the fact that glycosylation processes are highly selective and sensitive to modulations.
Alterations of glycosylations, which are specific to glycoconjugates, are now believed to
act in a manner similar to a point mutation in DNA or RNA, altering the structure and
possibly the function of the protein to which the oligosaccharide moiety is attached.”

Glycan biosynthesis is mediated via multiple factors such as amino acid
sequences, and available carbohydrates and transferases, which contribute to the specific
site and connectivity of glycosidation." The primary amino acid sequence determines the
number of possible glycosylation sites via enzymatically mediated processes. The three

major classes of glycans found in Nature are N-linked, O-linked, and



glycophosphatidylinostitol (GPI) anchored carbohydrate units. Of these three units, only
the N-linked glycans contain a specific pentasaccharide core that acts as the basis of
structure for the carbohydrate residues to be attached.” The elegant biosynthetic glycan-
processing pathway in cells allows the same oligosaccharide to be attached to quite
different proteins without having to code the information into the DNA that codes for
individual proteins.

It has become clear that in addition to simple mono- and polysaccharides,
naturally occurring carbohydrates are commonly conjugated to proteins and lipids.
Protein glycosylation is influenced by the overall protein conformation, the effect of local
conformation, and the available gamut of glycosylation-processing enzymes for the
particular cell type of interest. The recognition of oligosaccharides by lectins is
influenced by their accessibility, the number of copies of the oligosaccharides, and their
precise geometry of presentation.’ The fact that one set of structures on different proteins
can result in quite dramatic variations in the properties of glycoproteins, emphasizes the
fact that carbohydrates are a great source of variation and uniqueness of functionality in

Nature.

Staphylococcus aureus and Antibiotic Resistance

Staphylococci are spherical Gram-positive bacteria that are commonly found in
the mucous membranes and on the skin of humans. Most of these bacteria are harmless
under normal conditions but can be classified as opportunistic pathogens.
Staphylococcus aureus (S. aureus) is ranked as the number one cause of hospital-borne
infections each year in the United States.” They are responsible for food poisoning, blood

stream infections, and septic shock syndrome.” The frequency of fatal cases among



children due to S. aureus has increased over the past decade in the United States.® S.
aureus is the most significant microbe isolated from skin and soft tissue in hospitals
throughout the United States,” are S. aureus may be responsible for as high as 45% of
secondary infections in third world countries.® As the aforementioned studies
demonstrate, microbial infections caused by S. aureus are a major threat to the welfare of
people worldwide.

Multiple forms of bacteria are adapting and altering their genetic makeup to resist
many of the currently available antibiotics. Both the World Health Organization and the
Center for Disease Control and Prevention estimate that roughly fifty thousand people die
each day throughout the world due to infectious diseases.® Antibiotic resistant pathogens
are also becoming a serious problem in medicine. It has been estimated that as many as
90% of S. aureus contain antibiotic resistance genes as part of their genetic information.’

Penicillin was introduced in 1944 to help combat the rise of sulphonamide
resistant S. aureus, and by 1950, approximately one-half of all clinical isolates of S.
aureus contained plasmids that carried penicillinase resistance genes.'® Fortunately, other
natural antibiotics were developed shortly after the introduction of penicillin. These
antibiotics included chloramphenicol, erythromycin, streptomycin, and tetracycline. At
first, all were active against S. aureus but resistance emerged rapidly, often mediated by
the transduction, transformation, and conjugation of plasmids between bacteria and
viruses.'' The nature of this resistance then required the introduction of stronger, more

effective antibiotics to combat the more virulent isolates.
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Figure 1: Antibiotic resistant genome map of S. aureus where antibiotic resistance genes
are represented by the outermost layer of the map.'?

The 1960’s saw the introduction of methicillin, gentamicin, and vancomycin,
which had Dbetter anti-staphylococcal activity and less toxicity than earlier
aminoglycosides.”® The first methicillin-resistant S. aureus (MRSA) were discovered in
1961, the same year that methicillin reached the market.'® The first MRSA with reduced
susceptibility to vancomycin were isolated in Japan in 1997." The most serious recent
development came in the form of vancomycin resistant enterococci (VRE), which has
now become an established nosocomial pathogen contributing significantly to hospital-
acquired infection worldwide. In the past two years, a transfer of vancomycin resistance
has been noted between Enterococci faecalis and S. aureus via a plasmid to produce
vancomycin-resistant S. aureus (VRSA),"” which have only been found to be susceptible

to teicoplanin and a combination of rifampicin and fusidic acid."®



As a result of the appearance of antibiotic resistant bacterial isolates, new
methods have been developed to combat the dissemination of infection and virulence of
the new VRSA. Due to this emergence of these antibiotic resistant microbes, compounds
that target the inhibition of cell wall synthesis have become a widely studied

methodology to produce antimicrobial drug candidates.

Biosynthesis of the S. aureus Capsular Polysaccharide

S. aureus organisms have been found to cause a diverse continuum of infectious
diseases in hospitals as well as in communities at large. The most virulent factors among
S. aureus strains are Serotypes five and eight. The capsule that protects S. aureus is
composed of trisaccharide repeating units and is called the capsular polysaccharide of the
bacterium.'” The capsular polysaccharide (CP) of S. aureus is composed of repeat units
(Figure 2) that are made up from three monomer amino sugars: N-acetyl-2-amino-2-
deoxy-D-mannopyranose uronic acid (D-ManAcA), N-acetyl-2-amino-2-deoxy-D-

fucopyranose (D-FucNAc), and N-acetyl-2-amino-2-deoxy-L-fucopyranose (L-FucNAc)

(Figure 3).
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Figure 2: The repeating amino sugar units contained within the Type 5 and 8 capsular
polysaccharides of S. aureus.
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Figure 3: Amino sugar components of the S. aureus capsular polysaccharide.

The biosynthesis of the CP of S. aureus depends on a series of specific enzymatic
reactions. The study of these enzymes at the molecular and functional levels has become
an important approach to the inhibition of capsular polysaccharide formation. Studies of
multiple pathogenic strains have revealed that the enzymes D-GIcNAc epimerase and D-
ManAc dehydrogenase arbitrate the formation of the D-ManAcA portion of the CP.'® D-
GlcNAc epimerase is responsible for the synthesis of the precursor compound, which is
linked to an accepting sugar by a glycosyl transferase enzyme via a glycosidic bond.
Pathogenic strains of bacteria such as E. faecalis reveal that enzymes similar to UDP-
GIcNAc 2-epimerase are involved in an initial anti-elimination of UDP to generate a

glycal, followed by a syn-addition to generate the UDP-ManNAc product (Scheme 1)."”

HO HO
HO o 5 HO NHAC
HO o _ Q
95 AN HO
AcHN  gypp AcHN OUDP OUDP
UDP-GIcNAc UDP-ManNAc

Scheme 1: Epimerization of UDP-GIcNAc to UDP-ManNAc.

UDP-ManNAc is then oxidized by a UDP-dehydrogenase to give UDP-D-
ManNACcA. In the presence of a transferase, the UDP-D-ManNAcA is then linked to

another amino sugar as part of the biochemical synthesis of the CP (Scheme 2).*
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Scheme 2: Glycosyl linkage formation catalyzed by a transferase enzyme.
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Figure 4: Proposed pathway for the biosynthesis of S. aureus CP5.*!

Due to the fact that each enzyme in the sequence catalyses a specific modification
of carbohydrate substrates, the synthesis of glycomimetics that follow a pathway similar
to those found in Nature may have significant potential to produce inhibitors of CP
synthesis at multiple stages along the biosynthetic pathway. Glycomimetics have the
ability to compete for binding sites with the natural substrates or resemble the structures
formed in an intermediate or transition state of an enzymatic process.'’ By the
aforementioned means, these glycomimetic compounds could possibly act as competitive
inhibitors by binding to the enzyme of interest to inhibit a biological process. Other
mimetics could act as replacement sugars attached to a UDP complex, which would

inhibit the formation of the required glycosidic bond during enzymatic catalysis.**



Carbohydrate Structure

Carbohydrates are essential biopolymers of life that are responsible for a number
of molecular processes including sources of biological energy, as well as catalysis and
molecular recognition processes for cells. Saccharides are also important biological
mediators in more complex processes such as cell-cell recognition and interaction,
fertilization, embryogenesis, hormone activities, cellular proliferation, apoptosis, and
bacterial infections.”® Apart from roles in energy and structure, saccharides also comprise
the major blood group antigens, protective cell walls, and some antibiotics of
microorganisms which are a major source of branched-chain sugars.

Carbohydrates are the most abundant class of biomolecules, and they allow for an
almost limitless number of structural variations due to their chiral diversity, numerous
functional groups, and multiplicity of linkage possibilities.* An increased appreciation of
the roles of carbohydrates in biological and pharmaceutical processes has developed as a
result of the glycobiological movement to understand the influence that carbohydrates
have upon natural processes. The advancement of studies geared toward carbohydrates
lagged far behind that of other important biological molecules due to the structural
diversity and complexity of polysaccharide systems. Initial investigations of carbohydrate
structure began in the late 1800’°s with the work of Emil Fischer.

In 1884, Fischer began his work on sugars; he studied the development of
synthetic strategies directed toward known carbohydrates. Fischer discovered D-L
isomerization in sugars, he studied the fermentation of sugars and the enzymes that
controlled the process of fermentation, and he established the stereochemical nature and

isomerization of sugars.” Later, he worked out the stereochemical configurations of all of



the aldohexoses. In 1890, he developed a complete synthesis of glucose, fructose, and
mannose from glycerol. In 1902, Fischer was awarded the Nobel Prize in Chemistry for
his work on carbohydrate synthesis. His studies developed a strong foundation for future
work and biochemical studies of carbohydrates and enzyme-mediated processes.
Carbohydrate is a general name referring to monosaccharides, disaccharides,
trisaccharides, oligosaccharides, and polysaccharides. The simplest members of the
carbohydrate family are generally referred to as “saccharides” due to their
characteristically sweet flavor. Carbohydrate literally means, “hydrates of carbon,” and
although this name applies to a large number of carbohydrates such as glucose and
sucrose, it does not accurately describe all known carbohydrate molecules. Carbohydrates
generally have the empirical formula of CH,O, or more specifically, a molecular formula
of CsH 204 for hexoses.”® A more accurate description of carbohydrates comes in the
form of polyhydroxyaldehydes or polyhydroxyketones. The chemistry of simple
carbohydrates can be considered to be that of alcohols and aldehydes or ketones, or
hydroxyl groups and the carbonyl group, respectively. Monosaccharides are the building
blocks of more structurally complex saccharide molecules. Monosaccharides generally
have from three to eight carbon atoms as denoted by the prefix tri-, tetra-, penta-, etc. and
the name of the sugar ends in the suffix “-ose.” Carbohydrates derived from ketones are

referred to as ketoses and aldehyde -based sugars are known as aldoses.

O\\cI:”H CH,OH
CH(OH) c=0
CH,OH CH,OH
glyceraldehydes dihydroxyacetone

(an aldotriose) (a ketotriose)
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Figure 5: Structure of simple aldose and ketose sugars.
Most carbohydrates have at least one stereocenter, such as glyceraldehyde which
has only a single stereocenter, and therefore has two possible enantiomers. The

stereochemistry of carbohydrates is usually denoted as “D” and “L” as opposed to either

‘6R7, OI' CGS'”
CHO CHO CHO CHO
H=——OH HO=—H H+0H HO+H
CH,OH CH,OH CH,OH CH,OH

(R)-glyceraldehyde (S)-glyceraldehyde D-glyceraldehyde L-glyceraldehyde

Figure 6: Structure of enantiomers of glyceraldehyde.

In a Fischer projection “D” is used when the hydroxyl group on the first carbon
from the bottom is on the right side, and “L” is used when the hydroxyl group on the first

chiral carbon is on the left side.?’

CHO CHO CHO CHO
HO——H H——OH H—T—OH HO——H
H——OH HO——H H——OH HO——H
HO——H H——OH HO——H H——OH
HO——H H——OH HO——H H——OH
CH,OH CH,OH CH,OH CH,OH
L-Glucose D-Glucose L-Mannose D-Mannose

Figure 7: Structures of the D and L isomers of glucose and mannose.

Monosaccharides exist as acyclic, furanose (five-membered ring), and pyranose
(six-membered ring) forms in solution. In Figure 7, 1a is the acyclic form of the sugar, 1b
is an alpha-pyranose sugar, 1c¢ is a beta-pyranose sugar, 1d is an alpha-furanose sugar,

and 1e is a beta-furanose sugar.
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Figure 8: Configurations of D-glucose in solution.

The formation of a ring in glucose results from the nucleophilic attack of an
oxygen atom attached to C-4 or C-5 upon the electrophilic carbon of the aldehyde. Upon
closure of the ring two different structures can be drawn, one with the hydroxyl group in
the down position (), and the second with the hydroxyl group in the up position (B).**
The a and B designations are used specifically to refer to the orientation of the hydroxyl

group at C-1 (the anomeric carbon) relative to the functionality at C-5.

Carbohydrate Synthesis

Based upon biological significance, carbohydrates can be divided into three major
categories, which are aminosugars, glycols, and glycosides. Aminosugars are a class of
carbohydrates in which one or more of the hydroxyl groups has been changed to an

amino group commonly, but not necessarily at the anomeric position. The synthesis of



12

aminosugars has been investigated in great detail due to the fact that they are an
important component of naturally occurring polysaccharides. Some naturally occurring

aminosugars are D-glucosamine, D-galactosamine, and N-acetyl-D-galactosamine (e.g.

Figure 9).
CHO CHO CHO (l?
H——NH, H——NH, H——NHCCH,
HO——H HO——H HO——H
H——OH HO——H HO——H
H——OH H——OH H——OH
CH,OH CH,OH CH,OH
D-Glucosamine D-Galactosamine N-Acetyl-D-galactosamine

Figure 9: Structures of common naturally occurring amino sugars.

Glycals are carbohydrate derivatives that contain a highly reactive double bond
between carbon atoms 1 and 2, and glycals have proved to be useful starting points in the
stereoselective synthesis of O-glycosides. Glycals are usually synthesized in one of two
manners; (1) zinc-catalyzed reductive elimination on an acetobromo moiety, or (2) via a
standard E2 mechanism (i.e. Scheme 5). The reductive elimination may be carried out
with zinc/acetic acid solutions, reactions with or without platinic chloride have been
commonly used, but higher yields have been reported with a titanium (III) reagents.*’
These conditions are applicable where further functionalization is going to be carried out
in either neutral or basic conditions, but reactions involving acid-catalysis are
incompatible due to the presence of the acid-sensitive enol ether generated during the
course of the reaction. E2 reactions to produce a glycal are carried out with a

stoichiometric amount of diethylamine to create basic conditions in which a halogen and
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hydrogen leave to produce the double bond and neutralize the liquid medium as the
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Scheme 3: Possible glycal synthetic strategies.

Finally, glycosides comprise the last major naturally occurring class of
carbohydrate synthetic targets. A glycoside is a sugar in which the hydroxyl group at the
anomeric position has been exchanged with another functionality like -OR, -CR, -NR, or
—SR, resulting in O-glycosides, C-glycosides, N-glycosides, and S-glycosides
respectively. Although the history of some glycosides is more than one hundred years
old, glycosides have only come to the forefront of scientific investigation in the past half
century. The formation of glycosides usually involves the formation of a linkage between

the hydroxyl group of an aglycone and the anomeric center of another sugar moiety.”'

HO._O HO._O HO.__O HO._O
HO OR HO NR HO CR HO SR
HO HO HO HO

6a 6b 6c 6d
O-glycoside N-glycoside C-glycoside S-glycoside
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Figure 10: Representation of common glycoside classes.
Iminosugars

One of the approaches used to synthesize immunosuppressive agents, enzyme
inhibitors, and antimicrobial compounds is in the production of iminosugars. Iminosugars
are carbohydrates in which a nitrogen atom replaces the endocyclic ring oxygen of the
carbohydrate and are known specifically to inhibit glycosidases, which are enzymes that
catalyze the hydrolysis of glycosidic bonds in oligosaccharides and polysaccharides.” In
the context of S. aureus, such alterations to typical function could block the expression or
alter the structure of the capsular polysaccharide, increasing the bacteria’s susceptibility
to antibiotic agents.”> As a result of studies on the mechanistic transition states of
reactions, many inhibitor analogs, such as iminocyclitols and nojirimycins have been
developed.**

Iminocyclitols can be synthesized via a hydrogenation of azido-sugars.’® Azide 7
is reduced via a hydrogenation reaction to yield amine 8a. The amine intermediate can
then undergo isomerization to yield a cyclic imine (8b). Imine 8b may then further
undergo reduction to produce a disubstituted cyclic amine (9), which is a biologically
active iminocyclitol. The cyclic imine sugar may mimic the reducing sugar in the

transition state of a glycosyl transferase and inhibit the transfer to an accepting sugar (e.g.

Figure 11).%

H
OH OH . N
H o Hy ~u, N
Na OH  pgc |HoN OH N Pd-C )
HO HO HO  OH e on
7 8a 8b 9

Scheme 4: The hydrogenation of an azidosugar to an iminocyclitol.
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Figure 11: Transition state of a transferase and a possible mimetic.

Iminosugars can also be synthesized in other manners beyond that of a
hydrogenation of an azido-sugar. Nojirimycin derivatives are often synthesized via three

major routes: (1) selective Fowler reductions,” (2) from chiral nonracemic bicyclic

lactams,39 and (3) via standard protections and functional group manipulations.*® This
p group p

class of iminosugars are of great interest due to the fact that isofagomine and other

compounds are anomer-selective inhibitors. Selective Fowler reductions use

combinations of borohydrides and methyl and ethyl chloroformates to produce the 1,2-,

1,4-, and 1,6- reduction products of a pyridine-based starting material (e.g. Scheme 7).**

~COCH; COLCHs C02CH3 COzCHa CO,CH3
| — = | —
N7 N N
CO,Ph CO,Ph cozph COzPh
10 11 12 13 14
(@) NaBH,;, PhOC(O)CI, CH;OH, -78 °C; (b) NaBH,-TFAA, PhH, 5 °C; (C) i. MCPBA, CH,Cl,, -70 to 0 °C, ii.

TMSOTTf, BHs-THF, -70 to 0 °C; (d) BHs-THF, H.O,, NaOAc.

Scheme 5: Selective Fowler reduction to produce isofagomine.
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Examination of the total synthesis of isofagamine includes a series of selective
Fowler reductions beginning with the treatment of methyl ester (10) with phenyl
cloroformate to reduce 10 from an aromatic pyridine derivative to a multiply substituted
nitrogen-linked ester 11. The combination of sodium borohydride and trifluoroacetic acid
then further reduces 11 to the tetrahydropyridine 12. Hydroboration of 12 yielded the
hydroxyl containing iminosugar derivative 13 in high yield. The final step in the
synthesis of 14 included the hydrolysis of the double bond in compound 13.

Several iminosugars have been prepared in a rapid and efficient way by
employing the appropriate bicyclic lactam template.” It has also been proven that these
iminosugar analogs can be produced in a stereo-controlled manner that allows for the
retention of multiple functional groups including esters, amines, and alcohols (e.g.

Scheme 6).*

OH CO,Me CO,Me
OH R R R
HO Q 0 Q
HO R — N\X — | N\X > N\X
HO
Ho™ >N O Ph O Ph O Ph
Scheme 6: Retrosynthesis of iminosugars via bicyclic lactam template opening.

Other methodologies for the production of iminosugars generally include the
selective protection and manipulation of selected carbohydrate precursors. Kim and
Sawada use a series of protections and functionalizations via hydride bases and hydride
donors to obtain the proper functionalization of the carbohydrate of interest before using
triphenyl phosphine to close the nitrogen-containing carbohydrate ring of the

. 41,42
iminosugar.
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The search to find better antibiotic agents has been stimulated by the fact that
most microbes isolated contain antibiotic resistance genes and the fact that the toxicity of
many of the current agents have been reduced. Iminosugars are potent inhibitors of many
carbohydrate-processing enzymes involved in important biological systems.”> These
unique molecules promise a new generation of iminosugar based medicines that may help

to combat viral and bacterial infections.

N-Glycoside Chemistry

Of importance in many biological systems are N-glycosides.** Of notable
importance are the N-glycosides formed via reactions of D-ribose and 2-deoxy-D-ribose
with purine and pyrimidine bases in the construction of nucleosides and analogs thereof
in DNA and RNA production. The new bond that is formed during this type of reaction
between the nitrogen of the base and the anomeric carbon of the carbohydrate moiety is
referred to as an N-glycosidic bond. The formation of this glycosidic bond can be
represented in a reaction between cytosine (16) and 2-deoxy-D-ribofuranose (15) which

yields the deoxyribonucleoside 17 (Equation 1).

NH,
NH
N
. N HOS SN"So
NS0 ©
OH H
OH
15 16 17
D-deoxyribofuranose cytosine deoxyribonucleoside

Equation 1: Synthesis of deoxyribonucleoside from deoxyribose sugar.
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A growing interest in the synthesis of glycosylamides and glycosylamines as N-
glycosides has been driven by the knowledge that similar types of compounds are found
in naturally occurring macromolecules such as nucleic acids and glycoproteins.
Glycosylamides have been suggested as potential glycomimetics for the inhibition of
glycosyl hydrolases and as useful precursors in the synthesis of peptide containing
antimicrobial agents such as bacitracin.” Amphiphilic glycosylamides constitute a
valuable class of non-ionic biosurfactants.*

Boullanger et al. presented a versatile synthesis of amphiphilic glycosylamides
without the transient reduction of the azide to an amine. The synthesis of amides from
azides via a modified Staudinger reaction proceeds in a high-yielding, stereospecific
manner in which a reactive nitrogen atom attacks a carboxylic acid, acid halide,
anhydride, or carboxylic acid ester to form the expected product. The modified
Staudinger reaction proceeds via the loss of nitrogen gas to provide a reactive sugar ylide
intermediate. This reaction proceeds through a series of intermediates which include an

ylide phosphazene, an oxychloridate, and finally, an imidoyl chloride (Scheme 9).*

MeO. (@] MeO [0) MeO o
PL .
AcO ON 3 » AcO [e) N2 AcO o)
AcO 3 AcO N—N. _ N—
AcO ¢ N=PL;3 AcO —PL,
Cc AcO AcO
O
R)J\Cl
MeO O
MeO.__O MeO.__O
ACO 0 )?\ HZOI 'HCl A Cl _L3PO AcO o) @L
- cO O B J— ACO N’ 3
AcO N~ R AcO N—< o 00
AcO  H AcO R R>g

PLy= PhyP PPh,

Scheme 7: The Modified Staudinger intermediate reaction pathway.
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The design and synthesis of novel scaffolds possessing unique structural and
biological properties such as amines and imines is of particular interest due to the fact
that they may act as peptidomimetic compounds or pharmaceutics.*® The modified
Staudinger reaction with an aldehyde or ketone produces an intermediate in the synthesis
of the amine product known as an imine. The imine then may undergo a process known
as a reductive amination in which either a borohydride reducing reagent or a metal
hydrogenation agent is used to reduce the carbon-nitrogen double bond to a single bond.*’
The process of reductive amination is believed to proceed via a hydride attack from a
borohydride reagent at the partially positive carbonyl carbon (e.g. on 18) followed by the

addition of a proton to the nucleophilic nitrogen atom (e.g. 19, Scheme 8), to afford the

amine (20).
MeO.__O MeO.__O ® MeO.__O
AC% b NaBH.CN o dil. H;0 AcO O cin
AcO N_< R AcO % CHzR AcO N/ 2
AcO AcO AcO H
18 19 20

Scheme 8: A representative scheme of the important intermediate of reductive amination
with sodium cyanoborohydride.

Other methods of reductive amination include reactions of activated metal
complexes such as hydrogen adsorbed onto palladium or ruthenium metals, and reactions
with Raney Nickel, which has an oxidation state of zero. The mechanisms of metal
complex amination reactions are not fully known or understood, but it is hypothesized

that the reductive processes occur at the surface interface of the activated metal.
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Azide Chemistry

Click chemistry is a modular approach that focuses upon only the most practical
and reliable chemical transformations from high energy starting materials. Click
chemistry simplifies compound synthesis, through the use of selective chemical
transformations, thus providing the means for the rapid and selective synthesis of
synthetically desired target molecules. A reaction can be termed a “click reaction” when
the reaction is wide in scope, gives high yields consistently, the reaction is easy to
perform, is insensitive to water and oxygen, and the purification is simple due to the
production of few inoffensive by-products.*®

Triazoles are important synthetic products because they can be found as
agrochemical and pharmaceutical intermediates in the synthesis of heterocyclic systems.
Triazoles have characteristically been synthesized in three ways. The first manner, which
is not regiospecific and creates mixtures of the 1,4- and 1,5-triazole products requires a
suitable azide and an alkyne to be stirred under reflux for extended periods and has been
characterized by low yields, side reactions, and difficult purification.** The second
method requires the use of a Grignard reaction to afford 1,5-triazoles in moderate
yields.* The third method was reported by Sharpless, and affords pure 1,4-triazole (e.g.
23) product in excess of 90% when the azide (21) and an alkyne (22) are brought together

in the presence of an ascorbic acid-copper sulfate catalyst system (Equation 2).”

CuS0,4.5H,0
RO Ascorbic Acid N” N~ PH

f
+
zZ
3
1
3
Y
Py,
o
%

H,O/tBuOH, RT
21 22 23
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Equation 2: Huisgen 1,3-dipolar cycloaddition scheme.

Azides serve as one of the most reliable manners by which nitrogen can be
introduced via a substitution reaction and, moreover, azides are unique for click
chemistry purposes due to their extraordinary stability toward water, oxygen, and a
majority of reaction conditions and pre-existing molecular functionalities. Meldal and co-
workers have reported the copper(I)-catalyzed 1,3-dipolar cycloaddition of alkynes and
azides on solid phase.’' The resin bound copper-acetylide was reacted with an assortment
of azides and azido sugars at ambient temperature, producing 1,4-disubstituted 1H-

[1,2,3]-triazoles regiospecifically with high yields and high purity.

O-Glycoside Chemistry

In addition to the synthesis of N-glycosidic mimetic compounds, the synthesis of
O-glycosidic oligomers is of great interest due to their potential ability to inhibit cell wall
biosynthesis.® These oligo-mimetic molecules often tend to be combinations of O- and
N-saccharide linkages. As nitrogen linkages have previously been explored, the formation
of oxygen-linked sugar systems will now be summarized.

In the synthesis of O-glycosides, a glycosyl donor is reacted with a free hydroxyl
group of a glycosyl acceptor in the presence of a promoter to produce a linked glycoside.
In the formation of an O-glycoside, the glycosyl donors that are often used appear as an
intermediate with heteroatom-stabilized cationic character that is located at the anomeric
center. The stabilized carbocation is then attacked by the nucleophilic group of the

acceptor to produce the aforementioned glycosyl linkage.
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Koenigs and Knorr described the use of silver (I) salts as promoters for
glycosidation reactions in the presence of an alcohol. It can be deduced that the use of
insoluble silver (I) salts such as silver oxide and silver carbonate would lead to the
formation of water during the glycosylation reaction, which would lead to the hydrolysis
of the starting material.”* Although some chemists have attempted to overcome this
problem via the use of drying agents, the idea of soluble mercury promoters came to the
forefront. Later, soluble mercury (II) salts were explored as promoters due to the fact that
mercury (II) salts often do not liberate water throughout the course of a reaction.

The first method ([1], Scheme 9) of O-glycoside production, is known as the
Koenigs-Knorr method,” which employs a mercury (II) salt such as mercuric bromide as
the halogen atom binding species to draw the halogen away from the anomeric carbon,
creating a heteroatom stabilized carbocation that can then undergo an Sy1-like process

with a weak nucleophile such as an alcohol (Scheme 9).

MeO.__O
MeO___O HgBr,, CH,Cly € 5eq. ROH, CH,Cl, MeO._-O
AcO 0 = AcO o » AcO o)
AcO OR 2eq. ROH AcO van Boeckel's cat. AcO OR
AcO (1] AcO g, [2] AcO
3

Scheme 9: O-Glycoside synthetic methodology.

Recently, the use of insoluble silver (I) salts has been advocated for the synthesis
of B-glycosidic bonds. The insoluble silver salts are believed to act as promoters, forming
an oxocarbonium ion which rapidly collapses to produce the product with dissociation of
the glycosyl donor’s tight-ion pair.”* The aforementioned method ([2], Scheme 9), is that

which employs the use of insoluble silver (I) salts in stoichiometric quantities to draw a
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bromide atom off of the anomeric carbon allowing for either an Sx1 or an Sy2 process to
occur depending upon the time of attack of the nucleophile throughout the spectrum of
the substitution reaction. The method that is of particular interest employs the use of

silver aluminosilic21‘[6,30’54

which is commonly referred to as the van Boeckel catalyst.

The presence of either a participating group or a group that produces a strong
electron-withdrawing effect via the carbon atom adjacent to the site of glycosylation
appears to decisively influence the stereochemical outcome of the glycosylation process.
The high B-selectivity of these glycosidations may be deduced from van Boeckel’s
rationalization,™ that electron-withdrawing substituents at C-2 and C-4 facilitate an Sx2-

like attack of the alcohol component in a type one insoluble silver salt-mediated

glycosidation.

C-Glycoside Chemistry

Synthetically prepared C-glycosides have been shown to prevent bacterial and
viral infections by inhibiting glycosidase enzymes, which are involved in the growth and
development of certain bacteria and viruses. There are several common methods used to
synthesize C-glycosides which include the following; organolithium or Grignard
reactions, the dithiane approach, hypervalent silicate chemistry, and the use of Lewis
acid-mediated processes.

Organometallic approaches to C-glycoside synthesis are usually limited to
carbohydrates that are protected with ethereal protecting groups, such as benzyl or
isopropylidene groups.”® Drawbacks to organometallic methods include formation of by-
products via elimination reactions can be prevalent within the reaction mixture, and

mixtures at the anomeric position are often observed due to reduced specificity of attack.
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Dithiane chemistry requires the presence of a primary hydroxyl group on the
carbohydrate starting material of interest, and the reaction is often described in a manner
similar to that to a Wittig reaction in which a dipole inversion or an inversion of
reactivity occurs.”’ 1,3-Dithianes are often important molecules in the overall synthetic
strategies of natural and unnatural product synthesis due to the fact that the dithiane anion
is highly reactive and the dithiane product acts as a good protecting group for carbonyl
moieties. Dithianes are removed in the same manner in which acetals or ketals are
removed from other synthetic targets.58

Another popular strategy in the formation of C-glycosides is through the use of
hypervalent silicate chemistry,”” where TMS-CN would be reacted with a halosugar and a
fluoride donating species to elicit the formation of the silicon-fluorine bond, which will

release the fully anionic cyanide species into solution (e.g. conversion of 3 to 25, Scheme

10).
MeO O
AcO @]
AcO
E + Ac;) Br MeO O
Me

TMSCN TBAF Me\\"\\‘ Me -~ A0 0
CN ACO cp

25

Scheme 10: Proposed route of hypervalent C-glycosylation reaction.

This method has been applied with great success to non-carbohydrate systems
with TMS-N; and TBAF, but has not been fully explored with cyanide, or with
carbohydrates.®” The hypervalent silicate chemistry of interest is an improvement upon an
older method in which “naked” cyanide ions were reacted in solutions of

dimethylsulfoxide or dimethylformamide at elevated temperatures for extended periods
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of time.®” Metal impurities such as the counter cation were often removed using toxic
crown ethers as trapping molecules to form crystalline complexes which could be filtered
from the reaction mixture. This is often a synthetically useful purification method.®!

The last method of C-glycoside synthesis that will be discussed revolves around
one-carbon extensions best achieved by a cyanation reaction with TMSCN under Lewis
acidic conditions to introduce a cyano group into the anomeric position of the sugar. This
reaction produces the desired nitrile in a beta configuration, which acts as a useful handle
for further synthetic manipulation. Unfortunately, standard acidic or basic hydrolysis
conditions can lead to alterations of the nitrile functionality. This method provides an
expedient route to C-glycosides that may contain interesting pharmacological properties,
or potential drug candidates in the fight against Staphylococcus aureus.®

As is now apparent, it is necessary to produce new drugs that are effective in the
treatment of diseases caused by drug resistant bacteria. Due to the concern that arose
from the increased antibiotic resistance of S. aureus, derivatives of uronic acids were
investigated. Multiple synthetic methods were explored to produce a large number of

compounds that mat eventually lead to the development of new antimicrobial agents.
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Statement of Problem

With the appearance of multiple new antibiotic resistant strains of Staphylococcus
aureus, there is a growing need for new and more effective pharmaceutical methods for
treatment. S. aureus is one of these bacteria that are continuing to develop greater
resistance to current antibiotics, and is responsible for infectious diseases found in
communities and hospitals. Many strains of this microbe have a protective coat called the
capsular polysaccharide, which provides protection against phagocytosis. The goal of this
research is to develop glycomimetics that possess structural similarities to an aminosugar
found in the capsular polysaccharide of S. aureus.

The following work describes new synthetic pathways toward N-, O-, and C-
glycosidic monosaccharide units, and the analogs thereof, of Staphylococcus aureus Type
5 and Type 8 capsular polysaccharide. The main approaches for the synthesis of N-
glycosidic monosaccharides include the synthesis of a glucopyranuronosyl azide
derivative followed by functionalization via either triazole synthesis, which is a [3+2]
cycloaddition, or an aza-Wittig reaction to produce nitrogen-linked amides and imines.

The main approach for the synthesis of the O-glycoside derivatives is through the
use of an insoluble silver salt-mediated, stereoselective substitution reaction, which
produces primarily the B-anomer. The final synthetic procedure is directed toward the
synthesis of C-glycoside compounds through the use of hypervalent silicate chemistry to
install either a nitrile or other carbon-based functionality at C-1 in a stereoselective

manner to allow for further functionalization.
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Results and Discussion
1. Synthesis of precursor compounds for D-ManAcA glycomimetics

Lichtenthaler, et al. developed an excellent method for the synthesis of the
precursor compounds of D-ManAcA that provided the advantage of obtaining most of the
pathway intermediates in crystalline form.’® Each step of the synthesis of intermediates is
discussed in detail below.

The initial step of the synthesis (Scheme 11) involves the treatment of D-
glucurono-6,3-lactone (26), which can be obtained inexpensively from Aldrich, with a
catalytic amount of sodium hydroxide in methanol for one hour to produce the methyl D-
glucopyranuronates (27). After the evaporation of the mixture of 27, it was acetylated
with acetic anhydride in pyridine to protect all of the hydroxyl groups. The mixture was
reacted for three hours and reaction was confirmed with by disappearance of starting
material and appearance of a new spot with a higher R¢ value on the TLC plate. The crude
material was purified via a simple aqueous workup using methylene chloride for
extraction to provide a mixture of isomers (2 @/B). The major product, methyl 1,2,3,4-
tetra-O-acetyl-B-D-glucopyranuronate (2f) was isolated through recrystallization by
dissolving the mixture in hot isopropyl alcohol, which afforded 67% of 2P as clear
crystals. Single crystal X-ray data (Figure 12) was obtained for the o-anomer of the
tetraacetate to confirm that the isomers were being separated during recrystallization and
then properly characterized. The X-ray structure of the B-anomer of 2 had been reported

- 63
previously.
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Figure 12: X-ray structure of D-glucopyranuronate 2a.

o
N
HO (@) o NaOH MeO. -0 Ac,0 MeO. 0 recrystallization MeO. -0
i OH——> HO O — > AcO O ——> AcO O
MeOH HO OH Pyridine ACO OAc AcO OAc
OH HO AcO

AcO
26 27 2 0/p 2B

Scheme 11: Preparation of methyl 1,2,3,4-tetra-O-acetyl-B-D-glucopyranuronate (2f).

The 'H NMR spectrum of 2p showed three signals at 2.04, 2.05, and 2.13 ppm
(one double intensity) that correspond to the acetyl protecting groups. Also, a singlet was
observed at 3.75 ppm for the methyl group of the ester at C-6. The coupling constant of
H-1 and H-2, 9.15 Hz, shows that the positions of these two hydrogen atoms are axial,
which aided in the identification of the compound as 2. Analysis of the °C NMR

spectrum showed the signals of the carbonyl carbons of the acetyl protecting groups, and
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also the ester group, which had shifts between 167.7-170.7 ppm. Electrospray lonization
(ESI) mass spectrometry shows an M of 399.1 for both 2a and 2, which corresponds to

the addition of sodium to the molecular weight of 376.31.

MeO O
MeO. 20 33% HBr
AcO (@) » AcO (@]
AcO OAc in HOAc ACO
AcO

AcO Br

2B 3

Equation 3: Synthesis of methyl 2,3,4-tri-O-acetyl-a-D-glucopyranuronosyl bromide (3).

Bromide 3 was readily synthesized by treatment of 2B with 33% hydrobromic
acid in acetic acid for four hours to give a single stereoisomer in 98% yield (Equation 3).
There is a preference for the bromine atom to be in the axial position due to the anomeric
effect, in which the anti-bonding o*-orbital overlaps with the sp’-orbital of the valence
electrons of the oxygen atom in the carbohydrate ring. TLC indicated a UV-active spot
with a lower Ry value than that of the starting material, and the '"H NMR spectrum
showed the loss of the C-1 acetyl protecting group signal and a downfield shift for the
anomeric proton to 6.47 ppm. The remaining acetyl protecting group signals were
observed at 1.84 and 1.89 ppm. (one double intensity). The *C NMR spectrum provided
evidence for the presence of four carbonyl carbons, three of which were for acetyl
protecting groups and the final carbonyl carbon was representative of the carbonyl carbon
of the methyl ester appearing between 167.3 and 170.3 ppm. Also evident are the signals
around 21 ppm illustrating the methyl groups associated with the acetyl protecting
groups. The signal for the methyl group associated with the ester at C-6 was further

downfield due to the neighboring oxygen atom and it was seen at 54.1 ppm. Mass
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spectral data shows an M" at 399.1 that corresponds to the calculated molecular weight of

397.17 with the addition of a proton.

MeO.__O MeO___O
AcO 0 ELNA a0 0
AcO > AcO-d
AcO (n-Bu)4NBr

Br AcO

3 5

Equation 4: The synthesis of glycal 5 via elimination reaction.

Because Br is such a good leaving group, reaction with diethylamine and
tetrabutylammonium bromide in DMF gave glycal § via an elimination reaction
(Equation 4). TLC showed a UV-active spot that burned at a slightly lower Rs value than
that of bromide 3. The product was purified by elution from a silica gel column to afford
5 in 73% yield. The '"H NMR spectrum showed the change of the H-1 proton signal of the
starting material at 6.47 ppm, which now appears as a singlet at 6.83 ppm. This was due
to the absence of a neighboring hydrogen atom as well as the introduction of a @ bond
between the C-1 and C-2 carbon atoms. Again, the signals for the methyl groups of the
acetyl protecting groups appear at 2.02, 2.11, and 2.15 ppm. Also, there was a change in
the shape of the signal for H-3 from a doublet of doublets to a doublet with a coupling
constant of J = 2.38 Hz.

Analysis of the ?C NMR spectrum showed the carbonyl carbons of the protecting
groups as well as the carbonyl carbon of C-6 between 168.9 and 170.8 ppm. The signal
for the anomeric carbon was shifted downfield from 89.0 to 139.2 ppm due to the
presence of the m-bond between C-1 and C-2. A similar result was also seen for C-2,

which was shifted from 70.1 to 127.2 ppm. The rest of the signals showed very little
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change when they were compared to the spectrum of the starting material. Mass
spectrometry provided an M" of 317.0, which corresponds to the addition of a proton to

the calculated molecular weight of 316.26.

MeO.__O
MeO.__O MeO.___O
NH,OH.HCI BzCl
Aé\go — O > AcO o) » AcO @)
Pyridine AcO Pyridine AcO

AcO NOH NOBz

5 28 29

Scheme 12: O-Benzoyloxime of methyl 3,4-di-O-acetyl-1,5-anhydro-D-fructouronate.

The reaction of glycal § with hydroxylamine hydrochloride in pyridine afforded a
66% yield of oxime 28 as a pale orange solid (Scheme 12). The TLC showed a spot that
was UV-active and burned at a lower Ry than that of the starting material. Based upon the
'H NMR spectrum analysis, the disappearance of a signal for the methyl group associated
with an acetyl protecting group indicates the loss of one -COCHj; group. Also shown in
the spectrum is a change for the H-1 signal for the starting material, which was shifted
upfield and shows as a doublet of doublets between 4.68 and 4.88 ppm, with a coupling
constant of J = 15.75 Hz. The °C NMR provided more evidence for the reaction of enol
acetate 5 by showing the upfield shift of the C-1 signal from 139.2 to 60.3 ppm, but the
C-2 signal remained downfield, due to the loss of the double bond at C-1 and the
formation of a new double bond between C-2 and the N atom to form the oxy-imine. The
signals that appeared at 21.9 and 22.1 ppm correspond to the methyl group of the acetyl
protecting groups and the signal at 53.8 ppm for the methyl group of the ester at C-6. The

rest of the signals appeared between 60.3 and 75.4 ppm, which correspond to the
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remaining carbons of 28. A signal for the NOH proton did not appear in the '"H NMR
spectrum.

An X-ray crystal structure was obtained for oxime 28 supporting the
stereochemistry as determined from the NMR spectra and it revealed that the oxime
hydrogen bonds to itself via the hydrogen of the oxyimine and the ethereal oxygen and
the acyl oxygen of the methyl ester of an associated sugar molecule (Figure 13). ESI
mass spectrometry shows an M" of 312.1, which is in agreement with the addition of

sodium to the calculated molecular mass of 289.20.

Figure 13: X-ray structure of oxime 28.

The benzoylation of 28 with benzoyl chloride in pyridine afforded O-
benzoyloxime 29 in 28% yield as a yellow solid (Scheme 12). The TLC of the reaction

mixture showed a spot that was UV-active and an R¢ value that showed a slight difference
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in the polarity between the starting material and the product. Investigation of the 'H
NMR spectrum showed the appearance of signals that correspond to the benzoyl
protecting group at 7.49 (m-Ar-H), 7.64 (p-Ar-H), and 8.04 (0-Ar-H). The C-1 proton
signals were shown between 4.95 and 5.03 ppm as a doublet of doublets with a coupling
constant of J = 15.84 Hz. The signals for both H-3 and H-5 were shown as doublets at
5.70 and 4.46 ppm respectively due to the presence of a neighboring hydrogen atom for
each (H-4). The >C NMR spectrum also provided evidence for the formation of the
product by new signals for the carbon atoms of the benzene ring between 128.9 and 134.9

ppm, as well as a corresponding carbonyl signal at 158.5 ppm.

Ca G111 ¢

Figure 14: X-ray structure of benzoyloxime 29.

X-ray crystallography shows a structure that contains all functional groups in

axial positions, which appears to be due to the fact that the oxyimine locks the
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conformation of the sugar. This locking of conformation is supported by proton NMR
data due to the fact that the coupling constants for H-3, H-4, and H-5 are between
approximately 3.5 and 4.5 Hz, which means that the protons are in a pseudo-equatorial
orientation. Electrospray Ionization (ESI) mass spectrometry shows an M™ of 416.1,

which corresponds to the calculated molecular mass of 393.30.

MeO.__O MeO.___O MeO.__O
NBS ]
AcO e} _ A@\(%O (] TMS-N3 . AcO o
>~ > " AcO N
AcO ccly BF4.OEt,, THF 3
NOBz BzON B NOBz
29 30 31

Scheme 13: Formation of azide 31.

The first step involved in the synthesis of methyl 3,4-di-O-acetyl-2-
(benzoyloximino)-1-bromo-2-deoxyl-oa-D-arabino-hexopyranuronate  (30) was the
introduction of bromide via radical substitution of 29 (Scheme 13). The gentle reflux of a
mixture of 29 and NBS in CCls was achieved using a 250 W lamp as a heat source. A
UV-active spot that was slightly lower than the starting material on a TLC plate was
observed. Two singlets observed on the 'H NMR at approximately 2.0 ppm correspond to
the methyl portions of the acetyl protecting groups of the sugar at C-3 and C-4. The
signal for the methyl group of the methyl ester appears at 3.80 ppm, which is a slight shift
upfield from that of the starting material. The proton signals at 4.95 and 5.03 ppm for H-1
and H-1" had disappeared and a new singlet appeared further downfield due to the
electronegativity of the bromine atom (at 7.42 ppm), which supports formation of the
product. The *C NMR data also supported the fact that the bromination took place at C-1

with the change of the signal from 60.6 to 73.2 ppm.
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The formation of benzoyloxime azide 31 was achieved by reacting 30 with
trimethylsilyl azide in the presence of boron trifluoride diethyl etherate in
tetrahydrofuran. After three hours, the TLC plate indicated the consumption of the
starting material. The product was found to be UV-active and also with a higher R¢ than
that of the starting material. The crude '"H NMR spectrum provided signals corresponding
to the product. The disappearance of the C-1 proton signal at approximately 7.4 ppm and
the appearance of a new singlet at ~6.6 ppm indicated the loss of the Br atom at C-1. The
remaining proton signals of 31 showed a slight upfield shift in comparison to those of

starting material 30.

2. Synthesis of D-glucopyranosyl azide and nitrile

Preparation of glucuronosyl azide 32 was achieved by substitution on 2,3,4-tri-O-
acetyl-a-D-glucopyranosyl bromide (3) itself formed from acetylated 2a. (Scheme 14).
The first step in the synthetic strategy was the bromination of 2a with HBr, which gave
the thermodynamically favored compound 3 in 97% yield. The material shown on the
TLC gave a UV-active spot that burned at a slightly lower Rf value than that of the
starting material. The absence of one of the acetyl protecting group signals between 1.84-
1.89 ppm in the 'H NMR spectrum and the appearance of a doublet, which corresponds
to the C-1 proton at 6.47 ppm, indicates the bromination of 2a at C-1. The ?C NMR also
supported the bromination of 3 with the disappearance of a carbonyl signal that was

observed between 164 and 170 ppm on the ?C NMR spectrum of the starting material.
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Scheme 14: Synthesis of glucopyranosyl azide 32.

2,3,4-Tri-O-acetyl-a-D-glucopyranosyl bromide (3) reacts readily with NaNj to
afford glucuronate azide 32 (Scheme 14) as a yellow syrup. TLC showed a UV-active
spot burning at a higher Ry value than that of the starting material. The '"H NMR spectrum
showed the signal shift from 6.47 ppm to 4.72 ppm due to shielding from the N3 group
with the coupling constant of 8.79 Hz. All of the acetyl protecting group signals were
observed with the same intensity at approximately 2.00 ppm. The carboxylic acid methyl
ester at C-6 was seen again at approximately 3.80 ppm. Comparing the *C NMR
spectrum with that of the starting material, there was a slight shift observed for the
anomeric carbon as well as for one of the carbonyl carbons, but the rest of the signals
were virtually identical to the shifts observed in the carbon spectrum of the starting

material.
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Figure 15: X-ray structure of glucuronosyl azide 32.

Crystallography data supports the exclusive formation of B-azide (Figure 15).
Mass spectrometry data supports the formation of product due to an M+ of 382.1, which

corresponds to the calculated molecular mass and the presence of sodium.

MeO O BFg.OEtz, MeO (@)
AcO O » AcO O
AcO OAC TMSCN, THF AcO
AcO AcO CN
26 25

Equation S: Preparation of glucopyranosyl nitrile 25.

