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Nitroaromatic compounds have important chemical applications and can be found in
nature as pollution sources. Synthetic nitroaromatic compounds have been used in a
variety of materials including explosives, pharmaceuticals, dyes, plastics, and
pesticides. These compounds can find their way into the environment through normal

or improper disposal methods.

Poly-aromatic compounds are important structural motifs due to their presence in
complex natural products and pharmaceutical scaffolds. Previously, the Carter
laboratory has developed a Diels-Alder Approach to Biaryls (DAB), which provides
access to highly functionalized poly-aromatic compounds. The extension of this
methodology to the synthesis of heterocycles such as poly-aromatic triazoles and
isoxazoles through the use of a [3+2] dipolar cycloaddition utilizing o-

nitrophenylalkynes will be disclosed.

Nitro-polycyclic aromatic hydrocarbons (NPAHs) are potential carcinogenic
compounds found in the atmosphere. NPAHs can be formed as byproducts of the
incomplete combustion of coal, crude oil, gas, tobacco, and other organic substances.

NPAHs are also formed from the reaction of the parent PAHs with atmospheric



oxidants. Due to the harmful nature of PAHs it is important to investigate the
properties of the derivatized versions of these pollutants. The lack of significant
quantities of NPAH’s for full characterization, toxicology studies, and use as
analytical standards have motivated our efforts toward the synthesis and analysis of
these compounds. The direct nitration of benzo[k]fluoranthene (BKF) and
benzo[ghi]perylene (BGHIP) provided separable mixtures of regioisomers. The
regiochemistry and full characterization of the isolated nitrated compounds was
confirmed through a variety of 1D and 2D nuclear magnetic resonance (NMR)
spectroscopic  techniques, infrared (IR) spectroscopy, high-resolution mass
spectroscopy (HRMS), and gas chromatography mass spectroscopy (GC-MS). Prep
HPLC on isolated compounds provided 99% pure samples as shown by GC-MS.
These samples were submitted for Ames testing. A generalized method to access
nitrated BKF derivatives employs palladium cross-coupling reactions to bring

together strategically designed naphthalene components.
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CHAPTER 1: INTRODUCTION

Section 1.1. Nitroaromatic Compounds

Nitroaromatic compounds have important chemical applications and can be found
in nature as pollution sources. Synthetic nitroaromatic compounds have been used in a
variety of materials including explosives, pharmaceuticals, dyes, plastics, and

>3 These compounds can then find their way into the environment through

pesticides.
normal or improper disposal methods. Contributing to nitroaromatic pollutants are
nitrated polycyclic aromatic hydrocarbons (NPAHs). NPAHs are formed from

incomplete combustion of natural or anthropogenic sources. Illustrative examples of a

few different types of these nitroaromatics are presented in Figure 1.1.1.

Explosives  Pharmaceuticals
H :
CHy OH ! NO, 0 OH "
O,N NO, NO, | ~ Cl N
O,N ! N Cl
| > N W,
: N 7 & OH O.N
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1.1.6 117 dinitronaphthalene ! 6-N|trobe:|n§og[a]pyrene 2-Nitrofluoranthene

Figure 1.1.1. Examples of Nitroaromatic Compounds
Nitroaromatic compounds can also be utilized to achieve larger functionalized

molecules. The nitro moiety is a useful functional handle that provides access to



hydroxylamines, azo compounds, hydrazines, amines, amides or lactams (Scheme 1.1.1).
Hydroxylamines can be formed from nitroaromatic compounds through a reaction with
zinc and aqueous ammonium chloride (Scheme 1.1.1, Equation 1).* Nitroaromatics can
also form azo compounds,” which can be further reduced to aryl hydrazines (Scheme
1.1.1, Equation 2).° Nitroaromatics can undergo reduction to produce aromatic amines
(Scheme 1.1.1, Equation 3).” These amines can then be reacted with carboxylic acids to
form amides (Scheme 1.1.1, Equation 3).¥ The formation of lactams is also possible, in
one pot, from reduction of a tethered ortho-nitro moiety and ester moiety with zinc in
acetic acid (Scheme 1.1.1, Equation 4).” The multiple transformations that the nitro
group can participate in make it an excellent substituent for further functionalization of a
molecule.

Scheme 1.1.1. Nitroaromatic Transformation Reactions
(Eq. 1) Synthesis of Generic Hydroxylamine 1.1.12

NO, Zn y
- Xy OH
aq. NH,CI | _

(Eq. 2) Synthesis of Azo and Hydrazine Compounds
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Another exciting application of the nitro moiety is shown through previous work
in the Carter laboratory, which focused on a Diels-Alder approach to construct highly
substituted biaryl scaffolds (Scheme 1.1.2).'° The strategy employed an electron-
deficient aryl alkyne, which included the ortho-nitrophenyl alkyne. This process was
highly regioselective and provided access to tetra-ortho-substituted biaryl compounds.
The o-nitro moiety is most likely responsible for the regioselectivity and unpredictability
of this reaction sequence. The steric congestion of the ortho substituents on the aromatic
ring was inconsequential due to the electron withdrawing nature of the o-nitro moiety
overriding the inherent steric bias. Over 50 products were constructed through this
method. Other comparative reactions, using the para-nitrophenyl alkyne, were also
explored. Interestingly, this modification was not beneficial to the yield of the process.'”
The mechanism of this transformation is likely via the formation of [2.2.2]-bicyclic
intermediate 1.1.24 (Scheme 1.1.2) postulated by the Carter group'® and others.'' We
hypothesized that the ortho-nitro moiety on the aromatic ring is critical in directing the
regioselectivity of this process because of the highly regioselective outcome.

Scheme 1.1.2. Diels Alder Approach to Biaryls

NO, - R NO, O :

i Ro L Y. Re ! R NO- :
| | via [4+2] or ‘ﬁ retro ; Ry
[2+2011.3] & [2+2] | O |

Ly 3

4

z z ;
1.1.22 1.1.23 1.1.24 1.1.25 | 1.1.26 :
>50 examples | (not observed) !

up to 95% yield ‘-t
Polycyclic aromatic hydrocarbons (PAHs), which are known organic pollutants,

have been shown to contain nitro substituents as well. PAHs and NPAHs are formed in



the environment from partial combustion of diesel fuel or organic matter. NPAHs can
also be formed through reaction of the parent PAH with environmental oxidants. '> PAHs
are an environmental concern because of their potential persistence in the environment
and their ability to undergo long-range atmospheric transport.”> PAHs have been found

. . . 14,15
in remote regions, such as the Arctic,

which are nowhere near potential pollution
sources. The presence of the nitro group on PAHs was shown to increase the toxicity of

these compounds.'? Our group was particularly interested in the higher molecular weight

nitrated PAHs (Figure 1.1.2), since there is limited data in the literature on these

compounds.
008 o9 1
- UL <
\ N0, >NO, « _TNO;
1.1.28 1.1.29 1.1.30

Figure 1.1.2. High Molecular Weight Nitrated Polycyclic Aromatic Hydrocarbons
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CHAPTER 2: SYNTHESIS OF DENSELY FUNCTIONALIZED TRIAZOLES
USING ORTHO-NITROPHENYLALKYNES

Section 2.1. Triazole Background

Triazoles can be found in a variety of compounds and are very important in
agriculture and medicines due to their antifungal properties. Albaconazole, fluconazole,'
itraconazole,' posaconazole, ravuconazole, terconazole and voriconazole are all
antifungal medicines, which contain triazoles (Figure 2.1.1).> The triazole functionality
in these fungicides work by inhibiting the biosynthesis of ergosterol. This occurs through
the nitrogen moiety of the triazole binding to cytochrome P-450 and inhibiting the al4-
demethylase enzyme, which is needed to transform lanosterol into ergosterol. In
agriculture, the use of triazole fungicides has been utilized to ensure the survival of
important crops. These fungicides include epoxiconazole, prothioconazole, metconazole
and tebuconazole (Figure 2.1.2)° and have been used as protection against Fusarium
head blight in wheat caused by the fungal pathogen Gibberella zeae (teleomorph) also

. . 4
known as Fusarium graminearum (anamorph).
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Figure 2.1.1. Antifungal Medicine
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Figure 2.1.2. Fungicides Used in Agriculture

Triazoles have also gained interest in the synthetic community due to the nature
of their formation through [3+2] cycloadditions. There has been interest in these dipolar
cycloadditions since their discovery in the 1960’s by Robert Huisgen.” “Click” chemistry
has become the gold standard approach to access triazoles.” The copper catalyzed
reaction of azides with terminal alkynes is shown in Scheme 2.1.1, Equation 1.
Numerous research fields utilize “Click” chemistry, such as polymer chemistry, materials

science,’ chemical biology,® bioorthogonal synthesis,” and pharmacology.'® This reaction



provides excellent regioselectivity for the 1,4-triazole. Ruthenium-based catalysis has

11,12
** These methods are

been shown to reverse the selectivity to provide the 1,5-triazole.
generally ill-suited for disubstituted alkynes. Disubstituted alkynes can be accessed
through copper free dipolar cycloadditions (Scheme 2.1.1, Equation 2). Controlling

regioselectivity of the metal-free reactions, however, has remained a challenge.