Preparation of glucuronosyl nitrile 25 was achieved via the reaction of methyl

1,2,3,4-tetra-O-acetyl-B-D-glucopyranuronate (2f) with trimethylsilyl cyanide in the
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presence of a stoichiometric amount of boron trifluoride etherate. TLC showed a UV-
active spot burning at a higher R¢ value than that of the starting material. Three singlets
observed on the '"H NMR at approximately 2.0 ppm correspond to the methyl portions of
the acetyl protecting groups of the sugar at C-2, C-3 and C-4. The disappearance of one
of the methyl signals for an acetyl protecting group signifies the loss of one of these
groups via a substitution reaction. The signal for the methyl group of the methyl ester
appears at 3.75 ppm, which is a slight shift downfield from that of the starting material.

A shift of the C-1 peak of the starting material occurred from 5.77 Hz to 5.90 Hz
with a coupling constant of J = 4.76 Hz suggesting that the alpha anomer was formed
preferentially. Examination of the °C NMR spectrum also provided evidence for the
formation of the nitrile via the appearance of a new signal at 117.3 Hz, which is
representative of a triple bond between a carbon and a nitrogen atom. There was a slight
shift observed for the anomeric carbon as well as for one of the carbonyl carbons, but the
rest of the signals were virtually identical to the shifts observed in the carbon spectrum of
the starting material. Electrospray ionization (ESI) mass spectrometry shows an M" of

366.2 which corresponds to the calculated molecular mass.

3. Conversion of glycosyl azide into amides

Formation of the amide from the azide was achieved using the modified
Staudinger reaction with bis(diphenylphosphino)ethane.*’ The reaction sequence includes
the formation of a triazaphosphadiene intermediate first, followed by the loss of nitrogen

to afford a phosphinimine ylide (Scheme 15).
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Scheme 15: Amide synthesis via Staudinger reactions.

The phosphinimine ylide was then reacted with an acid chloride to yield N-linked
glycosyl amides. Because of the ready availability of glycosyl azides, the introduction of
different substituents at C-1 to provide a stereoselective synthesis of B-glycosyl amides
was investigated. The use of DPPE allowed for easy purification and high yields of
products. Mechanistically, the first step involves the formation of an ylide, which then
attacks the electrophilic carbonyl carbon of the acid chloride to afford an imidoyl

chloride intermediate, followed by hydrolysis to yield the amide product (Scheme 15).

AcO
Aco DPPE, THF AcO

32 33

Equation 6: p-Nitrobenzoic acid-(B-D-glucopyranuronosyl)-amide (33).

The reaction of azide 32 with DPPE and p-nitrobenzoyl chloride (Equation 6)
afforded a high yield (72%) of 33 as a yellow crystalline solid (Table 1). Study of the

TLC plate showed a UV-active spot that burned at a lower Ry value than that of the
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starting material. Investigation of the '"H NMR spectrum indicated that the signal at 5.42
ppm is actually the overlap of two doublets of doublets, and the integration value
provided the evidence of this signal as two hydrogen atoms (shown as a “quintet” signal
shape). One of the signals had a coupling constant of 8.97 Hz, which is the same value as
for the NH doublet signal which appeared at 7.39 ppm, thus it was determined to be that
of the H-1 proton. Aryl ring resonances indicated two types of protons that appeared at
7.93 and 8.30 ppm as doublets. COSY experiments support the proper assignment of
carbohydrate ring protons.

Analysis of the °C NMR spectrum provided evidence for the formation of 33 by
presenting five signals in the region of 166.5-171.8 ppm, which indicates the carbonyl
groups of the acetyl protecting groups, the carbonyl carbon of the methyl ester at C-6,
and the carbonyl carbon of the newly formed amide. The aryl ring carbon signals also
appear between 124.7 and 150.8 ppm, and the signal at 54.0 ppm represents the methyl
group of the carboxylic acid ester. The signal for the methyl group of the acid ester
appeared farther downfield than that of the acetyl protecting groups at approximately 22
ppm due to the direct attachment of the carbon atom to a highly electronegative oxygen
atom. ESI mass spectrometric analysis provides an M+ of 505.0, which corresponds to
the calculated molecular mass with the addition of a sodium atom. X-ray crystallography

data supports the exclusive formation of the f-anomer of compound 33 (Figure 16).
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Figure 16: X-ray structure of amide 33.

Starting Material  Acid Chloride Product % Yield R value*
32 p-Nitrobenzoyl Chloride 33 72 0.24
p-Fluorobenzoyl Chloride 34 80 0.29
Butyryl Chloride 35 70 0.20
Benzoyl Chloride 36 98 0.37
Pentafluorobenzoyl Chloride 37 86 0.43
Isovaleryl Chloride 38 56 0.23
2-Furoyl Chloride 39 60 0.27
2-Naphthoyl Chloride 40 63 0.35

* Solvent System- 1:1 hexanes: ethyl acetate

Table 1: Synthesis of amides via Staudinger reaction (Glucuronosyl azide 32).
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ACQR\EL =C AcO
AcO DPPE, THF A00

32 34

Equation 7: p-Fluorobenzoic acid-(B-D-glucopyranuronosyl)-amide (34).

The reaction between azide 32, DPPE, and p-fluorobenzoyl chloride afforded a
high yield (80%) of amide 34 as a colorless syrup (Table 1). Examination of the TLC
plate showed a UV-active spot that burned at a lower R¢ value than that of the starting
material. Investigation of the '"H NMR spectrum indicated the presence of the H-1 triplet
at 7.06 ppm, which had a coupling constant of 8.51 Hz. A short, broad doublet also
appeared at approximately 7.4 ppm to indicate the presence of the N-H proton of the
amide. Further investigation of the proton NMR spectrum provided two aryl ring
resonances as doublets of doublets at 7.06 and 7.77 ppm due to H-F coupling.

Analysis of the ?C NMR spectrum provided evidence for the formation of 34 by
presenting five signals in the region of 164.8-172.6 ppm, which indicates the carbonyl
groups of the acetyl protecting groups, ester and amide. The aryl ring carbon signals also
appear between 116.6 and 166.1 ppm and also show C-F coupling. The signal at 54.0
ppm represents the methyl group of the carboxylic acid ester. The carbon signal at 166.1
has a coupling constant of J = 252.5 Hz due to the fact that carbon-13 and fluorine-19
couple. Also evident are the signals around 21 ppm illustrating the methyl groups
associated with the acetyl protecting groups. ESI mass spectral data provides evidence
that the experimental M is in agreement with the calculated molecular ion (plus sodium)

of 478.1.
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o
MeO.__0O MeO.__O
/\)J\Q
A80 O > AASO O H
Ac N3 DPPE, THF c
AcO AcO \[O]/\/
32 35

Equation 8: Butyric acid-(B-D-glucopyranuronosyl)-amide (35).

In the reaction of 32 with butyryl chloride, TLC showed a UV-active spot that
burned at a slightly lower Rs value than that of azide 32. The product was purified by
elution from a silica gel column to afford 35 in 70% yield as white solid (Equation 8).
The 'H NMR spectrum showed the downfield shift of the C-1 doublet from the starting
material (4.72 ppm), which now appears as a triplet at 5.34 ppm, and which possesses a
coupling constant of 9.52 Hz. This shift is due to the greater deshielding of the amide
nitrogen in relation to that of the azide precursor. All of the acetyl protecting group
signals were observed with the same intensity at approximately 2.00 ppm. The carboxylic
acid methyl ester at C-6 was seen again at approximately 3.70 ppm.

Analysis of the °C NMR spectrum provided evidence for the formation of 35 by
the appearance of five signals in the region of 168.1-174.4 ppm, which indicates the
carbonyl groups of the acetyl protecting groups, the carboxylic acid ester at C-6, and the
newly formed amide carbonyl. Comparing the *C NMR with that of the starting material,
there was a shift observed for the anomeric carbon from 89.0 to 77.9 Hz as well as a
minor shift for one of the carbonyl carbons, but the rest of the signals were virtually
identical to the shifts observed in the carbon spectrum of the starting material. Mass
spectral data shows an M at 426.1 that corresponds to the calculated molecular weight of

403.38 along with the addition of sodium.
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AcO > AcO
AcOﬁ DPPE, THF AcO

32 36

Equation 9: Benzoic acid-(B-D-glucopyranuronosyl)-amide (36).

The reaction of 32 with DPPE and benzoyl chloride afforded a high yield (98%)
of 36 as a colorless solid (Table 1). Study of the TLC plate showed a UV-active spot that
burned at a lower Ry value than that of the starting material. Investigation of the '"H NMR
spectrum indicated that the signal at 5.47 ppm is actually the overlap of one doublet of
doublets and a triplet, and the integration value provided the evidence of this signal as
two protons (shown as a “quintet” signal shape). One of the signals had a coupling
constant close to 9.15 Hz, which is the same value as the NH doublet which appeared at
7.15 ppm, thus it was determined to be that of the H-1 proton. Aryl ring resonances
indicated two types of protons that appeared at 7.53 and 7.75 ppm as doublets.
Examination of the >C NMR spectrum provided evidence for the formation of 36 by
presenting five signals in the region of 168.1-172.1 ppm, which indicates the carbonyl
groups of the acetyl protecting groups, the carbonyl carbon of the methyl ester at C-6,
and the amide. The aryl ring carbon signals also appear between 128.3 and 133.7 ppm,
and the signal at 54.0 ppm represents the methyl group of the carboxylic acid ester. The
signal for the methyl group of the acid ester appeared farther downfield than that of the
acetyl protecting groups at approximately 22 ppm due to the direct attachment of the

carbon atom to a highly electronegative oxygen atom. Mass spectrometry data
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determined that the calculated molecular ion of 437.40 was in agreement with the M"

found.
F F
0
F
MeO O . . Cl MeO 0 E F
AcO @] - E
> AcO OH
Acoﬁo Ns  "DPPE, THF Aco\ﬁl/N
Ac
AcO o) F
F
32 37

Equation 10: Pentafluorobenzoic acid-(p-D-glucopyranuronosyl)-amide (37).

The reaction with pentafluorobenzoyl chloride (Equation 10) afforded a high yield
(86%) of 37 as a white syrup (Table 1). Examination of the TLC plate showed a UV-
active spot that burned at a lower R value than that of the starting material. Investigation
of the "H NMR spectrum indicated the presence of the H-1 triplet at 5.46 ppm, which had
a coupling constant of 9.34 Hz. A short, broad doublet also appeared at approximately 7.3
ppm with a coupling constant of approximately 9.2 Hz, to indicate the presence of the N-
H proton of the amide. With further analysis of the "H NMR spectrum, it was noted that
there are no peaks in the typical aromatic region of the spectrum due to the fact that the
aryl protons have been replaced by fluorine atoms.

Analysis of the ?C NMR spectrum provided evidence for the formation of 37 by
the appearance of five signals in the region of 158.6-170.8 ppm, which indicates the
carbonyl groups of the acetyl protecting groups, the ester and the amide. The aryl ring
carbon signals appeared as doublets with coupling constants of approximately 250 Hz.
The carbon of the methyl ester appeared at 54.1 ppm, which is farther downfield than that

of the methyl carbons of the acetyl protecting groups, which appeared at approximately
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22 ppm. Electrospray lonization mass spectrometry proved that the M+ found, 550.0, was

in agreement with the calculated molecular mass plus sodium.

(@]
MeO._ _O )\/U\ MeO._ _O
AcO O CI: AcO OH
AcO N3 DPPE, THF AcO NW
O

AcO AcO

32 38

Equation 11: Isovaleric acid-(B-D-glucopyranuronosyl)-amide (38).

In the reaction with isovaleryl chloride, TLC showed a UV-active spot that
burned at a slightly lower R¢ value than that of azide 32. The product was purified by
elution from a silica gel column to afford 38 in moderate yield (56%) as bright yellow
foam (Equation 11). The "H NMR spectrum showed a downfield shift of the H-1 triplet
of the starting material at 4.72 ppm, due to the increased deshielding that the amide
provides for the anomeric proton. All of the acetyl protecting groups remained
throughout the course of the reaction as indicated by the three signals at ~2.0 ppm. The
signal for the methyl ester was also maintained from azide 32 with very little alteration of
position. Investigation of the ?C NMR spectrum provided evidence for the formation of
38 due to the appearance of a peak at 23.4 ppm that represents the symmetric methyl
groups of the i-amyl portion of the glycomimetic compound. In addition to the peak at
23.4 ppm, five signals appeared between 168.1 and 173.9 ppm as a representation of the
acetyl protecting group, ester and amide carbonyl carbon atoms. Analysis of high
resolution mass spectrometry data determines that the M" calculated is in agreement with

the M" found, 440.1.
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MeO O Q)J\ MeO
AcO O > AcO
AcO N3 DPPE, THF AcO

32 39

Equation 12: Furan-2-carboxylic acid-(B-D-glucopyranuronosyl)-amide (39).

When 2-furoyl chloride was used, TLC showed a UV-active spot that burned at a
slightly lower R¢ value than that of azide 32. The product was purified by elution from a
silica gel column to afford 39 in moderate yield (61%) as a foam (Equation 12). The 'H
NMR spectrum shows a 2H multiplet at 5.43 ppm corresponding to H-1 and H-2. The 'H
NMR spectrum also shows a group of multiplets downfield from 6.46 ppm to 7.66 ppm
representing the amide proton as well as the three furan protons in product 39.
Investigation of the ?C NMR spectrum provided evidence for the formation of 39 due to
the appearance a group of signals from 113.3-159.1 ppm representing the carbon atoms in
the amide functionality as well as the furan ring. All other signals in the >C NMR
spectrum appear to be altered only a minor amount compared to the azide precursor.
Mass spectrometry data provided evidence that the calculated molecular mass plus a

proton agreed with the experimental M of 428.1.

AcO I I - AcO
Aco DPPE, THF AcO

32 40

Equation 13: Naphthanoic acid-(B-D-glucopyranuronosyl)-amide (40).
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The reaction with 2-naphthoyl chloride afforded a modest yield (63%) of 40 as
white powder (Equation 13, Table 1). Examination of the TLC plate showed a UV-active
spot that burned at a lower Ry value than that of the starting material. Investigation of the
'"H NMR spectrum indicated the presence of the H-1 triplet at 5.58 ppm, which had a
coupling constant of 9.62 Hz. The spectrum also showed a large grouping of signals in
the aromatic region supporting the fact that the naphthoyl ring is attached as a portion of
molecule 40. All of the acetyl protecting groups remained intact throughout the course of
the reaction as indicated by the three signals at ~2.0 ppm. The signal for the methyl ester
was also maintained from azide 32 with very little alteration of position. Analysis of the
BC NMR spectrum provided evidence for the formation of 40 due to the appearance a
group of signals from 124.4-136.1 ppm corresponding to the presence of the naphthoyl
moiety. The ?C NMR spectrum also contained a fifth carbonyl signal, representing the
amide carbonyl carbon, which was not present in the azide precursor. The analysis of ESI
mass spectrometry data provided evidence for the correct molecular mass (with the

addition of a proton) from an ion with an m/z ratio of 488.2.

4. Conversion of glycosyl azide to glycosyl imines

Formation of the amine from the azide was achieved using a modified Staudinger
reaction with DPPE. The reaction sequence includes the formation of a
triazaphosphadiene intermediate (Scheme 16) first, followed by the loss of nitrogen to

afford a phosphinimine ylide.
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Scheme 16: Imine synthesis via Staudinger reactions.

The phosphinimine ylide then undergoes isomerization at equilibrium to produce
the alpha ylide, possibly favored due to the anomeric affect, which then readily reacted
with an aldehyde to yield N-linked glycosyl imines. Due to the ready availability of
glycosyl azide 32, the introduction and study of different substituents at C-1 to provide a
stereoselective synthesis of a-glycosyl imines was investigated. Mechanistically, the most
interesting portion of the mechanism is the isomerization that occurs around C-1 due to

the influence of the free electrons of the nitrogen atom of the phosphinimine ylide.

0]
MeO o) 02N4©—< MeO o
Aco# Zo »H A0 0 NO,
AcO Ns  DPPE, CH,Cl, ﬁ
N

AcO AcO

32 41

Equation 14: p-Nitrobenzoic acid-(a-D-glucopyranuronosyl)-imine (41).

The reaction of azide 32 with DPPE and p-nitrobenzaldehyde (Equation 14)

afforded a moderate yield (42%) of 41 as a colorless crystalline solid. Study of the TLC
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plate revealed a UV-active spot that burned at a lower Ry than that of the starting material.
Investigation of the 'H NMR spectrum indicated the presence of a doublet at 5.38 Hz
with a coupling constant of 4.22 Hz, corresponding to the proton associated with H-1.
Aryl ring resonances indicated the presence of two types of protons that appeared at 7.99
and 8.31 ppm as doublets. Upon further analysis, a singlet corresponding to the imine
proton was found at 8.38 ppm.

Analysis of the °C NMR spectrum provided evidence for the formation of 41 by
presenting five carbonyl signals in the region of 162.8-170.6 ppm, which indicates
carbonyl groups of the acetyl protecting groups, the methyl ester, and the carbonyl carbon
of the newly formed imine. Aryl ring carbon signals also appeared between 125.0 and
150.8 ppm. The signals for the methyl group of the acid ester and the methyl portions of
the acetyl protecting groups are still present, exhibiting little alteration from that of the
azide precursor. X-ray crystallography data supports the isolation of only the a-anomer of
compound 41 (Figure 17). Mass spectral analysis provided evidence that the experimental

M is in agreement with the calculated molecular mass.
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A“ﬁ’ H pcb- Ll Br
AcO N3 DPPE, CH,Cl, ACG
AcO N

32 42

Equation 15: p-Bromobenzoic acid-(a-D-glucopyranuronosyl)-imine (42).

The reaction of azide 32 with DPPE and p-bromobenzaldehyde (Equation 15)
afforded a moderate yield (45%) of 42 as a yellow solid. Study of the TLC plate revealed
a UV-active spot that burned at a lower R than that of the starting material. Investigation
of the "H NMR spectrum indicated the presence of a doublet representing H-1 at 5.27

ppm with a coupling constant of 4.21 Hz, once again suggesting formation of the a-
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anomer. Further analysis of the 'H NMR spectrum showed a singlet corresponding to the
imine proton at 8.20 ppm. Analysis of the ’C NMR spectrum provided evidence for the
formation of 42 by presenting five carbonyl signals in the region of 169.5-171.1 ppm,
which indicates carbonyl groups of the acetyl protecting groups, the methyl ester, and the
carbonyl carbon of the newly formed imine. Aryl ring carbon signals also appeared
between 132.0 and 133.4 ppm. ESI mass spectrometry provided evidence that the

calculated molecular mass was in agreement with the experimental M~ of 502.1.

5. Conversion of glycosyl azide into glycopyranosyl-[1,2,3]-triazoles

Formation of the triazole was achieved by reacting the azide with a terminal
alkyne in the presence of a copper (II) salt and ascorbic acid. The mechanism is similar to
that of a Huisgen 1,3-dipolar cycloaddition and a modified organo-cuprate intermediate

helps to mediate the addition process by altering the electronic properties of the alkyne.

Terminal Alkyne,

MeO. O Cu (1) salt, MeO. O MeO (@]
AcO o) > | AcO o} —> AcO o /=N
ACO\%N:; Ascorbic Acid ACO\%N—K]EN ACO\K\KLN\/\R
u

AcO H,0 AcO AcO

32 ci— g

Scheme 17: Synthesis of triazoles via the Huisgen reaction.

The partially negatively charged nitrogen of the azide acts as a nucleophile,
attacking the terminal carbon of the alkyne, driving m-electrons from the triple bond to

attack the azide nitrogen closest to the sugar moiety. This cyclic addition forms two new
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bonds during the closing of the heterocyclic aromatic system, producing the 1,4-triazole.
The fact that the triazole product is not soluble at reduced temperatures is of great interest
due to the ease of isolation via filtration. This method leads to easy product isolation,
high yields, and few offensive by-products.

Sharpless has reported that a catalytic amount of Cu(l) salts considerably
increases the rate of reaction through a catalytic cycle (Scheme 18), and also increases

the regioselectivity of addition to afford 1,4-disubstituted products.*®

CuSO,
ligand (L)
reducing agent
Ry
B CulLn
N\\N/N\Rz [ ] R _ H
e
R, CulLn
7=< R;—=——CulLn
N\\N/N\R2
»
® O
N=N—N—-R,

Scheme 18: Catalytic cycle for Cu(I)-catalyzed azide-alkyne coupling.
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Glucuronosyl azide (32) was reacted with fourteen different alkynes to afford a
variety of products (Figure 18), however no triazole products were isolated from
reactions with trimethylsilyl acetylene and propiolic acid. Reactions with these two
alkynes were monitored by TLC, which showed consumption of the starting material but

analysis of the '"H NMR spectra did not reveal formation of the triazole product.
y p p

Starting Material Terminal Alkyne Reagent Product % Yield Rs value*

32 Phenylacetylene 43 58 0.31
3-Cyclopentyl-1-propyne 44 90 0.30
1-Ethynyl-3-fluorobenzene 45 81 0.24
4-Ethynyl Toluene 46 87 0.29
Ethyl Propiolate 47 98 0.36
1-Hexyne 48 88 0.49
Trimethylsilyl Acetylene N/R - -
4-Ethynylanisole 49 64 0.18
1-Heptyne 50 64 0.31
1-Nonyne 51 96 0.36
Propiolic Acid N/R - -
1-Decyne 52 79 0.58
1-Dodecyne 53 97 0.71
1-Octyne 54 73 0.28

* Solvent System- ethyl acetate

Table 2: Cycloaddition reactions with glucuronosyl azide 32.
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Figure 18: Glucuronosyl triazole products.
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MeO.__O : : MeO.__0O
ascorbic acid, n=N
AcO (@] + / \ — - ACO‘&/ ! Y
AcO N3 — CuSOy,, H,0 AcO N
AcO AcO H
32 43

Equation 16: Synthesis of triazole 43 from azide 32.

Some of the typical results from experiments are presented here. The first alkyne
to be reacted with azide 32 was phenyl acetylene (Equation 16). This reaction was heated
to 70 °C for sixteen hours and progression of the reaction was monitored via TLC, which
showed total consumption of starting material and the formation of a new UV-active spot
with an Ry value lower than that of azide 32. The reaction mixture was then cooled and
filtered through a glass frit. The crude product was then recrystallized from warm 95%
ethanol to afford 0.74 g of white fluffy solid (58%). The "H NMR spectrum of product 43
revealed a new singlet at 8.07 ppm that corresponds to the triazole proton and the signals
that correspond to the protons of the aromatic ring appeared between 7.36 and 7.84 ppm.
The "H NMR spectrum also revealed a downfield shift for the anomeric proton from 4.72
ppm in the starting material to approximately 5.98 ppm in the 1,4-disubstituted triazole
product. COSY NMR experiments assured the proper assignment of carbohydrate ring
protons in the '"H NMR spectrum. The >C NMR spectrum provided evidence for
formation of the product through the appearance of aryl ring signals from 126.9-130.8
ppm as well as signals for the carbon-carbon double bond formed as part of the triazole
ring at 118.9 and 149.5 ppm. All other signals in the °C NMR spectrum demonstrated

very little alteration from that of the starting material. Mass spectrometry shows a peak
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with an M" of 462.0, which corresponds to the addition of a proton to the calculated

molecular mass of 461.14.

VeSO — ascorbic acid, MeO. O
A 2 * o > A0 o WV
Aco Na CuS0,, H,0 AcO N/

AcO F AcO H

32 45

Equation 17: Synthesis of triazole 45 from azide 32.

The reaction of azide 32 with 1-ethynyl-3-fluorobenzene afforded the triazole
product (45, Equation 17) in good yield (1.08 g, 81%) as a pale yellow solid upon
recrystallization. The reaction progress was monitored by TLC, which showed a UV-
active spot that burned at a lower Ry than that of the starting material after a twelve hour
reaction time. The '"H NMR spectrum showed evidence of the product by indicating a
singlet signal at 8.10 ppm corresponding to the triazole proton. Also shown on the 'H
NMR spectrum was a doublet of doublets of doublets at 7.05 ppm due to vicinal, meta,
and H-F coupling of the aromatic protons of compound 45. A doublet of doublets was
also apparent at 7.40 ppm representing the para proton of the phenyl ring, exhibiting both
a vicinal and H-F coupling with coupling constants of J = 8.24 and 2.20 Hz. Analysis of
the '*C NMR spectrum also provided evidence for the formation of product by indicating
Ar-C signals from 115.0-162.0 ppm, and the appearance of signals at 119.4 ppm and
148.5 ppm representing the triazole ring carbon atoms. The signals for the three acetyl
protecting groups are still present at approximately 21 ppm. ESI mass spectrometry
provided evidence for an M~ of 480.0, which corresponds to the calculated molecular

mass.



58

Y

MeO._O
MeO.__O o ascorbic acid, ‘g\v n=No O
AcO (@] + AcO o ! /
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AcO AcO H

32 47

Equation 18: Synthesis of triazole 47 from azide 32.

Reaction of sugar azide 32 with ethyl propiolate produced triazole 47 in 98%
yield upon recrystallization of the filtered, crude product (Equation 18). Examination of
the TLC plate revealed that a new UV-active spot had formed at a lower R; value than
that of the associated starting material, which had been consumed throughout the course
of the reaction. Analysis of the 'H NMR spectrum revealed a similar downfield shift to
that of product 43, due to an increase in the deshielding of the proton at C-1 along with
the presence of the newly formed heteroaromatic system. Further examination of the 'H
NMR spectrum revealed the presence of a triplet at 1.42 ppm that corresponds to the
methyl group of the ethyl ester, as well as the appearance of a quartet representing the
methylene group of the ethyl ester at 4.43 ppm. Inspection of the °C NMR spectrum
showed the presence of five carbonyl signals between 161.03-170.64 ppm, supporting the
fact that the ethyl ester has successfully been incorporated into the product. The *C
NMR spectrum contained signals at 127.3 ppm and 142.0 ppm that correspond to the
triazole carbons and the signal at 15.6 ppm that corresponds to the methyl group carbon
(CO,CH,CH3). Electrospray Ionization mass spectrometry provides evidence for an M"

of 480.2, which corresponds to the addition of sodium to the expected molecular mass.
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Equation 19: Synthesis of triazole 49 from azide 32.

Compound 32 was reacted with 1-ethynyl-4-anisole to afford triazole 49 in 64%
yield (Equation 19). The investigation of TLC showed a UV-active spot that burned at a
slightly lower Ry value than that of the sugar azide precursor. The 'H NMR spectrum
showed the presence of a second methoxy group, which corresponds to the methoxy
group of the anisole moiety at 3.83 ppm. The "H NMR spectrum also revealed a typical
splitting pattern for the para-disubstituted aromatic ring appearing between 6.95 ppm and
7.95 ppm. A downfield shift of the anomeric proton was also observed, while all other
signals remained relatively unchanged compared to the starting material. Scrutiny of the
>C NMR spectrum revealed the presence of an aromatic system between 115.3-160.8
ppm, a peak at 56.5 ppm in relation to the aromatic methoxy group, and finally, peaks at
118.0 ppm and 149.4 ppm for the triazole ring carbon atoms. Mass spectral data provides

evidence for an M" of 492.2, which corresponds directly to the calculated molecular

mass.
. . MeO.__O
MeO 0 ascorbic acid, N=N
AcO 0 + ==—(CH,)sCH3 »  AcO O i/ (CH2)sCH3
AcO N3 CUSO4, HZO AcO N
AcO AcO H

32 55

Equation 20: Synthesis of triazole 55 from azide 32.



60

The reaction of glucuronosyl azide 32 with 1-octyne afforded triazole product 54
in moderate yield (73%), but high purity after recrystallization (Equation 20). Reaction
progress was monitored by TLC until the starting material was consumed. Upon
consumption of the starting material, a UV-active spot appeared at a higher Rs value than
that of the starting material. The '"H NMR spectrum showed evidence of product by
indicating a singlet signal at 7.55 ppm corresponding to the triazole proton. Also shown
in the "H NMR spectrum is a triplet signal at 0.86 ppm with a coupling constant of 6.22
Hz that corresponds to the terminal methyl group of the octyne chain. Analysis of the °C
NMR spectrum also provided evidence for the formation of product 54 by indicating the
presence of four carbonyl carbon signals from 167.2-170.6 ppm. The alkyl carbon chain
signals can be found between 15.3-30.7 ppm, and the signal at 15.3 ppm represents the
methyl group of the alkyl carbon chain. Finally, the *C NMR spectrum provided
evidence of the triazole ring with two signals between 120.0 and 150.2 ppm. Analysis of
mass spectral data provided evidence that the M corresponds to the calculated molecular
mass along with the addition of sodium.

For the reaction products 43-54, yields of the products in the 58-98% range were
obtained. All products afforded clean "H and ?C NMR spectra that were easy to interpret.
The 'H NMR spectra of the products showed similar patterns, the important one being the
triazole proton, which was observed as a singlet in the region of 7.55-8.43 ppm. In
summary, the presence of CuSO4 and ascorbic acid as a catalytic system not only

increased the reaction rates, but also improved product yields and the ease of isolation.
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6. Saponification of [1,2,3]-triazoles with lithium hydroxide

Biologically active carbohydrate mimetics are of great interest in glycobiology as
well as pharmacology due to the increasing need for new antibiotic compounds.' It has
been shown that most carbohydrate moieties in antibiotic compounds have no protecting
groups, but rather contain multiple hydroxyl, amine, or ether functionalities. A common
procedure for eliminating acetyl protecting group as well as esters is via a base-catalyzed
saponification reaction. Saponification reactions can be thought of as a nucleophilic acyl

substitution at the acyl oxygen of the ester (Scheme 19).

0 ®OH o” H,O o’|_|
2
R.)]\OR = = R'/EHOR = R./EHOR
©
(0] OH (@]
R')J\OQ R')J\OH

Scheme 19: General mechanism for a saponification reaction.
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Equation 21: 1-(B-D-glucuronosyl)-4-phenyl-1H-[1,2,3]-triazole (55).

Some of the typical results from experiments are presented here. The first triazole

reacted with a solution of LiOH was triazole 43 (Equation 21). The reaction was run at
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room temperature for a period of approximately eighteen hours and progression of the

reaction was monitored via TLC, which showed consumption of the starting material and

the appearance of a new UV-active spot at an Ry lower than that of the starting material.

After acidification, the reaction mixture was evaporated to yield pure product with no

need for further purification to afford 55 as a pale brown solid (92%). The C NMR

spectrum of product 55 revealed the loss of three carbonyl carbon signals compared to the

starting material as well as all three methyl groups of the acetyl protecting groups which

were apparent at approximately 21 ppm in the ?C NMR spectrum of product 43. All

other shifts in the ’C NMR spectrum demonstrated little alteration from that of the

starting material. ESI MS data supports the formation of 55 via an M" of 344.0, which

corresponds to the addition of sodium to the calculated molecular mass.

Triazole Starting Material Product % Yield R¢ value*
43 55 92 0.20
44 56 72 0.64
45 57 64 0.21
46 58 93 0.22
52 59 99 0.47
49 60 99 0.17

* Solvent System- 3:1 ethyl acetate: methanol

Table 3: Respective deprotected 1,2,3-triazole products.
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Equation 22: 1-(B-D-glucuronosyl)-4-(4-methoxyphenyl)-1H-[1,2,3]-triazole (60).

The reaction of triazole 49 with LiOH in a solution of water, methanol, and
tetrahydrofuran afforded deprotected product 60 in 99% yield as a yellow powder
(Equation 22). Reaction progress was monitored by TLC to illustrate the disappearance
of the starting material as well as a UV-active spot at a lower R¢ value than that of
triazole 49. The '"H NMR spectrum showed the disappearance of methyl signals, with
little alteration of other signals as compared to starting material. No splitting patterns
were altered from the NMR of the starting material to that of the product. The *C NMR
spectrum of the product showed loss of three carbonyl signals in the region of
approximately 170 ppm from that of the starting material. Mass spectral data shows an

M" peak at 352.1, which is representative of the calculated molecular mass.
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Figure 19: Saponification reaction products for [1,2,3]-disubstituted triazoles.
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For the reaction products 55-60, yields of the products in the 64-98% range were
obtained. All products afforded clean 'H and BC NMR spectra that were easy to interpret.
The '"H NMR spectra of the products showed similar patterns, the important change being
the loss of carbonyl as well as methyl signals corresponding to the acetyl protecting
groups. In summary, the use of LiOH is a rapid and efficient manner in which to
deprotect the glycosyl [1,2,3]-disubstituted triazoles of interest with little purification

necessary.

7. Formation of divalent [1,2,3]-triazoles

Formation of the divalent triazoles was achieved by reacting two equivalents of
azide with a terminal diyne in the presence of a copper(Il) salt and ascorbic acid. The
mechanism is similar to that of a Huisgen 1,3-dipolar cycloaddition and a modified
organo-cuprate intermediate helps to mediate the addition process by altering the
electronic properties of the alkyne (Scheme 17). Glucuronosyl azide 32 was reacted with
both 1,3- and 1,4-diethynylbenzene to afford the two expected disubstituted triazole
products. (Figure 20).
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Figure 20: Divalent glucuronosyl triazole products.

The first alkyne to be reacted with azide 32 was 1,3-diethynylbenzene. This

reaction was heated to 75 °C for eighteen hours and progression of the reaction was
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monitored by TLC, which showed total consumption of starting material and the
formation of a new UV-active spot with an Rf value lower than that of azide 32. The
reaction mixture was then cooled and filtered through a glass frit. The crude product was

then recrystallized from warm isopropyl alcohol to afford 4.65 g of a fine beige powder

(66%).

MeO (@) (@] OMe
MeO.__O N
¥ AS AcO o N=N N=N g OAc
2 AcO @) » AcO N N OAc
AcO N3 Hzo, CUSO4,

AcO ascorbic acid AcO OAcC

32 61

Equation 23: Synthesis of triazole 61.

Reaction of 1,3-diethynylbenzene with glucuronosyl azide 32 afforded the
divalent product in moderate yield (66%) as a beige powder (Equation 23). The '"H NMR
spectrum of product 61 revealed a new singlet at 9.15 ppm that corresponds to the
triazole proton and the signals that correspond to the protons of the aromatic ring
appeared between 7.57 and 8.39 ppm. Signals for the acetyl protecting groups appeared at
approximately 2.0 ppm. Mass spectrometry shows a peak that with an M" of 785.3, which

corresponds to the loss of an acetyl group from the calculated molecular mass of 844.73.
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Equation 24: Synthesis of triazole 62.

Reaction of 1,4-diethynylbenzene with glucuronosyl azide 32 afforded the
divalent product in good yield (74%) as a pale orange powder (Equation 24). The 'H
NMR spectrum of product 62 revealed a new singlet at 9.09 ppm that corresponds to the
triazole proton and the signal that corresponds to the protons of the aromatic ring
appeared at 7.94 ppm. Mass spectrometry shows a peak that with an M of 816.3, which
corresponds to the loss of a methoxy group from the calculated molecular mass of

844.73.

8. Conversion of glycosyl azide into glycopyranosyl-[1,2,3,5]-tetrazole

Reacting the glucuronosyl azide with a nitrile in the presence of a zinc (II) salt
affected a [3+2] cycloaddition to afford the expected tetrazole product. It is probable that
an organo-zinc intermediate forms, in a manner that is similar to the formation of an

organo-cuprate intermediate to mediate the additive coupling process.

MeO O
MeO. 0 ZnBry, Hy0 N=
AcO (@] + = > AcO O ! / OH
AcO Na HO < > C=N AcO N\N: ( >
AcO AcO
32 63

Equation 25: 1-(Methyl 2,3,4-tri-O-acetyl-B-D-glucuronosyl)-4-(4-hydroxyphenyl)-1H-
[1,2,3,5]-tetrazole (63).

The reaction of azide 32 and 4-cyanophenol in the presence of zinc bromide

monohydrate afforded the tetrazole product 63 in 66% yield (Equation 25) as a white

solid upon crystallization from methanol. The reaction progress was monitored by TLC,

which showed a UV-active spot that burned at a higher Rs than that of the starting
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material after a twelve hour reaction time. The 'H NMR spectrum showed evidence of
the product by indicating the presence of one methoxy group corresponding to the methyl
ester of the sugar. Two doublets corresponding to the aryl ring protons also appeared
between 6.91 ppm and 7.54 ppm. The '"H NMR spectrum indicated the presence of three
singlets at approximately 2.0 ppm corresponding to the methyl portion of the acetyl
protecting groups. Analysis of the ?C NMR spectrum also provided evidence for the
formation of product by indicating aromatic group signals from 103.9-135.2 ppm, and the
appearance of a signal at 161.4 ppm representing the tetrazole ring carbon atom. The °C
NMR spectrum also contained three signals at ~21 ppm indicating the presence of the
acetyl protecting groups. ESI mass spectrometry shows the presence of a peak

corresponding to the calculated molecular mass of tetrazole 63.

0. Conversion of glycosyl bromide into O-glycosides

Formation of the O-glycoside from the glycosyl bromide occurs via competing
Sx1 and Sn2 processes that are mediated by tight-ion pair overlaps. The reaction proceeds
first by complexation of the bromine atom with the silver atom of the silver
aluminosilicate catalyst forming a sugar-catalyst complex. The orientation of the -OR
group at C-1 then is determined by the time of substitution of the alcohol for the bromide
leaving group since the silver complex is drawing the bromine away from C-1. This
process allows for competition between Sy1 and Sx2 reactions, which in this case leads to

the inversion of configuration at C-1 (Scheme 20).
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Scheme 20: Mechanistic possibility for O-glycoside formation.

Typical reactions were carried out upon 0.5 g of glycosyl bromide 3 in a solution
of methylene chloride containing two equivalents of van Boeckel’s catalyst and five
equivalents of the respective alcohol for a period of 12-24 hours at room temperature in
the dark (to prevent photodecomposition of the silver catalyst). Reaction at higher
temperatures accelerated the decomposition of the catalyst.

MeO O
Ag-Aluminosilicate, MeO 0
AcO O
AcO » AcO O
ACO 5e.q. BnOH, CH,Cl, AcO o

Br AcO

3 64

Equation 26: Benzyl (2,3,4-tri-O-acetyl-a-D-glucopyranosyl methyl uronate) (64).

The reaction of bromide 3 with benzyl alcohol afforded a high yield (78%) of 64
as a fine white solid (Equation 26). Study of the TLC plate showed a UV-active spot that
burned at a lower Ry value than that of the starting material. Investigation of the '"H NMR

spectrum indicated that the shift of the signal for the anomeric proton did not change
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much due to the presence of the -OBn group at C-1 compared to bromide 3, and the
coupling constant increased slightly to 4.48 Hz supporting the fact that the product is the
a-anomer. Formation of the product is also supported by the appearance of a 5-H
multiplet at approximately 7.3 ppm as well as a singlet signal at 4.66 ppm that
corresponds to the two benzyl protons in the product. The other signals in the proton
NMR spectrum show little alteration compared to the starting material. Analysis of the
BC NMR spectrum provided evidence for the formation of 64. The aryl ring carbon
signals appear between 128.0 and 141.9 ppm, and the signal at 54.3 ppm represents the
methyl group of the carboxylic acid ester. The signal for the benzylic carbon appeared at
approximately 66 ppm, and the presence of signals at ~21 ppm indicates that the acetyl
protecting groups are still present in O-glycoside 64. Mass spectrometry provided

evidence of a peak at 365.1, which most probably corresponds to the loss of an acetyl

group.
Starting Material _ Alcohol Reagent Product % Yield R¢ value*
3 Benzyl Alcohol 64 78 0.42
n-Butanol 65 71 0.48
t-Amyl Alcohol 66 65 0.50
Cyclohexanol 67 98 0.50
n-Propanol 68 69 0.50
Ethanol 69 90 0.42

* Solvent System- 1:1 hexanes: ethyl acetate

Table 4: Synthesis of O-glycosides using silver catalysis.
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oY Ag-Aluminosilicat Meozo
g-Aluminosilicate,
A@(%O © » AcO O
AcO L 5eq. EtOH, CHCl, AcO SN

3 69

Equation 27: Ethyl (2,3,4-tri-O-acetyl-pB-D-glucopyranosyl methyl uronate) (69).

The reaction of bromide 3 with ethanol afforded a high yield (90%) of 69 as
colorless crystals (Equation 27). Examination of the TLC showed a UV-active spot that
burned at a lower Ry value than that of the starting material. Investigation of the '"H NMR
spectrum indicated the presence of a doublet corresponding to the anomeric proton at
~4.5 ppm. A triplet corresponding to the methyl group of the ethyl glycoside appeared at
1.13 ppm, and the methylene group was represented by two multiplets that appeared from
3.52-3.88 ppm in the "H NMR spectrum.

Analysis of the ?C NMR spectrum provided evidence for the formation of 69
with the appearance of two new carbon signals at 16.2 ppm ad 66.9 ppm corresponding to
the methyl and methylene groups of the ethyl glycoside respectively. The anomeric
carbon signal shifted from approximately 87 ppm in bromide 3 to 101.5 ppm in O-
glycoside 69 due to the presence of two oxygen atoms directly attached to C-1. ESI mass
spectrometry provided an M" of 385.1, which corresponds to the calculated molecular
mass of product 69. The coupling constant in the "H NMR spectrum as well as X-ray

crystallography data (Figure 21) lend proof that 69 is in fact the -anomer.
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Figure 21: X-ray structure of glycoside 69.
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Figure 22: O-Glycoside products from use of the van Boeckel’s catalyst.

For the O-glycoside reaction products 64-69, yields of the products in the 65-98%

range were obtained. All products afforded clean 'H and ?C NMR spectra that were easy
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to interpret. The "H NMR spectra of the products showed similar patterns, the important
one being the upfield shift for the signal correlating to the anomeric proton, as well as the
appearance of new signals for the aglycone substituents. In conclusion, the van Boeckel
catalyst provides high yields and stereoselectivity of addition, which are both important

considerations in natural or unnatural product synthesis.

10. Production of a D-ManAcA derivative

MeO 0 MeO O
DEAD, toluene AcO @]
AcO @) ' o ~Ns
AcO Ns > AcO NN
reflux —
BzON BZON £i0,c CO,Et
32 70

Equation 28: Synthesis of D-ManAcA triazole derivative 70.

The reaction of azide 32 with DEAD afforded a high yield (82%) of 70 as an
orange syrup (Equation 28). Examination of the TLC showed a UV-active spot that
burned at a lower R; value than that of the starting material. Investigation of the 'H NMR
spectrum indicated the presence of two triplets corresponding to the methyl groups of the
ethyl groups at approximately 1.4 ppm. A set of quartets corresponding to the methylene
groups of the ethyl groups appeared at ~4.4 ppm. Investigation of the '"H NMR spectrum
indicated the presence of a singlet corresponding to the anomeric proton at approximately
7.5 ppm. ESI mass spectrometry provided an M of 602.5, which corresponds to the
calculated molecular mass of product 70.

The synthesis of 70 again illustrates the importance of the facile preparation of a

B-D-ManAcA donor in the study of serotypes 5 and 8 of S. aureus. Compound 70 is a key
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component in the future production of uronic acid based glycomimetic compounds of

Staphylococcus aureus.
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Experimental

General Procedures

Reaction progress was monitored by thin layer chromatography (TLC) with
ultraviolet light detection since most of the reaction materials are UV-active. The TLC
plates were treated with a solution of 5% sulfuric acid/ methanol solution to burn the
reaction material to provide the indication of a carbohydrate product. Isolation of the
product was completed by either recrystallization or flash chromatography performed
with 32-63 pum, 60-A silica gel. A Bruker Esquire-HP 1100 mass spectrometer was used
for low-resolution MS. A Varian Gemini 2000 NMR system was used for 'H and °C
spectroscopy at 400 MHz and 100 MHz respectively, using CDCl;s or Dg-DMSO as
solvents. Proton and carbon chemical shifts (8) are recorded in parts per million (ppm).
Splitting patterns of multiplets are labeled in the following manner: s (singlet), d
(doublet), dd (doublet of doublets), ddd (doublet of doublet of doublets), t (triplet), q
(quartet), m (multiplet) with coupling constants measured in Hertz (Hz). X-Ray
diffraction was also used to determine the solid-state crystal structure of some the

compounds used herein.

Preparation of methyl D-glucopyranuronate (27) from D-glucurono-6,3-lactone (26).

In a 1000 mL round-bottom flask equipped with a septum and magnetic stir bar,
NaOH (0.04 g, 1.0 mmol) was dissolved in methanol (300 mL) at room temperature. D-
Glucurono-6,3-lactone (26) (10.0 g, 56.75 mmol) was added in 0.5 g portions to the
mixture and allowed to stir at room temperature for 2.5 hours to convert the furanose into

the pyranose.
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Preparation of methyl 1,2,3,4-tetra-O-acetyl-p-D-glucopyranuronate (2) from D-
glucuronolactone pyranose (27) via acetylation and recrystallization of methyl
2,3,4,5-tetra-O-acetyl-o/p-D-glucopyranuronate (2 o/p).

After concentration of the mixture from the previous experiment under reduced
pressure, the residue (4.90 g, 27.8 mmol) (27) was dissolved in 10 mL of dry pyridine
and then cooled to 0 °C. Acetic anhydride (10 mL) was added slowly to the mixture, and
the solution was allowed to stir at room temperature for 6 hours or until TLC (1:1
hexanes: ethyl acetate, product Rf= 0.61) showed consumption of the starting material.
The reaction mixture was then poured over ice water (400 mL) and the organic product
was extracted with dichloromethane (3 x 100 mL). The combined organic extracts were
washed with 5% sulfuric acid (3 x 50 mL), followed by washing with deionized water (2
x 100 mL). The organic extract was dried over anhydrous magnesium sulfate, filtered,
and reduced. In a 500 mL round-bottom flask, the o/f anomers (2 a/p) (10.34 g, mixture
of a/B) were dissolved in boiling isopropyl alcohol (250 mL). The solution was poured
into a 500 mL Erlenmeyer flask to encourage the growth of crystals at room temperature
to afford 6.93 g of 2P (67%). The concentration of the mother liquor gave 3.38 g of syrup
that was mainly 2a (32%).

For the B-isomer:

'H NMR (CDCly): 6 2.04, 2.05, 2.13 (3s one with double intensity, 12H total, 4 x

COCHa), 3.75 (s, 3H, OCH3), 4.18 (d, 1H, H-5,J=9.52 Hz), 5.15 (t, 1H, H-2, J =

8.47 Hz), 5.24 (t, 1H, H-4, J = 9.52 Hz), 5.32 (t, 1H, H-3, J =9.15 Hz), 5.77 (d,

1H, H-1,J = 7.87 Hz).
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3C NMR (CDCL): § 21.6, 21.7, 21.9, 54.1, 70.0, 71.2, 72.8, 74.0, 92.3, 167.7,

169.6, 170.0, 170.2, 170.7.

m/z calculated: 376.31 m/z found (ESI): 399.1 (+Na)
M.P.=176-178 °C
Rf=0.61 (1:1 hexanes: ethyl acetate)

[a]p =+26.6 (c = 1.0, CH,Cl,)

For the a-isomer:

"H NMR (CDCls): & 2.06, 2.08, 2.17 (3s one with double intensity, 12H total, 4 x
COCH3), 3.72 (s, 3H, OCH3), 4.39 (d, 1H, H-5, J = 10.25 Hz), 5.09 (t, 1H, H-2, J
=6.25 Hz), 5.19 (t, 1H, H-3,J =9.89 Hz), 5.49 (t, 1H, H-4,J = 9.89 Hz), 6.37 (d,

1H, H-1, J = 3.66 Hz).