Scheme 2.1.1. Alkyne/Azide Dipolar Cycloadditions

(Eqg. 1) Click Chemistry with Monosubstituted Alkynes

N CuSO, ) R 1 R
“N® R, ascorbicacid |Re—=—=Cul, N/\g ! Ry 2
NO * N — | : ‘N/g
N A " N R, N-NT N N
R4 N~ ‘R1 ! =N
2112 2113 2.1.14 2115 | (not%l:;e?ved)

(Eq. 2) Dipolar Cycloaddition with Disubstituted Alkynes
N, ® Ro fe Rz
N rtto A N/\gi Ri. mixture of isomers
‘N‘e * \ N\N Rs + NN R, Often observed
R Rs ; N=p
Ry
21.17 2.1.18 2.1.19 2.1.20

Section 2.2. Results and Discussion

In our synthetic work towards densely functionalized triazoles, the syntheses of
the starting acetylenes were accomplished following standard literature procedures.
Mono-substituted alkynes were obtained from the corresponding nitro-toluene using the
conditions shown in Scheme 2.2.1, Equation 1. The alkynyl halides were obtained
using the Corey-Fuchs olefination'* of the known aldehydes 2.2.4, 2.2.5 and 2.2.9">"
followed by NaHMDS-mediated elimination of the dihalides 2.2.10-2.2.13'®'7 in high
yield (Scheme 2.2.1, Equation 2). The halogenated alkynes were stored at —30 °C and

protected from light. As expected, the chloro alkynes 2.2.14,'® 2.2.15, and 2.2.17 were



more stable than bromo alkyne 2.2.16. The synthesis of the alkynyl ester is shown in
Scheme 2.2.1, Equation 3. Reaction of acetylene 2.2.7 with LDA, followed by addition of
methyl chloroformate 2.2.18 at —78 °C, provided alkynyl ester 2.2.19 in high yield."*
Synthesis of methylated acetylenes performed by previous group members followed
Scheme 2.2.1, Equation 4.'" Standard alkylation methods to obtain methylated
acetylenes were unreliable, which prompted the development of a new method to access
these acetylenes (Scheme 2.2.1, Equation 4) using unconjugated aldehydes.
Unconjugated aldehydes 2.2.22 and 2.2.23 were obtained in high yields, upon hydrolysis
of enamines 2.2.20* and 2.2.21, through divergence of our standard pathway to access
aldehydes such as aldehyde 2.2.4."°°?' The desired methylated compounds 2.2.28 and
2.2.29 were obtained in good yields after treatment of aldehydes with the Ohira-
Bestmann reagent 2.2.6.> The mechanism of this transformation most likely proceeds
via the unconjugated alkynes 2.2.24 and 2.2.25, which first undergo base catalyzed
isomerization to allenes 2.2.26 and 2.2.27 before finally resting as aryl alkynes 2.2.28 and

2.2.29.



Scheme 2.2.1. Synthesis of Alkynyl Substrates

(Eqg. 1) Synthesis of Mono-substituted Alkynes

10

MeO
P‘OMe
NMez 2 OMe
223 226 R NO,
R NO, DMF 140 °C; Il
NalO4 K cO.
2003
221R=Cl H2O’°TCH; (r? " 2.2.4 R = Cl (86%) MeOH 2.2.7 R = Cl (84%)
222R=Me 228R=Me @) . ZRBR=Me(El)
(Eq. 2) Synthesis of Alkynyl Halides
CX4, PPh.
4 3 R NO, NaHMDS R NO,
R NO, CH,Cl, s X THF, —78 °C ll
CHO
X X
229R=H 2.2.10 R=H, X = Cl (69%) 2.2.14 R=H, X = Cl (85%)
22.4R=Cl 2211 R =Cl, X = Cl (84%) 2.2.15 R = Cl, X = Cl (87%)
2.25R=Me 2.2.12 R =Cl, X = Br (85%) 2.216 R=Cl, X = Br (85%)
2.213 R = Me, X = Cl (74%) 2.217 R = Me, X = Cl (82%)
(Eq. 3) Synthesis of Alkynyl Ester
LDA
o) THF cl NO,
Cl NO, + —_—
I CI)]\O/ -78°C Il
CO,Me
227 2218 . 2219 .
(Eq. 4) Synthesis of Methylated Alkynes
MeOYOMe
NMe,
223 R NO,|  TMHCI R NO,
R NO, DMF, 130 °C X Et,0
|
NMe, (0]
221R=Cl 2.220R=Cl 2.2.22 R = Cl (85%)
2.22R=Me 2.2.21 R=Me 2.2.23 R = Me (82%)
o Q
)H(F\’\OMe KoCOjg
OMe MeOH
N2
2.2.6
R NO, R NO, R NO,
! H Xy
Me H H
2.2.28 R = Cl (84%) 2226 R=Cl 2224 R=Cl
2.2.29 R = Me (61%) 2.2.27 R =Me 2.2.25 R =Me

Our lab utilized

cycloaddition to access a variety of densely functionalized triazoles.

the ortho-nitrophenylalkynes and azides in a heated [3+2]

The alkynes
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screened in this transformation can be categorized as monosubstituted alkynes (a-c),
disubstituted alkynes (d-g), and halogenated alkynes (h-k) as seen in Table 2.2.1. The
exploration of the cycloadditions with the monoalkynes began with the simple o-
nitrophenylacetylene 1.1.22. This reaction had not been preformed previously, however,
Feringa and co-workers were able to obtain triazole 2.2.32a in 63% yield, with excellent
selectivity using a phosphoramidate-accelerated copper-catalyzed reaction.> This group
found that reactions with electron deficient alkynes, like 1.1.22, provided low yields and
sluggish reaction times. Our cycloaddition (entry a) provided a very good yield (84%)
for the system, but the regioselectivity was poor (3.4:1). When utilizing “Click”
conditions (CuSQOs, ascorbic acid, and +-BuOH/H,0 (1:1), rt) for the transformation, as
expected, only one regioisomer (2.2.32a) was observed in comparable yield (79%) to the
thermal transformation. Similarly, the reaction of 2-chloro-6-nitrophenylalkyne (entry b)
resulted in poor regioselectivity (2:1) and only moderate yield (59%). This was
contradictory to what was previously observed by our group for the thermal
cycloadditions using these alkynes to form biaryl compounds.'® Substitution of a chlorine
for a methyl group on the aromatic ring provided a decrease in reaction time, with
similarly low regioselectivity (2.3:1). Again, use of “Click” conditions provided a single
regioisomer in excellent yield (98%). Access to the 1,4-triazole through click chemistry
for the monosubstituted alkynes is by far a superior route to the thermal cycloaddition
strategy employed herein. The regioselectivity of the disubstituted alkynes (entries d-g)

was comparable to what was observed for monosubstituted alkynes as well. It is
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important to note, however, that standard “Click” conditions cannot be explored with
disubstituted alkynes due to the mechanism constraints of the reaction (Scheme 2.1.1,
Equation 1). X-ray crystallography was used to confirm the structure of 2.2.33e. Of the
disubstituted alkynes, ester alkyne 2.2.19 (entry f) was the most selective, providing 3.2:1
regioselectivity (2.2.32f :2.2.33f) with an overall yield of 92%. The synthesis of tertiary
alcohol 2.2.34 (entry g) was very slow and low yielding with no selectivity, which was in
contrast to the observed reactivity and selectivity in the biaryl project. The final group of
compounds explored in the thermal [3+2] cycloadditions was the halogenated alkynes.
These halogenated compounds have the potential for rapid derivatization providing
triazole templates. A concurrent computational study performed by the Cheong group'’
indicated a likely increase in selectivity with use of the halogenated alkynes. The
halogenated alkynes did indeed provide higher regioselectivities for all reactions (entries
h-k). Halogenated alkyne 2.2.14 provided a 5.7:1 rr with a 67% yield (entry h). The
reaction required a high temperature of 120 °C and 48 h to complete, which could
account for the reduced selectivity. Substitution of an o-methyl group for the o-chloro
provided similar selectivity (entry 1). Doubly halogenated alkynes 2.2.15 and 2.2.16
proved to be more activated and provided the highest regioselectivity (9:1), with
moderate yields (64-72%) (entries j-k), for these thermal dipolar cycloadditions. Thus,
the halogenated alkynes can be utilized to access high regioselectivity for these

transformations.