C NMR (CDCls): & 20.5, 20.5, 20.7, 20.9, 53.0, 68.7, 68.8, 69.0, 70.3, 88.6,

164.9, 166.9, 168.2, 169.2, 169.7.

m/z calculated: 376.31 m/z found (ESI): 399.1 (+Na)
M.P. = N/A (syrup)
Rf=0.61 (1:1 hexanes: ethyl acetate)

[o]p = +134.5 (c = 1.0, CH,CL,)
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Preparation of methyl 2,3,4-tri-O-acetyl-o-D-glucopyranosyl bromide (3) from
methyl 1,2,3,4-tetra-O-acetyl-p-D-glucopyranuronate (2p).

In a 100 mL round-bottom flask equipped with a septum, vent, a magnetic stir
bar, methyl 2,3,4,5-tetra-O-acetyl-p-D-glucopyranuronate (2B) (4.12 g, 8.0 mmol) was
dissolved in 33% HBr in acetic acid (15 mL). The mixture was stirred at room
temperature for 4 hours or until the TLC (1:1 hexanes: ethyl acetate, Rs = 0.58) showed
consumption of the starting material. After neutralization with 30 mL of 10% NaOH, the
mixture was then extracted with chloroform (3 x 25 mL). The organic extracts were then
combined and washed with water (3 x 50 mL). The organic extracts were dried over
anhydrous magnesium sulfate. The extracts were then filtered and reduced to afford 4.27
g (10.8 mmol) of 3 as a pale yellow syrup (98%).

'H NMR (CDCls): 1.84, 1.89 (2s one with double intensity, 9H total, 3 x COCH3),

3.54 (s, 3H, OCH3), 4.34 (d, 1H, H-5, J = 10.25 Hz), 4.69 (dd, 1H, H-2, J =4.05,

4.18 Hz), 5.03 (t, 1H, H-4, J =10.25 Hz), 5.37 (t, 1H, H-3, J =9.70 Hz), 6.47 (d,

1H, H-1, J = 4.03 Hz).

13C NMR (CDCls): § 21.5, 21.6 (2 x C), 54.1, 69.3, 70.2, 71.1, 73.0, 86.8, 167.3,

170.1, 170.25, 170.28.

m/z calculated: 397.17 m/z found (ESI): 399.1 (+H")
M.P. = N/A (syrup)
Rf=0.58 (1:1 hexanes: ethyl acetate)

[o]p = +95.1 (¢ = 1.0, CH,Cl,)
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Formation of methyl 2,3,4-tri-O-acetyl-2,6-anhydro-D-lyxo-hex-5-enoate (5) from
methyl 2,3,4-tri-O-acetyl-a-D-glucopyranosyl bromide (3).

To an ice-cooled stirred solution of methyl 3,4,5-tri-O-acetyl-a-D-glucopyranosyl
bromide (3, 6.2 g, 19.6 mmol) and tetrabutylammonium bromide (5.02 g, 19.6 mmol) in
DMF (80 mL) in a 250 mL round-bottom flask equipped with septa and magnetic stir bar,
was added diethylamine (2.5 mL, 23.9 mmol) dropwise under an atmosphere of nitrogen.
The mixture was stirred at room temperature until TLC (1:1 hexanes: ethyl acetate, Rs=
0.44) showed consumption of starting material (~24 hours) and then neutralized with 50-
200 Dowex strongly acidic resin. The reaction was filtered to remove the Dowex resin
and then partitioned between ice water (30 mL) and methylene chloride (30 mL). The
organic phase was washed with 1 M HCI (40 mL), saturated sodium bicarbonate (40 mL),
and water (2 x 40 mL). The aqueous extracts were combined and washed with 50 mL of
methylene chloride. The organic extracts were then combined and dried with anhydrous
magnesium sulfate. Evaporation of solvent gave a residue (4.78 g), which was purified
via elution from a column of silica gel (2:1 hexane: ethyl acetate). The major fraction was
concentrated to yield 3.62 g (73%) of glycal 5 as a light brown syrup.

'H NMR (CDCls): § 2.02, 2.11, 2.15 (3s, 9H, 3 x COCH3), 3.81 (s, 3H, OCHj3),

4.84 (d, 1H, H-5,J=2.30 Hz), 5.39 (d, 1H, H-3, J =2.47 Hz), 5.47 (dd, 1H, H-4,

J=2.38,2.41 Hz), 6.83 (s, 1H, H-1).

C NMR (CDCL): & 20.6, 20.8, 21.0, 52.5, 63.4, 67.8, 72.2, 127.2, 139.2, 168.9,

169.1, 169.2, 170.8.

m/z calculated: 316.26 m/z found (ESI): 317.0 (+H")
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M.P.=105-108 °C
Rf=0.64 (1:1 hexanes: ethyl acetate)

[a]p = -60.6 (c = 1.0, CH,ClL)

Preparation of the oxime of methyl 3,4-di-O-acetyl-1,5-anhydro-D-fructuronate (28)
from methyl 2,3,4-tri-O-acetyl-2,6-anhydro-D-lyxo-hex-5-enoate (5).

Methyl 3,4,5-tri-O-acetyl-2,6-anhydro-D-lyxo-hex-5-enoate (5) (3.0 g, 10.4
mmol) was dissolved in dry pyridine (60 mL) containing hydroxylamine hydrochloride
(5.2 g, 71 mmol) and placed in a 250 mL round-bottom flask equipped with a septum and
magnetic stir bar. The solution was stirred at room temperature for 20 hours when TLC
(100% ethyl acetate, Ry = 0.70) showed consumption of starting material. After
concentration of the mixture, the residue was diluted with 250 mL of dichloromethane.
The solution was then washed with 1 M HCI (200 mL), saturated sodium sulfate (200
mL), and water (3 x 200 mL). The combined organic extracts were dried over anhydrous
magnesium sulfate, filtered, and reduced to provide 1.81 g of 28 as a yellow solid (66%).

'H NMR (CDCls): § 2.08, 2.12 (2s, 6H, 2 x COCH3), 3.81 (s, 3H, OCH3), 4.39

(d, 1H, H-5,J=4.58 Hz), 4.68 (d, 1H, H-1, J=15.75 Hz), 4.88 (dd, 1H, H-1°,J =

15.75 Hz), 5.44 (t, 1H, H-4, J = 4.40 Hz), 5.49 (d, 1H, H-3, J = 5.13 Hz).

C NMR (CDCly): & 21.9, 22.0, 53.8, 60.3, 69.3, 70.9, 75.4, 150.4, 169.5, 170.0,

170.5.

m/z calculated: 289.20 m/z found (ESI): 312.1 (+Na)

M.P. = 141-145 °C
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R¢=0.70 (1:1 hexanes: ethyl acetate)

[a]p = -5.5 (c=1.0, CH,Cl,)

Formation of the O-benzoyloxime of methyl 3,4-di-O-acetyl-1,5-anhydro-D-
fructuronate (29) by reaction of benzoyl chloride with methyl 3,4-di-O-acetyl-1,5-
anhydro-D-fructuronate oxime (28).

A 50 mL round-bottom flask containing methyl 3,4-di-O-acetyl-1,5-anhydro-D-
fructuronate oxime (28) (1.93 g, 6.7 mmol) dissolved in dry pyridine (40 mL) was
equipped with a septum and magnetic stir bar. The solution was then cooled to -10 °C
using a 1:1 acetone: ice bath. Benzoyl chloride (1.0 mL, 7.0 mmol) was added dropwise
via syringe. The reaction mixture was allowed to stir for 4 hours or until TLC (1:1
hexanes: ethyl acetate, R = 0.41) showed consumption of the starting material. The
solution was then poured over ice-water (40 mL) and extracted with methylene chloride
(3 x 20 mL). The organic layers were then combined, washed with 5% sulfuric acid, 5%
aqueous sodium bicarbonate (20 mL), and water (2 x 40 mL), dried over magnesium
sulfate, and evaporated to yield 0.71 g of crude product as a yellow solid. The crude
product was the eluted across a column of silica gel in 2:1 hexanes: ethyl acetate. The
major fraction was collected and then recrystallized from diethyl ether to afford 0.54 g of
29 as a white solid (28%).

'H NMR (CDCl3): § 2.11, 2.14 (2s, 6H, 2 x COCH3), 3.84 (s, 3H, OCH3), 4.46 (d,

1H, H-5, J = 3.66 Hz), 4.95 (d, 1H, H-1, J = 15.84 Hz), 5.03 (d, 1H, H-1", J =

15.84 Hz), 5.58 (t, 1H, H-4, J =4.12 Hz), 5.70 (d, 1H, H-3, J = 4.58 Hz), 7.49 (4,

2H, m-Ar-H, J =7.87 Hz), 7.64 (t, 1H, p-Ar-H, J = 7.41 Hz), 8.04 (d, 2H, 0-Ar-H,

J=17.87 Hz).
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13C NMR (CDCls): § 21.8, 22.0 (2 x C), 53.8, 60.6, 68.8, 70.2, 74.9, 128.9, 129.7

(2x0),130.7(2xC), 134.9,158.5,163.6, 169.1, 169.2, 170.1.

m/z calculated: 393.30 m/z found (ESI): 416.1 (+Na)
M.P.=118-120 °C
Rf=0.41 (1:1 hexanes: ethyl acetate)

[a]p = -65.1 (c = 1.0, CH,ClL)

Formation of methyl 3,4-di-O-acetyl-1-a-bromo-5-anhydro-D-fructuronate-O-
benzoyloxime (30) by irradiation of N-bromosuccinimide and the O-benzoyloxime
of methyl 3,4-di-O-acetyl-1,5-anhydro-D-fructuronate (29).

In a nitrogen-charged round-bottom flask containing a magnetic stir bar, (0.33 g,
0.85 mmol) of the O-benzoyloxime of methyl 3,4-di-O-acetyl-1,5-anhydro-D-
fructuronate (29) and N-bromosuccinimide (0.30 g, 1.70 mmol) was dissolved in carbon
tetrachloride (10 mL). The resulting mixture was then irradiated with a 250 W lamp for
thirty minutes or until the resulting TLC plate exhibited consumption of starting material
and complete product formation (1:1 hexanes: ethyl acetate, Rf = 0.50). The resulting
mixture was then cooled in an ice bath to allow excess NBS as well as any insoluble
succinimide to precipitate from solution. The cool solution was filtered and then reduced
in vacuo. The resulting residue was dissolved in methylene chloride (25 mL) and washed
with three 20 mL portions of water. The combined aqueous fractions were then washed
with dichloromethane (2 x 10 mL). The combined organic layers were dried over

anhydrous magnesium sulfate, filtered, and reduced to afford 0.45 g of crude yellow
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syrup. The crude reaction product was then recrystallized from hot diethyl ether to afford
0.37 g of 30 as a fine white solid (93%).
'H NMR (CDCl3): § 2.12, 2.20 (2s, 6H, 2 x COCH3), 3.79 (s, 3H, OCH3), 4.66 (d,
1H, H-5, J = 9.34 Hz), 5.48 (t, 1H, H-4, J = 9.52 Hz), 6.23 (d, 1H, H-3,J =9.52
Hz), 7.42 (s, 1H, H-1), 7.50 (t, 2H, m-Ar-H, J = 8.06 Hz), 7.64 (t, 1H, p-Ar-H, J =

7.67 Hz), 8.04 (d, 2H, 0-Ar-H, J = 8.61 Hz).

PC NMR (CDCly): 8 21.75, 21.78, 54.5, 68.0, 69.5, 73.2, 73.6, 128.5, 129.9 (2 x

), 130.8 (2xC), 135.1, 155.5, 162.7, 167.0, 170.1, 170.4.

m/z calculated: 472.19 m/z found (ESI): 392.1 (-Br)
M.P.=90-93 °C
R¢=0.50 (1:1 hexanes: ethyl acetate)

[o]p = +246.3 (¢ = 1.0, CH,CL)

Preparation of methyl 3,4,5-tri-O-acetyl-B-D-glucopyranosyl azide (32) from methyl
2,3,4-tri-O-acetyl-a-D-glucopyranosyl bromide (3).

In a 250 mL round-bottom flask equipped with a reflux condenser and a magnetic
stir bar, methyl 3.,4,5-tetra-O-acetyl-a-D-glucopyranosyl bromide (3) (18 g, 45.3 mmol)
and sodium azide (5.89 g, 2.0 equivalents) were dissolved in 5:1 acetone: water (120
mL). The mixture was then heated to a gentle reflux for 3 hours or until the starting
material was consumed as shown by TLC (1:1 hexanes: ethyl acetate, Rf = 0.41). The
mixture was then cooled to room temperature and extracted with methylene chloride (3 x

100 mL), the combined organic layers where washed with 10% NaOH (2 x 75 mL), and
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then with water (3 x 100 mL). The organic layer was then dried over anhydrous
magnesium sulfate, filtered, and reduced in vacuo to afford 22.3 g of crude solid. In a 500
mL round-bottom flask the solid was dissolved in methanol (180 mL) at 64 °C. The
solution was poured into a 500 mL Erlenmeyer flask to encourage the growth of crystals
at room temperature to afford 15.83 g of 31 (97%).
'H NMR (CDCls): 2.02, 2.04, 2.08 (3s, 9H, 3 x COCH3), 3.78 (s, 3H, OCH3),
4.13 (d, 1H, H-5,J=9.70 Hz), 4.72 (d, 1H, H-1, J =8.79 Hz), 4.96 (t, 1H, H-2, J

= 8.97 Hz), 5.26 (m, 2H, H-3, H-4).

3C NMR (CDCLy): § 21.6, 21.7 (2 x C), 54.1, 70.1, 71.5, 72.9, 75.2, 89.0, 167.4,

170.0, 170.1, 170.7.

m/z calculated: 359.29 m/z found (ESI): 382.1 (+Na)
M.P. =141-143 °C
Rf=0.41 (1:1 hexanes: ethyl acetate)

[o]p = -70.4 (c = 1.0, CH,CL,)

Preparation of methyl 2,3,4-tri-O-acetyl-a-D-glucopyranosyl nitrile (25) from
methyl 1,2,3,4-tetra-O-acetyl-p-D-glucopyranuronate (2).

In a nitrogen-charged round-bottom flask containing a magnetic stir bar, 0.50 g
(1.33 mmol) of the methyl 1,2,3,4-tetra-O-acetyl-B-D-glucopyranuronate (2f) and
trimethylsilyl cyanide (0.42 mL, 6.00 mmol) were dissolved in methylene chloride (10
mL). Boron trifluoride etherate (0.12 mL, 1.33 mmol) was added to the reaction mixture

dropwise over a period of three minutes. The reaction was then allowed to stir for one
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hour or until the reaction was complete by TLC (1:1 ethyl acetate: hexanes, R = 0.69).
The mixture was then cooled to 0 °C, and extracted with methylene chloride (3 x 5 mL),
saturated sodium bicarbonate (2 x 5 mL), and washed with water (3 x 10 mL). The
organic layer was then dried over anhydrous magnesium sulfate, filtered, and reduced in
vacuo to afford 0.78 g of crude solid. The crude reaction mixture was then eluted over a
column of silica gel (1:1 ethyl acetate: hexanes) to yield 0.38 g of 25 as yellow syrup
(83%).

'H NMR (CDCls): 1.93, 2.10, 2.11 (3s, 9H, 3 x COCH3), 3.77 (s, 3H, OCH3),

421 (d, 1H, H-5, J = 8.24 Hz), 4.39 (t, 1H, H-2, J = 6.29 Hz), 5.15 (t, 1H, H-4, J

=8.97 Hz), 5.26 (t, 1H, H-3, J=8.97 Hz), 5.90 (d, 1H, H-1, J=4.76 Hz).

PC NMR (CDCly): 8 21.8, 21.9, 25.8, 54.0, 68.8, 68.9, 69.9, 74.9, 97.4, 117.3,

169.1, 169.59, 169.62, 170.1.

m/z calculated: 343.90 m/z found (ESI): 366.1 (+Na)
M.P. = N/A (syrup)
Rf=0.69 (1:1 hexanes: ethyl acetate)

[o]p =-8.1 (¢ = 1.0, CH,Cl,)

Synthesis of amides: Staudinger reactions

In a flame-dried, nitrogen-flushed 100 mL round-bottom flask, a solution of azide
32 (1.0 g, 2.8 mmol), two equivalents of a selected acid chloride, and 0.65 equivalents of
bis(diphenylphosphino)ethylene in tetrahydrofuran (20 mL) was agitated for six hours at

room temperature under an atmosphere of nitrogen. Upon consumption of starting
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material as determined by TLC (1:1 hexanes: ethyl acetate) the reaction mixture was then
hydrolyzed with water (3 mL) overnight. After concentration of the mixture the residue
was diluted with chloroform (40 mL). The solution was washed with cold saturated
NaHCO; (20 mL) and water (2 x 25 mL). The combined organic extracts were dried over
anhydrous magnesium sulfate, filtered and reduced to provide solid products, which were

further purified by flash column chromatography.

Acid chloride

4-nitrobenzoyl chloride 4-fluorobenzoyl chloride
butyryl chloride benzoyl chloride
pentafluorobenzoyl chloride isovaleryl chloride
2-furoyl chloride 2-naphthoyl chloride

Table 5: Acid chloride reagents used.

p-Nitrobenzoic acid-(methyl 2,3,4-tri-O-acetyl-p-D-glucopyranuronosyl)-amide (33).

'H NMR (CDCl3): 6 2.05, 2.06 (2s with one double intensity, 9H total, 3 x
COCH3), 3.72 (s, 3H, OCHj3), 4.25 (d, 1H, H-5, J=9.89 Hz), 5.05 (t, 1H, H-4,J =

9.61 Hz), 5.16 (t, 1H, H-2 J = 9.70 Hz), 5.37 (t, 1H, H-3, J = 9.78 Hz), 5.47 (t,
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1H, H-1, J = 9.05 Hz), 7.39 (d, 1H, NH, J = 8.97 Hz), 7.93 (d, 2H, Ar-Ha, J =

8.61 Hz), 8.30 (d, 2H, Ar-Hb, J = 8.42 Hz).

PC NMR (CDCly): 8 21.6, 21.7, 21.8, 54.0, 70.5, 71.6, 72.9, 74.5, 79.4, 124.7 (2

x C), 129.8 (2 x C), 139.1, 150.8, 166.6, 168.1, 170.5, 170.7, 171.8.

m/z calculated: 482.40 m/z found (ESI): 505.0 (+Na)
High Resolution TOF MS Electrospray: 505.1056 (+Na)

M.P. =105-107 °C

Rf=0.24 (1:1 hexanes: ethyl acetate)

[a]p =-49.7 (c = 1.0, CH,Cl,)

p-Fluorobenzoic acid-(methyl 2,3,4-tri-O-acetyl-B-D-glucopyranuronosyl)-amide

(34).

'H NMR (CDCl3): & 2.00, 2.03 (2s with one double intensity, 9H total, 3 x
COCH3), 3.66 (s, 3H, OCH3), 4.24 (d, 1H, H-5,J = 10.07 Hz), 5.09 (t, 1H, H-4, J
=9.52 Hz), 5.12 (t, 1H, H-3, J =9.52 Hz), 5.46 (t, 1H, H-2, J = 9.52 Hz), 5.50 (t,
1H, H-1, J=9.15 Hz), 7.06 (dd, 2H, Ar-Hb, J = 8.51, 8.51 Hz), 7.40 (d, 1H, NH,

J=9.15Hz), 7.76 (dd, 2H, Ar-Ha, J = 8.53, 4.67 Hz).



87

PC NMR (CDCly): § 21.7, 21.8, 21.9, 54.0, 70.8, 71.7, 73.0, 74.8, 79.6, 116.6 (d,
2C, Ar-Cb-F, J = 22.1 Hz), 129.9, 130.9 (d, 2C, Ar-Ca-F, J = 9.2 Hz), 164.8,

166.1 (d, C-F, J = 252.5 Hz), 167.3, 168.2, 170.9, 172.6.

m/z calculated: 455.39 m/z found (ESI): 478.1 (+Na)
High Resolution TOF MS Electrospray: 478.1133 (+Na)
M.P.=116-119 °C

Rf=0.29 (1:1 hexanes: ethyl acetate)

[a]p =-31.3 (c = 1.0, CH,Cl,)

Butyric acid-(methyl 2,3,4-tri-O-acetyl-p-D-glucopyranuronosyl)-amide (35).

'H NMR (CDCls): 6 0.84 (t, 3H, Hy, J = 7.32 Hz), 1.56 (sextet, 2H, HpB, J = 3.65
Hz), 1.97, 1.98 (2s with one double intensity, 9H total, 3 x COCH3), 2.10 (t, 2H,
Ho, J = 7.96 Hz), 3.66 (s, 3H, OCH3), 4.14 (d, 1H, H-5, J = 10.07 Hz), 4.92 (t,
1H, H-4, J =9.61 Hz), 5.08 (t, 1H, H-2, J =9.76 Hz), 5.29 (t, 1H, H-3, J = 8.51

Hz), 5.34 (t, 1H, H-1,J=9.52 Hz), 6.59 (d, 1H, NH, J = 9.52 Hz).

C NMR (CDCls): & 14.8, 19.8, 21.7, 21.8, 21.9, 39.6, 54.1, 70.7, 71.4, 73.0,

74.8,77.9,168.1,170.4, 170.6, 171.6, 174.4.
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m/z calculated: 403.38 m/z found (ESI): 426.1 (+Na)
High Resolution TOF MS Electrospray: 426.1365 (+Na)

M.P. =81-83 °C

Rf=0.20 (1:1 hexanes: ethyl acetate)

[o]p = +24.1 (¢ = 1.0, CH,CL,)

Benzoic acid-(methyl 2,3,4-tri-O-acetyl-$-D-glucopyranuronosyl)-amide (36).

'H NMR (CDCL): § 2.04, 2.05, 2.06 (3s, 9H, 3 x COCHj), 3.72 (s, 3H, OCHs),
424 (d, 1H, H-5, J = 10.07 Hz), 5.10 (¢, 1H, H-4, J = 9.61 Hz), 5.18 (t, 1H, H-2, J
= 10.07 Hz), 5.47 (t, 1H, H-3, J = 9.61 Hz), 5.48 (t, 1H, H-1, J = 9.23 Hz), 7.15
(d, 1H, NH, J = 9.15 Hz), 7.44 (t, 2H, m-Ar-H, J = 6.61 Hz), 7.53 (t, 1H, p-Ar-H,

J=17.14Hz), 7.75 (d, 2H, 0-Ar-H, J = 6.77 Hz).

BC NMR (CDCly): § 21.7, 21.8, 21.9, 54.0, 70.8, 71.7, 73.0, 74.9, 79.6, 128.3 (2

x C), 129.7(2x C), 133.4, 133.7, 168.1, 168.2, 170.4, 170.7, 172.1.

m/z calculated: 437.40 m/z found (ESI): 460.1 (+Na)
High Resolution TOF MS Electrospray: 460.1221 (+Na)

M.P. =193-195 °C
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R¢=0.37 (1:1 hexanes: ethyl acetate)

[a]p =-19.1 (c = 1.0, CH,Cl,)

Pentafluorobenzoic acid-(methyl 2,3,4-tri-O-acetyl-$-D-glucopyranuronosyl)-amide

37).

'H NMR (CDCL): § 2.02, 2.03, 2.05 (3s, 9H, 3 x COCH3), 3.71 (s, 3H, OCHs),
421 (d, 1H, H-5, J = 10.07 Hz), 5.06 (t, 1H, H-4, J = 9.52 Hz), 5.13 (t, 1H, H-2, J
=9.79 Hz), 5.41 (t, 1H, H-3, J = 9.52 Hz), 5.46 (t, 1H, H-1, J = 9.34 Hz), 7.26 (d,

1H, NH, J=9.15 Hz).

13C NMR (CDCL): & 21.7, 21.8, 21.9, 54.1, 70.6, 71.8, 73.3, 74.1, 78.3, 113.0,
138.4 (d, 2 x C, J =251 Hz), 143.1 (d, 1 x C, J = 251 Hz), 144.5 (d,2x C, J =

251 Hz), 158.6, 168.6, 170.2, 170.7, 170.8.

m/z calculated: 527.35 m/z found (ESI): 550.0 (+Na)
High Resolution TOF MS Electrospray: 550.0737 (+Na)
M.P.=175-178 °C

Rf=0.43 (1:1 hexanes: ethyl acetate)

[o]p = +42.6 (C = 1.0, CH,Cl,)
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Isovaleric acid-(2,3,4-tri-O-acetyl-p-D-glucopyranuronosyl)-amide (38).

'H NMR (CDCls): & 0.90 (d, 6H, Hy, J = 11.17 Hz), 0.97 (d, 2H, Ho, J = 6.59
Hz), 2.02 (s, 9H, 3 x COCH3), 2.08 (m, 1H, HB), 3.71 (s, 3H, OCH3), 4.15 (d, 1H,
H-5,J=9.80 Hz), 4.94 (t, 1H, H-4,J =9.61 Hz), 5.12 (t, 1H, H-2, J = 10.07 Hz),
531 (t, 1H, H-3,J = 9.52 Hz), 5.37 (t, 1H, H-1, J = 9.52 Hz), 6.34 (d, 1H, NH, J

= 9.34 Hz).

3C NMR (CDCls): § 21.7, 21.77, 21.81, 23.4 (2 x C), 27.1, 47.0, 54.1, 70.8, 71.3,

73.1,74.9,78.8, 168.1, 170.4, 170.6, 171.7, 173.9.

m/z calculated: 417.41 m/z found (ESI): 440.1 (+Na)
High Resolution TOF MS Electrospray: 440.1545 (+Na)
M.P.=67-70 °C

Rf=0.23 (1:1 hexanes: ethyl acetate)

[o]p = +6.0 (¢ = 1.0, CH,Cly)

Furan-2-carboxylic acid-(2,3,4-tri-O-acetyl-B-D-glucopyranuronosyl)-amide (39).
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'H NMR (CDCly): § 1.99, 2.00, 2.02 (3s, 9H, 3 x COCHj), 3.69 (s, 3H, OCH3),
4.20 (d, 1H, H-5, J = 10.07 Hz), 5.09 (t, 1H, H-4, J = 9.70 Hz), 5.14 (t, 1H, H-3, J
= 9.70 Hz), 5.43 (m, 2H, H-1, H-2), 7.26 (d, 1H, NH, J = 10.35 Hz), 7.43 (m, 1H,

Ar-Hs), 7.52 (m, 1H, Ar-H,), 7.63 (m, 1H, Ar-Hs).

3C NMR (CDCL): & 21.7, 21.8, 22.0, 54.2, 71.1, 72.9, 74.9, 75.1, 78.8, 113.3,

129.5, 133.0, 146.5, 159.1, 168.1, 170.5, 170.6, 171.7.

m/z calculated: 427.11 m/z found (ESI): 428.1 (+H")
M.P. =137-140 °C
R¢=0.27 (1:1 hexanes: ethyl acetate)

[a]p =+36.0 (c = 1.0, CH,Cl,)

2-Naphthanoic acid-(2,3,4-tri-O-acetyl-p-D-glucopyranuronosyl)-amide (40).

'"H NMR (CDCly): § 2.02, 2.03, 2.06 (3s, 9H, 3 x COCHj), 3.69 (s, 3H, OCH3),
4.25 (d, 1H, H-5, J = 10.07 Hz), 5.16 (t, 1H, H-4, J = 9.02 Hz), 5.19 (t, 1H, H-2, J
= 9.38 Hz), 5.49 (t, 1H, H-3, J = 9.52 Hz), 5.58 (t, 1H, H-1, J = 9.62 Hz ), 7.48-

8.29 (m, 7H, Ar-H).
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3C NMR (CDCLy): & 21.7, 21.9, 22.5, 54.1, 72.9, 73.0, 75.0, 75.1, 79.8, 124.4,
127.8, 128.0, 128.9, 129.3, 129.5, 129.8, 130.0, 130.3, 136.1, 168.2, 168.3, 170.5,

170.7, 172.3.

m/z calculated: 487.15 m/z found (ESI): 488.2 (+H")
M.P. =198-201 °C
Rf=0.35 (1:1 hexanes: ethyl acetate)

[a]p =-29.7 (c = 1.0, CH,Cl,)

Synthesis of imines: Aza-Wittig Reactions

In a flame-dried, nitrogen-flushed 100 mL round-bottom flask, a solution of azide
32 (1.0 g, 2.8 mmol), 1.2 equivalents of a selected aldehyde or ketone, and 0.55
equivalents of bis(diphenylphosphino)ethylene in methylene chloride (10 mL) was
agitated for six hours at room temperature under an atmosphere of nitrogen. Upon
consumption of starting material as determined by TLC (1:1 hexanes: ethyl acetate) the
reaction mixture was reduced to a syrup. After concentration of the mixture the residue
was diluted with chloroform (40 mL). The solution was washed with cold saturated
NaHCOs; (20 mL) and water (2 x 25 mL). The combined organic extracts were dried over
anhydrous magnesium sulfate, filtered and reduced to provide solid products after

completion of flash column chromatography.
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p-Nitrobenzoic acid-(2,3,4-tri-O-acetyl-a-D-glucopyranuronosyl)-imine (41).

MeO._O
Aéécﬁ(o NO,
AcO Nsﬁ
H

'H NMR (CDCls): 5 1.97, 2.04, 2.09 (3s, 9H total, 3 x COCHs), 3.72 (s, 3H, -
OCHs), 4.98 (d, 1H, H-5, J = 8.97 Hz), 5.19 (t, 1H, H-2, J = 9.15 Hz), 5.33 (t, 1H,
H-4,J =8.79 Hz), 5.38 (d, 1H, H-1, J =4.22 Hz), 5.58 (t, 1H, H-3, J = 8.79 Hz),
7.98 (s, 2H, 0-Ar-H, J =8.79 Hz), 8.31 (s, 2H, m-Ar-H, J = 8.79 Hz), 8.38 (s, 1H,

R-N=C-H-R").

3C NMR (CDCL): § 21.8, 21.9, 22.0, 54.1, 70.5, 70.7, 71.6, 71.7, 91.1, 125.1 (2

x C), 130.8 (2 x C), 140.9, 150.8, 162.8, 169.2, 170.47, 170.53, 170.6.

m/z calculated: 444.23 m/z found (ESI): 467.1 (+Na)
M.P.=129-132 °C
Rf=0.32 (1:1 hexanes: ethyl acetate)

[a]p =-54.7 (c = 1.0, CH,Cl,)

p-Bromobenzoic acid-(2,3,4-tri-O-acetyl-a-D-glucopyranuronosyl)-imine (42).

N

MeO. _O
ACO 0
Aco\ﬁ( Br
AcO
N\

H
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'H NMR (CDCL): § 1.95, 2.02, 2.07 (3s, 9H total, 3 x COCH3), 3.72 (s, 3H, -
OCHs), 4.98 (d, 1H, H-5, J = 9.70 Hz), 5.14 (t, 1H, H-2, J = 9.52 Hz), 5.27 (d,
1H, H-1, J = 4.21 Hz), 5.30 (t, 1H, H-4, J = 9.52 Hz), 5.60 (t, IH, H-3,J = 9.34
Hz), 7.58 (s, 2H, 0-Ar-H, J = 8.42 Hz), 7.67 (s, 2H, m-Ar-H, J = 8.42 Hz), 8.20 (s,

1H, R-N=C-H-R").

13C NMR (CDCly): § 21.7, 21.8 (2 x C), 54.0, 69.0, 70.3, 70.7, 72.0, 91.2, 132.0

(2x0),1334(2xC),133.4,168.1, 169.5, 169.6, 170.6, 171.0, 171.1.

m/z calculated: 479.14 m/z found (ESI): 502.1 (+Na)
M.P. = N/A (syrup)
R¢= (1:1 hexanes: ethyl acetate)

[a]p =+45.9 (c = 1.0, CH,Cl,)

Synthesis of Triazoles: 1,3-dipolar cycloadditions

In a 50 mL two-neck round-bottom flask equipped with a magnetic stir bar and
reflux condenser, a solution of azide 32 (1.0 g, 2.8 mmol), one equivalent of a selected
terminal alkyne (Table 6), ascorbic acid (0.1 g, 0.06 mmol), and copper sulfate (0.02 g,
0.01 mmol) was stirred in 15 mL of deionized water. The reaction was allowed to
progress for 48 hours or until TLC (100% ethyl acetate) showed consumption of starting
material. Upon completion, the mixture was allowed to cool to room temperature and
then was placed in an ice bath for 30 minutes. After cooling, the mixture was filtered over
a glass frit and washed with two 20 mL portions of cold methanol. The crude solids were

recrystallized from warm ethanol to afford clean products.
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Terminal Alkyne

Phenylacetylene
1-Ethynyl-3-fluorobenzene
Ethyl Propiolate
4-Ethynylanisole
1-Nonyne

1-Dodecyne

3-Cyclopentyl -1-propyne
4-Ethynyltoluene
1-Hexyne

1-Heptyne

1-Decyne

1-Octyne

Table 6: Alkyne reagents used.

1-(Methyl 2,3,4-tri-O-acetyl-p-D-glucopyranuronosyl)-4-phenyl-1H-[1,2,3]-triazole

(43).

'"H NMR (CDCL): & 1.89, 2.07, 2.09 (3s, 9H, 3 x COCHs), 3.77 (s, 3H, OCHs),

4.36 (d, 1H, H-5, J =9.89 Hz), 5.40 (t, 1H, H-4, J = 9.52 Hz), 5.51 (t, 1H, H-3,J

=9.25 Hz), 5.55 (t, 1H, H-2, J = 9.25 Hz), 5.98 (d, 1H, H-1, J = 9.15 Hz), 7.36 (t,

2H, m-Ar-H, J = 7.32 Hz), 7.44 (t, 1H, p-Ar-H, J = 7.41 Hz), 7.84 (d, 2H, 0-Ar-H,

J=7.14 Hz), 8.07 (s, 1H, triazole-H).

3C NMR (CDClL): & 21.5, 21.81, 21.84, 54.4, 70.1, 71.0, 73.1, 76.0, 86.6, 118.9,

126.9 (2x C), 129.6, 129.9 (2 x C), 130.8, 149.5, 167.2, 169.9, 170.3, 170.7.
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m/z calculated: 461.14 m/z found (ESI): 462.0 (+H")
M.P. =247-250 °C
Rf=0.31 (1:1 hexanes: ethyl acetate)

[a]p =-7.0 (c = 1.0, CH,CL,)

1-(Methyl 2,3,4-tri-O-acetyl-p-D-glucopyranuronosyl)-4-(methylcyclopentyl)-1H-

[1,2,3]-triazole (44).

'H NMR (CDCls): § 1.20 (m, 2H, 5-H), 1.54 (m, 2H, 5-H), 1.63 (m, 2H, y-H),
1.75 (m, 2H, y-H), 1.87, 2.05, 2.07 (3s, 9H, 3 x COCHs), 2.17 (quintet, 1H, -H J
=7.69 Hz), 2.72 (t, 2H, o-H, J = 7.23 Hz), 3.76 (s, 3H, OCHs), 4.31 (d, 1H, H-5,
J=9.89 Hz), 5.34 (t, 1H, H-4, J = 9.12 Hz), 5.38 (t, 1H, H-3, J = 9.01 Hz), 5.47

(t, 1H, H-2, J = 9.52 Hz), 5.90 (d, 1H, H-1, J = 7.87 Hz), 7.57 (s, 1H, triazole-H).

C NMR (CDCly): & 21.4, 21.7, 21.8, 26.3, 32.8, 33.5, 40.9, 54.4, 70.2, 71.0,

73.0,75.9, 86.4,120.2, 149.8, 167.2, 169.7, 170.3, 170.7.

m/z calculated: 467.20 m/z found (ESI): 468.1 (+H")
M.P. =165-168 °C

R¢=0.30 (1:1 hexanes: ethyl acetate)
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[a]p =-20.2 (c = 1.0, CH,Cl,)

1-(Methyl 2,3,4-tri-O-acetyl-p-D-glucopyranuronosyl)- 4-(3-fluorophenyl)-1H-

[1,2,3]-triazole (45).

'H NMR (CDCL): § 1.90, 2.07, 2.09 (3s, 9H, 3 x COCH3), 3.77 (s, 3H, OCHs),
436 (d, 1H, H-5, J = 9.89 Hz), 5.39 (t, 1H, H-4, J = 9.76 Hz), 5.54 (t, 1H, H-3, J
= 6.96 Hz), 5.53 (t, 1H, H-2, J = 6.58 Hz), 5.99 (d, 1H, H-1, J = 9.15 Hz), 7.05
(ddd, 1H, 0-Ar-H, J = 8.42, 8.42, 1.65 Hz), 7.40 (dd, 1H, p-Ar-H, J = 8.24, 2.20

Hz), 7.58 (m, 2H), 8.10 (s, 1H, triazole-H).

13C NMR (CDCly): 6 21.4, 21.7, 21.8, 54.4, 70.1, 71.1, 73.0, 76.0, 86.6, 113.9 (d,
0-Ar-C, J=22.1 Hz), 116.4 (d, p-Ar-C, J=22.3 Hz), 119.4, 122.6 (d, 0-Ar-C, J =
4.6 Hz), 131.5 (d, m-Ar-C, J= 7.6 Hz), 134.6, 148.5, 163.9 (d, C-F, J= 264.7 Hz),

167.1,169.9, 170.3, 170.6.

m/z calculated: 479.13 m/z found (ESI): 480.0 (+H")
M.P. =240-241 °C
Rf=0.24 (1:1 hexanes: ethyl acetate)

[a]p =-28.2 (¢ = 1.0, CH,Cl,)
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1-(Methyl 2,3,4-tri-O-acetyl-p-D-glucopyranuronosyl)-4-(4-methylphenyl)-1H-

[1,2,3]-triazole (46).

'H NMR (CDCls): & 1.88, 2.06, 2.08 (3s, 9H, 3 x COCHs), 2.38 (s, 3H, Ar-CHs),
3.76 (s, 3H, OCH3), 4.35 (d, 1H, H-5, J = 9.89 Hz), 5.40 (t, 1H, H-4, J = 9.43 Hz),
5.50 (t, 1H, H-3, J = 8.97 Hz), 5.55 (t, 1H, H-2, J = 9.06 Hz), 5.98 (d, 1H, H-1, J
=8.97 Hz), 7.24 (d, 2H, m-Ar-H, J = 7.87 Hz), 7.73 (d, 2H, 0-Ar-H, J = 8.06 Hz),

8.03 (s, 1H, triazole-H).

BC NMR (CDCls): 8 20.3, 20.6, 21.4, 53.2, 69.0, 69.9, 72.0, 74.9, 85.4, 117.3,

125.7(2x C), 126.8,129.4 (2 x C), 138.3, 166.0, 168.7, 169.1, 169.5.

m/z calculated: 475.16 m/z found (ESI): 498.2 (+Na)
M.P. =232-233 °C
R¢=0.29 (1:1 hexanes: ethyl acetate)

[a]p =-15.8 (c=1.0, CH,Cl,)



99

1-(Methyl 2,3,4-tri-O-acetyl-p-D-glucopyranuronosyl)-4-(carboxylic acid ethyl

ester)-1H-[1,2,3]-triazole (47).

'H NMR (CDCL): & 1.42 (t, 3H, -CH, J = 7.05 Hz), 1.90, 2.06, 2.08 (3s, 9H, 3 x
COCHs), 3.77 (s, 3H, OCHs), 4.34 (d, 1H, H-5, J = 9.70 Hz), 4.43 (q, 2H, -CH,-,
J=2.65Hz), 5.38 (t, 1H, H-4, J = 9.52 Hz), 5.44 (t, 1H, H-3, J = 9.15 Hz), 5.51

(t, 1H, H-2, J =9.15 Hz), 5.99 (d, 1H, H-1, J = 9.15 Hz), 8.43 (s, 1H, triazole-H).

BC NMR (CDCLy): § 15.6, 21.4, 21.7, 21.8, 54.5, 62.8, 70.0, 71.3, 72.7, 76.0,

86.7,127.3,142.0, 161.0, 166.9, 169.8, 170.3, 170.6.

m/z calculated: 457.13 m/z found (ESI): 480.2 (+Na)
M.P. =182-184 °C
Rf=0.36 (1:1 hexanes: ethyl acetate)

[a]p =-6.1 (c = 1.0, CH,ClL,)

1-(Methyl 2,3,4-tri-O-acetyl-p-D-glucopyranuronosyl)-4-butyl-1H-[1,2,3]-triazole

(48).

0 N=N
\/)*(CHZ);;CHS
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"H NMR (CDCls): § 0.93 (t, 3H, 5-H J = 7.32 Hz), 1.37 (sextet, 2H, y-H, J = 7.38
Hz), 1.65 (quintet, 2H, p-H, J = 7.60 Hz), 1.87, 2.05, 2.08 (3s, 9H, 3 x COCHs),
2.72 (t, 2H, o-H, J = 7.52 Hz), 3.76 (s, 3H, OCHs), 4.32 (d, 1H, H-5, J = 9.89
Hz), 5.35 (t, 1H, H-4, J = 8.06 Hz), 5.38 (t, 1H, H-3, J = 9.70 Hz), 5.47 (t, 1H, H-

2,J=28.79 Hz), 5.91 (d, 1H, H-1, J=7.87 Hz), 7.58 (s, 1H, triazole-H).

3C NMR (CDCls): & 15.0, 21.3, 21.7 (2 x C), 23.4, 26.4, 32.3, 54.2, 70.1, 71.0,

73.0,75.8, 86.3, 120.0, 150.1, 167.2, 169.7, 170.2, 170.6.

m/z calculated: 441.17 m/z found (ESI): 464.2 (+Na)
M.P.=179-180 °C
Rf=0.49 (1:1 hexanes: ethyl acetate)

[o]p =-13.0 (¢ = 1.0, CH,CL,)

1-(Methyl 2,3,4-tri-O-acetyl-p-D-glucopyranuronosyl)-4-(4-methoxyphenyl)-1H-

[1,2,3]-triazole (49).

OMe

'"H NMR (CDCL): & 1.87, 2.02, 2.03 (3s, 9H, 3 x COCHs), 3.74 (s, 3H, OCHs),
3.83 (s, 3H, Ar-OCHs), 4.34 (d, 1H, H-5, J = 9.89 Hz), 5.38 (t, 1H, H-4, J = 9.61

Hz), 5.49 (t, 1H, H-3,J=9.52 Hz), 5.52 (t, 1H, H-2, J = 9.34 Hz), 5.96 (d, 1H, H-
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1,J =897 Hz), 6.95 (t, 2H, 0-Ar-H, J = 6.87 Hz), 7.75 (d, 2H, m-Ar-H, J = 6.87

Hz), 7.97 (s, 1H, triazole-H).

3C NMR (CDCls): & 21.5, 21.78, 21.84, 54.4, 56.5, 70.1, 71.0, 73.1, 76.0, 86.6,
1153 (2 x C), 118.0, 123.5, 128.2 (2 x C), 149.4, 160.8, 167.1, 169.8, 170.3,

170.7.

m/z calculated: 491.15 m/z found (ESI): 492.2 (+H")
M.P. =188-190 °C
R¢=0.18 (1:1 hexanes: ethyl acetate)

[a]p =-13.1 (c = 1.0, CH,Cl,)

1-(Methyl 2,3,4-tri-O-acetyl-p-D-glucopyranuronosyl)-4-pentyl-1H-[1,2,3]| triazole

(50).

N=N

Nf(CH2)4CH3

'"H NMR (CDCl): § 0.90 (t, 3H, -CHs, J = 6.77 Hz), 1.33 (m, 4H, -(CHa),-), 1.68
(quintet, 2H, p-H, J = 7.32 Hz), 1.87, 2.05, 2.07 (3s, 9H, 3 x COCH), 2.71 (t, 2H,
a-H, J = 7.69 Hz), 3.76 (s, 3H, OCH;), 431 (d, 1H, H-5, J = 9.89 Hz), 5.37 (1,
1H, H-4, J = 9.70 Hz), 5.46 (t, 1H, H-3, J = 9.52 Hz), 5.48 (t, IH, H-2, J = 9.52

Hz), 5.93 (d, 1H, H-1, J = 9.15 Hz), 7.57 (s, 1H, triazole-H).
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3C NMR (CDCL): & 15.2, 21.3, 21.6, 21.7, 23.5, 26.7, 29.9, 32.4, 54.2, 70.1,

71.0,71.5,72.9,73.0,75.2,75.8, 86.2, 120.0, 150.2, 167.2, 169.7, 170.2, 170.6.

m/z calculated: 455.19 m/z found (ESI): 478.2 (+Na)
M.P.=174-176 °C
R¢=0.31 (1:1 hexanes: ethyl acetate)

[a]p =-29.0 (c = 1.0, CH,Cl,)

1-(Methyl 2,3,4-tri-O-acetyl-p-D-glucopyranuronosyl)-4-heptyl-1H-[1,2,3]-triazole
(51).

N=N

Nf(CHz)GCH3

'"H NMR (CDCL): & 0.88 (t, 3H, -CHj, J = 6.77 Hz), 1.26 (m, 8H, -(CH,)4-), 1.68
(m, 2H, B-H), 1.87, 2.05, 2.07 (3s, 9H, 3 x COCHs), 2.71 (t, 2H, o-H, J = 7.60
Hz), 3.76 (s, 3H, OCHs), 4.31 (d, 1H, H-5, J = 9.89 Hz), 5.37 (t, 1H, H-4, J=9.61
Hz), 5.46 (t, 1H, H-3, J = 8.61 Hz), 5.48 (t, 1H, H-2, J = 8.61 Hz), 5.91 (d, 1H, H-

1,J=28.60 Hz), 7.57 (s, 1H, triazole-H).

3C NMR (CDCLy): § 15.3,21.3, 21.7 (2 x C), 23.8, 26.7, 30.2 (3 x C), 32.9, 54.2,

70.2,71.1,73.0, 75.7, 86.2, 120.0, 150.1, 167.3, 169.7, 170.2, 170.6.

m/z calculated: 483.22 m/z found (ESI): 506.3 (+Na)
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M.P. =152-154 °C
Rf=0.36 (1:1 hexanes: ethyl acetate)

[a]p =-12.3 (c = 1.0, CH,Cl,)

1-(Methyl 2,3,4-tri-O-acetyl-p-D-glucopyranuronosyl)-4-octyl-1H-[1,2,3]-triazole
(52).

N=N
N (CH2)7CHs

'H NMR (CDCL): & 0.88 (t, 3H, -CHj, J = 6.50 Hz), 1.27 (m, 4H, -(CH,),-), 1.31
(m, 4H, -(CH,),-), 1.67 (m, 2H, B-H), 1.87, 2.05, 2.07 (3s, 9H, 3 x COCHs), 2.71
(t, 2H, o-H, J = 7.69 Hz), 3.76 (s, 3H, OCH3), 4.31 (d, 1H, H-5, J = 9.89 Hz),
5.37 (t, 1H, H-4, J = 9.34 Hz), 5.46 (t, 1H, H-3, J = 8.42 Hz), 5.48 (t, 1H, H-2, J =

8.42 Hz), 5.90 (d, 1H, H-1, J = 8.24 Hz), 7.56 (s, 1H, triazole-H).

3C NMR (CDCL): § 15.3, 21.3, 21.7, 21.8, 23.9, 26.8, 30.3 (2 x C), 30.4, 30.5,

33.0, 54.3,70.2,71.0, 73.0, 75.8, 86.3, 120.0, 150.2, 167.2, 169.7, 170.2, 170.6.

m/z calculated: 497.24 m/z found (ESI): 520.3 (+Na)
M.P. = 149-151 °C
R¢=0.58 (1:1 hexanes: ethyl acetate)

[a]p =-21.2 (c = 1.0, CH,Cl,)
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1-(Methyl 2,3,4-tri-O-acetyl-p-D-glucopyranuronosyl)-4-decyl-1H-[1,2,3]-triazole
(53).

o} N=N

,\'|\/)*(CH2)9CH3

“OAc
OAcC

MeO

AcO™

'H NMR (CDCls): & 0.88 (t, 3H, -CHs, J = 6.22 Hz), 1.26 (m, 10H, -(CH,)s-),
1.30 (m, 4H, -(CH,),-), 1.65 (m, 2H, B-H), 1.87, 2.05, 2.07 (3s, 9H, 3 x COCHs),
2.70 (t, 2H, o-H, J = 7.51 Hz), 3.76 (s, 3H, OCH3), 4.31 (d, 1H, H-5, J = 9.70
Hz), 5.37 (t, 1H, H-4, J=9.15 Hz), 5.46 (t, 1H, H-3, J = 8.24 Hz), 5.48 (t, 1H, H-

2,J=8.24 Hz), 5.90 (d, 1H, H-1, J = 8.61 Hz), 7.56 (s, 1H, triazole-H).