13

Table 2.2.1. Scope of Azide Dipolar Cycloaddition with o-Nitrophenyl Acetylenes

©\/N3
2.2.31
Ry NO,  (3equiv.) Ry NO, . Ri NO,
—_—>
Il PhMe NN~ Re Bn-n" X\ Ro

Y NN o
1122 2232 2233

Entry | R, R, Time (h) Temp (°C) | Yield (%) | Ratio
(2.2.32:2.2.33)

a H H 48 80 84 (79 | 3.4:1(1:0)

b Cl H 26 80 59 2:1

c Me |H 96 80 79 (98" | 2.3:1 (1:0)*

d° Me | Me 72 120 43 1:1

e’ Cl Me 24 120 65 2:1

f Cl CO,Me 24 80 92 3.2:1

g Cl C(OH)Ph, |45 120 51 1:1

h H Cl 48 120 67 5.7:1

i Me |Cl 24 120 68 7:1

j Cl Cl 70 80 72 9:1

k Br Br 72 80 64 9:1

(a) reaction conditions: Cu,SQOys, ascorbic acid, --BuOH:H,O (1:1), rt.
(b) reaction performed by previous group member
Halogenated alkynes 2.2.15 and 2.2.16 provided the highest regioselectivities of

the substrates screened in the thermal dipolar cycloadditions with benzyl azide. Because
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of this selectivity, they were suitable substrates for briefly exploring the scope of

substituted azide reactivity (Table 2.2.2).

Cinnamyl azide provided comparable

regioselectivity with the chloro alkyne 2.2.15 (11:1, entry a), but regioselectivity was

significantly reduced with the bromo alkyne 2.2.16 (4:1, entry b). The use of phenyl

azide showed a significant decrease in yield and little regioselectivity for both bromo-

and chloroalkynes.

The final azide screened, tert-butyl azidoacetate, provided high

regioselectivities (9:1) for both alkynes (entries e-f), but only provided modest yields (37-

58%).

Table 2.2.2. Brief Exploration of the Scope of Azide Reactivity in the Cycloaddition

R-Ng

cl NO, o cl NO, (3 equiv.) Cl NO, , NO,

Il If PhMe N RNy X

cl Br NN N=N

2.2.15 2.2.16 2.2.35 2.2.36
Entry | Alkyne | R X | Time | Temp | Overall | Ratio

(h) (°O) yield (2.2.35:2.2.36)
(%)

a 2.2.15 | (E)-PhCH=CHCH,- | Cl |48 80 49 11:1
b 2.2.16 | (E)-PhCH=CHCH,- | Br |29 80 69 4:1
c 2.2.15 | Ph Cl |72 80 36 2:1
d 2.2.16 | Ph Br | 53 120 24 1:1
e 2.2.15 | +~BuO,CCH,- Cl |48 80 37 9:1
f 2.2.16 | -BuO,CCH,- Br |48 80 58 9:1
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The use of aryl halides in Suzuki coupling reactions is a well-known procedure.**
In order to explore this utility, previously reported boroxines and Organ’s catalyst
(PEPPSI-IPr) were examined."’®**  For the case of the ester containing compound
2.2.32f Buckwald’s Ph,X-Phos ligand,*® phenylboronic acid, and Pd(OAc), conditions
proved to be more appropriate (Scheme 2.2.2). Also, microwave irradiation provided
more efficient heating for completion of the reaction. X-ray crystallography was used to
confirm the Suzuki coupling product 2.2.38. An important observation in the use of
unpurified commercial “phenylboronic acid” is the significant amount of boroxine
present as seen by NMR spectroscopy. One can speculate that the boroxine plays an
important role in the coupling transformation. Subsequent derivatization of the highly
aromatic scaffold 2.2.37 is shown in Scheme 2.2.2. The reduction of the ester 2.2.37 to
the corresponding carboxylic acid 2.2.38 (76%) is reported. Nitro reduction of 2.2.37
using Zn/HOAc acid conditions provided the lactam 2.2.39 in moderate yield (52%).
Alcohol 2.2.40 was obtained via reduction of the ester moiety with DIBAL-H.
Subsequent reduction of the nitro group of alcohol 2.2.40 with Zn/HOAc provided the

amino alcohol 2.2.41 in 60% yield over two steps.
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Scheme 2.2.2. Derivativization of Triazoles

Ph NO,
N CO,H
N-N
Bn
2.2.38
LiOH
EtOH, H,0
Pd(OAC), 76%
Ph,oXPhos
PhB(OH),
Cl NO, Zn, AcOH
B I NO, t23h P "
N7 X, —COsMe _— x
N 2-MeTHF N7 X, —COzMe 52% N 0
| uw 100 °C u N-N
Bn 1h, 84% NN ‘Bn
2.2.37 Bn
2.2.32f X-ray 2.2.39
DIBAL-H, CH,Cl,
-78°C,15h
71%
Zn, AcOH
Ph NH, r,2h Ph NO,
84%
N -
N, OH N Non
N-N N-N
Bn Bn
2.2.41 2.2.40

Section 2.3. Conclusion

The utility of dipolar cycloadditions wusing o-nitrophenylalkynes was
demonstrated on a variety of substrates. The regioselectivity of the triazole compounds
was highly dependent on the dipolarophile, with the highest regioselectivities being seen
for the halogenated alkynes. Concurrent computational work showed comparable
regioisomeric ratios to the observed regioisomeric ratios for the cycloaddition products.
The regioselectivity is thought to come from a combination of steric and electronic
effects. Derivatization of the scaffolds was possible and was demonstrated to provide

densely functionalized triazole templates.
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Section 2.4. Experimental Section

General. Infrared spectra were recorded neat unless otherwise indicated and are
reported in cm™. '"H NMR spectra were recorded in deuterated solvents and are reported
in ppm relative to tetramethylsilane and/or referenced internally to the residually
protonated solvent. '>C NMR spectra were recorded in deuterated solvents and are
reported in ppm relative to tetramethylsilane and/or referenced internally to the residually

protonated solvent.

Routine monitoring of reactions was performed using EM Science DC-Alufolien
silica gel, aluminum-backed TLC plates. Flash chromatography was performed with the

indicated eluents on EM Science Gedurian 230-400 mesh silica gel.

Air and/or moisture sensitive reactions were performed under usual inert
atmosphere conditions. Reactions requiring anhydrous conditions were performed under
a blanket of argon, in glassware dried in an oven at 120°C or by flame, then cooled under
argon. Dry THF, Toluene and DCM were obtained via a solvent purification system. All
other solvents and commercially available reagents were either purified via literature

procedures or used without further purification.

—_
. % NO, NO,
S0
2.2.2

225

Aldehyde 2.2.5: To a stirred solution of 2.2.2 (4.56 g, 4.00 mL, 30.17 mmol) in

DMF (75 mL) was added N,N-dimethylformamide dimethyl acetal (DMF*DMA) (10.8 g,
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12.0 mL, 90.3 mmol). After heating at 140°C for 72 h, the dark red solution was cooled
to rt and added quickly to a rapidly stirred solution of NalO4 (21.04 g, 98.37 mmol) in
H,O (74 mL) and DMF (24 mL) at 0°C. The reaction flask was washed with DMF (5
mL) at 0°C and added to NalO4 mixture. The reaction was stirred at 0°C for 2 h, before
warming to rt. The orange solution was filtered and rinsed with Et;O (200 mL). The
filtrate was then washed with H,O (3 x 25 mL) and sat. ag. NaCl (3 x 25 mL). The dried
(NaxSO4) extract was concentrated in vacuo to a dark red oil and purified via flash
chromatography over silica gel, eluting with 10-30% Et,O/Hexanes gave known
aldehyde 2.2.5" (4.390 g, 26.58 mmol, 89%) as an orange solid. 'H NMR (300 MHz,
CDCl) 6 10.32 (s, 1H), 7.99 (dd, J= 1.5, 7.5 Hz, 1H), 7.65-7.50 (m, 2H), 2.45 (s, 3H)

ppm; °C NMR (75 MHz, CDCl;) & 190.4, 148.7, 139.2, 137.0, 131.9, 131.3, 121.9, 19.4

cl NO,
cl NO, \
/N\
2.2.4

2.2.20

Enamine 2.2.20: To a stirred solution of 2.2.4 (3.855 g, 22.46 mmol) in DMF
(50 mL) was added N,N-dimethylformamide dimethyl acetal (DMFeDMA) (8.07 g, 9.00
mL, 67.75 mmol). After heating at 140°C for 16 h, the dark red solution was cooled to rt
and diluted with Et,O (200 mL) and washed with HCI (2 x 50 mL, 10% v/v), sat aq.
NaHCO; (2 x 50 mL), and sat aq. NaCl (2 x 5 mL). The dried (Na;SO4) extract was

concentrated in vacuo to give 2.2.20 (4.940 g, 111.0 mmol, 97%) as a red oil. IR (thin
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film, cm™) 3081, 2847, 2808, 1634, 1585, 1524, 1378, 1101, 952, 866, 835, 774, 752,
723; '"H NMR (300 MHz, CDCl3) & 7.49 - 7.32 (m, 2H), 6.97 (t,J = 7.8 Hz, 1H), 6.70 (d,
J=13.8 Hz, 1H), 5.10 (d, J = 13.8 Hz, 1H), 2.86 (s, 6H) ppm; °C NMR (75 MHz,
CDCl3) § 150.0, 145.5, 133.0, 132.1, 131.9, 123.1, 122.1, 86.9, 39.3 ppm. HRMS (EI+)

calcd. for C;oH;1N,O,Cl (M+) 226.0509, found 226.0508.