13C NMR (CDCL): 5 15.4,21.3,21.7, 21.8, 23.9, 26.8, 30.3 (2 x C), 30.5 2 x C),
30.8 (2 x ), 33.1, 54.3, 70.1, 71.0, 73.0, 75.8, 86.3, 120.0, 150.2, 167.2, 169.7,

170.2, 170.6.

m/z calculated: 525.59 m/z found (ESI): 548.4 (+Na)
M.P.=131-135°C
R¢=0.71 (1:1 hexanes: ethyl acetate)

[o]p = -6.5 (¢ = 1.0, CH,CL,)
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1-(Methyl 2,3,4-tri-O-acetyl-p-D-glucopyranuronosyl)-4-hexyl-1H-[1,2,3]-triazole
(54).

o} N=N

,\'|\/)*(CH2)5CH3

“OAc
OAcC

MeO

AcO™

'"H NMR (CDCL): & 0.86 (t, 3H, -CHj, J = 6.22 Hz), 1.30 (m, 6H, -(CH,)s-), 1.65
(quintet, 2H, p-H, J = 7.32 Hz), 1.85, 2.03, 2.05 (3s, 9H, 3 x COCH3), 2.67 (t, 2H,
a-H, J = 7.69 Hz), 3.74 (s, 3H, OCHz), 4.29 (d, 1H, H-5, J = 9.89 Hz), 5.38 (t,
1H, H-4, J = 9.70 Hz), 5.41 (t, 1H, H-3, J = 8.61 Hz), 5.45 (t, 1H, H-2, J = 8.60

Hz), 5.89 (d, 1H, H-1, J=9.15 Hz), 7.55 (s, 1H, triazole-H).

BC NMR (CDCl): § 15.3, 21.3, 21.6, 21.7, 23.8, 26.8, 30.0, 30.2, 32.7, 54.3,

70.1,71.0, 73.0, 75.8, 86.3, 120.0, 150.2, 167.2, 169.7, 170.2, 170.6.

m/z calculated: 469.21 m/z found (ESI): 492.2 (+Na)
M.P.=163-165 °C
R =0.28 (1:1 hexanes: ethyl acetate)

[o]p = -15.5 (¢ = 1.0, CH,CL,)

Synthesis of deprotected triazoles: Lithium hydroxide hydrolysis reactions
In a 50 mL round-bottomed flask were placed 0.40 g of a selected triazole, 30 mL
of a 0.2 M solution of LiOH in methanol, tetrahydrofuran, and water (1:2:1), and a

magnetic stir bar. The solution was then agitated for 54 hours or until completion by TLC
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was observed. Once completed, 2.0 g of 50-200 Dowex strongly acidic resin was added
to acidify the solution and trap any lithium salts that had formed throughout the course of
reaction. After a period of three hours, the Dowex resin was filtered off and solvent was
removed under reduced pressure. The solid products were then maintained under reduced

pressure to remove any excess water that had not been previously removed.

Triazoles
F
MeO.__O N= MeO.__0O NN MeO. _O N
‘ AcO o | =
A ACO N~ A%Occgow' /
AcO AcO H AcO
43 44 45
MeO 20 N MeO._O Meo. 0
_ N= 5
AcO o | AcO o CH,)sCH
oonla 1 rgoxla N )—()ome oo e,
AcO H AcO H AcO H
46 49 52

Table 7: Triazoles used for hydrolysis.

1-(2,3,4-Tri-O-hydroxy-p-D-glucuronosyl)-4-phenyl-1H-[1,2,3]-triazole (55).

'"H NMR (Ds-DMSO): § 3.45 (td, 1H, H-4, J = 8.88 Hz), 3.49 (t, 1H, H-3, J =
9.15 Hz), 3.85 (t, 1H, H-2, J = 8.90 Hz), 4.03 (d, 1H, H-5, J = 9.52 Hz), 4.72 (d,
1H, H-1,J = 9.34 Hz), 7.42 (t, 1H, p-Ar-H, J = 7.87 Hz), 7.45 (t, 2H, m-Ar-H, J =

7.51 Hz), 7.89 (d, 2H, 0-Ar-H, J = 7.32 Hz), 8.86 (s, 1 H, triazole-H).
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13C NMR (Dg-DMSO): § 72.8, 73.4, 77.8, 79.3, 88.9, 122.1, 126.7 (2 x C), 129.6,

1304 (2xC), 131.9,147.9, 171.1.

m/z calculated: 321.29 m/z found (ESI): 344.0 (+Na)
M.P.=178-180 °C
R¢=0.20 (3:1 ethyl acetate: methanol)

[a]p =-35.1 (c = 1.0, CH,Cl,)

1-(2,3,4-Tri-O-hydroxy-f-D-glucuronosyl)-4-(methylcyclopentyl)-1H-[1,2,3]-triazole

(56).

'"H NMR (Ds-DMSO): & 1.15 (quintet, 2H, 5-H, J = 6.41 Hz), 1.19 (quintet, 2H,
8-H, J = 6.97 Hz), 1.49 (quintet, 2H, y-H, J = 7.32 Hz), 1.64 (quintet, 2H, y-H, J =
6.22 Hz), 2.09 (quintet, 1H, p-H, J = 7.41 Hz), 2.59 (d, 2H, o-H, J = 7.32 Hz),
3.39 (t, 1H, H-4, J = 8.79 Hz), 3.46 (t, 1H, H-3, J = 9.34 Hz), 3.80 (t, 1H, H-2, J =
9.15 Hz), 3.95 (d, 1H, H-5, J = 9.52 Hz), 5.58 (d, 1H, H-1, J = 9.15 Hz), 8.04 (s,

1H, triazole-H).

3C NMR (Ds-DMSO): § 26.3 (3 x C), 32.6, 33.6 (2 x C), 72.8, 73.2, 77.9, 79.3,

88.6, 123.0, 147.8, 171.0.
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m/z calculated: 327.33 m/z found (ESI): 328.1 (+H")
M.P.=98-101 °C
R¢=0.64 (3:1 ethyl acetate: methanol)

[a]p =-35.6 (c = 1.0, CH,Cl,)

1-(2,3,4-Tri-O-hydroxy-p-D-glucuronosyl)-4-(3-fluorophenyl)-1H-[1,2,3]-triazole

(57).

'"H NMR (Ds-DMSO): & 3.46 (t, 1H, H-4, J = 8.79 Hz), 3.52 (t, 1H, H-3, J=9.15
Hz), 3.84 (t, 1H, H-2, J = 8.80 Hz), 4.05 (d, 1H, H-5, J = 9.34 Hz), 5.74 (d, 1H,
H-1,J=9.34 Hz), 7.17 (ddd, 1H, 0-Ar-H, J = 8.51, 8.51, 2.67 Hz), 7.51 (dd, 1H,
p-Ar-H, J = 6.04, 1.95 Hz), 7.69 (d, 1H, 0-Ar-H, J = 7.87 Hz), 7.74 (d, 1H, m-Ar-

H, J = 6.96 Hz), 8.95 (s, 1H, triazole-H).

13C NMR (Ds-DMSO): & 72.8, 73.5, 77.7, 79.3, 88.9, 113.3 (d, 0-Ar-C, J = 22.1
Hz), 116.2 (d, p-Ar-C, J = 20.6 Hz), 122.7, 122.8, 132.6 (d, 0-Ar-C, J = 4.1 Hz),

134.3(d, m-Ar-C, J = 8.4 Hz), 146.3, 164.0 (d, C-F, J=249.3 Hz), 171.0.

m/z calculated: 339.28 m/z found (ESI): 362.1 (+Na)

M.P.=102-105 °C
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Rf=0.21 (3:1 ethyl acetate: methanol)

[a]p =-38.5 (c = 1.0, CH,Cl,)

1-(2,3,4-Tri-O-hydroxy-p-D-glucuronosyl)-4-(4-methylphenyl)-1H-[1,2,3]-triazole

(58).

'H NMR (Ds-DMSO): § 2.48 (s, 3H, Ar-CHs), 3.46 (t, 1H, H-4, J = 8.79 Hz),
3.49 (t, 1H, H-3, J = 9.34 Hz), 3.86 (t, 1H, H-2, J = 8.97 Hz), 4.03 (d, 1H, H-5, J
=9.52 Hz), 5.70 (d, 1H, H-1, J = 9.34 Hz), 7.25 (d, 2H, 0-Ar-H, J = 8.06 Hz),

7.76 (d, 2H, m-Ar-H, J = 8.06 Hz), 8.79 (s, 1H, triazole-H).

13C NMR (Ds-DMSO): § 22.6, 72.8, 73.4, 77.8, 79.3, 88.9, 121.7, 126.6 (2 x C),

129.1, 131.0 (2x C), 138.8, 148.0, 171.1.

m/z calculated: 335.31 m/z found (ESI): 357.0 (+Na)
M.P. =88-90 °C
Rf=0.22 (3:1 ethyl acetate: methanol)

[a]p =-42.9 (c = 1.0, CH,Cl,)
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1-(2,3,4-Tri-O-hydroxy-p-D-glucuronosyl)-4-hexyl-1H-[1,2,3]triazole (59).

0 N=N
Nf(CHZ)SCHS

“/OH

'H NMR (D¢-DMSO): § 0.84 (m, 3H, -CH;), 1.26 (m, 6H, -(CH,);-), 1.57
(quintet, 2H, -CH,-, J = 6.87 Hz), 2.58 (t, 2H, -CH,-, J = 7.60 Hz), 3.41 (t, 1H, H-
4,3 =9.70 Hz), 3.46 (t, 1H, H-3, J = 9.25 Hz), 3.79 (t, 1H, H-2, J = 8.97 Hz),
3.95 (d, 1H, H-5, J = 9.52 Hz), 5.58 (d, 1H, H-1, J = 9.34 Hz), 8.04 (s, 1H,

triazole-H).

C NMR (Ds-DMSO): § 15.7, 23.8, 26.7, 30.0, 30.5, 32.7, 72.7, 73.2, 77.9, 79.3,

88.6,122.5, 148.4, 171.1.

m/z calculated: 329.35 m/z found (ESI): 330.1 (+H")
M.P. =125-127 °C
Rf=0.47 (3:1 ethyl acetate: methanol)

[a]p =-47.8 (¢ =1.0, CH,Cl,)

1-(2,3,4-Tri-O-hydroxy-p-D-glucuronosyl)-4-(4-methoxyphenyl)-1H-[1,2,3]-triazole

(60).
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'"H NMR (Ds-DMSO): § 3.47 (t, 1H, H-4, J = 8.88 Hz), 3.53 (t, 1H, H-3,J =9.15
Hz), 3.79 (s, 3H, Ar-OCHs), 3.87 (t, 1H, H-2, J = 9.15 Hz), 4.04 (d, 1H, H-5, J =
9.34 Hz), 5.71 (d, 1H, H-1, J = 9.15 Hz), 7.03 (d, 2H, 0-Ar-H, J = 8.79 Hz), 7.82

(d, 2H, m-Ar-H, J =8.61 Hz), 8.76 (s, 1H, triazole-H).

C NMR (Ds-DMSO): & 56.8, 72.8, 73.4, 77.8, 79.3, 88.9, 115.8 (2 x C), 121.1,

124.5,128.1 (2x C), 147.8, 160.5, 171.1.

m/z calculated: 351.31 m/z found (ESI): 352.1 (+H")
M.P. =184-186 °C
Rf=0.17 (3:1 ethyl acetate: methanol)

[a]p =-39.4 (c = 1.0, CH,Cl,)

Synthesis of divalent-ethynylbenzene glucuronosyl triazole derivatives

To a flame-dried 500 mL round-bottomed flask, a solution of azide 32 (6.0 g, 25.0
mmol), a selected diethynyl benzene derivative (1.05 g, 12.5 mmol), ascorbic acid (0.25
g, 0.16 mmol), and copper sulfate (0.10 g, 0.10 mmol) was stirred in 250 mL of deionized
water. The resulting mixture was heated to a constant temperature of 75 °C for 18 hours
or until the TLC plate showed consumption of the starting materials. The reaction
mixture was then cooled in an ice bath for forty minutes. At the end of this period of
time, the reaction mixture was filtered through a glass frit and washed with water (2 x
100 mL) and methanol (4 x 75 mL). The crude solids were then recrystallized from

isopropyl alcohol to give fine beige powders is excess of 65%.
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Phenyl 1,3-Bis[methyl 2,3,4-tri-O-acetyl-p-D-glucuronosyl-1H-[1,2,3]-triazole] (61).

MeO.__O Os_OMe
AcO o N=N N=N g OAc
AcO N\/\©/§/N OAc

AcO OAc

'H NMR (D¢-DMSO): § 1.81, 1.99, 2.02 (3s, 18H, 6 x COCHs), 3.63 (s, 6H,
OCH3), 4.86 (d, 2H, H-5, J = 10.07 Hz), 5.24 (t, 2H, H-2, J = 9.70 Hz), 5.65 (t,
2H, H-4, J = 9.25 Hz), 5.72 (t, 2H, H-3, J = 9.25 Hz), 6.47 (d, 2H, H-1, J = 8.97
Hz), 7.57 (t, 1H, m-Ar-H, J = 7.69 Hz), 7.82 (d, 2H, 0-Ar-H, J = 7.69 Hz), 8.39 (s,

1H, 0-Ar-H), 9.15 (s, 2H, triazole-H).

m/z calculated: 844.73 m/z found (ESI): 785.3 (-CO,CH3)
M.P. =260-262 °C
Ri=0.11 (100% ethyl acetate)

[o]p = +7.4 (¢ = 1.0, CH,CL,)

Phenyl 1,4-Bis[methyl 2,3,4-tri-O-acetyl-p-D-glucuronosyl-1H-[1,2,3]-triazole] (62).

N= 0,
Ae Aco /y o Me
Act NN 04
© oV 04
o) 04 ¢

M O:/\/ o

'H NMR (D¢-DMSO): § 1.81, 1.99, 2.02 (3s, 18H, 6 x COCHs), 3.63 (s, 6H,

OCH3), 4.85 (d, 2H, H-5, J = 10.07 Hz), 5.23 (t, 2H, H-2, J = 9.79 Hz), 5.66 (t,
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2H, H-4, J = 9.45 Hz), 5.75 (t, 2H, H-3, J = 9.45 Hz), 6.46 (d, 2H, H-1, J = 8.97

Hz), 7.94 (s, 4H, 0-Ar-H), 9.09 (s, 2H, triazole-H).

m/z calculated: 844.73 m/z found (ESI): 816.3 (-OCHj3)
M.P. =266-268 °C
R¢=0.12 (100% ethyl acetate)

[a]p =+7.6 (¢ =1.0, CH,Cl,)

N-linked Tetrazole Preparation

In a 100 mL two-neck round-bottom flask equipped with a magnetic stir bar and
reflux condenser, a solution of 32 (1.0 g, 2.8 mmol), one equivalent of 4-cyanophenol,
and one half of an equivalent of zinc bromide (0.31 g, 1.4 mmol) was stirred in 30 mL of
2:1 deionized water: isopropyl alcohol at reflux for 12 hours. Upon completion of
reaction, which was established via TLC plate, the reaction mixture was then cooled in an
ice bath. Upon completion of cooling, 10 mL of 3 N HCIl and 20 mL of methylene
chloride were added to the stirring solution. The stirring was allowed to continue for a
period of two hours. At the end of this period of time, the solution was separated and the
aqueous layer was extracted with dichloromethane (2 x 10 mL). The combined organic
layers were dried, filtered, and reduced to afford pure tetrazole product in excess of 85%

yield.
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1-(Methyl 2,3,4-tri-O-acetyl-p-D-glucuronosyl)-4-(4-hydroxyphenyl)-1H-[1,2,3,5]-

tetrazole (63).

'H NMR (CDCls): § 2.02, 2.03,2.07 (3s, 9H, 3 x -COCH3), 3.77 (s, 3H, -OCH),
4.43 (d, 1H, H-5, J = 9.52 Hz), 4.72 (d, 1H, H-1, J = 8.79 Hz), 4.95 (t, 1H, H-2,
J=8.79 Hz), 5.22 (t, 1H, H-4, J = 9.43 Hz), 5.27 (t, 1H, H-3, J = 9.15 Hz), 6.91

(d, 2H, 0-Ar-H, J = 8.60 Hz), 7.54 (d, 2H, m-Ar-H, J = 8.42 Hz).

BC NMR (CDCls): & 21.7, 21.78, 21.82, 54.4, 70.2, 71.6, 73.0, 75.1, 89.1, 103.9,

117.5(2xC), 120.4, 1352 (2x C), 161.4, 167.8, 170.5, 170.6, 171.2.

m/z calculated: 478.41 m/z found (ESI): 501.4 (+Na)
M.P. =86-90 °C
Rf=0.47 (1:1 hexanes: ethyl acetate)

[a]p =-55.6 (¢ =1.0, CH,Cl,)

Synthesis of O-glycosides

A suspension of benzyl alcohol (0.68 mL, 6.30 mmol), silver aluminosilicate
(1.00 g, 4.11 mmol), and 0.50 g of powdered acid-washed molecular sieves in
dichloromethane (25 mL), was stirred at room temperature for 1 h with exclusion of

moisture. A solution of glucopyranuronosyl bromide 3 (0.50 g, 1.26 mmol) in 10 mL of
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dichloromethane was then added and the mixture was allowed to stir for approximately
72 hours. The mixture was then filtered through Celite, followed by the removal of
solvent in vacuo to afford 0.86 g of yellow syrup. The crude material was then passed
over a column of silica gel (1:1 hexanes: ethyl acetate) to afford 0.42 g of clear syrup
(77.8%).
Silver Aluminosilicate Preparation

A slurry of silica alumina SHPV catalyst (activated porous surface, FLUKA
Chemical, 10 g) in NaOH (1 M, 175 mL) was stirred at 100 °C for 2 h. The powdered
material was then filtered, washed with water (5 x 50 mL), and stirred with an aqueous
solution of AgNOs3 (0.2 M, 300 mL) in the dark for a period of 16 h at room temperature.
Filtration and washing of the residue with water (2 x 100 mL) and acetone (5 x 50 mL),
followed by drying in vacuo for 3 days and drying at 110 °C for 2 days, gave the

activated catalyst.

Alcohol

benzyl alcohol n-butanol
t-amyl alcohol cyclohexanol
n-propanol ethanol

Table 8: Selected alcohol reagent.

Benzyl (2,3,4-tri-O-acetyl-a-D-glucopyranosyl methyl uronate) (64).

(0]
o._.\O
MeO '

AcO™ “OAc
OAc
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'"H NMR (CDCls): & 2.03, 2.07 (2s with one double intensity, 9H total, 3 x
COCHa3), 3.74 (s, 3H, -OCHs), 4.56 (d, 1H, H-5, J = 10.26 Hz), 4.66 (s, 2H,
-CH,-), 4.82 (dd, 1H, H-2, J = 4.58, 10.07 Hz), 5.21 (t, 1H, H-4, J = 9.52 Hz),

5.59 (t, 1H, H-3, J = 9.70 Hz), 6.62 (d, 1H, H-1, J = 5.48 Hz), 7.27 (m, 5H, Ar).

PC NMR (CDCL): 8 21.7, 21.9 (2 x C), 54.3, 66.4, 69.6, 70.4, 71.4, 73.2, 86.5,

128.0 2x C), 128.6, 129.5 (2x (), 141.9, 167.6, 170.4, 170.60, 170.64.

m/z calculated: 424.14 m/z found (ESI): 365.1 (-CO,CH3)
M.P. =126-129 °C
Rf=0.42 (1:1 hexanes: ethyl acetate)

[a]p =+9.5 (c = 1.0, CH,Cl,)

n-Butyl (2,3,4-tri-O-acetyl-B-D-glucopyranosyl methyl uronate) (65).

'H NMR (CDCls): § 0.87 (t, 3H, -CH3, J = 7.14 Hz), 1.33 (m, 2H, y-H), 1.52 (m,
2H, B-H), 2.00, 2.01 (2s with one double intensity, 9H total, 3 x COCHs), 3.46
(m, 2H, a-H), 3.74 (s, 3H, -OCH3), 4.01 (d, 1H, H-5, J = 9.52 Hz), 4.51 (d, 1H,
H-1,J=7.69 Hz), 4.98 (t, 1H, H-2, J = 8.42 Hz), 5.19 (t, 1H, H-4, J = 8.58 Hz),

521 (t, 1H, H-3, J = 8.58 Hz).
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PC NMR (CDCLy): & 15.0, 20.2, 21.8, 21.88, 21.93, 32.5, 54.1, 70.6, 71.2, 72.4,

73.2,73.7,101.9,168.2,170.1, 170.3, 171.1.

m/z calculated: 390.15 m/z found (ESI): 413.3 (+Na)
M.P. = 84-86 °C
Rf=0.48 (1:1 hexanes: ethyl acetate)

[a]p =-28.5 (c = 1.0, CH,Cl,)

t-Amyl (2,3,4-tri-O-acetyl-B-D-glucopyranosyl methyl uronate) (66).

'H NMR (CDCls): & 0.81 (t, 3H, -CHs, y-H, J = 7.14 Hz), 1.12 (s, 3H, p-H,), 1.15
(s, 3H, B-Hy), 1.49 (m, 2H, B-H), 1.97, 1.98 (2s with one double intensity, 9H
total, 3 x COCH3), 3.70 (s, 3H, -OCH3), 3.97 (d, 1H, H-5, J = 9.70 Hz), 4.66 (d,
1H, H-1, J = 7.87 Hz), 4.92 (t, 1H, H-2, J = 7.87 Hz), 5.15 (t, 1H, H-4, J = 9.54

Hz), 5.21 (t, 1H, H-3,J=9.52 Hz).

C NMR (CDCL): & 21.8, 21.9, 21.9 (2 x C), 26.3, 27.5, 35.5, 54.0, 70.7, 72.47,

73.51,73.5, 80.2, 96.5, 168.2, 170.0, 170.3, 171.2.

m/z calculated: 404.17 m/z found (ESI): 427.2 (+Na)
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M.P.=100-102 °C
R¢=0.50 (1:1 hexanes: ethyl acetate)

[a]p =+100.7 (c = 1.0, CH,Cl,)

Cyclohexyl (2,3,4-tri-O-acetyl-p-D-glucopyranosyl methyl uronate) (67).

'H NMR (CDClLy): & 0.83 (m, 2H, 8-H), 1.16 (m, 4H, y-H), 1.61 (m, 4H, B-H),
1.95, 1.96 (2s with one double intensity, 9H total, 3 x COCH3), 3.20 (m, 1H, o-
H), 3.69 (s, 3H, -OCH3), 3.96 (d, 1H, H-5, J = 9.15 Hz), 4.46 (d, 1H, H-1, J =
7.69 Hz), 4.93 (t, 1H, H-2, J = 8.06 Hz), 5.14 (t, 1H, H-4, J = 8.97 Hz), 5.18 (t,

1H, H-3,J=9.15 Hz).

13C NMR (CDCly): § 21.7, 21.8, 26.9, 27.7, 30.7 (2 x C), 38.8 (2 x C), 54.0, 70.6,

72.3,73.2,73.7,77.1,102.1, 168.2, 170.1, 170.3, 171.0.

m/z calculated: 416.17 m/z found (ESI): 414.3 (-2H")
M.P. =87-90 °C
Rf=0.50 (1:1 hexanes: ethyl acetate)

[o]p = -93.8 (¢ = 1.0, CH,CL,)
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n-Propyl (2,3,4-tri-O-acetyl-B-D-glucopyranosyl methyl uronate) (68).

'"H NMR (CDCL): § 0.82 (t, 3H, -CH,, J = 7.32 Hz), 1.51 (m, 2H, p-H), 1.94,
1.95, 1.96 (3s, 9H total, 3 x COCHs), 3.37 (m, 1H, o-H), 3.68 (s, 3H, -OCHs),
3.79 (m, 1H, o’-H), 3.98 (d, 1H, H-5, J = 9.34 Hz), 4.49 (d, 1H, H-1, J = 7.69
Hz), 4.93 (t, 1H, H-2, J = 7.87 Hz), 5.14 (t, 1H, H-4, J = 9.54 Hz), 5.19 (t, 1H,

H-3,J=9.52 Hz).

PC NMR (CDCLy): 8 11.5, 21.7, 21.8 (2 x C), 23.8, 54.0, 70.6, 72.3, 73.0, 73.2,

83.6,101.8, 168.2,170.1, 170.2, 171.0.

m/z calculated: 376.36 m/z found (ESI): 399.2 (+Na)
M.P.=91-94 °C
Rf=0.49 (1:1 hexanes: ethyl acetate)

[(X]D =-8.5 (C = 10, CH2C12)

Ethyl (2,3,4-tri-O-acetyl-p-D-glucopyranosyl methyl uronate) (69).
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'H NMR (CDCly): § 1.13 (t, 3H, -CHs, J = 6.04 Hz), 1.96, 1.99 (2s with one
double intensity, 9H total, 3 x COCHs), 3.52 (m, 1H, a-H), 3.70 (s, 3H, -OCHj),
3.88 (m, 1H, o’-H), 3.99 (d, 1H, H-5, J = 9.52 Hz), 4.51 (d, 1H, H-1, J = 7.69
Hz), 4.93 (t, 1H, H-2, J = 8.24 Hz), 5.17 (t, 1H, H-4 J = 9.41 Hz), 5.23 (t, IH, H-

3,J=9.41 Hz).

3C NMR (CDCly): & 16.2, 21.7, 21.8, 21.9, 54.0, 66.9, 70.6, 72.4, 73.2, 73.7,

101.5, 168.2, 170.1, 170.2, 171.0.

m/z calculated: 362.33 m/z found (ESI): 385.1 (+Na)
M.P.=99-103 °C
Rf=0.44 (1:1 hexanes: ethyl acetate)

[a]p =+36.0 (c = 1.0, CH,Cl,)

Methyl 3,4-di-O-acetyl-1-(|1,2,3]-4,5-dicarboxylic acid ethyl ester)-5-anhydro-D-

fructuronate-O-benzoyloxime triazole (70).

MeO.__O
AcO (@] N
AcO N~ N
BZON £i0,c CO,Et

'H NMR (CDCl5): 6 1.30 (t, 3H, -CHs, J = 7.14 Hz), 1.40 (t, 3H, -CH3, J = 7.14
Hz), 2.13 (1s with double intensity, 6H total, 2 x COCH3), 3.54 (s, 3H, -OCH3),
4.27 (q, 2H, -CH»-, J = 7.14 Hz), 4.43 (q, 2H, -CH,-, J = 7.14 Hz), 4.49 (d, 1H, J

=9.52 Hz), 4.64 (d, 1H, J = 6.02 Hz), 5.85 (t, 1H, J = 6.42 Hz), 5.98 (s, 1H), 7.35
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(t, 2H, m-Ar-H, J = 7.69 Hz), 7.53 (t, 1H, p-Ar-H, J = 7.68 Hz), 7.67 (d, 0-Ar-H,

J=6.98 Hz).

m/z calculated: 604.70 m/z found (ESI): 602.5 (-H")
M.P. = N/A (syrup)
Rf=0.13 (1:1 hexanes: ethyl acetate)

[a]p =-16.3 (c = 1.0, CH,Cl,)
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NMR and Mass Spectra



131

‘(d7) areuoanueiAdoon|3-q-g-141008-Q-219)-+ ¢ 7 T [AyIoW JO wnnddds YIAN H, ZHIN 00% €T dung1y

o'T 0¢c o'e o'v o's 0’9 0L

(T$) wdd
0’8
| i |

R

|



132

(47) areuoinuerkdoon|3-q-g-14109e-Q-e10)-4 ¢ 7" 1AW Jo wnnoads JYIAN O, ZHIA 001 T dIn31g

00c

() wdd




133

‘(d7) areuomuerAdoon|3-q-g-1A190e-Q-end)-H €71 [AyIow Jo wnnddds ssej :§g In31g

OTUO FO “TUun ‘SET OH ©3 PISUSOTTI

- T - HOqwo TuolTed IS3NIg , ‘Ws T OI-SITnbsm sTsATeuveled I=xnig s
Z/w OOm Slv osvy Scv ose Gsce oog G2 0ose
e T o e o e b T e T ST e TR o =
. v [ \ | Lt e ek i [ I \ i M %
i | ! :
| 1 |
i | _ r
ﬁ
I -S°0
, L
I
0'6ET
| -
| L ig2 0L
|
| 1642 r
|
| L
|
S'L
L'66€ 5
VOWX
F suaju|
SW /S
UOT JBWINS r2WTl CWnooY
ranTtxag dexd :obury uedg
T WT3s atxaded
SpPOon
AgTaerToda 2o0IxINnos
a9jaweded uonisinboy
sTdwes PoYU3I=SKW
: selL
Tozexado :jqusSwnI3sur

S00Z ¥S:0%:0T 02 UnNp UOKW :pS3utxd

:paaxtnboe saea
d” 0DV -SONHLIWSDO\YIVYAN\N T\WHEHDIH\ 'd *2TT4A
:ojuj sisAjeuy

podey Ae|dsiq




134

00

(07) euomuerfdoon|3-q-0-1A109e-QO-end)-H ¢ ¢’ [Aysou Jo wnnoads YN H, ZHIN 00% 9T dIn31q

0T 0¢ o€ ov 0's 09 0L

(1) wdd
08




135

(07) sreuornueIfdoon3-q-o-[K100e-QO-enal-H ¢ 7 1 [Aysow Jo wnnodads YINN O, ZHIN 001 LT dIn31g

(1) wdd
0 05 00T 0ST 002




136

‘(n7) dreuornuerAdoon|3-q-0-1A100e-Q-e1d1-H €7 1 [Aypow JOo wnnodds SSejy :87 9INSIg

OTUO JO -“Tun ‘SeT OF O3 pPIsSusSSIl

- T - Hquo TucelTed IS¥nIg g ‘wo- T DI-=artnbsm stsATeuvyeileda Ianig MWMW
sze ooe
. e
U '
-1
1
| -
-Z
[APA=ra L
I r
| L
| L
e
[
0°'6EE -
o'6le [
S
9
1°66€ L
[ O LX
B ‘susju|
SW/SKH

S00Z LT:%#%*0T 0C unpg, Uuon

uc TlEuwns
tentxg dexd,
T WINS

Aataetoa

sTdwues

xo3zexado

ISWTI " uUNDOY
:sbuey uevog
= artxgdepn
: SPORN

2oanosg

119)owesed uonisinboy

: poUlISN
= 3ysern
I 3USWNIASUT
:paatnboe saeqg

d" 00¥D¥-SO\NHLINSD\VILVYA\ T\WIEHDIH\ ‘A :STTA

ojuj] sisAjeuy



137

00

(€) oprwoiq [AsoueIAdoon|3-q-0-[A100e-O-11-p ¢ 7 [Apa Jo wnnoads YN H, ZHIN 00% 6T dIn31q

o'T 0¢c o'e o'v 0's 09 0L

(1) wdd
0’8
[




138

"(€) eprwoiq [Asoueikdoon|3-q-n-[K1008-Q-11-°¢ T [AAUW Jo wnnoads YN D¢, ZHIN 001 :0€ dIn31g

(0] 0S 00T 0ST

(olor4
f

(1) wdd




139

‘(¢) oprwoiq [AsoueiAdoon|3-q-0-1A109e-Q-11-+ €7 [AyIowt Jo wnijoads SSey 1€ dIn31

OTYO IO "TUun ‘SET OF O3 PoSusSoTT
= S HQWD MTUCITed ISdNId o ‘wo T pI-=2xtnbsm sTtsATeuyeleqg I=dnag xnﬁwwm.u

ocy ) 00¥% 0og8e ose

| Lige |
o'lzy | 00z

-00¥%

L'66€

009

‘suaiu|

: SW/SK

uoTlruMmnNg ISWTR CWNOOY
roaTIa deal rsbuey uesg
: T wIxs : atxaded
2 SPOoW

AaTaeToda S soanog
a19)swened uollisinboy
= sTdwues : pPoUISDW
] seL

axojexado I JUuSWNI3SUT
:paxtnboe =23eg

a " TOTHE-SO\HLINWNSO\YLVA\ T\WHHDJH\ *d *=2TT4A

:oju] sisAleuy

S00C 6€:C2Z:CT 0Z UnC UoW :p=23UuTtIxd

uoday Ae|dsiq




140

00

"(§) 9180UR-G-XY-0XA|-(-0IpAYUL-9‘Z-[A1008-O-11-° € 7 JAyIoW JO winioads YINN H, ZHIN 00% :T€ 3.un31

o'T 0'¢c o'e o'y 0's 0’9 0L

(T wdd
0’8




141

"(§) 21e0Ud-G-XaY-0XA|-a-01pAYUEe-9*Z-[K1008-Q-1I-p ¢ T [Aypou Jo wnnoods YN O,

0] 0s 00T 0ST

ZHIA 001 €€ 2In31

(m) wdd
00z

oA




142

'(§) 9180UR-G-XY-0XA|-(-0IpAYUR-9‘Z-1A1908-O-11)-° € ‘7 [AYIOW JO Wnujoads SSeA ¢ 3131

OTYO FO "Tun ‘SET OF ©3 PRSUSOTI
HOwo Tuoifed Ioxnid o, ‘W T oI-=ITnbsE sTsATeuyeded IoMnIg 5ok

00€g Sl osc Scc 00<¢ Sl
N n
U A JU e P et P o A (b LAl g ) P S A e o]
| I | ' |
|
| |
A Lz
v
9
o LSC
-8
“
oLLe
_ FOX
| 0’| "suaju|
S/ S
UO T 3RWwunNsS ISWT] CunooY
roatxa dexr :o2buvry uess
T WIS : atx=Eded
: SPO
AyTaxetTod 3 Soanos
ia9)9weled uonisinboy
a1dwues = jelels g i=iN
2 JserL
xojyexado I juUsSWNI3SUT
:pasaxtnboe sa3eqa
S00T 8O0:T¥:*S9T €< Unge Nyl :pS3utxd " S0000 TNENHLIWSDO\YIVA\NT\WHHDIH\ *d *3TT4d

:ojuj sisAjeuy

- poday Aeidsig




143

(§7) oqniu [Asoueikdoon|3-q-0-1K199.-Q- -1 ¢ [AYIeW Jo YIAN H, ZHIN 00% :S€ dIn31g

Oo'T 0¢ [OR> ov [OR=] 0’9 0L

0’8
7

(T$) wdd

— gié o




144

(§7) a1 [Asoue1kdoon|3-q-0-14190.-Q-11-1°¢ T AW JO JIAN O, ZHIN 001 :9€ dIn31g

00T

() wadd
0ST 002

i{é

™

(—




145

"(§7) arnu [AsoueiAdoon|3-q-0-1A1098-Q-11-+°¢ ‘7 [AyIowt Jo wnnjoads SSe L€ dIn3Ig

OTYo FO "TUun ‘SET OH ©3 pPaSsSusSOTII

HQWo AHTuoired ISdnid g ‘w9 T DI-SXITnbsy sTsATeuyeied Isinig vmmm

Om_u.N ) SLL oS

[JReielo)

Y w10

gOLX
“susju|

S00g ¥S:g€Z2:80 TZ unpg

:aaTag dexr

Hodey Aeidsiq

: SW/SW
IBWTT T WNDOY
:abuey ueog
: atxEded
2poOn

soanog

:19)aweled uonisinboy

POUISW

3 Iser

: JUSWNIISUT

:paatnboe s3eq

A" ZO000LL-L\HLINSDO\YLYA\ T\WHHDJH\ :d :3TT4
:oju] sisAjeuy




146

'(87) @reuoIMONI-q-oIpAyue-g*[-[A109e-Q-1p-p*¢ [AYIOW JO SWIXO dy) Jo wnndads YAN H, ZHIN 00t :8€ 2In31q

oT 0¢ (OB ov [OR=] 09 0L

(T$) wdd
0’8
[




147

"(87) reuOoINIONIY--0IPAYUEB-G [ -[A1908-O-IP-+ ¢ [AUIdW JO dWIXO0 Y} JO Wwniddds JYIAN D i ZHIN 001 :6€ dung1y

0] 0os 00T 0ST 00c
! i ! ! ! ! i ! ! ! ! i ! ! ! ! i i

(1) wdd




148

"(87) dreuoInoniy-q-oIpAYue-g*1-141908-Q-1p-1°¢ [AYIdUW JO dWIXO A} JO WNNIAds SSeIA (0 9.In31q

OTUO FO "Tun ‘SET OH O3 PSSUSDIT

- T - HqWo MTUuo3lTed IonNId 5 ‘W9 T DI-aartnbsy stsATeuyeied Iodnidg mmw
N\C.._» ) O_“_um ) Siv ) 0S¥ scv ) _oov W*ﬂ ose Gce oog

F = . 1 . i -
A AN A o e P AP Ay c,,)(s‘.‘?\_.1).?\\,\,.4,,.).‘),,‘ AN A A AN PN A S A P A

{7y / 3 ™
| f | | I

000g

L'eiLe

"suau|

SW/SW

o TIiruuns IDWT 3 T uUnNDOY
teanTaag dearn :abury uessg
= T wrs : artxgded
% SPOn

2oaInog

AaTaeTod B
aejawelded uonisinboay

sTtdues & POYISN

2 sel

xzoaexado :juUsSWNI]SUT

posxTnboe saeqa

S00Z 0g*60-9T 0Z Uunf UOKW :P=33UTId ad 20TXO-SO\HLIWSDO\YIVYA\ T\WHHDIH\ *d :3TTA
roju] sisAjeuy

podey Aejdsi(




149

(67) @reuOIMONY-q-0IpAYuL-G* [-[A198-O-IP-*¢ [AYIOW JO SUWIXO[A0ZUSG-Q JO wnndads YAN H, ZHIN 00 : I dAn31q

(T4) wdd
00 0T oz (oX> ov 0's 09 oL [oX:]
|

B AT

=




150

(67) @reUOIMONY-q-0IpATUE-§*[-[A1008-O-IP-*¢ [AYIOU JO SWIXO[L0ZUDG-Q JO wnnoads YIAN D¢, ZHIN 001 :Tp dIn31q

00T

00¢c

(1) wad

B

I




151

‘(62) 21eUOINIONIY-J-0IPATUR-G [ -[A190B-O-IP-°C [AYIOW JO QWIXO[A0ZUI]-Q JO Wnnodds ssejq ;£ aanbi

OTHUO FO *TUN 'SET OF ©3 pPOSUSOTIT
g o= HOQWD HTUO3ITed ISNIg o ‘wo T OI-2xtnbsy sTtsATeuyeiea Isynag %WW

Siv osv Sle ose ) Sce ooge SiZ

PN LA A o AN i e Pt P

¥
_, |

L'9Lvy |

‘susju|

S /S

uo TRuung IBWT T WNODY
tantaa dexg, :sbuey uesDs
T WTXS : atxEded

< SPOn

AaTaeTod 2 soanog
r19joweled uonisinboy

a1duegs % POYIADW

& Msel

To3exado :juswnNIIsSUTL

:paxtnboe s3ea

S00Z Z20:6S:9T 0T Unr UOW :pP=23UuTtad d- Z2ZHON-SDO\HLINSD\YILVA\ T\WEHDJH\ d :=TT4
:oju] sisAjeuy

1oday Aejdsiq




152

‘(0g) 9reuoInoniy-q-oIpAque-G-[£1008-O-+°¢ [AYIOW JO SWIX0[A0ZUS]--Z-0WO0Iq-] JO Wnnoads JYAN H, ZHIN 00t ¥ 84 nbi

(m) wdd
00 0T oz o€ ov 0'S 09 ()2 [oX:]

—y i %jé




153

(0£) dreUOINIONI-J-0IPAYUR-G-[A10B-O-1 ¢ [AUIdW JO QWIXO[A0ZUQ-()-7-0WO0Iq-] JO wnydads YN D ¢ ZHN 00T :Gi 84 nbi4q

(T4) wdd
0 05 00T 0ST 00z




154

"(0g) dreuoIn}oNII-(I-0IpAYue-G-[A1008-O-1 ¢ [AYIOW JO dWIXO[A0ZUD]-O-Z-0WO0Ig-| JO wnnodds ssejy 9y aanbi4

0SS

HOquo TuolTed ISNNILE o

OTUO FO "TUun ‘SET OF ©3 PIsSusSoOII
‘wg - T DI-=xtnbsm stsATeuveied Isdnag WWM%

00%

M

e B et i

Lgee

"t
Wl

ose

$0LX
rrsusiug

S00Z ¥%Z:TT:CTT LO TInC

nuL

rpojuTIdg

uoT3IewwNs
tanTxag dexl
: T wWT3s

Aataetod

asTtdwmes

Tozexado

Hoday Ae|dsiq

S/ S

I2WT I TUND oY

:sbuey uecg
3Txaded

PO

H sSoDInog
numquN.-mhﬂo_«_m_ﬂnuqu

POUISKH

H Isel

I juUusSwnNIISUL

:pasatnboe =3ed

" SOdMIZEONNHLINSD\VLYA\ T\WHHDOdH\ :d :3TTd
:oju] sisfAjeuy




155

'T€ opIze dwrxo[Aozuaq jo wnnoeds YN H, ZHIN 00+ /¥ 84nb14

(T9 wdd
00 0T oz o€ ot 0's 09 oL 0’8 06
| i | | i | | i | | | | i | | | | i | | i | | i | | i | | i | | i |




156

(ON¢]

‘(ze) ap1ze [AsouriAdoon|3-q-g-1£1908-Q-11-§° €7 [AyIoW JO wnndds YIAN H, ZHIN 001 :8 8. nbi4q

(m) wdd
0’8
[




157

(2¢) apize [AsoueiAdoan|3-q-g-]K100e-O- 101" ¢ 7 AU Jo wnnoads JYINN O, ZHIA 001 61 94nbi-

(1) wdd
0 0S 00T 0ST 002

e, " b e PR TR W TP n P TR A dbdirh (T "
\Jj ﬁﬁ,i LAy Ll i Uakilibs Lt el Lo iy A 1.;24}%) L ki Ll WAV ity




158

"(Ze) op1ze [AsourtAdoan|3-q-g-1A1008-O-11-1 €7 [AyIow Jo winndads ssejp :0G 94nbi4

OTHUO JO "Tun ‘SE€T OF O3 PasSuUsSSIT
sl s Hquo ITuolTed ISNId 5 ‘w9 T DI-sartnbsm stsdATeuyedledq Isinag me

L'gee

me

ove , oze

-00€
| 'suaju|

UOo T Iewwung
tenTag dexr,
: T wr3s

A3Taetod

sTdwes
xojexado

S00Z TZ:8E:TT 0 UnNe UOW :pP33utixd

poday Aeidsiq

= SW/SKH
$2DWTY WNODY

:obuey ueds

: atxgded

SpPon

2 soanog
“hmumEWumn-EO_«_w_:UUd.