Cl NO, Cl NO,
Cl NO, 2
|
No (@]
224

2.2.20 2.2.22

2-(2’-Chloro-6’-nitrophenyl)acetaldehyde (2.2.22): A 2-L, single necked,
round-bottomed flask, equipped with a powder funnel and magnetic stirring bar, was
charged with DMF (1-L) and 2-chloro-6-nitrotoluene 2.2.4, (69.74 g, 406.5 mmol, 1
equiv.). N, N-Dimethylformamide dimethylacetal (162 mL, 1.22 mol, 3 equiv.) was
added via syringe to the yellow solution. The powder funnel was replaced by a Fredrichs
condenser and the mixture was brought to 135°C in a silicon oil bath over 2 hours. The
reaction was covered with aluminum foil to aid heating. After 18 hours, the reaction
evolved to a brick red solution and showed complete conversion via TLC. The mixture
was cooled to room temperature over 2 hours, and then carefully poured over 2 min into a
rapidly, mechanically stirred, ice-cooled solution of sat. aq. NaHCO; (500 mL) and Et,O
(500 mL) in a 2-L Erlenmeyer flask. After 15 min, the solution was transferred to a
separatory funnel and let settle for 15 min. A 1-L portion of the mixture was collected in

an Erlenmeyer flask, and the remaining solution in the separatory funnel was washed
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with 5% aq. NaHCOs (4 x 300 mL). The ethereal partition was collected and set aside.
The previously collected 1-L portion was transferred to a separatory funnel and extracted
with ether (3 x 400 mL) via separatory funnel. The ethereal partitions were combined

and concentrated via rotary evaporation (38°C, 28 mmHg) to give enamine 2.2.20*as a

dark red liquid.”’

A 2-L, three necked, round-bottomed flask, equipped with a mechanical stirrer,
yellow poly-cap and powder funnel, was immersed in a ice-cold water bath, and charged
with the red enamine 2.2.20 oil and diluted with Et,O (300 mL). To the solution was
added 1 M HCI (300 mL), and the powder funnel was replaced by a 90° gas inlet adapter
open to the air. The mixture was allowed to warm to rt over 2.5 hours with vigorous
stirring. The biphasic solution was transferred to a 2-L separatory funnel and the ethereal
partition was collected. The aqueous partition was acidified to pH = 1 with 3M HCI and
was extracted with MTBE (2 x 200 mL). The ethereal partitions were combined and
washed with 10% aq. NaHCOs (2 x 50 mL), H,O (100 mL), and brine (2 x 50 mL), dried
over Na;SOy, filtered and concentrated via rotary evaporation (38°C, 28 mmHg) and then
under high vacuum (50°C, 0.50 mmHg) to provide aldehyde 2.2.22 as a red oil (69.34 g
347.4 mmol, 85%). IR (thin film) 3432, 2844, 2733, 1731, 1580, 1351, 1109, 1019, 876,
802, 730, 667 cm™'; 1H NMR (300 MHz, CDCl3) & 9.74 (s, 1H), 7.97 (dd, J = 8.4, 1.2
Hz, 1H), 7.74 (dd, J = 8.4, 1.2 Hz, 1H), 7.46 (t, J = 8.4, 1H), 4.31 (s, 2H) ppm; °C NMR
(75 MHz, CDCl3) 6 195.5, 150.8, 137.1, 134.3, 129.0, 126.8, 123.5, 44.5 ppm; HRMS

(EI+) calcd. for CgH7sNOsCl1 (M+) 200.0114, found 200.0117.
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/N\

NO, Y
|
O
222

2221 2.2.23

Aldehyde 2.2.23: To a stirred solution containing 2.2.2 (5.26 g, 6.00 mL, 34.8
mmol) and DMF (80 mL), was added N,N-dimethylformamide dimethylacetal (14.0 mL,
12.6 g, 105.7 mmol) was added via syringe to the yellow solution and heated to 140°C.
After 24 hours, the reaction evolved to a brick red solution and cooled to room
temperature, and quenched with aq. NaHCO3 (200 mL, 5% w/v) and extracted with Et,O
(3 x 150 mL). The ethereal partition were combined and concentrated in vacuo to give

enamine 2.2.21 as a dark red liquid (ca. 200 mL).