Poy3ISW

: sel

D QuUSWNI]SUT
:paxTtnboe sj3ea

TTOTZV¥-SO\NHLIWSDO\YIVA\T\WHHDIH\d :2TT4A

rojuj sisAleuy



159

‘(g¢) oprue-(jAsouoinueiAdoon[3-g-¢g)-proe orozuoqoniu-d Jo wnnoads YN H,; ZHI 00% :TG 84 nbi4

(T$) wdd
0T oz o€ oV 0's 09 oL 0’8 06

—~ v J: /% - 2 ,;11)* ,\ll, -




160

(€¢) oprure-(jAsouomueifdoon|3-q-g)-proe d1ozuaqoniu-d yo wnnoads YIAN ASOD H, ZHIA 00¥ 2§ 94nbi-

(wdd] T4
¥ 2 £ v S 9 ! 2
1<} o
s o I8 &
w @
L] —
£
9
[ ] -
g & B g =
a w ™
—b
® L= i SEmm
—£
+ 2
T
{wdd )

24



161

‘(g¢) oprue-(jAsouoinuerfdoon[3--¢g)-proe orozuaqoniu-d Jo wnndads YN D ¢ ZHIN 001 :€G ad nbi4

(1) wdd
0s 00T 0ST 002




162

‘(gg) aprwe-(jAsouornueiLdoon|3-q-¢)-proe s1ozuaqoniu-d Jo wnndads SIN-D7T G a4nbi4

0oL oEa oag o+5
Z
0oz
E2G0F
+53 SN 201

NPa°a1B1S- 00" 123" MMM
SO0Z-Jelw-0lL

oco

oog

085 095 OGS 0TS 00S o8+ oa¥

Le0s

0505

LE8t 6T (F1a)
Ayioe4 sonuoalold g Alswoipnads ssew

OBE 0gE

ool
(5opg) wo Moo exg "os) ws (FT0 L) 52 ASO0LEDT
Aeadsonaa3 1010

NSASLUON -850 9CC8




163

‘(g¢) aprwre-(jAsouornueiAdoon|3-q-¢)-proe s1o0zuaqoniu-d Jo wnndads SIN-JO.L uonnjosay Ysiy :Gg ainbi4
*LS LG Ol ©05 905 +05 CO0S 005 =6F 06+ woF cor 08F Ber OBk +t8F cor 08F ©BiF O.iF it Cit 0OLF
=L 1 1 1 1 1 1 1 1 1 ;_ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ﬂ
&TLLO0S i
wicd g7 |94
9501505 EN+WN Paunseay
0L0L"S05 BEN+IN Palen2el
o501 S0
plepuels |eudaiu
£966'C CTLOTLY oo
+53 S 201 (Lizg0) wo koo exg "2s) ws {00 1'00°0'0°0009H 00708 "#'uad) Wy (FFE L) L0 ASOOLEDT
NP2°31815-0 1L 0" DD MMM 178t 767 (FLO) Aeadsonoa|3 107
Aupoe4 sonuoalold g Alawolinads ssew MNSASLUON J-/-50 9CCH

SO0Z-JeWw-0L



164

‘(y¢) oprue-(jAsouoinueiAdoon[3-g-¢)-proe orozudqoionj-d Jo wnnoads JYAN H,; ZHI 00% :9G 8 nbi4

o'T 0¢c oe ov o's 0'9 0oL

(T$) wdd
0’8




165

(7€) aprue-(jAsouomuerfdoon|3-q-g)-proe srozusqorony-d yo wnnoads YAN D¢, ZHIN 001 .G 84nbi4

0 05 00T 05T




166

‘(ye) aprwre-(jAsouoinueifdoon|3-q-¢)-proe s1ozuaqoionfj-d Jo wnndads SIN-DT :8G a4nbi4

ool 056 oag O 0co ooa
Z
Voo
FEELTL
+53 SN 201

NPa°a1B1S- 00" 123" MMM
SO0Z-Jelw-0lL

[my=ge] 085 oS nrd] 005 o+

T,

=]

0ol

oraLdy

LZ3% Z6Z (F19)

Ayioe4 sonuoalold g Alswoipnads ssew

(Zgo0g) wo oo exg "os) ws (+£e°0) LG NE00LTOT
Aeadsonaa3 1010
NSASLION oL LS80 9228




167

‘(yg) aprwe-(jAsouoinuerAdoon|3--¢)-proe srozuaqoson[j-d Jo winndads SIN-JOL uonnjosay Y3y :6G a4nbi

NPa a1e1S- 010" 130" MMM
SO0E-1ew-olL

LE8TE67 (v1a)
Aoe4 sonuoaold g Alaswoaroads ssew

05+  &8F  ©5F  18¢ G8F  G8F  wEF  ©SF  CEF  LEF  0BF  BLF  BiF  1iF DL Giw  wiF  ELF  TiF
ZiLu 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 o
LTI ELE -
=
wicdd g
EELL8LF BEN+IN PRAansea|y I
GZLL'82F BEN+IN Pa1B|N2EeD
22l oS pIEPUEB]S [BLIS1UI
F25T L . . STIOTL —ook
+53 SW 201 {L2:e0) wo YooeT "©S) ws {007 L 00700 000" H 0008 "Fuss) Wy (012 1) 62 NGOOLECT

Aeadson2a13 101
NSAMSLUON L-LL-£-SD 9CEB




168

‘(ge) aprure-(jAsouoinuerAdoon[3-g-¢g)-proe ouking Jo wnnddds YN H, ZHIN 00% :09 8. nbi4

O'T 0¢ o€ ov o's 09 (O)VA

(1) wdd
0’8
[




169

'(Gg) aprue-(jAsouonuerfdoon|3-q-g)-proe ouking yo winnoads YN O, ZHIA 001 :T9 8.nbi-

0s 00T 0ST




170

"(Ge) aprwe-(jAsouoinueiAdoon|3-q-¢)-proe ou1Ang Jo wnnddds SIN-D7 129 a4nbi4

DOl GI8 0G9 Gz@ 008 GJG  DGG G2 005 GiP OS¢ Gk DOP  GIE 0OGe GEZE OOE  Glz  0GZ G2z 0OC
pr O 0 N T T T T S S T S S T T N S T SN T T S T T T S S TN T TN S N T Y N S S A TN T T S S T PR S T T SN TN S S T T S N S T S S [N T S | PRI N S S S N S T N [T S | n
: | R T e o
y I
LLEH
B
890 BT . ool
+53 SN 01 {00°exz ‘D) ws (£68°0) BF GOOLEDT

NPa°a1B1S- 00" 123" MMM
SO0Z-Jelw-0lL

Aeadsonaa3 1010
NSASLION E-L1-4-8D 9€C8

LE8t 6T (F1a)
Ayioe4 sonuoalold g Alswoipnads ssew




171

‘(gg) aprwe-(jAsouoinueiAdoon|3--¢)-proe ouking Jo wnnodds SIN-JOL uonnjosay y3siy :£9 aanbi

0

+53 SN 0L
NPa°a1B1S- 00" 123" MMM
SO0Z-Jelw-0lL

Si¥ 0L¥ 58+ 0% S5 05+ St¥ OF% SE¥ 0 3T 0Z¥
FOSL LTF i
-6
wdd g7
SOCL9ZF BN+ PRInsEa N
QLELAZF BEN+IN Pa1BIN2ED -
pIEPUBLS [BuIa1u) I
STLGTLF
—00

SOEL BT
(oorexz "©s) ws 00 L 00 0'0°0008"H "00°08 “+'u22) Wy (LEL"L) #0 1500LEDT

LZ8tZ6Z (F#19) Aeadsonoa3 1o

Aupioeq sonuoalold g Alawonlads sse NS ASLUION Z- L1450 9CE8




172

‘(9¢) aprwe-(jAsouoinueiAdoon[3-g-¢g)-proe o10zuoq Jo wnndds YN H,; ZHI 00¥ 19 8. nbi4

oT o¢ o€ ov [O0=] 0’9 0L

0’8

(1) wdd
06
1 7 1




173

(9¢) aprue-(jAsouomuerddoon|3-q-g)-proe o10zuaq jo wnnoads YN I, ZHIN 001 :G9 84nbi-

(T) wdd
0S 00T 0ST 002

b, AJE " T — fj 3%%%%5%3;%2%%};%%%{%%%




174

"(9¢g) aprwe-(jAsouornueifdoon|3-q-¢)-proe 910zudq Jo wnxodds SN-D7T 199 a4nbiH

NPa°a1B1S- 00" 123" MMM
SO0Z-Jelw-0lL

0oL 0sg uie e O+ oca 009 025 095 (W] 0TS 00S o5+ ule Ot 0T+ 00+
=L ul L 1 L ] 1 Liaasl 1, L s lygaal g b s L b s s L e Ll ol ey Lol oo
]
L 205

o

LLEt
ESGE1 L oa¥
+53 SN 201

LE8t 6T (F1a)
Ayioe4 sonuoalold g Alswoipnads ssew

ool
{00 gxz '©s) ws (LEL°L) G0 SSO0LEDT
Aeadsonaa3 1010

NS ASLION E-52-4-90 9€C8




175

‘(9¢) aprwre-(jAsouornueiAdoon|3-q-¢)-proe 910zudq Jo wnnddds SIN-JOL uonnjosdy Y3y :/9 aunbi4

NPa°a1B1S- 010" 133" MMM

SO0Z-JeWw-0L

LEst 6T (1)
Ayioe4 sonuoalold g Alswoipnads ssew

FIF TIF OiF EOF =T=T FOF ToF ooF I5F OGF FoF =1 OGF = IEF
Z f L 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 o
ELEL LOF I
og,
wdd 7o
LEZL 09F EN+IN Paunseay
O0ZEL09F EN+IN P=1BIN2(eD [
pARpUELS [BUISIUI
LETL DG+
F350 1 GTLOTiw . ) i o
+53 SN 401 (geris) wo Hgoexz 'os) ws 00 100000008 H 0008 "Fusg) Wy (BT L) 22 S500LE0T

Aeadsonoa|3 107
NS ASLION E-52-4-90 9€C8




176

'(,£) aprwre-([Asouoinueifdoon|3-g-¢)-proe drozuaqoronpjeiuad Jo wnnoads YN H,; ZHN 00¥ :89 3 nbi14

(T$) wdd
0’8
[




177

"(2¢) oprue-(jAsouoinueiAdoon[3-g-¢g)-proe orozuoqoionpyeiuad Jo wnnoads YAN D 1 ZHIN 001 169 a4 nbi4

00T

0ST

(T$) wdd
00z
| | i |

™

E}f%%%




178

‘(L&) aprwre-([AsouoinueiAdoon|3-q-¢)-proe dsrozuaqoionyeiudd Jo wnnoads SIN-DT ;0L 94nbi14

oDL oBg ulee) O#a ArAT oo 0OBS 095 (He=] 0TS 0os

E2ELE 0’055

+33 S 201

NP2°3181S- 010" DD RN 128+ 767 (F19)

SOoZ-delN-0L Aupoeq sonuoanold | Anawonolads ssewy

OBt

[W]=} Ot 0Tt o0%F

ool
(00 ExE "©8) ws (50T L) 69 1500LE0T
Aeadsonaa3 1010

NS ASLION £-52-4-80 9€C8




179

‘(L£) aprwe-(jAsouoinueiAdoon|3--¢)-proe s1ozuaqoronyyeiudd Jo wnndads SN-JOL uonnjosay y3siy :T1/ ainbi4

SZ0 o0Zo Lo 0D SO6 ooo GEG 065 S5 083 G.G  0LG SOG ) SG5 055 G#o e] P 0£5
N.._Ll 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 n
SE20LED I
9%
wdd 77
LEL0°055 BN+IN Painsealy L
GFL0°055 BEN+IN PaleInd|E]D
plEpUELS [BUIa10
LIELO0NDGG i
E25E'S J895TTD [ oo
+53 S 201 (ggresd wo Hooexs "©s) ws (0071 00°0°0 0009 TH 0008 “FUsD) Wy (00F L) 05 15000LE07
NP2°31815-0 1L 0" 132" MMM 178t 767 (FLO) Aeadsonoa|3 107

SOmZ-d1ew-al Auioeg sonwoslold g Answonodads sse NSAMSLUON C-G2-/-87 9008




180

‘(g¢) aprwre-([AsouoinueiAdoon[3-g-¢g)-proe JLId[BAOSI JO WNI0ads AN H; ZHIN 00¥ :2. 34 nbi4q

(1) wad
0’8
L




181

"(8¢) aprwre-(jAsouomuerfdoon|3-q-g)-proe d1Id[eA0SI Jo WnNoads YN O, ZHIA 001 €/ 84nbi-

0s 00T 0sT




182

"(8g) oprwre-(jAsouoinueiAdoon|3-q-¢)-proe dLI[RAOSI JO wnpodds SIN-DT 17/ 94nbi4

ong 055 G oS 0TS 005 GEL 0ot Ot+ OT# o0+ GER oot O%E oze onE
Z 0
LBET
#

LbEF ]
E9ZE'B LOF ) oot
+53 SN 201 (85#5) wo (00 exT "os5) ws (aea'0) +§ bBSoOLEOT
Npa“a1e1S-0 0" I13D" MMM LZ8t 267 (FLa) Aeadsoaioagg 107

SOOE-1eWn-0L Aupoey sonwosold g Answoairads sse NS AMSLUON L-5L-4-SD 9CE8




183

'(8¢) aprwe-(jAsouoinueiAdoon|3-(-¢)-proe dLID[RAOSI JO WNNIAds SIN-JOL uonnjosay Yysiy :G/ ainbi4

gitr ti¥ ClF 0L =0F ODF +GF COF 09F =25+ 0ot #GF <S¢ O0CSF Sre oFF #rF cry OFF Bet OEF bot CEF OCF
N.._Ll 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 _H
TSOL LFE L
9%
widd 27
SFSL 0V BN+IN Painseay L
CESLOFF EN+IN PalEIND2ED)
plepuUelS [Bula1u) GG L OFE
ESLLE STIOTLF . . oo
+53 S 201 (Lg:gg) wo oo exs "9S) ws {00 1L'00°0°'0°0002"TH "00°'08 "+'uaD) wiv (LEg L) 68 bsooLeaT
NP2°31815-0 1L 0" 132" MMM 178t 767 (FLO) Aeadsonoa|3 107

SOmZ-d1ew-al Auioeg sonwoslold g Answonodads sse NSAMSLUON L-SL-4-SD 9008




184

‘(6g) oprue-(jAsouoinuerAdoon[3-g-¢g)-proe JI[Ax0qIed-Z-uein,d JO wnnodds YN H, ZHIN 00% :9/ 84nbi4

(1) wadd
01T (o) o€ ot 0'S 09 oL 0’8




185

‘(6g) oprue-(jAsouoinueiAdoon[3-g-¢g)-proe J1[Ax0qIed-Z-uein,d Jo wnndads YN D cf ZHW 001 12/ 94 nbi4q

0 0S 00T 0ST

002
f

(T) wdd




186

‘(6€) ap1we-(jAsouoinueiAdoon|3--¢)-proe o1]Ax0qIed-g-uein,f Jo wnndads ssej :8/ ainbi4

HOQWD MTUuo3lTed IASMNIL o

OTUO IO “TUun ‘SET OH O3 PSSUSOTI

‘mo " T DrI-=2axTtnbsy sTsATRUuvyeled IS3nId %WMW

Scv oov Si€

0se Gce ooe

L"osvy

S00Z LS:gP:PT €2 unQ NUL :PS3UTId

T Ty

L'gev

1 ] e Y &

\
[ v d

00

FE L

GgOLx
[ "sua1uj

uo T3RuIING
isaTag dealL
g T WTHS

AaTxetod

stdues

aoaexado

S/ SK

I2DWT ] - WNoOY

:asbuey uvog
atxaded

SpPon

soanosg

r19)awesed uonisinboy

PoYaISH

5 ser
zjuswnNI3sSul
:paxtnboe saea

A 0T-60T-L\HLIWSO\YLVYA\T\WHEHDIH\ :d :3TT4

toju] sisAjeuy

podey Aeidsiq




187

'(0F) aprue-(jAsouomnuerfdoon|3-q-g)-proe oroueyydeu-g yo wnnoads YINN H, ZHIN 00¢ -6/ 84nbi4
(T) wad
0T 0z o€ ov 0'S 09 0L 08 06
| 7 | | 7 | | 7 | | 7 | | 7 | | 7 | | 7 | | 7 | | 7 |




188

‘(0p) oprue-(jAsouoinuerfdoon[3-q-¢g)-proe oroueyydeu-g Jo wnndads YIAN D 1 ZHIN 001 08 a4 nbi

0s oot 0ST

00¢

(T wdd

A ol

3
3
3
3
¥

E 2




189

S Hquo }TuolTed asinig

@

‘(0¥) oprure-(jAsouonuerAdoon|3-g-¢g)-proe dsroueyyydeu-z jo wnnoads ssejy 118 a4nbi4

OTYO FO© “Tun ‘SET OF ©3 PISUSDTL
‘wg - T DI-=2xtnbss sTtsATeuyeieq IodnId mmw

z/w Omv ) ) ooy

osg 0o€

e 3 e

2'88%v

00

FS°0

FS°L

gOLx
susiu|

TO T 3ewuung
toaTaa dear
: T WIS

AjaTxeTod

aTdueg
Toaex=adQ

S00Z £€%:SC:ST €€ uUunr Nyl :p33uTId

vodoay Aejdsiq

SW/SKH

ISWT T WNDOY

:obuey ueos

= atxgded

Elelel

soanes

r19jaweded uonisinboy

POYISKH

¥selL

I JuUusSWNI3ISUT

:pasaxtnboe 23eq

A" TZ-60T-L\HLIWNSD\YLYA\ T\WHHDIH\ A :*2TTA
:oju] sisAjeuy



190

‘() sutr-(jAsouoinueiLdoon|3-g-n)-proe d10zudqoniu-d Jo wnnddds JYIAN H, ZHIN 00 :¢8 84 nbi4

o'T 0'¢c o'e ov o's 09 0L 0’8
I I N SR S S T A I I T L

(m) wdd
06
[




191

‘(T7) surnwi-([AsouoinueiAdoon|3-q-n)-proe d10zuaqoniu-d Jo wnndads YN D 1 ZHIN 001 €8 aJ nbi4

o] 0S 00T 0ST

00z
f

(1) wdd




192

"(T) urwi-(jAsouornueifAdoon|3--0)-proe d10zudqosru-d Jo wnnoads sse 78 ainbi4

oTUO FO

- Tun

‘SET OH ©3 POSuUSDITI

HquD TuoiTed ISHNIG 5 ‘W9 T DI-oITnbsy sTsiATeuyeied Ia3nig %WMW

00S oSt

(o]0} -4 ) ose ele] >

0o0<
T

L L9¥

oSt

0’0

<0

-0

Lot

cL
gOLx
‘sueyu|

S00€ B8E:SZ:ST LZ unrp

TOW

rpsjuTad

To T 3euung
rentxg dexd
T WES

AjTaerod

orTdues

xoaexsdo

SK /S

ISWTY CWNOOY
:sbuey ueog
: atxEdep
Spom

soanos

aejeweled uonisinboy

poyaISH

= yser

I QUSWNIJISUT
:paxTtnboe o3eq

A" 00T-S8-L\HLINSD\VILVA\T\WHHDdH\ A :*=TT4

1oju] sisAjeuy

nodoy Aejdsiq




193

‘(z7) surtwi-([Asouoinueifdoon|3-g-n)-proe 910zudqowoiq-d Jo wnioads YN H,; ZHIN 00¥ :G8 3. nbi4q

(m) wdd
0T oz oe oV 0'S 09 oL 0’8 06

AR ji%




194

(2¥) urui-(jAsouomuerfdoon|3-q-0)-proe o10zusqowoiq-d jo wnnoads YN I, ZHIN 001 :98 34nbi-

0
|

09

00T

05T

00¢

(T4) wdd

e T

o)




195

‘(zp) dutwr-(jAsouoinuerAdoan|3-q-0)-proe d10zudqowoiq-d Jo wnioads ssejy :/g8 aanbi4

OTYO FO "Tun ‘SET OF ©3 PISUSDTI
- T - HOQWD HTUuolTed ISYNIG o ‘Wo T DI-=2xTtnbsm sTtsdATeuyeled I=2¥nIg *WW

zZ/w oss 00g ost oo¥ ose 00€ __osz  oo0Z _ ost

0001

| F00G L

L"2os E

|-susyug

: SH/SK

UOTIBWMINS TDWTY T WNOOY
toaTxg dexld :a2bury ueog
: T wWwTs : atxgden
z SPOon

AayTxetTod : soanog
r19j9weaed uolnisinboy

sTtdwes 5 poyualsn

§ yser

xo3exado I JuUusSwWNI3ISsSUT

:peatnboe e3ea

S00C TE:QE:ST LZ UNL UCKW :p=3UuTtTaxd A " 002-58-L\HLIWSDO\YLYA\N T\WHHDdH\ :d :2TT4

:oju] sisAleuy

uoday Aeidsiq




196

‘(e) 910zen-[ ¢z 1]-H 1-1Auayd--[Asouoinon|3 Jo wnnoads YN H,

0o¢ o€ ov [OR=] 09
Coo by e

ZHIN 00% :88 84nbi-

(1) wdd
06
1 7 1

RS T W




197

(ep) o10zen-[¢ T 1]-H1-14usyd--[Asouomon3 Jo wnnoads YN ASOD H, ZHIN 00+ :68 34nbi4

(wdd) 714
! , o b g g £ 2
& -] Bl
=] ke ]
B 9 | =
A . «i
£
=3 o S [
. . mrnu -} _.wu
..4.. ¥ B
5
L] il [ i
1 [ q
I |
| >
|
T
{wdd)
24
o , " - . ._m. __ _ 1l ___. - | __ _ |



198

(ep) o1ozen-[¢ 7 1]-H1-14usyd-p-[Asouonon3 jo wnnoads YN ¢, ZHIN 001 06 34nbi-4

0os 00T 0ST

ooz
f

(T$) wdd




199

‘(e) 910zen-[¢7 1]-H 1 -1Auayd--1Asouoinon|3 Jo wnnoads ssey :Te a4nbi4

OTYO FO ~FUA ‘SET OH ©3 POSUSOTI

- T - Hqud TuojTed IadniId 5 ‘Wwo T DI-sxtnbsm stsATeuveijed Ioynag vm%m
0]} 4 oot 0se [o]e]> 0se ooc
[ LI .71751(;!2}5517’5%!2.\./%#;1]1)%j{»l[’(l,&?\lll:})l‘.x‘ __, - O
| |
| ;
|
_ =
re
zver L
FE
rv
-GS
ro9
ozor gOLX
e ‘suau|
SW/SW
: uUoT3jBuwung ISWT3 TwnNoowY
coatxa dexl :sbuey ueog
= T WEMG = JTxagded
] Ejeleln
T Aataetod N 20anesg
:dejeweaed uonisinboy
aTduwes : jelelegis)ig
G Hsel,
= xoj3exado IjUusSWNI]ISUT
:psatnboe s3eqa
S00Z TZ:8T:80 ¥TZ unC T4 :p23urtad - 200006 -S\HLIWSO\YLVA\T\WEHDJH\ ‘ad *3TT4

:oju] siskjeuy

Hoday Aejdsiq




200

(v) d10zemn-[ € 1]-H1-(14uadojoLorAyeun)-f-[Asouomon|3 Jo winnoads YINN H, ZHIN 00% :26 34nbi4

o'T 0¢c oe ov 0's 09 0oL 0’8

(m) wdd

T




201

(pp) o10zern-[¢ T 1]-H1-(jAuadofoLo[Ayow)--[Asouonon3 jo wnnoads YN D¢, ZHIN 001 €6 34nbi4

]
| f | |

0ST
f

00c

(T$) wdd

[ e TP W 7{3,3?.@?3z.si:;_.._é

i

g

ey

i

A

A

b Pl L L

Py

|

Wy

Ghab it bl



202

‘(y) 9rozew-[¢7 11-H 1-(1AuadookorAyiown)--[Asouoinon|3 Jo wnnddds ssej 6 94nbi4

OTYHC Fo "TUn
HAqWo MTUuolTed Io9nNId g ‘W9 T DI-=2xtnbsm

‘SET 0" ©3 PSSUSST
sTsATeuyeiled Iaxnig WWMW

oSy ooy 0se e]0}) 0se

0oz

L'gov

000

~S2°0

FScL

~0S°L
LgOLX
"sus3Uu|

S00€ e¥:E€S°80 % uUunpg TIg pI3UTIg

uoTIiruuINg
:onTaxg dexln
: T WIS

AaTaetod

sTdwes

xozexado

- uodey Ae|dsiq

: S/ SW
TDWT ] T WNDOY
:abury ueos
{2 atxaden
] SPON
= SDaInos
s1919weled uonisinboy

: poyasmn
% MSelr
I JUSWNIZSUT
:paxtnboe saea

d°0000E€ET-S\HLIWSO\VIVA\NT\WIHDGH\ *Q *3TTd

roju] sisAjeuy




203

00

(Gp) a10zemn-[¢ 1 ]-H1-(JAuaydoronyj-¢)--[Asouonon|s Jo wnnodds YIAN H, ZHIN 00% :G6 34nbi-4

oT 0o¢c o€ ov [OQ=] 09 0L
| i | | | | |

1 v




204

(Gp) o10zern-[¢ ¢ 1]-H1-(JAudydoronyj-¢)-p-[Asouoinon|3 jo wnnoads YINN D¢, ZHIN 001 :96 34nBi-4

(0] 0os 00T 0ST

0oz
7

(T4) wdd

il




205

‘() 9rozew-[¢7 1]-H1-(JAusydoionfj-¢)-1-1Asouoinon|3 jo wnnoads sse /6 a4nbi4

OTUO FO "Tun ‘SET OF ©3 PSSuUsSOIT
Hqud TuolTed Iadnig g ‘wo- T DrI-saxTtnbsg sTtsATeuvyeied IsInag WWW

oov 0se 00€e osc

00c

L20s

0'0o8¥

sS00Z 0%:2€:60 ¥ ung TIxg ¢

pe3utrad

o T Jrung
:aAaTIg dead
: T wWwIxs

Ajtxerod

sTdues

axojexsdo

e o N o)

S0

FgOLX
| 'sueju|

: SH/SKH
PBWTY CWNDOY
:abuey ueos
: aTtxgded
SPON
SDInos

r19j9Wweled uonisinboy

POUISK

= MselL

I QuUusSWNI3SUL
cpaxtnboe saea

" 0000ST-S\HLIWNSO\VYLVAO\NT\WIHOdH\*d *=TT4

podey Aejdsiq

10U sisAjeuy




206

00

'(9p) o10zen-[¢ 7 1]-H1-(1AusydiApou-1)-p-[Asouomon]3 yo wnnoads YN H, ZHIN 00+ :86 24nb1-

(T$) wdd
06
L




207

'(9p) o10zern-[¢ T 1]-H1-(jAusydjAyiou-)-p-[Asouonon3 jo wnnoads YN D¢, ZHIN 001 66 24nbi4

05
f

00T

0ST

(T$) wdd

N TN

"

i

i

i

T ,ii;,

Llual iy

Kl

l

| ekt A




208

‘(9¥) a10ze-[¢“z°1]-H 1 -(1AuaydAypowi-1 )-H-[Asouornon|3 Jo winndads ssejy ;00T a4nbi4

OTUO FO “TUun ‘SET OFH ©3 PSSUSOTT
HqWD MTuolTed ISnIg 5 ‘wg T DI-sxtnbsm stsATeuyeiled Isinig «mw%m

Z/ut

oS oov ose ooe ose [o]er4

z'g6+

B G \_f [o}0]

b
|

g'c

01X
‘sus1U|

S00Z ¥%¥€:€S:0T ¥ unr

S/ SHW

uo TlewwINS ISWTI CWNDOY
:onTaxg dear :sbuey ueos
T WTHS : atxmEded

3 SpOonW

AaTtaxetrtod : SDINOS
:19)sweled uonisinboy

s1dwesg " POYIDN

= yser

zojeasdo fjusSwWNI3ISUT

:paxtnboe saeqg

Txd :ps3utrad Q" F000LT-S\HLIWSDO\YLYA\T\WHHDJH\ ‘d *3TT4d

:oju] sisAjeuy

podey Aejdsiq




209

(L) a10zemn-[¢ 7 1]-H1-(10159 [Ay10 p1oe o1jAX0q1ed)-1-[AsouoIndn|3 jo wnnoads YINN H, ZHIA 00+ :TOT 34nbi-4
(tH wdd

00 o'T 0¢c oe ov o's 09 0L 0’8 (ON¢)
|

T T W




210

(L¥) 810zein-[€'2 T]-HT- (19159 |AUpe proe o11Ax0qted)-y-|Asouoinan|f Jo wnuioads YN Og; ZHIN 00T 20T 84nbi-

) 0s 00T 0ST 0oz
i | | | i | | | i i i

(1) wdd




211

‘(1) sj0zen-[s'2'T]-HT- (18158 |AU18 pI1oR 211AX0QIRD)-H-JASouninan|b Jo wnaoads sse :£0T a4nbi4

HOQW XTuojTed ISXNIL o ‘W9

OTUO FO “Tun ‘SE€T O0F ©3 POSuUSOTL

T DI-=xTnbsyg sTsATeuyeled JIsinIg mmw

S002 LE*ZO'TT ¥Z UNL, TIg PS3UTIJ

uo T3ewuns
toaTaxa dexl
! T WIS

A3txered

sTdwes

To3exado

Hodoay Aejdsic

‘ﬁ\
z/w ost 00¥ ose 00€ osz ooz
— o = — = - : : : : = 0
|
-
L
-9
z2°08¥
gOLX
- susu|
S ¢ sw/sm

ISWT Y T WNoOY
:obuey ueos
arxmded

SPONW

: soanog
"._mumEm._mn_con._mm:UOd‘

PoUIDKW

2 Iser
rjuSwWNI3ISUL
:paxtnboe s3eqd

“T000SZ-S\HLIWSO\VYLVYA\T\WEHDOdH\d :®TT4

:oju| sisAjeuy



212

(8Y) 810zeli-[€'2' T]-HT-1AIng-p-1AsouoinaniB Jo winidads YIAIN H, ZHIN 00 10T 84nbi-

0’8
f

(m) wdd




213

"(8Y) 810zewn-[£'2' T]-HT-1AINg-y-1Asouonanif Jo winidads YIAIN O, ZHIA 00T :GOT 84nbi4

0s 00T 0ST

00z
f

(9 wdd




214

‘(8%) ajozen-[£2 T]-HT-1AIng-y-|Asouoinan|B Jo wnuoads ssei 90T a4nbi4

e HQws HTuo3Ted Iodnig o

oSy oov ose

©OTYO IO "Tun ‘SET OF ©3 PISUusSoOTT
‘me - T DI-=2xtnbsmy sTsATeuveleg IoynIg me

0og

R e e — v S — A A —

osz 00z

!
M

a4l

L0 LX
| 'suaqu|

uoTIRrwMNG
toantTtaxag dexT
T wWiIg

AjTaeTod

sTtdues
xo3exado

S00€ 0Z:*%T:TT T Unr, TIx4g :pP=23Uutad

SW/SK

ISWT ] S WNOOY

:sbuery uessg
Jtxzdep

Spow

= soaxnosg
"..wuw..:w..mn_co_umw_:cod«

PoU3ISKW

3 Mser

rjuswnI3ISUT

:paatnboe =23eq

A" 00006 €-S\HLINSDO\YIV¥A\T\WEHDdH\ ‘A :3TT4A
:oju] sisAjeuy

oday Ae|dsiq




215

'(6v) aj0zein-[€'2 T]-HT-(JAuaydAxoyraw-v)--1Asou0inan|b Jo wnndads YINN H; ZHIN 00 :20T 84nbi-

(m) wdd




216

(61) 810zeL-['2' T]-HT-(1AusydAxosw-{)-i-1AsouoinaniB Jo wnnoads YIAIN O,; ZHIN 00T :80T a4nbi-

0] 0os 00T 0ST
i ! ! ! i ! ! ! ! i ! ! ! i ! !

0oz
7

(1) wdd

bk e Mk b abie TR TP TS PR YP W W THTRV TN SN
AN oy o }}ﬁ T | ﬁ;._i; oo ﬁ:: oMo




217

‘(6¥) 8j0zen-[£ 2 T]-HT-(JAusydAxoyiaw-y)--1Asouoinan|b Jo wnioads sse 60T 84nbi4

oTUO IO “TUn ‘SET OH O3 PSSUSODTI
= E = HAqWo TuolTed ISMNIg o ‘W9 T pi-=xTtnbsa stsdTeuyeieq Isynag vmmm

/i 00s osvy oo ) ose 0oe ose [e]o)4

e e e 1o

c'zcer

H0LX
| "suaju|

SW/SH

uo TIEuWNS :2WTY TWwNooY
conTaxa deal :obuey ueos
T WIS : arxaded

s SPOnW

AaTaerod = soanos
11919Wweled uocilisinboy

sTdweg 3 POUIDM

z ser

xoa3exado I QUSWNIZSUT

:paxTtnboe s3eq

S00C TE:LZ:TT P Uunge TIg pP=a23UuTId A 00004L9-S\HLIWNSD\YLVA\T\WHHDdH\ ‘d :3TT4d

:oju] siskjeuy

uodey Ae|dsiq




218

00

(05) 810zeli-[€'Z' T]-HT-1Xuad-p-1Asouoinanib o wninoads YINN H; ZHIA 00Y :0TT 84nbi4

(T$) wdd
oz o€ ov 0's 09 oL 0’8
|

T T




219

(05) aj0zen-[€'2 T]-HT-1Awad-p-1Asouoinan|b Jo winidads YINN Og; ZHIA 00T :TTT 24nbi4

0s 00T 0ST

00¢

(T4) wdd




220

'(09) 910zen-[£2'1]-HT-1Xuad--jAsouoinan|b Jo wnioads sse :ZTT a4nbi4

00¥ ose

HOQWD TuoiTed I9oXNIH o

OTYQ JFO "TUun ‘SET OH ©3 PesSusSoTT
‘mg - T pI-sxTnbsE sTsATeuweled IoNnIg suod

0se 00z

8LV

— v = : = ——0°0

-GS0

FgOLX
“susiu|

ToTI3iruung
raATIg deal
3 T WIS

AjTtaetToda

sTdues

Tozexado

S00Z 6S:TE*TT ¥ UnL, TIgd pP=S3UTad

podoy Aejdsia

SK /S
IDWT] " WNDDY

:sbuey uess

3 aTtxmded

Spon

: 2D0IaIN0S
“wawEN..mn_:O_u_m_:UUx\

PoyU3IS

5 Msel

I QuUusSwWNI3SUuL

:paatnboe 23eqg

A" TO00S¥-S\HLIWSD\YLVA\T\WHHDIH\:d :*9TT4
:ojuU| siIsfA|leuy




221

(O)¢]

'(19) 810zen-[€'2 1]-HT-1f1day--1Asouoinan|6 Jo winnoads YN H, ZHIN 007 :€TT 84nbi-
(T$) wdd

o'T 0¢c o'e ov o's 09 0L 0’8




222

(1) 810zen-[€'2' T]-HT-1X1day-p-|1Asouoinanib jo wnnoads YINN O, ZHIN 00T 1T a4nbi-

05 00T 05T
| | | | |

002
|

(1) wdd

3 ot




223

'(T9) 910zein-[£2'1]-HT-1X1day--jAsouoinan|b Jo wnioads sse :GTT a4nbi4

OTYO IO "Tun ‘SET OFH ©3 PSSULDIT

- T - Hquo ITuolrTed I=@¥nId g ‘w9 T DI-=2xTtnbsg sTsdATeuyeled I=23nig zwmm
zj/w 0SS oot ose oog osec 00z
- s = 3 00
| | S0
FO'L
| o-
+SL
|
-0'2
i r
€°90S |
7 gOLX
L suau)
SW/SKH
uoT3euuns I DWT ] Cwnooy
roaTIg dexr :obuey uess
: T WIS : atxgded
- Sopon
AaTaeTtTod = aoanog
ri9j9uweled uonisinboy
s1dwes : PoyaI=SKn
3 HserL
To3exado D JuUsSwWNI3suT
:pasaxatnboe =232
S00Z LE:¥PITT $PC UuUnL TIA PS3IUTIA - 0000L%-S\HLINSO\VIVA\ T\WIHDIH\ ‘d 3TT4g

10ju] sisfAjeuy

‘‘‘‘‘  yodey Aeidsig -



224

(O)¢]

(2S) 810zen-[€'2'T]-HT-1A100-F-|Asouoinan|b Jo wnoads YINN H; ZHIA 00y :9TT a4nbi4

(T$) wdd
0T oz o€ oV 0's 09 oL 0’8

RO j\&




225

(2S) 810ze1-[€'2' T]-HT-1A190-p-|Asouoinan|B Jo wnuosds YINN Og; ZHN 00T :LTT a4nbi-

(1)) wad
0S 00T 0ST 00z




226

Z/w 0SS

‘(29) 910zein-[£'2'T]-HT-1A190-1-|Asouoinan|b Jo wnioads sselA :8TT a4nbi4

OTUO IO "Tun ‘SET OH O3 pPOSuUsSOTITI

HAQWD TUO3Ted ISYNIg 5 ‘Wo- T DI-2axtnbsm sTtsATeuvyeiled Iaynid %WMW

[o]=34

00%

[0]=3

oog - 0S¢ 0oo<

€028

S00Z 6S:IS:TIT P& ungc TIg :pS3utad

— = — : Tt

o'e

LgOLX
| 'suaju)

uoTIRwwNSg
oaTag dexr
T wrys

AaTaxetod

sTdwues

xo3eaxado

SIW/SW

SWTI " WNDOY
obuey ueocs
atxEded
SPON
soanos
i19)j2welaed uonisinboy

B POYIASKH

z ser

:jUusSwWNI3ISUuTl

:peaTtnboe 23eQ
d-00006%-S\HLIWNSDO\YLVYA\T\WHHDIH\:d :2TT4
:oju| sisAjeuy

uoday Aeidsiq




227

00

'(€5) 810zein-[€'Z'T]-HT-1A09p-p-|AsouononiB Jo winoads YINN H, ZHIN 00¥ :6TT 84nbi-

(T$) wdd
0’8
[




228

'(€5) 810ze1-[€°2'T]-HT-1A8p-p-|Asouoinan|f Jo winiydads YN Jg; ZHIA 00T 02T a4nbi4

(1) wdd
0S 00T oST 00z




229

‘(e9) ajozeln-[£2' T]-HT-1A28p-y-|Asouoinan|B Jo wnanoads sseiN :TzT a4nbi4

OTYO FO "TUun ‘SET OF O3 PISUSOIT

HOQWD MTUO3ITed ISXNIg o ‘W9 T DI-Sartnbsm sTsATeuyeiled Ionid mmw

oov

ooe ose 0oz

v'8rs

S00Z PS:*LS:TT ¥ Uunge TXg :pP=a3UuTIxd

00’0

—T T T

~0S°L
+g0x
| “susju|

uocTIPLWNS
tentxa dead
T Wwrxs

AjrTaetod

os1dwes

xoa3exado

SW/SW

:9WT] T WNODY

tabury urss
3rxadep

SPOn

soanosg

:19jaweied uonisinboy

PoyUISH

: serL

I JjuswnIj3sur

:paxtnboe s3eq

- 0000€S-S\HLIWSD\WIVA\T\WEHDdH\ :d :2TT4A
:0ju] sisA|leuy

uoday Aejdsiq




230

"(¥S) 810zen-[€'2 T]-HT-1Axay-y-|Asouoinan|B jo wnnodads YIAIN H; ZHIN 00% :22T 84nbi4

(m) wdd
[oX:]
[




231

(¥S) 810zel-[€'2' T]-HT-1Ax8Y-y-|Asouoinan|f Jo winnoads YN Jg; ZHIA 00T €2T a4nbi4

() wdd




232

‘(y9) 910zein-[£'2'T]-HT-1AXay--]Asouoinan|b Jo wnuoads sse 2T a4nbi4

OTYO JFO "Tun ‘SeET OH O3 pPasusoTT

- T - HquD NTuojTed I=anNId 5 ‘'Wwg- T DI-=2xtnbsy stsATeuveled Io¥nag %m
z/u 0SS oSt o]e)4 ose (o]0} ose ooc
— O B v v e +00
I S0
0L
-S°L
o2
-G'¢
zzey t
ro’e
[g0oLx
- o “suajuj
SW/SH
uoTiruwung IDWT D T WNooY
ronantTaxag dexrn :abuevy uesg
: T WIS : 3tx=Eded
H Eleleli]
AaTaxetTod B ooanos
l13j9weled uonisinboy
sTduegs E pPoyaI=N
g MSBeI
xoa3exado I jUuUSWNI3ISUIT
rpasaxTnbor 23eq
S00T STIE€0:ECT ¥ UNL TIX4 :pPa23UuTad A" 000069 -S\HLIWSO\V.ILVA\T\WHHDIH\:d ::=2TT4d

:0oju] sisAleuy

oday Aejdsiq




233

00

'(GS) 810zew-['2' T]-HT-|Ausyd-p-1Asouoinanib o winnoads YINN H; ZHIA 00Y 16T a4nbi4

[O)=]

(m) wdd




234

'(GS) 810zeL-[¢°2'T]-HT-|Ausyd-p-1AsouoinaniB Jo wnnoads YIAIN O,; ZHIN 00T :92T 84nbi-

0S oot 0ST

00z
f

(T) wadd




235

‘(gg) 9j0zein-[£'2'T]-HT-1Auayd--|Asouoanan|B Jo winoads sselp /2T a4nbi4

HOQWO TuoilTed I9onId o

OTIYO FO -“Tun ‘Sl OF ©3 PesSUSOTl

‘wg T DT-2atnbsg sTsATeuyeled IsSInag %WW

0SS .  00S

0S¥y

o]0} 4 [0]=3>

0og 0sz . 0oz

o'vie

SRR

- 009

| ‘'suaiu|

S00Z 6Z:ESIST LZ UNL UOW :pPa3urad

uoTIPWLWNS
:oaTtxa dexd
T Wr¥s

Aataetoed

as1dwes

aozexado

podoey Aejdsiq

] SW/SKH
I2WT 3 T unooOY
: abuery ueos
] aTxgded
£ Eleleii]
: 2oanos
;18jawieled uonisinboy

A POU3ISN
=] yseqn
i JusSwWNI]sSuUl
:paxTtnboe ajea

"TO0SOT-S\HLIWSDO\YLVA\T\WHHDdH\ad :=TT4d

:oju] siskjeuy




236

'(99) 8jozein-[€'2' T]-HT-(1AuadojaAdjAyraw)-1-1Asouoinon|b Jo winijoads YINN H; ZHIN 00v 82T 84nbi-

(m) wdd
06
[




237

(95) 810zeli-[£'2' T]-HT-(1XuadoaAojAyraw)--|Asouoinan|f Jo wininoads YN Og; ZHIA 00T 62T a4nbi4

(o] 0s 00T 0ST

(olor4
f

(m) wdd




238

‘(99) sjozein-[s'z'T]-HT-(1XuadojoAojAyiaw)--|Asouoinan|h Jo winioads ssel 0ET a4nbi4

OTYUO FO© “Tun ‘SET OF ©3 PISu=DTT
- T - HquD MTuolTed ISDMNNIE g ‘wug " T DI-=2xTtnbsg sTtsATeuveied ISXnIig «mm.m
zjw 0SS 00s oSt ) oot 0se 0og 0ose 002
S——— S S ————— B —————— e  ®
i

0001

000<¢

-000¢€

L'g8zce
‘suaju|

: S/ SW
UoTIruwNS I DWT I " WNOOW
tanTaxag dear :sbuey ueos
T WIS a31xaded
SPOK
A3ztTaeted 20aAN0S
i1819weaed uoljisinboy
sTdwes POUISI
2 Msed
xo3exado rJUuSWNI3sSuUT
:paxTtnboe saea
SQ0Z TETE0:9T LE UNL UOW :pPS3UTId A" 000LOT-S\HLINSO\YLYA\T\WHHOAH\ A 3TT4A

Hoday Ae|dsiq

:oju] sisAjeuy




239

00

'(£6) 8j0zen-[g'2'T]-HT-(|Auaydoionyy-g)-v-|Asouoinanif jo wnioads YIAN H; ZHIA 00% :TET 84nbi4

0'S
f

(T$) wdd

“ s iy 7\)

T

ﬁqi L M i "




240

(£9) 810ze-[€'2' T]-HT-(1Ausydolony-¢)-p-1Asouoinanib jo wnoads YINN O, ZHIN 00T :Z€T a4nbi-

(T$) wdd

] 0s 00T OST 00c

|
e §§’Ei A M A b bt L i
Wi s Qi 4 o "

T

|




241

‘(29) ajozen-[£'z' T]-HT-(JAusydoion|y-£)-y-|Asouoinan|Bb Jo wnaoads sse €T a4nbi4

z/w

OTIYO FO "TUn ‘SET OH O3 POSUSOTIT

HquD ITUuo3lTed ISNIG , ‘wg I DI-saxtnbsg stsAreuyeied Isinig ﬁmw

05S 00s . ost ose

ooe ~ osz 00z

L'zot

~000s

‘susiu|

uoTaRWwWNS
saTtaa dexl
T wrs

H AaTtaeToda

sTdues

El Toaexsdo

S00€ 00:6S:ST L€ UNL UOKW :pP=23UTId

noday Aeidsiq

a-

. wE\mZ
:BWT T " WNDOY

:obuey ueos

3 atxgded

Spom

& soxnos
“LG«QENLNEEOM«_W_:UUA\

POUISK

3 Mser

I JUSWNIASUT

:paxTtnboe 23va
00060T-S\HLINSDO\VYIVA\T\WHEHDIH\ ‘d :2TT4d
:ojuj sisAleuy




242

'(89) 9j0zein-[£'2'T]-HT-(JAuaydjAyiaw-)-1-1Asouoinanb Jo wnioads YINN H; ZHIN 00% V€T aanbi4

(TH wdd
00 0's 00T
i i | | | | i

T Y




243

(85) 810zel-[£'2' T]-HT-(1Ausyd|Ayiaw-1)-y-1Asouoinan|b Jo wnnoads YINN g, ZHIN 00T :GET anbi-

0 0s 00T 0ST
f f f f

00c

(TH wdd




244

'(89) ajozen-[£ 2 T1-HT-(JAusydjAyraw-y)--|Asouoinon|b Jo wnaoads sse :9€T a4nbi4

OTYUo JO "Tun ‘SeI OF O3 PSsSusSIT

HOquo HTUuoalTed I=3nid g ‘w9 T DI-=23xtnbsg stsATeuyeled Isinag MWMW

z/u 0SS 00s _ 0sv o]0) 4 0ose

ooe ) ose 00z

AR A e A P AR g A o

e T e I R

0LSE

| -suaju|

uoT3RWWNS
ctonaTtaag dexy
T WTHS

Aataerod

asTdwes

azoj3exsdo

S00€ TO:90:9T LZ UNQ UORW :P=23Utad

podey Aejldsiaq

= SKHW/SKW
FDWTY WNDOY
:obuey uros
H atxagded
< SPOn

SoIxInos
19jaweled uonisinboy

EEEEN

5 serL

IJUusSuUnNI3IsSUT

:paxtnboe =3eq

- 000TTT-S\HLINSD\VILVA\T\WZHDIH\:a =TT
:ojuj sisAleuy



245

(65) 810zein-[€'2 T]-HT-1Axay-y-|Asouoinan|B jo wnnoads YIAIN H; ZHIN 00% :LET 84nbi4

0T 07¢ o€ ov 0'S

09

[

"

..(.t{::
ht A




246

(6S) 810zeli-[€'2' T]-HT-IAx8Y-y-|Asouoinan|f Jo wnnoads YINN Jg; ZHIA 00T :

0s

00T

0ST

8¢T a4nbi4

(m) wdd
00z
f

(ﬁ

e

-



247

'(69) 8j0zen-[£'2' TI-HT-1Ax8Y-1-]1Asouoinon|b Jo winioads ssely :6ET 84nbi4

OTUO JFO "Tul ‘SET OF O3 PIOSuUadIT

HOQWS HTUO3Ted I9XNIg g ‘W T DI-=2XITnbsm sTsATeuvyeled Ioa3nidg %WW

z/w 0oss

00s

osv

oog 0ose 0oe

T ———————

{ ¥

_

T

v

T e e

oov _ ose

A 1 000

[=rae]

-0S°0

"ogE

-~0S°'L
LgoLx
L "susju|

S00Z TE:*0T:9T LZ UNL UOKW

rp2juTadg

uoTIeWwmInNg
:aaTag dexl
T WTYS

Aatxetod

sTdwes

Txozexado

= S/ SK
I2/WT S WnNoDOY

:sbuvy uevog
atxzEded

Spon

S0INOS

193aweled uonisinboy

POYISKW

S ser

:juswnNI3Isur

:paxtnboe =3eq
a-0000T8-S\HLIWSD\YLYA\T\WIHDOJH\ A :2TT4
toju] sisAjeuy

Hodoey Aejdsiq




248

00

'(09) 9j0zeln-[£'2‘T]-HT-(JAusydAxoyraw-)-1-1Asouoinan|b Jo wnaiads YINN H; ZHIN 00% :0¥T aanbi4

0'S

(1) wdd




249

'(09) 8j0zein-[€'2 T]-HT-(1AuaydAxoyaw-v)-7-1Asouoinan|f Jo wnidads YINN O; ZHIN 00T :T¥T 84nbi4

() wdd
0 0S 00T 0ST 002

%i%%%%;é




250

(09) 9roze-[¢z1]-H1-(1AuaydAxoyow-)-f-[Asouoinon|3 jo wnndads ssey :zyT a4nbi-

OTYO JO "Tun ‘SET OFH O3 PSSUIDTT
Hqusd HTuojrTed I9a3nIxd g ‘W9 T DOrI-saTnbsy sTsATeuyeiled IoadxNnidg mmw

00S o]} 4

ooy 0se ooe os<c [o]¢F

S —————————

A T o e L [

o T 1000

-0S'L
LgOLx
| "susjuj

S00Z TE*0T:*9T LZ UNL UOKW

:pajuTId

& S/ S

1o T 3rewwns tDWTY - WNOOW
tsaTaag dear :2bury urog
T WIS : a3Txaded

g SPOon

AaTaetoeda : 25INOS
:19319Wwelded uonisinboay

sTdues - PoyYISW

3 sysern

xo3exado JusSwnNI3surl
:paxtnboe =23ea

ad " 0000T8-S\HLIWSD\YLYA\T\WHEHDIH\ A :2TT4A

roju] sisfAjeuy

Hodoay Aeidsiq




251

(T9) [e10ze10-[ €T 1]-H -1Asouomon[3--¢-[K199e-O-11-°¢ ‘7 [AyIew]siq-¢‘] [Auayd jo wnnoads JINN H, ZHIN 00+ €T 84nbi4
(Ty) wdd
00 O'T o¢c o'e ov [O=] 09 oL 0’8 0’6 o._mw._”E

g iig




252

"(19) [o10ZeIn-[€°Z° 1 ]-H 1 -1Asouoinon|3--g-[4100.-O-11-° ¢ ‘7 [Aypow]siq-¢“| [Auayd Jo wnroads ssen (44T 94nbi4

OTUO FO "Tun ‘SE€T OF O3 PSSUS8DTI

- T - HQWS XMTUuoaTed ISHNIL 5 ‘Wws T DI-=2ITnbsy sTsATeuyeled Isynidg WWW
z/w 006 ) _ 0sse ooe 0SL 004 OM@ 009 0ss 00s
Pt A At Tt e e s e e A s oo A i i oA et g ocomd i T }»ﬂt,{wﬁ&t%}{?\x&\ le)
L'€0S
+000¢
000+
|
|
[
+0009
|
_
_ r
“ _
€682 |
Qo008
| “susyy|
: SW/SKW
@ UoTjBwwnsg :2WT] - WNooY
tonTxza dexrn :sbuey ueog
5 TxgdeD

S00Z 6%:LZ:O0T TO TNC TIg pPaS3UuTad

T WIS : -

Aataerod

a1dueg

: yuSw
:psatnbo
A SOT-L2-L\HLIWSDO\YLYA\T\WIHDJH\ *d

To3yexsdo

SPOW
20anog

:1939Wwesed uonisinboy

POy
HselL
mIj3sul
' s3eq
i2TTA

1oju] sisAjeuy

odeay Aeidsiq




253

"(29) [e10ze1n-[ ¢ C 1]-H1-1Asouomon|3-q-¢-14109e-O-11-1°¢ T [Ayrow]siq-*1 jAudyd jo winnoads YIAN H, ZHIN 00¥ :SiT 94nbi4

(tH wdd
[oXN(0) o'T (o4 o€ ov [O=] 09 oL 0’8 0’6 .W.Orﬁc
i 1 1 i 1 1 1 i 1 1 i 1 1 1 1 i 1 1 i 1 1 1 1 i 1 1 1 1 i 1 1 i 1 1 i 1 1 i 1




254

HqWD HTUuolTed ISXNNId g

oTUo JFO - Tun

"(29) [o10zen-[¢°2° 1 ]-H 1 -1Asouoinon|3--g-[4100.-O-11-° ¢ ‘7 [Aypow]siq-1°| [Auayd Jo wnroads ssen 94T a4nbi4

‘SeT OH O3 posSuUSOTT

‘wg -t T DrI-satnbsmg sTsATeuveled Isosynag mmw

008

0S4

004

059

009

| |

€98

ol

[ ~susyu)

S002 8%:6C:0T TO TNL TXA Pa3UTId

uoTlBuwuns
:oaTxg dexd
T WIS

AaTaetodg

a1dues

To3exado

voday Aeidsiq

S /S
SWTI " WNoow
sbuey ueons
atxaded
Spom
soanog
a9jaweled uonisinboy

POU3I=NW

S >seq

I JUuSwWNI]3sSuUT
:poatnboew 23

A 002-LEZ-L\HLINSO\YLYA\NT\WHEHDAH\ A :*3TT4d

:oju] sisAjeuy



255

(€9) o10zenal-[ ¢ 7 1]-(1AuaydAx0IpAy-1)-H-1Asouomon[3 yo wnndads YN H, ZHI 00+ :.¥T 84nbi4

oT o¢ [OR ov 0's 0’9 0L

(1) wdd




256

(€9) o10zena)-[ ¢ 7 1]-(1AuaydAX0IpAY-17)-H-[Asouomon|3 yo wnnoads JYAN D, ZHIN 001 8T 4nbi-

00T
f

0ST
f

m




257

‘(£9) 910zend)-[¢ ¢z 1 ]-(JAuaydAX0IpAy-1)-t-]Asouonon|3 Jo winioads ssejA 61T 24nbi4

OTYUO FO "TUunl ‘SET OF O3 PISUSOTT

= HquD Tuojled IoXnIg e ‘Wwo T DI-sxtnbsm sTsATeuyeieq Iodnig i
0134 oot 0se 0oog 0osc 00c
n 5 n .
' . ! A
I P At A e e P o o o (..I, w0
1
00zZ
- 00t
009
[ +oog
m X
¥ 1L0S
-0001
“suau|
= SIW/SI
uoTieuns ISWT ] " WNoOOY
roatag dexl :sbuey ueds
: T WIS : atx=Eded
= SPOI
AjTIxeTod S soaInog
119j9weled uonisinboy
sTdues S POYUISIN
3 sed,
zojexado I juswWNI]SuUl
:paaxtnboe s3ea
S00Z 8%:IST:IST ¥ Ung TA4 pP23UTIAd a-00006€-L\HLINSDO\YIYA\T\WIEHDAH\ ‘d :3TT4A

:oju| sisAjeuy

podey Aeidsiq




258

‘(y9) 91eUu0In ([AsoueiAdoon[3-d-¢g)-1Azuaq Jo wnnoads YINN H, ZH 00¥ :0ST 84 nbi14

o'T 0¢c oe ov o's 0’9 02

(m) wdd




259

‘(¥79) 91eu0n ([AsoueiAdoon[3-g-¢g)-1Azuaq Jo wnnodds YN D¢ ZHIN 001 TST 84 nbi4

0s 00T 0ST
7 7 7

00z
7

(T4) wdd

He A g %%%3%%%2;




260

"(19) areuoan ([AsouriAdoon|3--¢)-1Azudq Jo wnroads ssey :gGT a4nbi4

oTyo FO -~ TUun

‘SET ©OHF ©3 pesusS>II

= ML= HquD TuolTed IS3nId o ‘Wo T DI-=itnbsm sTsATeuyeled ISdnig 3esods
zjw 0SS 00S [o]=34 [o]e] 4 ose jele}> 0ose 00c
i i ; X n n
- 0
=
-
| L
|
|
|
ﬁ
h )
L'goe
O LX
‘suaju|
S/ SH
o T 3Beuwns :3SWTY " WNDOOY
toanTIg dexr :sbury uesnsg
T wT¥s atxgded
SPONW
Aatxertod : soxnos
11938weled uonisinboy
sTdwues POoU3I=W
3 sel
aojexsado :jusunNI3Isul
:psaxtnboe 23eq
S00Z 9SS g€0*€T ¥E€ UNL TIXA pP=23UuTad A" 00%-TS-L\HLIWSD\YLYA\T\WHEHDAH\ A :3TT4A

toju] sisA|euy

Joday Aeidsiq




261

"(g9) 91eU0IN ([AsoueiAdoon3-d-¢)-1AIng-u Jo wnnoAds YAIN H, ZHIN 00% :€GT 84 nbi4

(m) wdd




262

'(g9) 9reuon ([AsourrAdoon[3-d-¢g)-1AIng-u Jo wnndAds YN D ¢ ZHI 001 ST a4 nbi4

0s 00T 0ST

0oz
7

(1) wdd




263

'(g9) 9euon (jAsourikdoon|3-g-¢g)-1A1ng-u Jo wnnoads ssey :GGT a4nbi4

OTYOC JO “Tun ‘SET OH ©3 PISUSOTITI
HOqWDO MTuojTed ISaNIH g ‘w9 T DI-=2xTnbsy sTtsATeuyeideg ISinig %WW

[o]=3°]

00s oSy oot ose ) 00g 0osc 00<

I

>R 4 o'l

0 LX
“suau|

S00€ 0E€*LOFET ¥ uUnNp TIAg

S/ SKW

uoTITIUNS IDWTY CWNOOY
:sataxg dexl :obuey uess
: T WIS : 3txmded
2 Spon

AaTaxeToa = 2oaInosg
i19}9wieled uonisinboy

aTdwmes £ poyalsm
z Hsel

IJuswunIT3suTr
:paatnboe =23
spS3juTrad " 00T-S9-L\HLIWSD\VYIVA\T\WHHDAH\ :d :2TT4d
10ju] sisAjeuy

Toxex=ado

noday Aeidsiq




264

"(99) 91eU0IN ([AsoueiAdoon]3-q-¢)-[Awre-] Jo wnnoads YIAN H, ZHIN 00% :9GT 84 nbi4

o'T O¢c o'e ov 0's 0’9 (O)VA

(m) wdd




265

'(99) 91eu0In ([AsouerAdoon]3-d-¢g)-1Awre-] Jo wnndads YINN O¢; ZHIN 001 /ST J nbi4

0S 00T 0ST

00z
7

(T wad




266

"(99) 91euoin (JAsouriAdoon|3-q-¢)-[Awre-] Jo wnnodds ssejy :8GT ainbi4

OoTUo JFO - TUN

‘SET OH O3 POSUSOIT

- T - Hquo 3Tuo3lTed ISINIE s ‘w9 T DI-sartnbsg sTsATeuvyeled Iaxnid xmwm,h
zju Omm 00S o]e}~4 ose ooe 0s<c 00<
—— R — e e D e e e AT L I S e et v — v (o]
|
-1
-
[
| e
|
FAVEA4 “ﬁv
!
|
L
| gOLX
. Lr<wC®MC_
= S/ S
UoTjreuumnsg D2WT T WNOOY
tonTaxg dear :obuvy ueong
: T WIS ] aTxEdeD
SPOowW
Aatxertod H soanoes
:1s)jeweied uonisinboy
sTdwes pPoy3Ian
£ sel
zoqexsdo D jusSwunNI3IsSuT
:paatnboe s3ea
S00T TC:TIT:ET TC uUunr, TAA p23UTAd A" 00€E-S9-L\HLINSD\VLVA\T\WHHDdH\:d :9TT4g

poday Aeidsiq

toju] sisAjeuy




267

"(19) 91euon ([AsoueiAdoon[3-g-¢g)-1AXaY0[0Ad JO wnidds YIAN H, ZHI 00% :6GT 84 nbi4

(m) wdd




268

'(19) 91euon ([AsoueiAdoon[3-g-¢g)-1AXaY0[0Ad Jo wnndads YIAN D cf ZHW 001 09T 84 nbi14

(Ty) wdd
00T 0ST 002

T




269

"(29) areuoan ([AsoueiAdoon|3--()-]AXdY0[04Ad JO wnoads ssejy :T9T a4nbi4

oTyo FO

‘SET OF ©3 PSSUSOIT

‘mg - T DI-=2x1tnbsm sTsATeuyeieq Iodnig %ﬂ

U}.ﬂ‘l Hqud HTuojTed I=SanId g
N?t, 0ss 00s o]0} 4 oge oo¢g 0se ) ) 00<C
e — B ——1+0
~000¢
_
+~000o¥%
|
¥l 0009
L Tsus1Uu]
D o o B SW/SKHW

S00Z 6S:8S:CT ¥ unpg

Taa

i p2juTad

UOoTjeuwuns
:saTxg dead
T WwTs

AaTtxertod

as1dwes

xogzexado

I2WT I T WNOOY
robury ueos

2 Jrxgded

SPOn

= soanos
EW#@EN._N&CO_#M_!—UU«Q

POUISW

B Hsed
FjusSwunI3sul
:paxtnboe =23ea

A" TO0F-S9-L\HLIWNSD\YILVA\T\WEHDdH\ A4 :3TT4

“uodey Aejdsiq

:ojuj sisAleuy



270

*(89) 91eu0n ([AsouerAdoon]3-q-¢)-1Adord-u Jo wnnoads YN H, ZHIA 00t :29T 84 nbi4

o'T 0'¢c o'e o'y 0's 0’9 0L

(TH wdd
0’8
[




271

00T

'(89) 91euon ([AsouerAdoon[3-d-¢g)-1Adord-u Jo wnnoads YNN O¢; ZHIN 001 €9T aJ nbi4

(1) wdd
0ST 00z

PITPT]

s

f.zi...




272

"(g9) d1euon (jAsourikdoon|3-q-¢g)-1Adoid-u yo wnnoads ssey 49T a4nbi4

OTHYO FO - Tun

‘SET OFE O3 POSUSOTIT

- T - HAqWD TUuojTed ISNId o ‘wo- T DI-=2arnbsyg sTsATeuyeleq Isinidg .mmm
ZHn ) 0SS 00S oSt 00¥% Om,.m ooge ose 00<
— .._,, e . ‘ 0
FLb
Fc
FE
-
2 66¢€ Lo
lgOLX
L ‘suaiu|

2 SW/SW

o T rRuIIng TSWT T WUNDOY

reaTxa dead :sbuey ueog

T WIS = atxaded

] SPOonW

AaTtaeToda SoIxINnos

119j)aweled uonisinboy

a1dwues 3 pPoyasn

= s{ser

xozexado i juswNIgsSUul

S002 9¥%:9T:*%T ¥Z UNC

Tx4d :ps3jutad

uodeay Aeidsiq

:pasxtnboe s3eg

- 00Z-SL-L\NHLIWSD\VIVA\T\WIHDIH\ :d :=TT4

:oju] sisAjleuy




273

00

oT

"(69) 91eU0IN ([AsoueiAdoon3-d-¢)-1Ayse Jo wnnoads YN H,; ZHI 00% :G9T 84 nbi4

o¢

(OB

ov

0's

09

0L

(1) wdd

0’8

r




274

"(69) 91eu0n ([AsoueiAdoon[3-d-¢g)-1Ayze Jo wnnoads YN D 1 ZH 001 :99T 84 nbi4

(T) wad
0S 00T 0ST elor4




275

"(69) areuon ([AsouriAdoon|3-q-g)-1Ay1o Jo wnnoads ssej ;9T aanbi4

OTYO IO "Tun ‘SeT Od ©31 pPOSuUsSOTT

- T - HAquo MTuojTed I3:NIL g5 ‘Wwo T DI-=xtnbsg stsdArTeuveileg asinag %WW
z/w 0SS 00§ 0S¥ 0¥ 0se 00€ - ose 00z
e Sy T L e G ¥ v LI I | A T e e e T ey ¥ v Y — o]
| W 1 _
|
WN
| ,.
” ¥
-9
L's8¢
LgOLX
‘suau|
- - SW/SW

S00C %0:LPT:%T ¥z unpc

Taa

UOoTIBwuUNSg
:oaTaxg dexd
: T WIMs

AaytTtaeTod

stduesg

xoaexado

SWT3  WNoSoOY
sbuey ueos
atxEded
SpPon
soanosg
idejeweaed uonisinboy

: PoOU3IaW
= yserL
1 JUSWNIJISUT
:paaxTtnboe a3eg

:pS3uTId A" 00€-SL-LNHLIWSO\YIVANT\WHHDIH\ :d :9TTd

Hoday Aejdsiq

oju| sisA|euy



276

"(02) 910ZeL) QWIX0[A0ZUdq-O-21euoInony - [Aypou Jo wnndads YN H, ZHIA 00¥ 89T 8. nBi4

0’8
f

(m) wdd




277

*(0/) 210Ze11) JWIXO[A0ZUd(-O-JRUOINIONII-(] [AYIOW JO Wnndds ssejy 69T a4nbi4

OTUO FO "ITun ‘SET 0" ©3 POSUSOTT
= Hque 3TuolTed IaMnid o ‘we T OI-2ITnbsH STSATeuyeied ISnIg 3o

or9 o€9 029 o] §e] 009 06s 08s 045

P AP, AN SN AT A NN NP AAA AN fn AP ey N 4 T~
| M v \ ] |

N A A P R AN T .
VPN AN A [ e 070

| ¥
I

S

5209 | pOiX
‘suaju|

SIW/SKH
uoT3Iewuwunsg 1 DWT ] " WNOOY
taATIg dexl :obuey uesns
: T wTxs : 3txEded
2 SPOMW

Ajtaetoa : soanos
119)aweled uoiysinboy

a1dwes = POYUISKH

i {S®BL

xoxexado :JUSWNI]SUTL

:paxtnboe =23eqa

S00Z 0T:00:C2T 6T TI0L SN :P33UTIAg A SO00STT-L\HLIWSDO\YIVA\T\WEHDOH\ ‘d :9TT4

:oju] sisAjleuy

Hoday Aeidsig




278

Appendix B

X-ray Crystallography
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Table 1. Crystal data and structure refinement for 05SD011m:

Identification code:
Empirical formula:
Formula weight:
Temperature:
Wavelength:
Crystal system:
Space group:

Unit cell dimensions:

Volume, Z:

Density (calculated):
Absorption coefficient:
F(000):

Crystal size:

Theta range for data collection:

Limiting indices:
Reflections collected:
Independent reflections:

Completeness to 8= 26.37°:

05SD011m
C15H20011

376.31

100(2) K

0.71073 A

Monoclinic

P2,

a=12.7912(18) A, a. = 90°

b =7.9478(11) A, p = 99.391(2)°
C =26.494(4) A, y=90°
2657.4(6) A%, 6

1.411 Mg/m®

0.122 mm™

1188

0.52 x 0.43 x 0.16 mm

0.78 to 26.37°

-15< h <15, -9< k <9, -33< 1 <33
23091

5839 (R(int) = 0.0661)

100.0 %



Absorption correction:
Max. and min. transmission:

Refinement method:

Data / restraints / parameters:

Goodness-of-fit on F2;
Final R indices [I>20(1)]:
R indices (all data):

Largest diff. peak and hole:

281

multi-scan

0.98 and 0.6344

Full-matrix least-squares on F?
5839/1/718

1.210

R1=0.0735,wR2 =0.1783

R1=0.0785, wR2 = 0.1816

0.697 and -0.365 e x A
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Table 2. Atomic coordinates [x 10%] and equivalent isotropic displacement parameters
U(eq) is defined as one third of the trace of the

[A* x 10°] for 05SD011m.

orthogonalized Uj; tensor.

X y z U(eq)
0(50) -224(4) 1793(8) 3436(2) 62(2)
O(1) 8441(3) 5469(5) 681(1) 21(1)
0(5) 10403(3) 3780(5) 1718(1) 22(1)
0(2) 10104(3) 4294(5) 677(1) 20(1)
o(7) 8703(3) 1672(5) 1757(1) 21(1)
0(10) 6000(3) 3934(6) 286(2) 30(1)
O(11) 6959(3) 5480(5) -179(1) 24(1)
0(8) 7366(3) 1234(5) 747(1) 20(1)
C(3) 8836(4) 2540(7) 1293(2) 20(1)
0(6) 9013(3) -821(5) 1405(2) 30(1)
0(3) 10739(3) 6667(6) 368(2) 32(1)
C(14) 6835(4) 4442(7) 203(2) 19(1)
C(6) 10704(4) 5173(8) 386(2) 22(1)
C(2) 9382(4) 4188(7) 1444(2) 21(1)
C(4) 7756(4) 2828(7) 963(2) 17(1)
0(9) 6299(3) 905(6) 1338(1) 33(1)
C(5) 7906(4) 3950(7) 512(2) 19(1)
C(8) 10893(4) 4985(8) 2043(2) 25(1)
0(4) 10508(3) 6320(6) 2083(2) 37(2)
C(1) 9451(4) 5234(7) 968(2) 19(1)
C(12) 6686(4) 363(7) 987(2) 22(1)
C(9) 11926(4) 4339(8) 2322(2) 26(1)
C(15) 5990(4) 5997(8) -501(2) 29(1)
C(10) 8829(4) -21(8) 1763(2) 25(1)
C(7) 11301(4) 3975(8) 102(2) 31(1)
C(13) 6492(4) -1351(7) 754(2) 25(1)
C(11) 8691(5) -718(8) 2273(2) 34(1)
0(21) 4804(3) 9485(5) 2763(1) 23(1)
0(24) 2802(3) 9020(5) 1620(1) 24(1)
0(22) 3031(3) 8666(5) 2661(1) 23(1)
0(26) 4405(3) 6797(5) 1422(1) 21(1)
0(23) 2672(4) 10870(6) 3127(2) 37(2)
0(27) 2819(3) 5490(5) 1242(1) 27(2)
C(22) 3834(4) 9011(7) 1921(2) 22(1)
0(28) 5481(3) 5288(5) 2351(1) 23(1)
C(25) 5179(4) 7800(7) 2814(2) 22(1)
0(30) 6789(3) 9149(6) 3132(2) 34(1)
C(24) 5270(4) 7037(7) 2284(2) 21(1)
C(23) 4221(4) 7216(7) 1928(2) 22(1)



C(30)
C(21)
O(31)
C(26)
C(28)
C(34)
C(32)
0O(25)
0(29)
C(33)
C(29)
C(27)
C(31)
0(42)
O(46)
O(41)
0O(48)
O(44)
C(45)
C(44)
O(51)
C(41)
C(42)
C(54)
0O(49)
C(46)
0(43)
C(52)
C(43)
C(53)
O(45)
C(47)
C(51)
O(47)
C(48)
C(49)
C(50)
C(55)
C(35)

3615(4)
3809(4)
6577(4)
2486(4)
2435(4)
6256(4)
6468(4)
2926(4)
7143(3)
6566(5)
1383(5)
1701(4)
3929(5)
3559(3)
2166(3)
1800(3)
993(3)
3837(3)
1390(4)
1262(4)
179(3)
2801(4)
2780(4)
342(4)
-437(3)
3983(4)
3703(3)
141(4)
2331(5)
55(5)
3541(4)
4803(5)
2155(5)
2939(6)
4127(4)
5258(5)
2493(5)
-790(5)
7824(5)

5964(7)
9645(7)
6538(6)
9455(7)
10512(8)
7763(8)
4729(8)
11778(6)
5594(6)
2889(8)
10275(10)
8307(8)
5755(9)
3499(5)
995(5)
4428(5)
101(5)
3332(6)
2792(7)
1800(7)
4465(6)
4405(7)
3500(8)
2945(8)
167(6)
4327(8)
5693(6)
-591(8)
1751(8)
-2407(8)
5196(7)
3272(8)
-1277(9)
-1425(8)
4298(8)
4002(10)
-613(10)
4660(9)
9181(11)

1115(2)
2468(2)
3391(2)
2999(2)
1421(2)
3154(2)
2306(2)
1497(2)
2196(2)
2435(2)
1092(2)
3168(2)
596(2)

4105(1)
5226(1)
4049(1)
4265(1)
5124(1)
3916(2)
4401(2)
3358(2)
4345(2)
4858(2)
3542(2)
4658(2)
3734(2)
3592(2)
4425(2)
4753(2)
4283(2)
5713(2)
3548(2)
5786(2)
5022(2)
5543(2)
5765(2)
5311(2)
2994(2)
3448(2)

22(1)
20(1)
44(1)
21(1)
26(1)
27(1)
26(1)
40(1)
44(1)
31(1)
38(2)
26(1)
34(1)
23(1)
26(1)
23(1)
24(1)
32(1)
22(1)
22(1)
37(1)
24(1)
25(1)
25(1)
39(1)
24(1)
37(1)
22(1)
27(1)
31(1)
50(1)
31(1)
33(1)
79(2)
26(1)
40(2)
42(2)
40(2)
43(2)
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Table 3. Bond lengths [A] and angles [deg] for 05SD011m.
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0(50)-C(54)
O(1)-C(1)
O(1)-C(5)
0(5)-C(8)
0(5)-C(2)
0(2)-C(6)
0(2)-C(1)
0(7)-C(10)
O(7)-C(3)
0(10)-C(14)
0(11)-C(14)
0(11)-C(15)
0(8)-C(12)
0(8)-C(4)
C(3)-C(2)
C(3)-C(4)
C(3)-H(3)
0(6)-C(10)
0(3)-C(6)
C(14)-C(5)
C(6)-C(7)
C(2)-C(1)
C(2)-H(2)
C(4)-C(5)
C(4)-H(4)
0(9)-C(12)
C(5)-H()
C(8)-0(4)
C(8)-C(9)
C(1)-H()
C(12)-C(13)
C(9)-H(9A)
C(9)-H(9B)
C(9)-H(9C)
C(15)-H(15A)
C(15)-H(15B)
C(15)-H(15C)
C(7)-H(7B)
C(7)-H(7C)
C(13)-H(13B)
C(13)-H(13C)
C(11)-H(11A)
C(11)-H(11B)
C(11)-H(11C)

1.173(8)
1.399(6)
1.424(6)
1.370(7)
1.424(6)
1.365(6)
1.436(6)
1.356(7)
1.443(6)
1.195(6)
1.336(6)
1.445(6)
1.348(6)
1.445(6)
1.508(8)
1.528(7)
1
1.197(7)
1.190(7)
1.528(7)
1.497(8)
1.526(7)
1
1.528(7)
1
1.204(7)
1
1.183(7)
1.495(7)
1
1.499(8)
0.98
0.98
0.98
0.98
0.98
0.98
0.98
0.98
0.98
0.98
0.98
0.98
0.98



0(21)-C(21)
0(21)-C(25)
0(24)-C(28)
0(24)-C(22)
0(22)-C(26)
0(22)-C(21)
0(26)-C(30)
0(26)-C(23)
0(23)-C(26)
0(27)-C(30)
C(22)-C(21)
C(22)-H(22)
0(28)-C(32)
0(28)-C(24)
C(25)-C(24)
C(25)-H(25)
0(30)-C(35)
C(24)-C(23)
C(24)-H(24)
C(23)-H(23)
C(30)-C(31)
C(21)-H(21)
0(31)-C(34)
C(26)-C(27)
C(28)-0(25)
C(28)-C(29)
C(32)-0(29)
C(32)-C(33)
C(33)-H(33A)
C(33)-H(33B)
C(33)-H(33C)
C(29)-H(29A)
C(29)-H(29B)
C(29)-H(29C)
C(27)-H(27A)
C(27)-H(27B)
C(27)-H(27C)
C(31)-H(31A)
C(31)-H(31B)
C(31)-H(31C)
0(42)-C(46)
0(42)-C(41)
0(46)-C(50)
0(46)-C(43)
0(41)-C(41)
0(41)-C(45)

1.387(6)
1.421(7)
1.350(7)
1.426(6)
1.372(6)
1.423(6)
1.362(6)
1.439(6)
1.188(7)
1.509(8)
1.541(7)
1
1.362(7)
1.517(7)
1.552(7)
1.301(8)
1.447(7)
1.516(7)
1

1
1.501(7)
1
1.194(8)
1.480(8)
1.186(8)
1.491(8)
1.177(7)
1.502(9)
0.98
0.98
0.98
0.98
0.98
0.98
0.98
0.98
0.98
0.98
0.98
0.98
1.367(6)
1.438(6)
1.352(8)
1.436(6)
1.388(6)
1.425(7)

285



0(48)-C(52)
0(48)-C(44)
0(44)-C(48)
0(44)-C(42)
C(45)-C(54)
C(45)-C(44)
C(45)-H(45)
C(44)-C(43)
C(44)-H(44)
0(51)-C(54)
0(51)-C(55)
C(41)-C(42)
C(41)-H(41)
C(42)-C(43)
C(42)-H(42)
0(49)-C(52)
C(46)-0(43)
C(46)-C(47)
C(52)-C(53)
C(43)-H(43)
C(53)-H(53A)
C(53)-H(53B)
C(53)-H(53C)
0(45)-C(48)
C(47)-H(47A)
C(47)-H(47B)
C(47)-H(47C)
C(51)-C(50)
C(51)-H(51A)
C(51)-H(51B)
C(51)-H(51C)
0(47)-C(50)
C(48)-C(49)
C(49)-H(49A)
C(49)-H(49B)
C(49)-H(49C)
C(55)-H(55A)
C(55)-H(55B)
C(55)-H(55C)
C(35)-H(35A)
C(35)-H(35B)
C(35)-H(35C)
C(1)-0(1)-C(5)
C(8)-0(5)-C(2)
C(6)-0(2)-C(1)

C(10)-0(7)-C(3)

1.349(6)
1.425(7)
1.352(7)
1.425(6)
1.536(7)
1.538(7)
1
1.525(8)
1
1.307(8)
1.449(7)
1.541(7)
1
1.513(9)
1
1.200(7)
1.185(7)
1.488(8)
1.491(9)
1

0.98
0.98
0.98
1.176(7)
0.98
0.98
0.98
1.492(8)
0.98
0.98
0.98
1.212(8)
1.488(8)
0.98
0.98
0.98
0.98
0.98
0.98
0.98
0.98
0.98
114.3(4)
116.7(4)
117.9(4)
117.0(4)
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C(14)-0O(11)-C(15)

C(12)-0(8)-C(4)
O(7)-C(3)-C(2)
O(7)-C(3)-C(4)
C(2)-C(3)-C(4)
O(7)-C(3)-H(3)
C(2)-C(3)-H(3)
C(4)-C(3)-H(3)

0(10)-C(14)-0(11)
0(10)-C(14)-C(5)
0(11)-C(14)-C(5)

0(3)-C(6)-0(2)
0O(3)-C(6)-C(7)
0(2)-C(6)-C(7)
0(5)-C(2)-C(3)
0O(5)-C(2)-C(1)
C(3)-C(2)-C(1)
0O(5)-C(2)-H(2)
C(3)-C(2)-H(2)
C(1)-C(2)-H(2)
0O(8)-C(4)-C(5)
0O(8)-C(4)-C(3)
C(5)-C(4)-C(3)
O(8)-C(4)-H(4)
C(5)-C(4)-H(4)
C(3)-C(4)-H(4)
O(1)-C(5)-C(14)
O(1)-C(5)-C(4)
C(14)-C(5)-C(4)
O(1)-C(5)-H(5)
C(14)-C(5)-H(5)
C(4)-C(5)-H(5)
0(4)-C(8)-O(5)
0O(4)-C(8)-C(9)
O(5)-C(8)-C(9)
O(1)-C(1)-0(2)
O(1)-C(1)-C(2)
0(2)-C(1)-C(2)
O(1)-C(1)-H(1)
0(2)-C(1)-H(1)
C(2)-C(1)-H(1)
0(9)-C(12)-0(8)

0(9)-C(12)-C(13)
0(8)-C(12)-C(13)
C(8)-C(9)-H(9A)

C(8)-C(9)-H(9B)

115.2(4)
118.2(4)
107.6(4)
109.8(4)
111.0(4)
109.5
109.5
109.5
124.6(5)
124.4(5)
110.9(4)
124.2(5)
126.1(5)
109.8(5)
106.5(4)
111.9(4)
109.9(4)
109.5
109.5
109.5
106.4(4)
108.4(4)
108.6(4)
111.1
111.1
111.1
107.2(4)
111.3(4)
110.6(4)
109.3
109.3
109.3
122.0(5)
127.7(5)
110.3(5)
110.1(4)
110.4(4)
106.1(4)
110

110

110
123.9(5)
125.6(5)
110.5(4)
109.5
109.5
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H(9A)-C(9)-H(9B)
C(8)-C(9)-H(9C)
H(9A)-C(9)-H(9C)
H(9B)-C(9)-H(9C)
0(11)-C(15)-H(15A)
0(11)-C(15)-H(15B)
H(15A)-C(15)-H(15B)
0(11)-C(15)-H(15C)
H(15A)-C(15)-H(15C)
H(15B)-C(15)-H(15C)
0(6)-C(10)-0(7)
0(6)-C(10)-C(11)
0(7)-C(10)-C(11)
C(6)-C(7)-H(7A)
C(6)-C(7)-H(7B)
H(7A)-C(7)-H(7B)
C(6)-C(7)-H(7C)
H(7A)-C(7)-H(7C)
H(7B)-C(7)-H(7C)
C(12)-C(13)-H(13A)
C(12)-C(13)-H(13B)
H(13A)-C(13)-H(13B)
C(12)-C(13)-H(13C)
H(13A)-C(13)-H(13C)
H(13B)-C(13)-H(13C)
C(10)-C(11)-H(11A)
C(10)-C(11)-H(11B)
H(11A)-C(11)-H(11B)
C(10)-C(11)-H(11C)
H(11A)-C(11)-H(11C)
H(11B)-C(11)-H(11C)
C(21)-0(21)-C(25)
C(28)-0(24)-C(22)
C(26)-0(22)-C(21)
C(30)-0(26)-C(23)
0(24)-C(22)-C(23)
0(24)-C(22)-C(21)
C(23)-C(22)-C(21)
0(24)-C(22)-H(22)
C(23)-C(22)-H(22)
C(21)-C(22)-H(22)
C(32)-0(28)-C(24)
0(21)-C(25)-C(34)
0(21)-C(25)-C(24)
C(34)-C(25)-C(24)
0(21)-C(25)-H(25)

109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
123.8(5)
125.9(6)
110.3(5)
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
113.9(4)
117.0(4)
116.3(4)
116.8(4)
106.5(4)
111.4(4)
110.7(4)
109.4
109.4
109.4
117.9(4)
109.5(4)
110.8(4)
109.6(4)
109
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C(34)-C(25)-H(25)
C(24)-C(25)-H(25)
C(34)-0(30)-C(35)
0(28)-C(24)-C(23)
0(28)-C(24)-C(25)
C(23)-C(24)-C(25)
0(28)-C(24)-H(24)
C(23)-C(24)-H(24)
C(25)-C(24)-H(24)
0(26)-C(23)-C(22)
0(26)-C(23)-C(24)
C(22)-C(23)-C(24)
0(26)-C(23)-H(23)
C(22)-C(23)-H(23)
C(24)-C(23)-H(23)
0(27)-C(30)-0(26)
0(27)-C(30)-C(31)
0(26)-C(30)-C(31)
0(21)-C(21)-0(22)
0(21)-C(21)-C(22)
0(22)-C(21)-C(22)
0(22)-C(21)-C(22)
0(21)-C(21)-H(21)
0(22)-C(21)-H(21)
C(22)-C(21)-H(21)
0(23)-C(26)-0(22)
0(23)-C(26)-C(27)
0(22)-C(26)-C(27)
0(25)-C(28)-0(24)
0(25)-C(28)-C(29)
0(24)-C(28)-C(29)
0(31)-C(34)-0(30)
0(31)-C(34)-C(25)
0(30)-C(34)-C(25)
0(29)-C(32)-0(28)
0(29)-C(32)-C(33)
0(28)-C(32)-C(33)
C(32)-C(33)-H(33A)
C(32)-C(33)-H(33B)
H(33A)-C(33)-H(33B)
C(32)-C(33)-H(33C)
H(33A)-C(33)-H(33C)
H(33B)-C(33)-H(33C)
C(28)-C(29)-H(29A)
C(28)-C(29)-H(29B)
H(29A)-C(29)-H(29B)

109

109
115.1(5)
107.5(4)
108.0(4)
109.7(4)
110.5
1105
110.5
108.0(4)
107.1(4)
110.6(4)
110.3
110.3
110.3
124.9(5)
126.6(5)
108.5(4)
112.2(4)
110.0(4)
106.5(4)
106.5(4)
109.4
109.4
109.4
121.3(5)
127.7(5)
110.9(5)
122.5(5)
127.5(6)
109.9(5)
125.2(5)
121.8(5)
112.8(5)
124.0(6)
126.0(6)
110.0(5)
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
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C(28)-C(29)-H(29C)
H(29A)-C(29)-H(29C)
H(29B)-C(29)-H(29C)
C(26)-C(27)-H(27A)
C(26)-C(27)-H(27B)
H(27A)-C(27)-H(27B)
C(26)-C(27)-H(27C)
H(27A)-C(27)-H(27C)
H(27B)-C(27)-H(27C)
C(30)-C(31)-H(31A)
C(30)-C(31)-H(31B)
H(31A)-C(31)-H(31B)
C(30)-C(31)-H(31C)
H(31A)-C(31)-H(31C)
H(31B)-C(31)-H(31C)
C(46)-0(42)-C(41)
C(50)-0(46)-C(43)
C(41)-O(41)-C(45)
C(52)-0(48)-C(44)
C(48)-0(44)-C(42)
O(41)-C(45)-C(54)
O(41)-C(45)-C(44)
C(54)-C(45)-C(44)
O(41)-C(45)-H(45)
C(54)-C(45)-H(45)
C(44)-C(45)-H(45)
0O(48)-C(44)-C(43)
0O(48)-C(44)-C(45)
C(43)-C(44)-C(45)
O(48)-C(44)-H(44)
C(43)-C(44)-H(44)
C(45)-C(44)-H(44)
C(54)-0(51)-C(55)
0O(41)-C(41)-0(42)
0O(41)-C(41)-C(42)
0(42)-C(41)-C(42)
0O(41)-C(41)-H(41)
0O(42)-C(41)-H(41)
C(42)-C(41)-H(41)
0O(44)-C(42)-C(43)
0O(44)-C(42)-C(41)
C(43)-C(42)-C(41)
0O(44)-C(42)-H(42)
C(43)-C(42)-H(42)
C(41)-C(42)-H(42)
O(50)-C(54)-0(51)

109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
116.9(4)
117.0(4)
113.3(4)
118.8(4)
117.7(4)
109.5(4)
110.3(4)
112.2(4)
108.2
108.2
108.2
106.6(4)
109.2(4)
108.5(4)
110.8
110.8
110.8
114.5(5)
112.5(4)
111.0(4)
105.4(4)
109.3
109.3
109.3
107.8(5)
109.2(4)
109.1(4)
110.2
110.2
110.2
125.3(5)
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0(50)-C(54)-C(45)
0(51)-C(54)-C(45)
0(43)-C(46)-0(42)
0(43)-C(46)-C(47)
0(42)-C(46)-C(47)
0(49)-C(52)-0(48)
0(49)-C(52)-C(53)
0(48)-C(52)-C(53)
0(46)-C(43)-C(42)
0(46)-C(43)-C(44)
C(42)-C(43)-C(44)
0(46)-C(43)-H(43)
C(42)-C(43)-H(43)
C(44)-C(43)-H(43)
C(52)-C(53)-H(53A)
C(52)-C(53)-H(53B)
H(53A)-C(53)-H(53B)
C(52)-C(53)-H(53C)
H(53A)-C(53)-H(53C)
H(53B)-C(53)-H(53C)
C(46)-C(47)-H(47A)
C(46)-C(47)-H(47B)
H(47A)-C(47)-H(47B)
C(46)-C(47)-H(47C)
H(47A)-C(47)-H(47C)
H(47B)-C(47)-H(47C)
C(50)-C(51)-H(51A)
C(50)-C(51)-H(51B)
H(51A)-C(51)-H(51B)
C(50)-C(51)-H(51C)
H(51A)-C(51)-H(51C)
H(51B)-C(51)-H(51C)
0(45)-C(48)-0(44)
0(45)-C(48)-C(49)
0(44)-C(48)-C(49)
C(48)-C(49)-H(49A)
C(48)-C(49)-H(49B)
H(49A)-C(49)-H(49B)
C(48)-C(49)-H(49C)
H(49A)-C(49)-H(49C)
H(49B)-C(49)-H(49C)
0(47)-C(50)-0(46)
0(47)-C(50)-C(51)
0(46)-C(50)-C(51)
0(51)-C(55)-H(55A)
0(51)-C(55)-H(55B)

122.2(6)
112.6(5)
122.3(5)
127.2(5)
110.5(5)
123.7(5)
126.1(5)
110.2(5)
109.2(4)
107.5(4)
111.4(5)
109.6
109.6
109.6
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
123.6(5)
125.7(5)
110.7(5)
109.5
109.5
109.5
109.5
109.5
109.5
124.3(6)
125.1(7)
110.5(5)
109.5
109.5
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H(55A)-C(55)-H(55B)
0(51)-C(55)-H(55C)
H(55A)-C(55)-H(55C)
H(55B)-C(55)-H(55C)
0(30)-C(35)-H(35A)
0(30)-C(35)-H(35B)
H(35A)-C(35)-H(35B)
0(30)-C(35)-H(35C)
H(35A)-C(35)-H(35C)
H(35B)-C(35)-H(35C)

109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
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Table 4. Anisotropic displacement parameters [A? x 10°] for 05SD011m. The
anisotropic displacement factor exponent takes the form: -2 n2 [(h a*)2 Ull+..+2hk
a* b* U12]

U1l u22 U33 u23 U13 u12
O(50) 57(3) 51(3) 65(3) 20(3) -32(3) -28(3)
O(1) 20(2) 21(2) 21(2) -1(2) 4(1) 1(2)
O(5) 24(2) 22(2) 18(2) 0(1) -1(1) 1(2)
0(2) 18(2) 24(2) 20(2) -1(2) 4(1) -1(2)
Oo(7) 22(2) 27(2) 16(2) 2(2) 4(1) 1(2)
0(10) 22(2) 36(2) 31(2) 7(2) 0(2) 0(2)
O(11) 22(2) 31(2) 19(2) 4(2) 4(1) 1(2)
0O(8) 18(2) 24(2) 18(2) -1(1) 3(1) 0(2)
C(3) 25(3) 19(3) 17(2) 1(2) 9(2) 1(2)
O(6) 35(2) 27(2) 27(2) -1(2) 5(2) 4(2)
0O(3) 33(2) 31(2) 33(2) 8(2) 9(2) 1(2)
C(14) 18(2) 18(2) 21(2) -2(2) 3(2) -2(2)
C(6) 13(2) 32(3) 21(2) 1(2) 0(2) -3(2)
C(2) 20(2) 24(3) 19(2) -2(2) 5(2) 4(2)
C(4) 15(2) 21(3) 16(2) 0(2) 3(2) -5(2)
0(9) 36(2) 41(2) 26(2) -9(2) 16(2) -10(2)
C(5) 16(2) 20(3) 22(2) -1(2) 5(2) 5(2)
C(8) 22(3) 36(3) 17(2) 0(2) 3(2) -2(2)
O(4) 31(2) 36(3) 38(2) -14(2) -11(2) 5(2)
C@1) 19(2) 18(3) 20(2) 1(2) 3(2) -1(2)
C(12) 13(2) 29(3) 22(2) 4(2) -1(2) -5(2)
C(9) 24(3) 34(3) 20(2) -2(2) 3(2) 2(3)
C(15) 27(3) 32(3) 26(3) 3(2) 1(2) 2(3)
C(10) 21(3) 29(3) 25(3) 3(2) 4(2) 2(2)
C(7) 24(3) 37(3) 34(3) -5(3) 14(2) -7(3)
C(13) 21(3) 25(3) 27(3) -3(2) 2(2) -5(2)
C(11) 41(3) 30(3) 31(3) 9(3) 9(2) 1(3)
0(21) 29(2) 21(2) 19(2) -2(2) 7(0) -6(2)
0O(24) 26(2) 25(2) 21(2) -2(2) 4(1) 6(2)
0(22) 25(2) 25(2) 21(2) -3(2) 8(1) 3(2)
0O(26) 18(2) 29(2) 16(2) -4(2) 5(1) -1(2)
0(23) 49(3) 34(3) 33(2) -13(2) 21(2) -7(2)
0O(27) 31(2) 27(2) 23(2) 2(2) 2(2) -8(2)
C(22) 26(3) 25(3) 15(2) -1(2) 5(2) -6(2)
0O(28) 17(2) 26(2) 25(2) -1(2) 3(1) -2(2)
C(25) 24(3) 28(3) 15(2) -3(2) 7(2) -8(2)
0O(30) 32(2) 39(3) 28(2) -1(2) -1(2) -1(2)
C(24) 18(2) 27(3) 17(2) -2(2) 4(2) 0(2)
C(23) 24(3) 27(3) 16(2) 0(2) 8(2) -10(2)



C(30)
C(21)
O(31)
C(26)
C(28)
C(34)
C(32)
0O(25)
0(29)
C(33)
C(29)
C(27)
C(31)
0(42)
O(46)
O(41)
0O(48)
O(44)
C(45)
C(44)
O(51)
C(41)
C(42)
C(54)
0O(49)
C(46)
0(43)
C(52)
C(43)
C(53)
O(45)
C(47)
C(51)
O(47)
C(48)
C(49)
C(50)
C(55)
C(35)

23(3)
22(2)
44(3)
18(2)
32(3)
31(3)
21(3)
48(3)
28(2)
35(3)
34(3)
26(3)
38(3)
19(2)
25(2)
21(2)
28(2)
26(2)
20(2)
21(3)
38(2)
28(3)
18(2)
27(3)
34(2)
26(3)
44(2)
18(2)
38(3)
36(3)
38(2)
29(3)
39(3)
27(6)
26(3)
41(3)
46(4)
36(3)
36(3)

19(3)
20(3)
40(3)
28(3)
27(3)
29(3)
36(3)
29(2)
37(3)
28(3)
48(4)
34(3)
43(4)
25(2)
37(2)
24(2)
24(2)
43(3)
27(3)
25(3)
32(2)
23(3)
36(3)
31(3)
45(3)
26(3)
34(3)
32(3)
31(3)
29(3)
60(3)
38(3)
38(3)
58(4)
28(3)
55(4)
50(4)
46(4)
55(5)

22(2)
20(2)
44(3)
17(2)
22(2)
21(2)
18(2)
45(3)
68(3)
33(3)
34(3)
20(2)
23(3)
26(2)
16(2)
25(2)
23(2)
24(2)
20(2)
21(2)
37(2)
22(2)
22(2)
18(2)
44(2)
22(2)
36(2)
14(2)
16(2)
29(3)
46(3)
30(3)
24(3)
70(4)
24(2)
23(3)
38(3)
32(3)
33(3)

5(2)
-1(2)
13(2)
-2(2)
0(2)
-3(2)
-2(2)
5(2)
12(2)
-4(3)
4(3)
-8(2)
-11(3)
-1(2)
2(2)
-1(2)
-2(2)
-9(2)
1(2)
1(2)
0(2)
-3(2)
-2(2)
0(2)
-14(2)
0(2)
9(2)
1(2)
1(2)
3(2)
-28(3)
3(3)
4(2)
29(3)
-3(2)
-3(3)
14(3)
2(3)
-4(3)

2(2)
8(2)
-11(2)
1(2)
14(2)
(2)
-3(2)
15(2)
15(2)
9(2)
11(2)
(2)
6(2)
8(1)
(1)
5(1)
12(2)
-2(2)
(2)
8(2)
-8(2)
8(2)
6(2)
5(2)
19(2)
8(2)
15(2)
3(2)
18(2)
10(2)
-4(2)
13(2)
10(2)
67(4)
(2)
3(2)
23(3)
-9(3)
-2(3)

-1(2)
-4(2)
-5(2)
1(2)
9(3)
-2(3)
-2(2)
7(2)
3(2)
8(3)
24(3)
6(2)
-8(3)
-4(2)
3(2)
-2(2)
-2(2)
6(2)
4(2)
2(2)
1(2)
-3(2)
6(2)
-5(3)
-13(2)
-1(2)
7(2)
-1(2)
6(3)
-1(3)
11(3)
-8(3)
7(3)
48(4)
-1(2)
3(3)
20(3)
2(3)
-9(3)
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Table 5. Hydrogen coordinates (x 10*) and isotropic displacement parameters (A% x 10°%)

for 05mz062m.
X y z U(eq)
H(11A) 371 6127 -4102 64
H(11B) 100 6198 -2059 64
H(11C) 510 5302 -1762 64
H(7) 1015 4601 4549 28
H(5) 1166 5362 201 23
H(6A) 1721 4749 4023 26
H(6B) 1629 3571 1981 26
H(9A) 1491 546 4397 45
H(9B) 1784 623 6655 45
H(9C) 1847 1747 4597 45
H(8A) 484 2125 4998 63
H(8B) 221 1888 2654 63
H(8C) 309 3582 3608 63
H(12A) 496 9994 -1705 65
H(12B) 91 9065 -1828 65
H(12C) 331 9171 -4003 65
H(4) 1786 5602 -1116 25
H(3) 1674 7945 -2581 26
H(2) 1183 9610 -1000 28
H(1) 1031 8995 2459 25
H(14A) 2730 7265 -6 42
H(14B) 2608 8929 -966 42
H(14C) 2380 7441 -1974 42
H(15A) 2187 8862 4373 47
H(15B) 2490 9804 3011 47
H(15C) 2606 8138 3987 47
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Table 1. Crystal data and structure refinement for 05mz063m:

Identification code:
Empirical formula:
Formula weight:
Temperature:
Wavelength:
Crystal system:
Space group:

Unit cell dimensions:

Volume, Z:

Density (calculated):
Absorption coefficient:
F(000):

Crystal size:

Theta range for data collection:

Limiting indices:
Reflections collected:
Independent reflections:

Completeness to &= 30.45°:

05mz063m

C11H15N10g

289.24

100(2) K

0.71073 A

Monoclinic

P2,

a=5.139(2) A, a. = 90°
b =10.592(4) A, B = 95.203(7)°
c=11.885(5) A, y = 90°
644.2(5) A3, 2

1.491 Mg/m®

0.129 mm™

304

0.53 x 0.27 x 0.20 mm

1.72 to 30.45°

7<h<7,-14<k<14,-16<1<16

7454
2033 (R(int) = 0.0293)

99.2 %



Absorption correction:
Max. and min. transmission:

Refinement method:

Data / restraints / parameters:

Goodness-of-fit on F2;
Final R indices [I>20(1)]:
R indices (all data):

Largest diff. peak and hole:

298

multi-scan

0.98 and 0.7981

Full-matrix least-squares on F?
2033/1/185

1.099

R1 =0.0378, wR2 = 0.0952

R1 =0.0386, wR2 = 0.0959

0.337 and -0.203 e x A3
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Table 2. Atomic coordinates [x 10%] and equivalent isotropic displacement parameters
[A% x 10°] for 05mz063m. U(eq) is defined as one third of the trace of the orthogonalized
U;; tensor.

X y z U(eq)
c(1) 2115(3) 4230(2) -64(1) 22(1)
C(2) 3184(3) 3112(2) 616(1) 19(1)
C(3) 1966(3) 2794(2) 1692(1) 19(1)
C(4) 1133(3) 3969(2) 2288(1) 18(1)
C(5) -343(3) 4860(2) 1436(1) 18(1)
C(6) -1201(3) 6046(2) 2012(1) 19(1)
c(7) 3975(3) 901(2) 2406(2) 24(1)
C(8) 6386(4) 431(2) 3064(2) 30(1)
C(9) -303(3) 4153(2) 4124(1) 23(1)
C(10) -2110(4) 3596(2) 4910(2) 32(1)
C(11) -4117(3) 6849(2) 3244(2) 26(1)
N(L) 4983(3) 2369(2) 356(1) 23(1)
0(1) 1429(2) 5239(1) 659(1) 20(1)
0(2) 5945(3) 2710(1) -664(1) 28(1)
0@3) 3851(2) 2177(1) 2465(1) 21(1)
0(4) 2337(3) 270(2) 1897(2) 39(1)
0(5) -484(2) 3531(1) 3132(1) 21(1)
0(6) 1122(3) 5042(2) 4328(1) 30(1)
0(7) -102(2) 7043(1) 1985(1) 24(1)

0(8) -3284(2) 5810(1) 2573(1) 21(1)
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Table 3. Bond lengths [A] and angles [deg] for 05mz063m.

C(1)-0(1) 1.435(2)
C(1)-C(2) 1.509(2)
C(1)-H(1A) 0.99
C(1)-H(1B) 0.99
C(2)-N(L) 1.273(2)
C(2)-C(3) 1.512(2)
C(3)-0(3) 1.431(2)
C(3)-C(4) 1.513(2)
C(3)-H(3) 1
C(4)-0(5) 1.4368(19)
C(4)-C(5) 1.533(2)
C(4)-H(4) 1
C(5)-0(1) 1.4132(18)
C(5)-C(6) 1.515(2)
C(5)-H(5) 1
C(6)-0(7) 1.199(2)
C(6)-0(8) 1.3349(19)
C(7)-0(4) 1.195(2)
C(7)-0(3) 1.355(2)
C(7)-C(8) 1.489(3)
C(8)-H(8A) 0.98
C(8)-H(8B) 0.98
C(8)-H(8C) 0.98
C(9)-0(6) 1.204(2)
C(9)-0(5) 1.347(2)
C(9)-C(10) 1.496(2)
C(10)-H(10A) 0.98
C(10)-H(10B) 0.98
C(10)-H(10C) 0.98
C(11)-0(8) 1.446(2)
C(11)-H(11A) 0.98
C(11)-H(11B) 0.98
C(11)-H(11C) 0.98
N(1)-0(2) 1.397(2)
0(2)-H(2) 0.84
0(1)-C(1)-C(2) 111.19(13)
0(1)-C(1)-H(1A) 109.4
C(2)-C(1)-H(1A) 109.4
0(1)-C(1)-H(1B) 109.4
C(2)-C(1)-H(1B) 109.4
H(1A)-C(1)-H(1B) 108
N(1)-C(2)-C(1) 126.34(15)
N(1)-C(2)-C(3) 115.63(15)

C(1)-C(2)-C(3) 117.98(14)



0(3)-C(3)-C(2)
0(3)-C(3)-C(4)
C(2)-C(3)-C(4)
0(3)-C(3)-H(3)
C(2)-C(3)-H(3)
C(4)-C(3)-H(3)
0O(5)-C(4)-C(3)
O(5)-C(4)-C(5)
C(3)-C(4)-C(5)
O(5)-C(4)-H(4)
C(3)-C(4)-H(4)
C(5)-C(4)-H(4)
0O(1)-C(5)-C(6)
O(1)-C(5)-C(4)
C(6)-C(5)-C(4)
O(1)-C(5)-H(5)
C(6)-C(5)-H(5)
C(4)-C(5)-H(5)
O(7)-C(6)-0(8)
O(7)-C(6)-C(5)
0O(8)-C(6)-C(5)
0(4)-C(7)-0(3)
0O(4)-C(7)-C(8)
O(3)-C(7)-C(8)

C(7)-C(8)-H(8A)

C(7)-C(8)-H(8B)

H(8A)-C(8)-H(8B)

C(7)-C(8)-H(8C)

H(8A)-C(8)-H(8C)
H(8B)-C(8)-H(8C)

0(6)-C(9)-0(5)
0(6)-C(9)-C(10)
0(5)-C(9)-C(10)

C(9)-C(10)-H(10A)
C(9)-C(10)-H(10B)
H(10A)-C(10)-H(10B)
C(9)-C(10)-H(10C)
H(10A)-C(10)-H(10C)
H(10B)-C(10)-H(10C)
0(8)-C(11)-H(11A)
0(8)-C(11)-H(11B)
H(11A)-C(11)-H(11B)
0(8)-C(11)-H(11C)
H(11A)-C(11)-H(11C)
H(11B)-C(11)-H(11C)

C(2)-N(1)-0(2)

109.70(13)
106.19(13)
111.65(13)
109.7
109.7
109.7
105.52(12)
112.12(13)
109.97(13)
109.7
109.7
109.7
106.88(13)
107.27(12)
111.06(13)
1105
110.5
1105
125.37(15)
124.13(14)
110.47(13)
123.33(17)
126.36(17)
110.31(15)
109.5
109.5
109.5
109.5
109.5
109.5
123.45(16)
125.69(17)
110.86(16)
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
111.88(14)
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C(5)-0(1)-C(1)
N(1)-0(2)-H(2)
C(7)-0(3)-C(3)
C(9)-0(5)-C(4)
C(6)-0(8)-C(11)

112.78(13)
109.5

117.05(13)
117.08(13)
115.08(13)
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Table 4. Anisotropic displacement parameters [A? x 10°] for 05mz063m. The
anisotropic displacement factor exponent takes the form: -2 72 [(h a*)? U1l + ... + 2 h k
a* b* U12]

U1l u22 U33 u23 U13 u12
c(1) 24(1) 23(1) 20(1) 0(1) 4(2) 4(2)
C(2) 17(1) 23(1) 18(1) -1(1) 1(1) -2(1)
C(3) 16(1) 18(1) 22(1) 0(1) 1(1) -2(1)
C(4) 17(1) 19(1) 18(1) 0(1) 4(1) -3(1)
C(5) 14(1) 20(1) 20(1) 0(1) 3(1) -2(1)
C(6) 16(1) 21(1) 21(1) 0(1) 2(1) 0(1)
c(7) 25(1) 19(1) 28(1) 1(1) 2(1) “1(1)
C(8) 32(1) 22(1) 33(1) 6(1) -5(1) 1(1)
C(9) 22(1) 29(1) 19(1) 2(1) 3(1) 0(1)
C(10) 29(1) 44(1) 25(1) 3(1) 9(1) -5(1)
C(11) 24(1) 25(1) 30(1) -9(1) 8(1) -1(1)
N(L) 20(1) 26(1) 24(1) -1(1) 3(1) 0(1)
0(1) 21(1) 21(1) 20(1) 0(1) 7(1) -1(1)
0(2) 26(1) 31(1) 29(1) 1(1) 11(1) 5(1)
0@3) 24(1) 17(1) 22(1) 0(1) -3(1) 0(1)
0(4) 32(1) 22(1) 59(1) 7(1) -8(1) -3(1)
0(5) 22(1) 22(1) 20(1) 1(1) 6(1) -5(1)
0(6) 31(1) 37(1) 22(1) -6(1) 4(1) -9(1)
o(7) 20(1) 19(1) 35(1) 0(1) 6(1) -3(1)

0(8) 18(1) 20(1) 25(1) -4(1) 7(1) -2(1)
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Table 5. Hydrogen coordinates (x 10*) and isotropic displacement parameters (A% x 10°%)
for 05mz063m.

X y z U(eq)
H(1A) 3442 4532 -555 27
H(1B) 549 3968 -555 27
H(3) 424 2228 1516 22
H(4) 2707 4407 2659 21
H(5) -1883 4421 1036 21
H(8A) 6298 621 3867 44
H(8B) 7917 847 2796 44
H(8C) 6528 -483 2962 44
H(10A) -1691 3938 5671 48
H(10B) -1905 2677 4927 48
H(10C) -3919 3810 4646 48
H(11A) -2628 7159 3740 39
H(11B) -5493 6559 3702 39
H(11C) -4795 7531 2743 39
H(2) 6972 2148 -856 42

Table 6. Hydrogen bonds for 05mz063m [A and deg].

D-H..A d(D-H) d(H...A) d(D...A) <(DHA)
0(2)-H(2): 0.8 2.2 2.8522(19) 136
O(7)#1
0(2)-H(2): 0.8 2.2 2.944(2) 150

O(1)#1
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Table 1. Crystal data and structure refinement for 05mz092m:

Identification code:
Empirical formula:
Formula weight:
Temperature:
Wavelength:
Crystal system:
Space group:

Unit cell dimensions:

Volume, Z:

Density (calculated):
Absorption coefficient:
F(000):

Crystal size:

Theta range for data collection:

Limiting indices:
Reflections collected:
Independent reflections:

Completeness to &= 27.48°:

05mz092m

C18H19NOg

393.34

100(2) K

0.71073 A

Monoclinic

P2,

a=8.2791(8) A, o =90°

b =8.6916(8) A, B = 97.087(2)°
c=12.9621(12) A, y = 90°
925.61(15) A3, 2

1.411 Mg/m®

0.115 mm™

412

0.45 x 0.32 x 0.20 mm

1.58 to 27.48°

-10<h €10, -11< k <11, -16< 1 <16

8741
2258 (R(int) = 0.0416)

100.0 %



Absorption correction:
Max. and min. transmission:

Refinement method:

Data / restraints / parameters:

Goodness-of-fit on F2;
Final R indices [I>20(1)]:
R indices (all data):

Largest diff. peak and hole:

307

multi-scan

0.98 and 0.6962

Full-matrix least-squares on F?
2258 /1 /256

1.321

R1 =0.0558, wR2 = 0.1313

R1=0.0563, wR2 = 0.1315

0.323and -0.231 e x A3
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Table 2. Atomic coordinates [x 10%] and equivalent isotropic displacement parameters
[A% x 10°] for 05mz092m. U(eq) is defined as one third of the trace of the orthogonalized

U;; tensor.

X y z U(eq)
O(8) 7789(3) 10253(3) 1423(2) 25(1)
o(7) 12221(3) 7667(4) 5642(2) 27(1)
0(1) 8730(3) 7368(3) 3707(2) 23(1)
O(6) 9640(3) 8420(3) 5690(2) 23(1)
0(2) 11989(3) 9964(3) 3753(2) 23(1)
O(4) 11248(3) 6151(3) 2629(2) 27(1)
0@3) 14528(3) 9725(5) 3334(2) 42(1)
N(1) 9485(3) 9910(4) 1705(2) 23(1)
0(9) 8625(4) 11471(4) 37(2) 40(2)
C(5) 10315(4) 7031(4) 4195(3) 22(1)
C(6) 10666(4) 7822(4) 5249(3) 21(2)
C(13) 5785(4) 11034(4) 69(3) 23(1)
C(16) 2567(5) 11101(5) -823(4) 35(1)
C(4) 11590(4) 7261(4) 3455(3) 22(1)
0(5) 13411(3) 4758(4) 3300(2) 33(1)
C(2) 9712(4) 9278(4) 2590(3) 21(1)
C(12) 7553(5) 10989(5) 468(3) 25(1)
C(3) 11460(4) 8857(4) 2952(3) 23(1)
C(17) 3793(5) 11507(5) -1407(3) 34(1)
C(7) 13630(4) 10292(5) 3873(3) 25(1)
C(2) 8506(4) 8918(4) 3339(3) 23(1)
C(18) 5398(5) 11509(5) -951(3) 28(1)
C(14) 4548(5) 10592(5) 642(3) 27(1)
C(11) 12657(5) 8280(6) 6684(3) 31(2)
C(9) 12225(4) 4883(5) 2673(3) 26(1)
C(15) 2938(5) 10640(5) 195(3) 33(1)
C(8) 14042(4) 11411(5) 4728(3) 28(1)
C(10) 11629(5) 3733(5) 1867(4) 35(1)
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0(8)-C(12)
O(8)-N(1)
0(7)-C(6)
O(7)-C(11)
0O(1)-C(5)
0(1)-C(1)
0(6)-C(6)
0(2)-C(7)
0(2)-C(3)
0(4)-C(9)
0(4)-C(4)
0(3)-C(7)
N(1)-C(2)
0(9)-C(12)
C(5)-C(4)
C(5)-C(6)
C(5)-HO)
C(13)-C(18)
C(13)-C(14)
C(13)-C(12)
C(16)-C(15)
C(16)-C(17)
C(16)-H(16)
C(4)-C(3)
C(4)-H(4)
0(5)-C(9)
C(2)-C(1)
C(2)-C(3)
C(3)-HB)
C(17)-C(18)
C(17)-H(17)
C(7)-C(8)
C(1)-H(1A)
C(1)-H(1B)
C(18)-H(18)
C(14)-C(15)
C(14)-H(14)
C(11)-H(11A)
C(11)-H(11B)
C(11)-H(11C)
C(9)-C(10)
C(15)-H(15)
C(8)-H(8A)
C(8)-H(8B)

1.385(5)
1.438(4)
1.332(4)
1.456(5)
1.415(4)
1.434(5)
1.199(4)
1.378(4)
1.443(5)
1.364(5)
1.444(4)
1.188(5)
1.265(5)
1.183(5)
1.524(5)
1.525(5)
1
1.384(5)
1.392(5)
1.492(5)
1.377(6)
1.385(7)
0.95
1.531(5)
1
1.200(5)
1.509(5)
1.510(5)
1
1.386(6)
0.95
1.483(6)
0.99
0.99
0.95
1.387(5)
0.95
0.98
0.98
0.98
1.486(6)
0.95
0.98
0.98



C(8)-H(8C)
C(10)-H(10A)
C(10)-H(10B)
C(10)-H(10C)
C(12)-0(8)-N(1)
C(6)-0(7)-C(11)
C(5)-0(1)-C(1)
C(7)-0(2)-C(3)
C(9)-0(4)-C(4)
C(2)-N(1)-O(8)
0(1)-C(5)-C(4)
0(1)-C(5)-C(6)
C(4)-C(5)-C(6)
O(1)-C(5)-H(5)
C(4)-C(5)-H(5)
C(6)-C(5)-H(5)
0(6)-C(6)-0(7)
0(6)-C(6)-C(5)
0(7)-C(6)-C(5)
C(18)-C(13)-C(14)
C(18)-C(13)-C(12)
C(14)-C(13)-C(12)
C(15)-C(16)-C(17)
C(15)-C(16)-H(16)
C(17)-C(16)-H(16)
0(4)-C(4)-C(5)
0(4)-C(4)-C(3)
C(5)-C(4)-C(3)
0(4)-C(4)-H(4)
C(5)-C(4)-H(4)
C(3)-C(4)-H(4)
N(1)-C(2)-C(1)
N(1)-C(2)-C(3)
C(1)-C(2)-C(3)
0(9)-C(12)-0(8)
0(9)-C(12)-C(13)
0(8)-C(12)-C(13)
0(2)-C(3)-C(2)
0(2)-C(3)-C(4)
C(2)-C(3)-C(4)
0(2)-C(3)-H(3)
C(2)-C(3)-H(3)
C(4)-C(3)-H(3)
C(16)-C(17)-C(18)
C(16)-C(17)-H(17)
C(18)-C(17)-H(17)

0.98
0.98
0.98
0.98
110.4(3)
115.8(3)
114.7(3)
115.2(3)
116.6(3)
110.6(3)
111.6(3)
111.8(3)
115.7(3)
105.6
105.6
105.6
124.7(3)
123.7(3)
111.4(3)
119.6(3)
116.2(3)
124.2(3)
120.4(4)
119.8
119.8
106.9(3)
107.0(3)
111.7(3)
110.4
110.4
110.4
129.6(3)
114.6(3)
115.8(3)
123.7(3)
126.0(3)
110.3(3)
104.9(3)
107.4(3)
111.4(3)
111

111

111
119.7(4)
120.1
120.1
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0(3)-C(7)-0(2)
0(3)-C(7)-C(8)
0(2)-C(7)-C(8)
0(1)-C(1)-C(2)
O(1)-C(1)-H(1A)
C(2)-C(1)-H(1A)
O(1)-C(1)-H(1B)
C(2)-C(1)-H(1B)
H(1A)-C(1)-H(1B)
C(13)-C(18)-C(17)
C(13)-C(18)-H(18)
C(17)-C(18)-H(18)
C(15)-C(14)-C(13)
C(15)-C(14)-H(14)
C(13)-C(14)-H(14)
0(7)-C(11)-H(11A)
0(7)-C(11)-H(11B)
H(11A)-C(11)-H(11B)
0(7)-C(11)-H(11C)
H(11A)-C(11)-H(11C)
H(11B)-C(11)-H(11C)
0(5)-C(9)-0(4)
0(5)-C(9)-C(10)
0(4)-C(9)-C(10)
C(16)-C(15)-C(14)
C(16)-C(15)-H(15)
C(14)-C(15)-H(15)
C(7)-C(8)-H(8A)
C(7)-C(8)-H(8B)
H(8A)-C(8)-H(8B)
C(7)-C(8)-H(8C)
H(8A)-C(8)-H(8C)
H(8B)-C(8)-H(8C)
C(9)-C(10)-H(10A)
C(9)-C(10)-H(10B)
H(10A)-C(10)-H(10B)
C(9)-C(10)-H(10C)
H(10A)-C(10)-H(10C)
H(10B)-C(10)-H(10C)

121.9(4)
127.5(3)
110.6(3)
109.9(3)
109.7
109.7
109.7
109.7
108.2
120.3(4)
119.9
119.9
120.0(4)
120

120
109.5
109.5
109.5
109.5
109.5
109.5
122.2(4)
126.0(4)
111.7(3)
119.9(4)
120

120
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
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Table 4. Anisotropic displacement parameters [A? x 10°] for 05mz092m. The
anisotropic displacement factor exponent takes the form: -2 n2 [(h a*)? U11 + ... + 2 h k
a* b* U12]
U1l u22 uU33 u23 U13 U12

0(8) 17(2) 33(2) 24(1) 2(1) 0(2) 3(1)
O(7) 21(1) 36(2) 23(1) -3(1) -3(1) 4(1)
O(1) 18(1) 26(1) 22(1) 1(1) -2(1) 0(1)
O(6) 21(1) 25(1) 22(1) -2(1) 3(1) -3(1)
0(2) 17(1) 27(1) 25(1) 1(1) 3(1) 0(1)
O(4) 26(1) 31(2) 22(1) -4(1) -2(1) 8(1)
0(@3) 17(1) 73(2) 36(2) -9(2) 4(1) 3(2)
N(1) 17(1) 26(2) 26(2) 1(1) -1(1) 4(1)
0(9) 25(1) 57(2) 38(2) 17(2) 5(1) 1(2)
C(5) 23(2) 21(2) 22(2) 2(1) 2(1) 0(1)
C(6) 21(2) 22(2) 21(2) 3(1) 4(1) 0(1)
C(13) 23(2) 23(2) 24(2) -1(2) 1(1) 4(2)
C(16) 24(2) 35(2) 44(2) -6(2) -7(2) 3(2)
C(4) 20(2) 24(2) 22(2) -4(2) -1(2) 3(1)
O(5) 26(1) 32(2) 41(2) -3(1) 2(1) 8(1)
C(2) 17(2) 21(2) 24(2) -4(1) 0(1) 2(1)
C(12) 26(2) 28(2) 19(2) -1(2) -1(2) 5(2)
C(3) 17(2) 27(2) 25(2) 0(2) 6(1) 2(1)
C(17) 41(2) 34(2) 24(2) 5(2) -9(2) 7(2)
C(7) 14(2) 33(2) 26(2) 6(2) 2(1) -1(2)
C(1) 17(2) 27(2) 23(2) 1(2) 0(1) 5(1)
C(18) 27(2) 31(2) 26(2) 3(2) 3(2) 4(2)
C(14) 25(2) 32(2) 25(2) 2(2) 3(1) 3(2)
C(11) 25(2) 44(2) 21(2) -3(2) -6(1) -2(2)
C(9) 23(2) 27(2) 29(2) 1(2) 13(1) 2(2)
C(15) 20(2) 40(2) 38(2) -4(2) 1(2) -1(2)
C(8) 14(2) 35(2) 35(2) 7(2) 1(1) 0(2)
C(10) 37(2) 31(2) 39(2) -2(2) 10(2) 8(2)
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Table 5. Hydrogen coordinates (x 10*) and isotropic displacement parameters (A? x 10%)
for 05mz092m.

X y z U(eq)
H(5) 10316 5903 4347 26
H(16) 1463 11140 -1127 42
H(4) 12707 7096 3828 26
H(3) 12140 8923 2368 27
H(17) 3535 11784 -2118 41
H(1A) 8661 9640 3933 27
H(1B) 7384 9048 2985 27
H(18) 6235 11837 -1340 33
H(14) 4807 10256 1341 33
H(11A) 12099 7691 7179 46
H(11B) 12327 9362 6700 46
H(L1C) 13837 8201 6875 46
H(15) 2092 10356 501 39
H(8A) 15225 11440 4916 42
H(8B) 13521 11008 5334 42
H(8C) 13652 12436 4500 42
H(10A) 10980 2051 2172 53
H(10B) 12560 3240 1602 53

H(10C) 10955 4248 1294 53
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Table 1. Crystal data and structure refinement for 04mz131m:

315

Identification code:
Empirical formula:
Formula weight:
Temperature:
Wavelength:
Crystal system:
Space group:

Unit cell dimensions:

Volume, Z:

Density (calculated):
Absorption coefficient:
F(000):

Crystal size:

Theta range for data collection:

Limiting indices:
Reflections collected:
Independent reflections:

Completeness to &= 28.28°:

04mz131m

C13H17N30g

359.30

100(2) K

0.71073 A

Orthorhombic

P212:2;

a=7.3201(8) A, o = 90°

b =13.9189(14) A, B = 90°
c = 15.8356(16) A, y = 90°
1613.5(3) A3, 4

1.479 Mg/m®

0.127 mm™

752

0.59 x 0.54 x 0.46 mm

1.95 to 28.28°

-9<h<9,-18<k<18,-21<1<21

16714
2290 (R(int) = 0.0202)

100.0 %



Absorption correction:
Max. and min. transmission:

Refinement method:

Data / restraints / parameters:

Goodness-of-fit on F2;
Final R indices [I>20(1)]:
R indices (all data):

Largest diff. peak and hole:

316

multi-scan

0.94 and 0.7804

Full-matrix least-squares on F?
2290/0/277

1.078

R1 =0.0309, wR2 = 0.0793

R1=0.0312, wR2 = 0.0795

0.325and -0.190 e x A




317

Table 2. Atomic coordinates [x 10%] and equivalent isotropic displacement parameters
[A% x 10°] for 04mz131m. U(eq) is defined as one third of the trace of the orthogonalized
U;; tensor.

X y z U(eq)
C(1) -1831(2) 5220(1) 1276(1) 15(1)
C(2) -123(2) 5736(1) 1589(1) 14(1)
C(3) 1042(2) 6085(1) 852(1) 14(1)
C(4) 1405(2) 5256(1) 243(1) 14(1)
C(5) -447(2) 4839(1) -20(1) 14(1)
C(6) -254(2) 4015(1) -648(1) 16(1)
C(7) -51(2) 6665(1) 2860(1) 20(1)
C(8) -764(3) 7568(1) 3250(1) 26(1)
C(9) 3465(2) 7248(1) 926(1) 17(1)
C(10) 5071(3) 7540(1) 1453(1) 24(1)
C(11) 4117(2) 5518(1) -564(1) 19(1)
C(12) 4788(3) 5970(1) -1362(1) 24(1)
C(13) 860(3) 2440(1) -829(1) 30(1)
N(L) -2677(2) 4768(1) 2009(1) 19(1)
N(2) -4360(2) 4670(1) 1969(1) 18(1)
N(3) -5866(2) 4528(1) 2032(1) 28(1)
0(1) -1312(2) 4464(1) 719(1) 15(1)
0(2) -709(2) 6564(1) 2058(1) 17(1)
0@3) 996(2) 6116(1) 3179(1) 30(1)
0(@4) 2718(2) 6427(1) 1227(1) 17(1)
0(5) 2895(2) 7674(1) 321(1) 24(1)
0(6) 2265(2) 5605(1) -511(1) 16(1)
0(7) 5025(2) 5150(1) -23(1) 28(1)
0(8) -864(2) 4030(1) -1349(1) 29(1)

0(9) 657(2) 3288(1) -305(1) 23(1)




Table 3. Bond lengths [A] and angles [deg] for 04mz131m.

318

C(1)-0(1)
C(1)-N(1)
C(1)-C(2)
C(1)-H(D)
C(2)-0(2)
C(2)-C(3)
C(2)-H(2)
C(3)-0(4)
C(3)-C(4)
C(3)-H(3)
C(4)-0(6)
C(4)-C(5)
C(4)-H(4)
C(5)-0(1)
C(5)-C(6)
C(5)-H(5)
C(6)-0(8)
C(6)-0(9)
C(7)-0(3)
C(7)-0(2)
C(7)-C(8)
C(8)-H(8A)
C(8)-H(8B)
C(8)-H(8C)
C(9)-0(5)
C(9)-0(4)
C(9)-C(10)
C(10)-H(10A)
C(10)-H(10B)
C(10)-H(10C)
C(11)-0(7)
C(11)-0(6)
C(11)-C(12)
C(12)-H(12A)
C(12)-H(12B)
C(12)-H(12C)
C(13)-0(9)
C(13)-H(13A)

1.4258(18)
1.4582(19)
1.524(2)
0.98(2)
1.4370(18)
1.525(2)
0.95(2)
1.4437(17)
1.527(2)
0.94(2)
1.4340(17)
1.532(2)
0.97(2)
1.4287(17)
1.525(2)
0.94(2)
1.196(2)
1.3281(19)
1.194(2)
1.3661(19)
1.495(2)
0.97(3)
0.96(3)
0.90(3)
1.201(2)
1.3544(18)
1.499(2)
0.90(3)
0.91(3)
0.99(3)
1.200(2)
1.3637(18)
1.494(2)
0.94(3)
0.96(3)
0.96(3)
1.451(2)
0.93(3)



C(13)-H(13B)
C(13)-H(13C)
N(1)-N(2)
N(2)-N(3)
O(1)-C(1)-N(1)
O(1)-C(1)-C(2)
N(1)-C(1)-C(2)
O(1)-C(1)-H()
N(1)-C(1)-H(1)
C(2)-C(1)-H(1)
0(2)-C(2)-C(1)
0(2)-C(2)-C(3)
C(1)-C(2)-C(3)
0(2)-C(2)-H(2)
C(1)-C(2)-H(2)
C(3)-C(2)-H(2)
0(4)-C(3)-C(2)
0(4)-C(3)-C(4)
C(2)-C(3)-C(4)
O(4)-C(3)-H(3)
C(2)-C(3)-H(3)
C(4)-C(3)-H(3)
0(6)-C(4)-C(3)
O(6)-C(4)-C(5)
C(3)-C(4)-C(5)
O(6)-C(4)-H(4)
C(3)-C(4)-H(4)
C(5)-C(4)-H(4)
O(1)-C(5)-C(6)
O(1)-C(5)-C(4)
C(6)-C(5)-C(4)
O(1)-C(5)-H(5)
C(6)-C(5)-H(5)
C(4)-C(5)-H(5)
O(8)-C(6)-0(9)
0O(8)-C(6)-C(5)
0(9)-C(6)-C(5)
0(3)-C(7)-0(2)
O(3)-C(7)-C(8)
0(2)-C(7)-C(8)

C(7)-C(8)-H(8A)

0.95(3)
0.95(3)
1.2412(19)
1.124(2)
106.66(12)
109.27(12)
107.08(12)
109.3(12)
112.7(12)
111.7(12)
107.47(12)
107.90(12)
111.12(12)
111.9(12)
107.9(12)
110.6(12)
105.33(11)
111.20(12)
109.85(12)
110.2(12)
111.6(13)
108.6(13)
110.16(12)
106.94(11)
107.69(11)
111.7(12)
112.3(12)
107.8(11)
107.48(11)
107.95(11)
112.35(12)
111.5(13)
108.3(12)
109.3(12)
125.51(15)
123.87(14)
110.61(13)
123.62(15)
126.00(15)
110.33(14)
106.4(16)
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C(7)-C(8)-H(8B)
H(8A)-C(8)-H(8B)
C(7)-C(8)-H(8C)
H(8A)-C(8)-H(8C)
H(8B)-C(8)-H(8C)
0(5)-C(9)-0(4)
0(5)-C(9)-C(10)
0(4)-C(9)-C(10)
C(9)-C(10)-H(10A)
C(9)-C(10)-H(10B)
H(10A)-C(10)-H(10B)
C(9)-C(10)-H(10C)
H(10A)-C(10)-H(10C)
H(10B)-C(10)-H(10C)
0(7)-C(11)-0(6)
0(7)-C(11)-C(12)
0(6)-C(11)-C(12)
C(11)-C(12)-H(12A)
C(11)-C(12)-H(12B)
H(12A)-C(12)-H(12B)
C(11)-C(12)-H(12C)
H(12A)-C(12)-H(12C)
H(12B)-C(12)-H(12C)
0(9)-C(13)-H(13A)
0(9)-C(13)-H(13B)
H(13A)-C(13)-H(13B)
0(9)-C(13)-H(13C)
H(13A)-C(13)-H(13C)
H(13B)-C(13)-H(13C)
N(2)-N(1)-C(1)
N(3)-N(2)-N(1)
C(1)-0(1)-C(5)
C(7)-0(2)-C(2)
C(9)-0(4)-C(3)
C(11)-0(6)-C(4)
C(6)-0(9)-C(13)

111.7(16)
110(2)
108.3(17)
106(2)
114(2)
123.92(15)
125.66(15)
110.42(14)
109.1(17)
112.5(17)
115(2)
109.2(15)
103(2)
107(2)
122.98(15)
126.99(16)
110.00(14)
107.5(16)
110.8(15)
108(2)
104.5(16)
116(2)
110(2)
111.0(18)
107.1(17)
113(3)
109.5(17)
108(2)
109(2)
115.43(14)
171.21(18)
110.82(11)
117.27(12)
118.39(12)
117.26(12)
115.89(14)
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Table 4.  Anisotropic displacement parameters [A? x 10% for 04mz131m. The
anisotropic displacement factor exponent takes the form: -2 72 [(h a*)? U1l + ... + 2 h k
a* b* U12]

u11 u22 U33 u23 U13 u12
C(1) 16(1) 14(1) 15(1) 0(1) 1(1) 0(1)
C(2) 15(1) 13(1) 14(1) -1(1) 0(1) -1(1)
C(3) 14(1) 13(1) 15(1) 0(1) -1(1) -1(1)
C(4) 14(1) 14(1) 14(1) 0(1) 0(1) 0(1)
C(5) 14(1) 14(1) 14(1) 0(1) -1(1) 0(1)
C(6) 16(1) 15(1) 18(1) -1(1) 0(1) “1(1)
c(7) 25(1) 19(1) 15(1) -3(1) 0(1) -6(1)
C(8) 34(1) 24(1) 21(1) -8(1) 1(1) 0(1)
C(9) 17(1) 15(1) 20(1) -3(1) 3(1) -2(1)
C(10) 23(1) 24(1) 27(1) -1(1) -5(1) -9(1)
C(11) 15(1) 21(1) 19(1) -5(1) 2(1) -3(1)
C(12) 23(1) 28(1) 21(1) -3(1) 6(1) -6(1)
C(13) 40(1) 19(1) 31(1) -9(1) -1(1) 8(1)
N(L) 15(1) 25(1) 17(1) 2(1) 2(1) -2(1)
N(2) 20(1) 16(1) 18(1) 2(1) 1(1) 0(1)
N(3) 18(1) 32(1) 33(1) 10(1) 3(1) -2(1)
0(1) 17(1) 14(1) 15(1) -1(1) 2(1) -2(1)
0(2) 20(1) 17(1) 15(1) -4(1) 0(1) 1(1)
0@3) 44(1) 24(1) 23(1) -2(1) -13(1) 2(1)
0(4) 17(1) 16(1) 18(1) 0(1) -3(1) -4(1)
0(5) 24(1) 22(1) 27(1) 6(1) -1(1) -5(1)
0(6) 15(1) 17(1) 14(1) 1(1) 2(1) 0(1)
0(7) 17(1) 45(1) 22(1) 1(1) -2(1) 2(1)
0(8) 39(1) 29(1) 20(1) -6(1) -11(1) 6(1)

0(9) 33(1) 17(1) 20(1) -4(1) -4(1) 7(1)
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Table 5. Hydrogen coordinates (x 10*) and isotropic displacement parameters (A% x 10°%)

for 04mz131m.
X y z U(eq)
H(1) -2660(30) 5657(15) 982(13) 18
H(2) 550(30) 5299(15) 1930(13) 17
H(3) 470(30) 6581(15) 555(13) 17
H(4) 2110(30) 4742(14) 503(13) 17
H(5) -1150(30) 5325(15) -273(13) 17
H(8A) 130(40) 8070(20) 3130(17) 40
H(8B) -1930(40) 7742(19) 3023(18) 40
H(8C) -760(40) 7494(18) 3813(19) 40
H(10A) 4970(40) 8170(20) 1584(16) 37
H(10B) 5250(40) 7140(19) 1899(17) 37
H(10C) 6190(40) 7517(18) 1103(17) 37
H(12A) 5920(40) 5687(19) -1493(16) 36
H(12B) 3960(40) 5839(18) -1822(15) 36
H(12C) 4810(40) 6646(18) -1242(17) 36
H(13A) 1270(40) 2600(20) -1366(18) 45
H(13B) 1670(40) 2010(20) -541(18) 45
H(13C) -290(40) 2130(20) -889(16) 45
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Table 1. Crystal data and structure refinement for 05mz056m:
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Identification code:
Empirical formula:
Moiety frormula:
Formula weight:
Temperature:
Wavelength:
Crystal system:
Space group:

Unit cell dimensions:

Volume, Z:

Density (calculated):
Absorption coefficient:
F(000):

Crystal size:

Theta range for data collection:

Limiting indices:
Reflections collected:

Independent reflections:

05mz056m

C21H24C2N2012

C20H24N2012

567.32

100(2) K

0.71073 A

Triclinic

P1

a=8.899(2) A, o = 82.056(4)°
b=9.367(2) A, B =84.507(4)°
c=15.511(4) A, y =89.937(4)°
1274.5(5) A3, 2

1.478 Mg/m®

0.320 mm™

588

0.47 x 0.40 x 0.29 mm

1.33t0 26.37°

-11<h <11, -11<k £11, -19< 1 <19

9751

8888 (R(int) = 0.0489)



Completeness to 8= 26.37°:
Absorption correction:
Max. and min. transmission:

Refinement method:

Data / restraints / parameters:

Goodness-of-fit on F2:
Final R indices [I>20(1)]:
R indices (all data):

Largest diff. peak and hole:

97.1 %

multi-scan

0.91 and 0.2351

Full-matrix least-squares on F?

8888 /93 /707
1.128
R1=0.0885, wR2 = 0.2340

R1=0.0894, wR2 = 0.2354

1.888 and -0.649 e x A
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Table 2. Atomic coordinates [x 10%] and equivalent isotropic displacement parameters
[A% x 10°] for 05mz056m. U(eq) is defined as one third of the trace of the orthogonalized

U;; tensor.

X y z U(eq)
0O(21) 2168(4) 3254(3) 5037(2) 14(1)
0(1) 7373(4) -1236(3) 3936(2) 15(1)
O(4) 6888(4) 590(4) 1452(2) 21(2)
0(2) 5245(4) 1735(4) 2877(2) 16(1)
N(1) 6491(5) 790(4) 4515(3) 17(2)
0(9) 9197(4) -3701(4) 2959(2) 19(1)
0(22) -272(4) 287(4) 6111(2) 18(1)
0(26) 902(4) 4738(4) 7017(2) 17(2)
0(29) 3666(4) 5741(4) 5991(2) 18(1)
0O(30) -606(4) 1742(4) 3752(2) 17(1)
0(10) 4168(4) 298(3) 5228(2) 17(1)
0(12) 5856(5) 3994(4) 8547(3) 29(1)
N(2) 6389(5) 4399(4) 7807(3) 22(1)
O(6) 6808(4) -2694(4) 1949(2) 18(1)
0(24) 1033(4) 1443(4) 7526(2) 19(1)
N(3) 1491(4) 1235(4) 4469(3) 15(2)
C(38) 2119(5) -1432(5) 1848(3) 16(1)
O(8) 8185(5) -4147(4) 4348(2) 24(1)
C(4) 7328(5) -1600(5) 2422(3) 14(1)
C(18) 6223(5) 3483(5) 7124(3) 18(1)
0(28) 3086(5) 6174(4) 4599(3) 25(1)
C(36) 2003(5) -1031(5) 3347(3) 15(1)
O(31) 2304(5) -1908(5) 419(3) 28(1)
C(22) 970(5) 1284(5) 6034(3) 16(1)
C(40) 856(6) 638(5) 2282(3) 20(2)
C(24) 1629(5) 3651(5) 6551(3) 13(1)
C(21) 1051(5) 2136(5) 5123(3) 14(1)
N(4) 2569(5) -2332(5) 1170(3) 21(2)
C(35) 1203(5) 215(4) 3142(3) 13(2)
O(5) 5250(5) -496(5) 718(3) 29(1)
C(15) 5770(5) 1829(5) 5840(3) 14(1)
0(27) 2462(5) 4256(5) 8082(3) 32(1)
0(11) 7107(5) 5553(4) 7579(3) 30(2)
0(32) 3208(5) -3469(4) 1389(3) 30(2)



C(14)
0(25)
C(34)
C(20)
o(7)
C(2)
0(3)
C(19)
C(1)
C(5)
C(33)
C(16)
C(17)
C(23)
k)
C(39)
C(9)
C(32)
C(25)
C(6)
C(11)
C(28)
C(26)
C(13)
C(30)
c(7)
C(27)
C(8)
0(23)
C(31)
C(10)
C(37)
C(29)
C(12)
C(50A)
CI(1A)
CI(2A)
C(50B)
CI(1B)
CI(2B)
C(51A)

5413(5)
-884(5)
621(5)
6654(5)
8716(5)
6472(5)
6805(5)
6874(5)
6266(5)
7124(5)
4759(6)
5117(5)
5363(6)
659(5)
6357(5)
1330(6)
6217(6)
2895(5)
1729(5)
8234(5)
7634(6)
174(7)
37(6)
10218(6)
1451(6)
5582(6)
-1373(7)
4163(7)
1302(5)
627(8)
6883(10)
2461(5)
750(10)
7039(8)
5596(9)
7194(3)
4089(4)
5720(30)
7480(20)
4240(20)
2561(8)

914(5)
2428(5)
1119(4)
3083(5)
-2131(5)
729(5)
3579(4)
3924(5)
-119(5)
-2280(5)
6923(6)
1410(5)
2231(5)
2285(5)
-249(5)
-172(5)
377(6)
5517(5)
4311(5)
-3497(5)
-2902(5)
1631(6)
-1119(6)
-4895(6)
4945(6)
3143(5)
-1969(6)
4020(7)
-1562(4)
6132(7)
1380(8)
-1894(5)
703(8)
-4159(7)
7815(11)
8832(4)
7999(4)
7500(60)
8250(30)
8190(20)
4233(8)

5156(3)
8291(3)
3817(3)
5631(3)
873(3)
2948(3)
2987(4)
6272(3)
3862(3)
3382(3)
5816(4)
6695(3)
7345(3)
6723(3)
2256(3)
1635(3)
717(3)
5336(3)
5588(3)
3629(3)
1195(3)
8267(4)
6043(4)
3123(4)
7778(4)
2926(3)
6060(4)
2954(4)
5970(4)
8150(4)
-54(4)
2697(3)
9042(4)
845(4)
8847(6)
8343(3)
8178(3)
9040(30)
8604(12)
8449(17)
140(4)

13(1)
33(1)
12(1)
15(1)
33(1)
14(1)
45(1)
17(1)
14(1)
16(1)
24(1)
18(1)
19(1)
16(1)
15(1)
19(1)
24(1)
17(1)
16(1)
18(1)
21(1)
27(1)
23(1)
23(1)
24(1)
21(1)
27(1)
31(1)
38(1)
36(1)
41(2)
17(1)
42(2)
34(1)
39(2)
51(1)
48(1)
39(2)
68(6)
57(5)
34(2)
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CI(3A)
CI(4A)
C(51B)
CI(4B)
CI(3B)

3625(3)
615(4)
1800(40)
140(20)
3430(20)

3033(3)
3992(5)
4200(50)
3210(40)
3370(30)

824(2)
488(2)
140(30)
595(19)
540(18)

49(1)
76(1)
34(2)
76(1)
49(1)

328




Table 3. Bond lengths [A] and angles [deg] for 05mz056m.
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0(21)-C(25)
0(21)-C(21)
0(1)-C(5)
0(1)-C(1)
0(4)-C(9)
0(4)-C(3)
0(2)-C(7)
0(2)-C(2)
N(1)-C(14)
N(1)-C(1)
N(1)-H(1B)
0(9)-C(6)
0(9)-C(13)
0(22)-C(26)
0(22)-C(22)
0(26)-C(30)
0(26)-C(24)
0(29)-C(32)
0(29)-C(33)
0(30)-C(34)
0(10)-C(14)
0(12)-N(2)
N(2)-O(11)
N(2)-C(18)
0(6)-C(11)
0(6)-C(4)
0(24)-C(28)
0(24)-C(23)
N(3)-C(34)
N(3)-C(21)
N(3)-H(3B)
C(38)-C(39)
C(38)-C(37)
C(38)-N(4)
0(8)-C(6)
C(4)-C(5)
C(4)-C(3)
C(4)-H(4)
C(18)-C(17)

1.426(5)
1.428(5)
1.419(5)
1.437(5)
1.374(6)
1.420(6)
1.367(6)
1.444(5)
1.332(6)
1.437(6)
0.88
1.317(6)
1.450(5)
1.362(6)
1.433(5)
1.357(6)
1.446(5)
1.318(6)
1.455(6)
1.243(6)
1.237(6)
1.208(6)
1.246(6)
1.471(6)
1.357(6)
1.442(5)
1.350(7)
1.446(5)
1.348(6)
1.433(6)
0.88
1.389(7)
1.391(7)
1.463(6)
1.192(6)
1.531(6)
1.537(6)
1
1.386(7)



C(18)-C(19)
0(28)-C(32)
C(36)-C(35)
C(36)-C(37)
C(36)-H(36)
0(31)-N(4)
C(22)-C(21)
C(22)-C(23)
C(22)-H(22)
C(40)-C(39)
C(40)-C(35)
C(40)-H(40)
C(24)-C(23)
C(24)-C(25)
C(24)-H(24)
C(21)-H(21)
N(4)-0(32)
C(35)-C(34)
0(5)-C(9)
C(15)-C(20)
C(15)-C(16)
C(15)-C(14)
0(27)-C(30)
0(25)-C(28)
C(20)-C(19)
C(20)-H(20)
0(7)-C(11)
C(2)-C(3)
C(2)-C(1)
C(2)-H(2)
0(3)-C(7)
C(19)-H(19)
C(1)-H(1)
C(5)-C(6)
C(5)-H(5)

C(33)-H(33A)
C(33)-H(33B)
C(33)-H(33C)

C(16)-C(17)
C(16)-H(16)
C(17)-H(17)

1.398(7)
1.218(6)
1.381(6)
1.407(7)
0.95
1.222(6)
1.519(6)
1.523(6)
1
1.375(7)
1.402(7)
0.95
1.522(6)
1.529(6)
1

1
1.228(6)
1.490(6)
1.188(7)
1.397(6)
1.400(7)
1.509(6)
1.201(7)
1.201(8)
1.380(7)
0.95
1.228(7)
1.514(6)
1.521(6)
1
1.180(7)
0.95

1
1.540(6)
1

0.98
0.98
0.98
1.384(7)
0.95
0.95
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C(23)-H(23)
C(3)-H@3)
C(39)-H(39)
C(9)-C(10)
C(32)-C(25)
C(25)-H(25)
C(11)-C(12)
C(28)-C(29)
C(26)-0(23)
C(26)-C(27)
C(13)-H(13A)
C(13)-H(13B)
C(13)-H(13C)
C(30)-C(31)
C(7)-C(8)
C(27)-H(27A)
C(27)-H(27B)
C(27)-H(27C)
C(8)-H(8A)
C(8)-H(8B)
C(8)-H(8C)
C(31)-H(31A)
C(31)-H(31B)
C(31)-H(31C)
C(10)-H(10A)
C(10)-H(10B)
C(10)-H(10C)
C(37)-H(37)
C(29)-H(29A)
C(29)-H(29B)
C(29)-H(29C)
C(12)-H(12A)
C(12)-H(12B)
C(12)-H(12C)
C(50A)-CI(2A)
C(50A)-CI(1A)

C(50A)-H(50A)

C(50A)-H(50B)
C(50B)-CI(2B)
C(50B)-CI(1B)
C(50B)-H(50C)

1
1

0.95
1.489(9)
1.520(6)
1
1.482(8)
1.514(8)
1.200(7)
1.483(7)
0.98
0.98
0.98
1.484(7)
1.507(7)
0.98
0.98
0.98
0.98
0.98
0.98
0.98
0.98
0.98
0.98
0.98
0.98
0.95
0.98
0.98
0.98
0.98
0.98
0.98
1.767(8)
1.767(9)
0.99
0.99
1.746(18)
1.748(18)
0.99
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C(50B)-H(50D)
C(51A)-CI(4A)
C(51A)-CI(3A)
C(51A)-H(51A)
C(51A)-H(51B)
C(51B)-CI(3B)
C(51B)-CI(4B)
C(51B)-H(51C)
C(51B)-H(51D)
C(25)-0(21)-C(21)
C(5)-0(1)-C(1)
C(9)-0(4)-C(3)
C(7)-0(2)-C(2)
C(14)-N(1)-C(1)
C(14)-N(1)-H(1B)
C(1)-N(1)-H(1B)
C(6)-0(9)-C(13)
C(26)-0(22)-C(22)
C(30)-0(26)-C(24)
C(32)-0(29)-C(33)
0(12)-N(2)-0(11)
0(12)-N(2)-C(18)
0(11)-N(2)-C(18)
C(11)-0(6)-C(4)
C(28)-0(24)-C(23)
C(34)-N(3)-C(21)
C(34)-N(3)-H(3B)
C(21)-N(3)-H(3B)
C(39)-C(38)-C(37)
C(39)-C(38)-N(4)
C(37)-C(38)-N(4)
0(6)-C(4)-C(5)
0(6)-C(4)-C(3)
C(5)-C(4)-C(3)
0(6)-C(4)-H(4)
C(5)-C(4)-H(4)
C(3)-C(4)-H(4)
C(17)-C(18)-C(19)
C(17)-C(18)-N(2)
C(19)-C(18)-N(2)
C(35)-C(36)-C(37)

0.99
1.768(8)
1.774(7)
0.99
0.99
1.770(17)
1.773(18)
0.99
0.99
110.9(3)
111.03)
117.9(4)
116.6(4)
120.5(4)
119.7
119.7
115.1(4)
118.2(4)
116.7(4)
116.3(4)
124.1(4)
119.2(4)
116.7(4)
117.5(4)
117.1(4)
120.7(4)
119.7
119.7
122.0(4)
119.5(4)
118.5(4)
104.6(4)
109.2(3)
111.7(4)
110.4
110.4
110.4
122.3(4)
118.1(4)
119.6(4)
120.4(4)
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C(35)-C(36)-H(36)
C(37)-C(36)-H(36)
0(22)-C(22)-C(21)
0(22)-C(22)-C(23)
C(21)-C(22)-C(23)
0(22)-C(22)-H(22)
C(21)-C(22)-H(22)
C(23)-C(22)-H(22)
C(39)-C(40)-C(35)
C(39)-C(40)-H(40)
C(35)-C(40)-H(40)
0(26)-C(24)-C(23)
0(26)-C(24)-C(25)
C(23)-C(24)-C(25)
0(26)-C(24)-H(24)
C(23)-C(24)-H(24)
C(25)-C(24)-H(24)
0(21)-C(21)-N(3)

0(21)-C(21)-C(22)
N(3)-C(21)-C(22)

0(21)-C(21)-H(21)
N(3)-C(21)-H(21)

C(22)-C(21)-H(21)
0(31)-N(4)-0(32)

0(31)-N(4)-C(38)

0(32)-N(4)-C(38)

C(36)-C(35)-C(40)
C(36)-C(35)-C(34)
C(40)-C(35)-C(34)
C(20)-C(15)-C(16)
C(20)-C(15)-C(14)
C(16)-C(15)-C(14)
0(10)-C(14)-N(1)

0(10)-C(14)-C(15)
N(1)-C(14)-C(15)

0(30)-C(34)-N(3)

0(30)-C(34)-C(35)
N(3)-C(34)-C(35)

C(19)-C(20)-C(15)
C(19)-C(20)-H(20)
C(15)-C(20)-H(20)

119.8
119.8
107.4(4)
108.2(4)
110.3(4)
110.3
110.3
110.3
120.2(4)
119.9
119.9
109.0(4)
104.6(3)
111.6(4)
110.5
110.5
1105
106.8(4)
110.0(3)
111.0(4)
109.6
109.6
109.6
123.8(4)
118.5(4)
117.7(4)
120.1(4)
122.3(4)
117.5(4)
120.7(4)
122.0(4)
117.2(4)
123.7(4)
119.1(4)
117.2(4)
123.2(4)
119.8(4)
117.0(4)
119.6(4)
120.2
120.2
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0(2)-C(2)-C(3)
0(2)-C(2)-C(1)
C(3)-C(2)-C(1)
0(2)-C(2)-H(2)
C(3)-C(2)-H(2)
C(1)-C(2)-H(2)
C(20)-C(19)-C(18)
C(20)-C(19)-H(19)
C(18)-C(19)-H(19)
O(1)-C(1)-N(1)
O(1)-C(1)-C(2)
N(1)-C(1)-C(2)
O(1)-C(1)-H(1)
N(1)-C(1)-H(1)
C(2)-C(1)-H(1)
O(1)-C(5)-C(4)
O(1)-C(5)-C(6)
C(4)-C(5)-C(6)
O(1)-C(5)-H(®)
C(4)-C(5)-H(5)
C(6)-C(5)-H(5)

0(29)-C(33)-H(33A)

0(29)-C(33)-H(33B)

H(33A)-C(33)-H(33B)

0(29)-C(33)-H(33C)

H(33A)-C(33)-H(33C)
H(33B)-C(33)-H(33C)

C(17)-C(16)-C(15)
C(17)-C(16)-H(16)
C(15)-C(16)-H(16)
C(16)-C(17)-C(18)
C(16)-C(17)-H(17)
C(18)-C(17)-H(17)
0(24)-C(23)-C(24)
0(24)-C(23)-C(22)
C(24)-C(23)-C(22)
0(24)-C(23)-H(23)
C(24)-C(23)-H(23)
C(22)-C(23)-H(23)
0(4)-C(3)-C(2)

0(4)-C(3)-C(4)

107.2(3)
107.3(4)
111.2(4)
110.4
110.4
110.4
118.8(4)
120.6
120.6
107.2(3)
109.4(4)
111.1(4)
109.7
109.7
109.7
110.4(4)
104.8(3)
114.7(4)
108.9
108.9
108.9
109.5
109.5
109.5
109.5
109.5
109.5
119.9(4)
120

120
118.6(5)
120.7
120.7
108.9(4)
104.4(4)
113.5(4)
110

110

110
105.5(4)
110.2(4)
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C(2)-C(3)-C(4)
0(4)-C(3)-H(3)
C(2)-C(3)-H(3)
C(4)-C(3)-H(3)
C(40)-C(39)-C(38)
C(40)-C(39)-H(39)
C(38)-C(39)-H(39)
0(5)-C(9)-0(4)
0(5)-C(9)-C(10)
0(4)-C(9)-C(10)
0(28)-C(32)-0(29)
0(28)-C(32)-C(25)
0(29)-C(32)-C(25)
0(21)-C(25)-C(32)
0(21)-C(25)-C(24)
C(32)-C(25)-C(24)
0(21)-C(25)-H(25)
C(32)-C(25)-H(25)
C(24)-C(25)-H(25)
0(8)-C(6)-0(9)
0(8)-C(6)-C(5)
0(9)-C(6)-C(5)
0(7)-C(11)-0(6)
0(7)-C(11)-C(12)
0(6)-C(11)-C(12)
0(25)-C(28)-0(24)
0(25)-C(28)-C(29)
0(24)-C(28)-C(29)
0(23)-C(26)-0(22)
0(23)-C(26)-C(27)
0(22)-C(26)-C(27)
0(9)-C(13)-H(13A)
0(9)-C(13)-H(13B)
H(13A)-C(13)-H(13B)
0(9)-C(13)-H(13C)
H(13A)-C(13)-H(13C)
H(13B)-C(13)-H(13C)
0(27)-C(30)-0(26)
0(27)-C(30)-C(31)
0(26)-C(30)-C(31)
0(3)-C(7)-0(2)

111.6(3)
109.8
109.8
109.8
119.3(4)
120.4
120.4
123.4(5)
126.4(5)
110.3(5)
125.0(4)
122.3(4)
112.7(4)
104.9(4)
110.6(4)
114.4(4)
108.9
108.9
108.9
126.2(5)
122.1(5)
111.8(4)
122.9(5)
126.7(5)
110.4(5)
123.9(5)
126.2(5)
109.9(5)
122.5(5)
126.5(5)
111.0(5)
109.5
109.5
109.5
109.5
109.5
109.5
123.6(5)
126.7(5)
109.8(5)
124.2(5)
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0(3)-C(7)-C(8)
0(2)-C(7)-C(8)
C(26)-C(27)-H(27A)
C(26)-C(27)-H(27B)
H(27A)-C(27)-H(27B)
C(26)-C(27)-H(27C)
H(27A)-C(27)-H(27C)
H(27B)-C(27)-H(27C)
C(7)-C(8)-H(8A)
C(7)-C(8)-H(8B)
H(8A)-C(8)-H(8B)
C(7)-C(8)-H(8C)
H(8A)-C(8)-H(8C)
H(8B)-C(8)-H(8C)
C(30)-C(31)-H(31A)
C(30)-C(31)-H(31B)
H(31A)-C(31)-H(31B)
C(30)-C(31)-H(31C)
H(31A)-C(31)-H(31C)
H(31B)-C(31)-H(31C)
C(9)-C(10)-H(10A)
C(9)-C(10)-H(10B)
H(10A)-C(10)-H(10B)
C(9)-C(10)-H(10C)
H(10A)-C(10)-H(10C)
H(10B)-C(10)-H(10C)
C(38)-C(37)-C(36)
C(38)-C(37)-H(37)
C(36)-C(37)-H(37)
C(28)-C(29)-H(29A)
C(28)-C(29)-H(29B)
H(29A)-C(29)-H(29B)
C(28)-C(29)-H(29C)
H(29A)-C(29)-H(29C)
H(29B)-C(29)-H(29C)
C(11)-C(12)-H(12A)
C(11)-C(12)-H(12B)
H(12A)-C(12)-H(12B)
C(11)-C(12)-H(12C)
H(12A)-C(12)-H(12C)
H(12B)-C(12)-H(12C)
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125.3(5)
110.3(5)
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
118.0(4)
121
121
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5



CI(2A)-C(50A)-CI(1A)
CI(2A)-C(50A)-H(50A)
CI(1A)-C(50A)-H(50A)
CI(2A)-C(50A)-H(50B)
CI(1A)-C(50A)-H(50B)
H(50A)-C(50A)-H(50B)
CI(2B)-C(50B)-CI(1B)
CI(2B)-C(50B)-H(50C)
CI(1B)-C(50B)-H(50C)
CI(2B)-C(50B)-H(50D)
CI(1B)-C(50B)-H(50D)
H(50C)-C(50B)-H(50D)
CI(4A)-C(51A)-CI(3A)
CI(4A)-C(51A)-H(51A)
CI(3A)-C(51A)-H(51A)
CI(4A)-C(51A)-H(51B)
CI(3A)-C(51A)-H(51B)
H(51A)-C(51A)-H(51B)
CI(3B)-C(51B)-CI(4B)
CI(3B)-C(51B)-H(51C)
CI(4B)-C(51B)-H(51C)
CI(3B)-C(51B)-H(51D)
CI(4B)-C(51B)-H(51D)
H(51C)-C(51B)-H(51D)
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111.1(5)
109.4
109.4
109.4
109.4
108
112.9(16)
109

109

109

109
107.8
109.7(4)
109.7
109.7
109.7
109.7
108.2
111.1(15)
109.4
109.4
109.4
109.4
108
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Table 4. Anisotropic displacement parameters [A? x 10°] for 05mz056m. The
anisotropic displacement factor exponent takes the form: -2 n2 [(h a*)? U11 + ... + 2 h k
a* b* U12]

U1l u22 U33 u23 U13 U12
0(21) 16(1) 15(2) 13(2) -3(1) “1(1) “1(1)
o) 14(1) 15(2) 18(2) -4(1) -6(1) 5(1)
0(4) 28(2) 19(2) 14(2) 3(1) 0(1) 3(1)
0(2) 13(1) 20(2) 18(2) -5(1) -7(1) 6(1)
N(1) 15(2) 19(2) 19(2) 7(2) -4(2) 0(1)
0(9) 16(2) 21(2) 20(2) -2(1) -1(1) 3(1)
0(22) 11(1) 22(2) 23(2) -6(1) 0(1) -2(1)
0(26) 21(2) 19(2) 13(2) -3(1) -2(1) 6(1)
0(29) 15(2) 20(2) 19(2) -2(1) -6(1) -1(1)
0(30) 15(2) 19(2) 17(2) -2(1) -4(1) 3(1)
0(10) 14(1) 16(2) 20(2) -3(1) “1(1) 0(1)
0(12) 31(2) 28(2) 27(2) -8(2) 5(2) 1(2)
N(2) 25(2) 17(2) 26(2) 7(2) -12(2) 6(2)
0(6) 21(2) 18(2) 16(2) 7(1) -4(1) 0(1)
0(24) 19(2) 23(2) 16(2) -1(1) -2(1) 3(1)
N(3) 12(2) 17(2) 17(2) -6(2) -4(2) 1(1)
C(38) 15(2) 16(2) 15(2) -1(2) 2(2) 1(2)
0(8) 33(2) 21(2) 16(2) 6(1) -1(2) 3(2)
C(4) 14(2) 18(2) 12(2) -6(2) -4(2) 2(2)
C(18) 18(2) 17(2) 18(2) -4(2) -2(2) 6(2)
0(28) 35(2) 19(2) 20(2) 1(1) -2(2) -3(2)
C(36) 15(2) 16(2) 15(2) -2(2) -8(2) 2(2)
0(31) 33(2) 37(2) 14(2) 7(2) -2(2) 1(2)
C(22) 12(2) 20(2) 14(2) -3(2) 4(2) -1(2)
C(40) 20(2) 18(2) 22(2) 1(2) -4(2) 2(2)
C(24) 14(2) 13(2) 12(2) -2(2) 0(2) 0(2)
C(21) 10(2) 16(2) 16(2) -3(2) -3(2) -1(2)
N(4) 21(2) 22(2) 19(2) -6(2) 1(2) -3(2)
C(35) 13(2) 10(2) 16(2) -3(2) -2(2) -5(2)
0(5) 31(2) 38(2) 23(2) -13(2) -11(2) 2(2)
C(15) 14(2) 14(2) 14(2) -4(2) -3(2) 5(2)
0(27) 40(2) 40(2) 20(2) -11(2) -12(2) 13(2)
0(11) 41(2) 23(2) 27(2) -10(2) -2(2) -8(2)

0(32) 41(2) 25(2) 27(2) -10(2) 7(2) 9(2)



C(14)
0(25)
C(34)
C(20)
o(7)
C(2)
0(3)
C(19)
C(1)
C(5)
C(33)
C(16)
C(17)
C(23)
E)
C(39)
C(9)
C(32)
C(25)
C(6)
C(11)
C(28)
C(26)
C(13)
C(30)
c(7)
C(27)
C(8)
0(23)
C(31)
C(10)
C(37)
C(29)
C(12)
C(50A)
CI(1A)
CI(2A)
C(50B)
CI(1B)
CI(2B)
C(51A)

11(2)
31(2)
13(2)
13(2)
29(2)
10(2)
28(2)
17(2)
10(2)
19(2)
25(2)
19(2)
20(2)
17(2)
15(2)
21(2)
32(3)
21(2)
14(2)
14(2)
26(2)
30(3)
28(3)
17(2)
27(2)
26(2)
30(3)
38(3)
26(2)
46(3)
59(4)
16(2)
61(4)
43(3)
60(4)
46(1)
52(2)
60(4)
59(8)
49(7)
46(4)

14(2)
45(2)
9(2)
14(2)
33(2)
17(2)
18(2)
15(2)
20(2)
13(2)
21(2)
15(2)
20(2)
17(2)
19(2)
22(2)
22(2)
13(2)
19(2)
16(2)
23(2)
33(3)
19(2)
20(2)
25(2)
20(2)
25(2)
31(3)
17(2)
32(3)
43(4)
15(2)
41(4)
32(3)
35(4)
47(2)
56(2)
35(4)
80(10)
83(8)
38(3)

13(2)
20(2)
10(2)
18(2)
37(2)
14(2)
91(4)
20(2)
13(2)
14(2)
24(3)
20(2)
17(2)
13(2)
10(2)
15(2)
18(2)
17(2)
17(2)
25(2)
13(2)
14(2)
22(2)
31(3)
23(3)
18(2)
27(3)
23(3)
67(3)
36(3)
19(3)
18(2)
18(3)
30(3)
24(4)
70(2)
34(2)
24(4)
66(8)
40(8)
18(3)

1(2)
-2(2)
5(2)
-1(2)
-13(2)
-4(2)
2(2)
-3(2)
-3(2)
-12)
5(2)
3(2)
-12)
1(2)
-5(2)
0(2)
-6(2)
-3(2)
-6(2)
-4(2)
-3(2)
1(2)
1(2)
2(2)
-13(2)
-12)
-3(2)
-5(2)
-2(2)
-23(3)
4(3)
-2(2)
11(2)
-14(2)
-5(3)
-32(2)
-5(1)
-5(3)
A7)
-22(6)
-1(2)

-3(2)
5(2)
1(2)
-3(2)
7(2)
-6(2)
-20(2)
-3(2)
-3(2)
-4(2)
-5(2)
-6(2)
0(2)
0(2)
0(2)
-2(2)
-4(2)
0(2)
-4(2)
-1(2)
-4(2)
2(2)
-3(2)
0(2)
-5(2)
-5(2)
-6(2)
-3(2)
8(2)
-10(3)
-2(3)
-1(2)
0(3)
-13)
-15(3)
-22(1)
-2(1)
-15(3)
-21(6)
6(6)
0(3)

2(2)
4(2)
-3(2)
4(2)
-8(2)
6(2)
-4(2)
4(2)
1(2)
-1(2)
-6(2)
-2(2)
2(2)
-2(2)
-3(2)
3(2)
8(2)
4(2)
1(2)
-4(2)
2(2)
-3(2)
1(2)
10(2)
1(2)
5(2)
-8(2)
14(2)
-1(2)
16(3)
-3(3)
1(2)
13(3)
3(3)
13(3)
8(1)
-10(1)
13(3)
-25(7)
-22(6)
-4(3)
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CI(3A)
CI(4A)
C(51B)
CI(4B)
CI(3B)

49(1)
52(2)
46(4)
52(2)
49(1)

44(1)
94(3)
38(3)
94(3)
44(1)

52(1)
78(2)
18(3)
78(2)
52(1)

4(1)
14(2)
7(2)
14(2)
4(1)

-2(1)
-23(1)
0(3)
-23(1)
2(1)

11(1)
20(2)
-4(3)
20(2)
11(1)
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Table 5. Hydrogen coordinates (x 10*) and isotropic displacement parameters (A? x 10%)

for 05mz056m.
X y z U(eq)
H(1B) 7349 1267 4490 20
H(3B) 2338 752 4495 18
H(4) 8416 -1361 2236 17
H(36) 2246 -1307 3929 18
H(22) 1932 755 6121 19
H(40) 292 1487 2146 24
H(24) 2661 3448 6739 15
H(21) 45 2567 5017 16
H(20) 7102 3355 5051 18
H(2) 7464 1255 2852 16
H(19) 7458 4789 6138 21
H(1) 5229 -557 3973 17
H(5) 6068 -2666 3523 19
H(33A) 5556 6711 5372 36
H(33B) 5206 7041 6356 36
H(33C) 4253 7814 5603 36
H(16) 4505 562 6828 22
H(17) 4950 1942 7931 23
H(23) -435 2540 6774 19
H(3) 5279 -539 2242 17
H(39) 1120 127 1048 23
H(25) 716 4688 5449 19
H(13A) 10814 -4738 3602 35
H(13B) 10896 -4958 2594 35
H(13C) 9634 -5794 3284 35
H(27A) -1673 -1919 5465 40
H(27B) -2176 -1574 6432 40
H(27C) -1202 -2976 6294 40
H(8A) 3747 4009 3564 46
H(8B) 3420 3606 2629 46
H(8C) 4398 5016 2689 46
H(31A) 988 6241 8716 54
H(31B) -456 5906 8233 54
H(31C) 807 7032 7749 54
H(10A) 6085 1976 -305 62
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H(10B) 7359 822 -493 62
H(10C) 7642 2001 131 62
H(37) 2989 -2766 2835 20
H(29A) 102 821 9574 62
H(29B) 1786 996 9105 62
H(29C) 734 -310 8948 62
H(12A) 7422 -4125 229 51
H(12B) 5933 -4134 896 51
H(12C) 7367 -5051 1179 51
H(50A) 5868 6786 8964 47
H(50B) 5271 8146 9415 47
H(50C) 5759 6444 9045 47
H(50D) 5524 7692 9651 47
H(51A) 2869 5240 167 41
H(51B) 2757 4045 -473 41
H(51C) 1877 4265 -504 41
H(51D) 1727 5195 292 41

Table 6. Hydrogen bonds for 05mz056m [A and deg].

D-H..A d(D-H) d(H...A) d(D...A) <(DHA)
N@3)-H@EB): 0.9 2.1 2.842(5) 144
0(10)

N(1)-H(B): 0.9 2.1 2.828(5) 144

O(30)#1
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Table 1. Crystal data and structure refinement for 05mz050m:

Identification code:
Empirical formula:
Formula weight:
Temperature:
Wavelength:
Crystal system:
Space group:

Unit cell dimensions:

Volume, Z:

Density (calculated):
Absorption coefficient:
F(000):

Crystal size:

Theta range for data collection:

Limiting indices:
Reflections collected:
Independent reflections:

Completeness to &= 30.36°:

05mz050m

C20H22N2011

466.40

100(2) K

0.71073 A

Monoclinic

c2

a=21.5913(11) A, o. = 90°

b =5.4411(3) A, p = 117.5780(10)°
¢ = 20.6250(10) A, y = 90°
2147.73(19) A3, 4

1.442 Mg/m®

0.119 mm™

976

0.58 x 0.20 x 0.077 mm

1.11 to 30.36°

-30< h <30, -7< k <7, -29< 1 <29
12709

3566 (R(int) = 0.0192)

100.0 %



Absorption correction:
Max. and min. transmission:

Refinement method:

Data / restraints / parameters:

Goodness-of-fit on F2;
Final R indices [I>20(1)]:
R indices (all data):

Largest diff. peak and hole:

345

multi-scan

1 and 0.8882

Full-matrix least-squares on F?
3566 /1/302

1.032

R1 =0.0330, wR2 = 0.0848

R1 =0.0345, wR2 = 0.0864

0.369 and -0.159 e x A
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Table 2. Atomic coordinates [x 10%] and equivalent isotropic displacement parameters
[A% x 10°] for 05mz050m. U(eq) is defined as one third of the trace of the orthogonalized
U;; tensor.

X y z U(eq)
N(L) 5833(1) 9394(2) 7222(1) 18(1)
0(9) 4142(1) 14884(2) 6515(1) 23(1)
o(1) 5267(1) 12811(2) 7398(1) 17(1)
0(4) 5509(1) 8995(2) 9180(1) 16(1)
0(6) 4161(1) 8966(2) 7892(1) 17(1)
0(2) 6577(1) 8663(2) 8747(1) 17(1)
0(5) 5602(1) 4871(2) 9184(1) 25(1)
0(7) 3666(1) 11715(2) 8332(1) 27(1)
C(16) 5790(1) 5416(3) 6294(1) 20(1)
c(1) 5894(1) 11406(3) 7704(1) 16(1)
0(8) 3452(1) 12429(3) 6768(1) 31(1)
C(6) 7238(1) 9529(3) 9035(1) 17(1)
0@3) 7367(1) 11674(2) 9021(1) 27(1)
N(2) 6302(1) 1771(3) 5091(1) 24(1)
C(3) 5391(1) 9170(3) 8434(1) 15(1)
0(11) 6824(1) 1520(3) 5006(1) 30(1)
C(9) 5864(1) 6992(3) 10303(1) 21(1)
0(10) 5769(1) 541(3) 4767(1) 35(1)
C(4) 4722(1) 10628(3) 8015(1) 15(1)
C(15) 6325(1) 7163(3) 6568(1) 18(1)
C(5) 4665(1) 11423(3) 7273(1) 16(1)
C(2) 6024(1) 10469(3) 8458(1) 15(1)
C(8) 5642(1) 6759(3) 9500(1) 16(1)
C(18) 6316(1) 3644(3) 5611(1) 20(1)
C(19) 6857(1) 5331(3) 5880(1) 21(1)
C(14) 6333(1) 9107(3) 7068(1) 18(1)
C(11) 3081(1) 7902(3) 7815(1) 24(1)
C(17) 5784(1) 3630(3) 5812(1) 21(1)
C(10) 3651(1) 9777(3) 8048(1) 18(1)
C(20) 6857(1) 7104(3) 6363(1) 21(1)
c(7) 7764(1) 7516(3) 9341(1) 21(1)
C(12) 4017(1) 12964(3) 6834(1) 18(1)

C(13) 3537(1) 16397(3) 6084(1) 25(1)




Table 3. Bond lengths [A] and angles [deg] for 05mz050m.
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N(1)-C(14)
N(1)-C(1)
0(9)-C(12)
0(9)-C(13)
0(1)-C(5)
O(1)-C(1)
0(4)-C(8)
0(4)-C(3)
0(6)-C(10)
0O(6)-C(4)
0(2)-C(6)
0(2)-C(2)
0(5)-C(8)
0(7)-C(10)
C(16)-C(17)
C(16)-C(15)
C(16)-H(16)
C(1)-C()
C(1)-H(1)
0(8)-C(12)
C(6)-0(3)
C(6)-C(7)
N(2)-O(11)
N(2)-O(10)
N(2)-C(18)
C(3)-C(4)
C(3)-C(2)
C(3)-H(3)
C(9)-C(8)
C(9)-H(9A)
C(9)-H(9B)
C(9)-H(9C)
C(4)-C(5)
C(4)-H(4)
C(15)-C(20)
C(15)-C(14)
C(5)-C(12)
C()-H)

1.2673(17)
1.4429(18)
1.3285(18)
1.4495(17)
1.4206(15)
1.4219(16)
1.3500(17)
1.4423(15)
1.3562(16)
1.4372(15)
1.3503(15)
1.4453(16)
1.1978(18)
1.200(2)
1.385(2)
1.3976(19)
0.95
1.5343(18)
1
1.1981(17)
1.2032(19)
1.4913(19)
1.2254(17)
1.2280(18)
1.4700(19)
1.5184(18)
1.5195(17)
1
1.5015(17)
0.98

0.98

0.98
1.5395(17)
1
1.3957(17)
1.472(2)
1.5195(19)
1



C(2)-H(2)
C(18)-C(19)
C(18)-C(17)
C(19)-C(20)
C(19)-H(19)
C(14)-H(14)
C(11)-C(10)
C(11)-H(11A)
C(11)-H(11B)
C(11)-H(11C)
C(L7)-H(17)
C(20)-H(20)
C(7)-H(7A)
C(7)-H(7B)
C(7)-H(7C)
C(13)-H(13A)
C(13)-H(13B)
C(13)-H(13C)
C(14)-N(1)-C(1)
C(12)-0(9)-C(13)
C(5)-0(1)-C(1)
C(8)-0(4)-C(3)
C(10)-0(6)-C(4)
C(6)-0(2)-C(2)
C(17)-C(16)-C(15)
C(17)-C(16)-H(16)
C(15)-C(16)-H(16)
0(1)-C(1)-N(1)
0(1)-C(1)-C(2)
N(1)-C(1)-C(2)
O(1)-C(1)-H(1)
N(1)-C(1)-H(1)
C(2)-C(1)-H(L)
0(3)-C(6)-0(2)
0(3)-C(6)-C(7)
0(2)-C(6)-C(7)
0(11)-N(2)-0(10)
O(11)-N(2)-C(18)
0(10)-N(2)-C(18)
0(4)-C(3)-C(4)
0(4)-C(3)-C(2)

1
1.384(2)
1.3904(19)
1.387(2)
0.95

0.95
1.496(2)
0.98

0.98

0.98

0.95

0.95

0.98

0.98

0.98

0.98

0.98

0.98
116.73(12)
114.64(11)
113.43(10)
118.26(10)
117.67(11)
116.52(11)
119.95(12)
120

120
109.76(10)
108.61(10)
111.19(11)
109.1
109.1
109.1
122.49(13)
125.66(13)
111.83(12)
123.65(14)
118.22(13)
118.13(12)
107.03(10)
106.50(10)



C(4)-C(3)-C(2)
O(4)-C(3)-H(3)
C(4)-C(3)-H(3)
C(2)-C(3)-H(3)
C(8)-C(9)-H(9A)
C(8)-C(9)-H(9B)
H(9A)-C(9)-H(9B)
C(8)-C(9)-H(9C)
H(9A)-C(9)-H(9C)
H(9B)-C(9)-H(9C)
0O(6)-C(4)-C(3)
0(6)-C(4)-C(5)
C(3)-C(4)-C(5)
O(6)-C(4)-H(4)
C(3)-C(4)-H(4)
C(5)-C(4)-H(4)
C(20)-C(15)-C(16)
C(20)-C(15)-C(14)
C(16)-C(15)-C(14)
0(1)-C(5)-C(12)
O(1)-C(5)-C(4)
C(12)-C(5)-C(4)
O(1)-C(3)-H()
C(12)-C(5)-H(5)
C(4)-C(5)-H(5)
0(2)-C(2)-C(3)
0(2)-C(2)-C(2)
C(3)-C(2)-C(1)
0(2)-C(2)-H(2)
C(3)-C(2)-H(2)
C(1)-C(2)-H(2)
0(5)-C(8)-0(4)
0(5)-C(8)-C(9)
O(4)-C(8)-C(9)
C(19)-C(18)-C(17)
C(19)-C(18)-N(2)
C(17)-C(18)-N(2)
C(18)-C(19)-C(20)
C(18)-C(19)-H(19)
C(20)-C(19)-H(19)
N(1)-C(14)-C(15)

112.34(11)
110.3
110.3
110.3
109.5
109.5
109.5
109.5
109.5
109.5
105.87(11)
109.18(10)
109.24(10)
110.8
110.8
110.8
120.27(13)
118.97(13)
120.76(12)
109.14(11)
108.92(10)
112.03(10)
108.9
108.9
108.9
104.86(11)
111.91(10)
112.41(10)
109.2
109.2
109.2
124.18(11)
125.32(13)
110.48(12)
123.02(13)
118.66(12)
118.32(13)
117.94(12)
121

121
121.94(13)
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N(1)-C(14)-H(14)
C(15)-C(14)-H(14)
C(10)-C(11)-H(L1A)
C(10)-C(11)-H(11B)
H(11A)-C(11)-H(11B)
C(10)-C(11)-H(11C)
H(11A)-C(11)-H(11C)
H(11B)-C(11)-H(11C)
C(16)-C(17)-C(18)
C(16)-C(17)-H(17)
C(18)-C(17)-H(17)
0(7)-C(10)-0(6)
0(7)-C(10)-C(11)
0(6)-C(10)-C(11)
C(19)-C(20)-C(15)
C(19)-C(20)-H(20)
C(15)-C(20)-H(20)
C(6)-C(7)-H(7A)
C(6)-C(7)-H(7B)
H(7A)-C(7)-H(7B)
C(6)-C(7)-H(7C)
H(7A)-C(7)-H(7C)
H(7B)-C(7)-H(7C)
0(8)-C(12)-0(9)
0(8)-C(12)-C(5)
0(9)-C(12)-C(5)
0(9)-C(13)-H(13A)
0(9)-C(13)-H(13B)
H(13A)-C(13)-H(13B)
0(9)-C(13)-H(13C)
H(13A)-C(13)-H(13C)
H(13B)-C(13)-H(13C)

119

119

109.5
109.5
109.5
109.5
109.5
109.5
118.35(13)
120.8
120.8
124.06(13)
126.08(13)
109.86(13)
120.46(13)
119.8
119.8
109.5
109.5
109.5
109.5
109.5
109.5
124.47(14)
122.77(14)
112.72(11)
109.5
109.5
109.5
109.5
109.5
109.5

350
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Table 4. Anisotropic displacement parameters [A? x 10°] for 05mz050m. The
anisotropic displacement factor exponent takes the form: -2 n2 [(h a*)? U11 + ... + 2 h k
a* b* U12]
U1l u22 U33 u23 U13 U12

N(1) 18(1) 20(1) 18(1) 0(1) 9(1) 0(1)
0(9) 17(1) 21(1) 29(1) 7(1) 8(1) 2(1)
0O(1) 14(1) 17(1) 22(1) 3(1) 9(1) 0(2)
O(4) 20(1) 14(1) 16(1) 0(1) 10(2) 1(1)
O(6) 14(1) 16(1) 22(1) 1(1) 10(1) -2(1)
0(2) 14(1) 14(1) 21(1) 0(1) 7(2) 0(1)
O(5) 37(1) 14(1) 23(1) 0(1) 13(1) 1(1)
O(7) 27(1) 26(1) 37(1) -4(1) 22(1) -1(1)
C(16) 19(2) 22(1) 20(1) 0(1) 10(2) -2(1)
C(1) 14(1) 17(1) 19(1) 0(1) 8(1) -1(1)
0(8) 17(2) 42(1) 35(1) 19(2) 13(2) 5(1)
C(6) 15(1) 18(1) 19(1) -1(1) 9(1) 0(1)
0(@3) 18(1) 18(1) 43(1) 1(1) 12(1) -1(1)
N(2) 24(1) 23(1) 21(1) -3(1) 8(1) 4(1)
C(3) 15(1) 15(1) 15(1) 1(1) 7(1) 0(1)
O(11) 29(1) 31(1) 33(1) -7(1) 18(1) 3(1)
C(9) 19(1) 26(1) 17(1) 2(2) 8(1) 2(1)
0(10) 26(1) 36(1) 39(1) -18(1) 12(1) -4(1)
C4) 14(1) 15(1) 18(1) 1(1) 9(1) -1(2)
C(15) 17(1) 19(1) 17(1) 0(1) 8(1) 2(1)
C(5) 13(1) 18(1) 17(1) 2(1) 8(1) -1(1)
C(2) 14(1) 14(1) 17(1) -1(1) 7(1) 0(2)
C(8) 15(1) 17(1) 18(1) 2(1) 8(1) 1(1)
C(18) 21(2) 19(2) 17(2) -1() 7(2) 4(1)
C(19) 17(2) 26(1) 22(1) -2(1) 10(2) 2(1)
C(14) 17(1) 20(1) 19(1) 0(1) 9(1) -1(1)
C(11) 17(2) 29(1) 26(1) 3(2) 11(2) -5(1)
C(17) 21(1) 21(1) 20(1) -1(1) 8(1) -3(1)
C(10) 17(1) 22(1) 18(1) 5(1) 9(1) 0(1)
C(20) 17(2) 23(1) 23(1) -3(1) 10(2) -2(1)
C(7) 16(1) 18(1) 28(1) 0(1) 9(1) 2(1)
C(12) 18(1) 20(1) 17(1) 2(2) 9(1) 1(1)
C(13) 22(1) 22(1) 26(1) 7(2) 6(1) 5(1)
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Table 5. Hydrogen coordinates (x 10*) and isotropic displacement parameters (A? x 10%)

for 05mz046m.
X y z U(eq)
H(16) 5431 5453 6438 24
H(1) 6292 12483 7763 19
H(3) 5342 7493 8217 18
H(9A) 6369 7278 10568 31
H(9B) 5750 5475 10480 31
H(9C) 5618 8377 10385 31
H(4) 4711 12090 8304 18
H(5) 4646 9921 6985 19
H(2) 6152 11888 8804 18
H(19) 7217 5276 5738 25
H(14) 6724 10179 7282 22
H(11A) 2787 7995 7284 35
H(11B) 2795 8223 8062 35
H(11C) 3287 6257 7947 35
H(17) 5424 2426 5624 25
H(20) 7222 8287 6556 25
H(7A) 8120 7969 9833 31
H(7B) 7985 7260 9025 31
H(7C) 7531 5998 9365 31
H(13A) 3399 17284 6410 38
H(13B) 3150 15350 5753 38
H(13C) 3652 17579 5797 38
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Table 1. Crystal data and structure refinement for 05mz060m:
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Identification code:
Empirical formula:

Formula weight:
Temperature:
Wavelength:
Crystal system:
Space group:

Unit cell dimensions:

Volume, Z:

Density (calculated):
Absorption coefficient:
F(000):

Crystal size:

Theta range for data collection:

Limiting indices:
Reflections collected:
Independent reflections:
Completeness to &= 28.28°:

Absorption correction:

05mz060m
C15H22010

362.33
100(2) K

0.71073 A

Orthorhombic

P212:2;

a=7.3382(3) A, o = 90°
b=14.2727(7) A, B = 90°
c=17.1263(8) A, y = 90°
1793.74(14) A% 4

1.342 Mg/m®

0.114 mm™

768

0.55 x 0.39 x 0.32 mm

1.86 to 28.28°

-9<h <9, -19< k £19, -22< | <22

18674
2547 (R(int) = 0.0208)
100.0 %

multi-scan



Max. and min. transmission:

Refinement method:

Data / restraints / parameters:

Goodness-of-fit on F2:
Final R indices [I>20(1)]:
R indices (all data):

Largest diff. peak and hole:

0.96 and 0.9116

Full-matrix least-squares on F?

2547/0/231
1.076
R1 =0.0345, wR2 = 0.0901

R1 =0.0349, wR2 = 0.0905

0.318 and -0.250 e x A3
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Table 2. Atomic coordinates [x 10%] and equivalent isotropic displacement parameters
[A% x 10°] for 05mz060m. U(eq) is defined as one third of the trace of the orthogonalized
U;; tensor.

X y z U(eq)
C(1) 5555(2) 5134(1) 9470(1) 18(1)
C(2) 3798(2) 4586(1) 9335(1) 17(1)
C(3) 4259(2) 3628(1) 8993(1) 16(1)
C(4) 5421(2) 3741(1) 8265(1) 17(1)
C(5) 7079(2) 4359(1) 8450(1) 17(1)
C(6) 8202(2) 4580(1) 7727(1) 21(1)
c(7) 1101(2) 4710(1) 10108(1) 20(1)
C(8) 393(2) 4588(1) 10925(1) 27(1)
C(9) 1996(2) 2428(1) 9153(1) 19(1)
C(10) 356(2) 2011(1) 8765(1) 22(1)
C(11) 6082(3) 2647(1) 7257(1) 24(1)
C(12) 6658(3) 1659(1) 7104(1) 31(1)
C(13) 10544(3) 4024(2) 6915(1) 40(1)
C(14) 6732(2) 6563(1) 9917(1) 25(1)
C(15) 6140(2) 7549(1) 10110(1) 25(1)
o) 6421(2) 5228(1) 8729(1) 18(1)
0(2) 2895(2) 4460(1) 10072(1) 19(1)
0@3) 249(2) 4991(1) 9562(1) 29(1)
0(4) 2599(2) 3181(1) 8743(1) 19(1)
0(5) 2710(2) 2148(1) 9741(1) 27(1)
0(6) 5987(2) 2816(1) 8037(1) 19(1)
o) 5739(2) 3226(1) 6773(1) 35(1)
0(8) 8019(2) 5269(1) 7334(1) 36(1)
0(9) 9393(2) 3895(1) 7589(1) 27(1)

0(10) 5122(2) 6021(1) 9733(1) 21(1)




Table 3. Bond lengths [A] and angles [deg] for 05mz060m.
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C(1)-0(10)
C(1)-0(1)
C(1)-C)
C(1)-H(1)
C(2)-0(2)
C(2)-C3)
C(2)-H(2)
C(3)-0(4)
C(3)-C(4)
C(3)-H(3)
C(4)-0(6)
C(4)-C(5)
C(4)-H(4)
C(5)-0(1)
C(5)-C(6)
C(5)-H()
C(6)-0(8)
C(6)-0(9)
C(7)-0(3)
C(7)-0(2)
C(7)-C(8)
C(8)-H(8A)
C(8)-H(8B)
C(8)-H(8C)
C(9)-0(5)
C(9)-0(4)
C(9)-C(10)
C(10)-H(10A)
C(10)-H(10B)
C(10)-H(10C)
C(11)-0(7)
C(11)-0(6)
C(11)-C(12)
C(12)-H(12A)
C(12)-H(12B)
C(12)-H(12C)
C(13)-0(9)
C(13)-H(13A)

1.3811(19)
1.4267(19)
1.525(2)

1
1.4362(18)
1.526(2)

1
1.4396(18)
1.519(2)

1
1.4384(18)
1.535(2)

1
1.4145(18)
1.521(2)

1

1.198(2)
1.333(2)
1.194(2)
1.3653(19)
1.502(2)
0.98

0.98

0.98
1.203(2)
1.3573(19)
1.498(2)
0.98

0.98

0.98
1.197(2)
1.3604(19)
1.496(2)
0.98

0.98

0.98
1.442(2)
0.98



C(13)-H(13B)
C(13)-H(13C)
C(14)-0(10)
C(14)-C(15)
C(14)-H(14A)
C(14)-H(14B)
C(15)-H(15A)
C(15)-H(15B)
C(15)-H(15C)
0(10)-C(1)-O(1)
0(10)-C(1)-C(2)
0(1)-C(1)-C(2)
0(10)-C(1)-H(1)
O(1)-C(1)-H(1)
C(2)-C(1)-H(1)
0(2)-C(2)-C(1)
0(2)-C(2)-C(3)
C(1)-C(2)-C(3)
0(2)-C(2)-H(2)
C(1)-C(2)-H(2)
C(3)-C(2)-H(2)
0(4)-C(3)-C(4)
0(4)-C(3)-C(2)
C(4)-C(3)-C(2)
0O(4)-C(3)-H(3)
C(4)-C(3)-H(3)
C(2)-C(3)-H(3)
0(6)-C(4)-C(3)
0(6)-C(4)-C(5)
C(3)-C(4)-C(5)
O(6)-C(4)-H(4)
C(3)-C(4)-H(4)
C(5)-C(4)-H(4)
0(1)-C(5)-C(6)
0(1)-C(5)-C(4)
C(6)-C(5)-C(4)
O(1)-C(5)-H(5)
C(6)-C(5)-H(5)
C(4)-C(5)-H(5)
O(8)-C(6)-0(9)
0(8)-C(6)-C(5)

0.98

0.98
1.4473(19)
1.509(2)
0.99

0.99

0.98

0.98

0.98
107.83(12)
108.98(13)
106.85(12)
111

111

111
108.74(12)
109.14(12)
109.31(12)
109.9
109.9
109.9
106.20(12)
108.89(12)
110.13(12)
1105
1105
1105
106.62(11)
110.75(13)
109.67(12)
109.9
109.9
109.9
106.11(12)
107.63(12)
112.36(12)
110.2
110.2
110.2
125.14(16)
124.52(16)
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0(9)-C(6)-C(5)
0(3)-C(7)-0(2)
0(3)-C(7)-C(8)
0(2)-C(7)-C(8)
C(7)-C(8)-H(8A)
C(7)-C(8)-H(8B)
H(8A)-C(8)-H(8B)
C(7)-C(8)-H(8C)
H(8A)-C(8)-H(8C)
H(8B)-C(8)-H(8C)
0(5)-C(9)-0(4)
0(5)-C(9)-C(10)
0(4)-C(9)-C(10)
C(9)-C(10)-H(10A)
C(9)-C(10)-H(10B)
H(10A)-C(10)-H(10B)
C(9)-C(10)-H(10C)
H(10A)-C(10)-H(10C)
H(10B)-C(10)-H(10C)
0(7)-C(11)-0(6)
0(7)-C(11)-C(12)
0(6)-C(11)-C(12)
C(11)-C(12)-H(12A)
C(11)-C(12)-H(12B)
H(12A)-C(12)-H(12B)
C(11)-C(12)-H(12C)
H(12A)-C(12)-H(12C)
H(12B)-C(12)-H(12C)
0(9)-C(13)-H(13A)
0(9)-C(13)-H(13B)
H(13A)-C(13)-H(13B)
0(9)-C(13)-H(13C)
H(13A)-C(13)-H(13C)
H(13B)-C(13)-H(13C)
0(10)-C(14)-C(15)
0(10)-C(14)-H(14A)
C(15)-C(14)-H(14A)
0(10)-C(14)-H(14B)
C(15)-C(14)-H(14B)
H(14A)-C(14)-H(14B)
C(14)-C(15)-H(15A)

110.33(13)
123.81(16)
125.98(15)
110.21(14)
109.5
109.5
109.5
109.5
109.5
109.5
123.66(15)
126.04(15)
110.30(13)
109.5
109.5
109.5
109.5
109.5
109.5
123.24(16)
126.11(16)
110.66(14)
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
108.11(14)
110.1
110.1
110.1
110.1
108.4
109.5
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C(14)-C(15)-H(15B)
H(15A)-C(15)-H(15B)
C(14)-C(15)-H(15C)
H(15A)-C(15)-H(15C)
H(15B)-C(15)-H(15C)
C(5)-0(1)-C(2)
C(7)-0(2)-C(2)
C(9)-0(4)-C(3)
C(11)-0O(6)-C(4)
C(6)-0(9)-C(13)
C(1)-O(10)-C(14)

109.5
109.5
109.5
109.5
109.5
111.71(11)
116.89(13)
118.22(12)
116.31(12)
115.61(16)
111.91(12)
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Table 4. Anisotropic displacement parameters [A? x 10°] for 05mz060m. The
anisotropic displacement factor exponent takes the form: -2 72 [(h a*)? U1l + ... + 2 h k
a* b* U12]

U1l u22 U33 u23 U13 u12
C(1) 16(1) 17(1) 21(1) “1(1) -2(1) “1(1)
C(2) 16(1) 17(1) 19(1) 2(1) -2(1) -1(1)
C(3) 15(1) 16(1) 18(1) 2(1) -2(1) -2(1)
C(4) 17(1) 15(1) 18(1) 2(1) -2(1) -2(1)
C(5) 16(1) 15(1) 19(1) 0(1) -3(1) -1(1)
C(6) 20(1) 23(1) 22(1) “1(1) 0(1) -6(1)
c(7) 15(1) 18(1) 26(1) -4(1) -1(1) 0(1)
C(8) 22(1) 35(1) 25(1) -4(1) 4(1) -1(1)
C(9) 20(1) 16(1) 20(1) “1(1) 5(1) “1(1)
C(10) 23(1) 19(1) 24(1) -1(1) 2(1) -6(1)
C(11) 30(1) 24(1) 18(1) -2(1) -2(1) -8(1)
C(12) 47(1) 23(1) 23(1) 7(1) 1(1) -5(1)
C(13) 36(1) 51(1) 34(1) -6(1) 16(1) -5(1)
C(14) 16(1) 23(1) 35(1) -8(1) “1(1) -2(1)
C(15) 22(1) 21(1) 34(1) 7(1) -4(1) -1(1)
o(1) 18(1) 14(1) 22(1) 1(1) 1(1) -1(1)
0(2) 16(1) 21(1) 19(1) 3(1) 0(1) 1(1)
0@3) 19(1) 38(1) 29(1) 0(1) -4(1) 5(1)
0(4) 18(1) 18(1) 20(1) 3(1) -3(1) -5(1)
0(5) 30(1) 27(1) 25(1) 8(1) -3(1) -7(1)
0(6) 25(1) 15(1) 17(1) -1(1) -1(1) -2(1)
o(7) 57(1) 30(1) 20(1) 1(1) -4(1) “1(1)
0(8) 47(2) 26(1) 34(1) 9(1) 11(1) -3(1)
0(9) 23(1) 33(1) 24(1) -1(1) 5(1) 1(1)

0(10) 16(1) 17(1) 30(1) -5(1) -2(1) 0(1)
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Table 5. Hydrogen coordinates (x 10*) and isotropic displacement parameters (A? x 10%)

for 05mz060m.
X y z U(eq)
H(1) 6365 4803 9850 21
H(2) 2988 4938 8969 20
H(3) 4903 3232 9388 20
H(4) 4684 4033 7838 20
H(5) 7859 4052 8855 20
H(8A) 731 5134 11240 41
H(8B) 922 4022 11155 41
H(8C) -938 4529 10911 41
H(10A) 720 1454 8469 33
H(10B) -185 2472 8411 33
H(10C) -539 1833 9163 33
H(12A) 5630 1236 7202 46
H(12B) 7670 1494 7451 46
H(12C) 7050 1597 6560 46
H(13A) 9790 4042 6443 61
H(13B) 11409 3503 6878 61
H(13C) 11214 4615 6965 61
H(14A) 7574 6569 9465 30
H(14B) 7375 6283 10368 30
H(15A) 5499 7819 9661 38
H(15B) 7213 7931 10231 38
H(15C) 5324 7538 10562 38
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