To a mechanically stirred solution of the dark red enamine 2.2.21 and Et,O (250
mL), was added aq. HCI (250 mL, 10% v/v). After 2.5 hours of vigorous stirring, the
biphasic solution was extracted with Et;O (3 x 100 mL). The ethereal partitions were
combined and washed with aq. NaHCO; (2 x 100 mL, 10% w/v), and sat aq. NaCl (2 x
100 mL). The dried (Na,SO,) extract was in vacuo to provide crude 2.2.23 as a red oil.
Purification via flash chromatography over silica gel, eluting with PhMe gave known
2.2.23% (5.121 g, 28.58 mmol, 82%) as dark orange oil. IR (thin film) 3430, 2842, 2732,
1724, 1610, 1524, 1348, 935, 803, 731, 672 cm™'; 'H NMR (300 MHz, CDCl3) § 9.86 (t,
J=0.9 Hz, 1H), 7.85 (d, J= 8.2 Hz, 1H), 7.51 (d, J= 7.4 Hz, 1H), 7.37 (t, J= 7.9 Hz,

1H), 4.02 (s, 2H), 2.38 (s, 3H) ppm; °C NMR (75 MHz, CDCl;) & 196.8, 150.5, 140.3,



22

135.1, 128.0, 126.5, 122.7, 43.9, 20.4 ppm; HRMS (CI+) caled. for CsHsNO,Cl (M+)

180.0661, found 180.0666.

N o NO, NO,
O x_Cl Il
=0
o]

Cl

229 2.2.10 2.2.14

Chloroacetylene 2.2.14: To a stirred solution of 2.2.9 (4.584 g, 30.33 mmol) and
CH,ClI;, (500 mL), was added CCly (8.61 g, 5.40 mL, 56.0 mmol), and PPh; (23.94 g,
91.27 mmol) at rt. After 6 h, the black solution was concentrated in vacuo until ca. 100
mL of mixture remained. The residue was then purified via flash chromatography over
silica gel, eluting with 10-30% EtOAc/Hexanes to give known 2.2.10'° (4.567 g, 20.95

mmol, 69%) as a crude yellow solid.

To a stirred solution of impure 2.2.10 (4.567 g, 20.95 mmol) and THF (50 mL)
was added NaHMDS (21.0 mL, 21.0 mmol, 1M in THF) at -78°C over 10 min. After 1
h, the reaction was warmed to 0°C and quenched with sat. ag. NH4Cl (50 mL). The
solution was diluted with H,O, extracted with Et;O (3 x 50 mL), washed with sat. aq.
NaCl (1 x 100 mL) and brine (2 x 50 mL). The dried (MgSO,) extract was concentrated
in vacuo to give known 2.2.14'® (3.218 g, 17.82 mmol, 85%) as a beige solid. MP 79-81
°C; IR (neat) 3103, 2845, 2220, 1569, 1519, 1341, 786, 742 cm™'; "H NMR (700 MHz,
CDCl) 6 8.08 (dd, J = 1.0, 8.3 Hz, 1H), 7.68 (dd, J= 1.2, 7.8 Hz, 1H), 7.61 (td, J = 1.3,

7.6 Hz, 1H), 7.51 (td, J = 1.5, 7.4 Hz, 1H) ppm “C NMR (125 MHz, CDCl3) § 150.2,
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135.3, 132.9, 129.0, 124.8, 117.7, 76.3, 64.8 ppm; HRMS (CI+) caled. for CsHsCINO,

(M+H) 182.0009, found 182.0005.

o NO, L NO,
o O I
0]

cl cl
225 2213 2217

Chloroacetylene 2.2.17: To a stirred solution of 2.2.5 (5.828 g, 33.29 mmol) and
CH,Cl; (350 mL), was added CCl4 (8.29 g, 5.20 mL, 52.93 mmol), and PPh; (27.77 g,
105.9 mmol) at rt. After 30 h, the black solution was concentrated in vacuo until ca. 100
mL of mixture remained. The residue was then purified via flash chromatography over
silica gel, eluting with 0-10% EtOAc/Hexanes to give impure 2.2.13 (6.038 g) as a

yellow oil.

To a stirred solution of impure 2.2.13 (3.316 g, 14.29 mmol) and THF (36.0 mL)
was added NaHMDS (15.0 mL, 15.0 mmol, 1M in THF) at -78°C over 10 min turning
from an orange to darks brown solution. After 1 h, the reaction was warmed to 0°C and
quenched with sat. ag. NH4Cl (50 mL). After 5 min, the orange-brown solution was
extracted with Et,O (3 x 50 mL), and washed with sat. agq. NaCl (2 x 20 mL). The dried
(MgSO0,) extract was concentrated in vacuo and purified via flash chromatography over
silica, eluting with 35% Hexanes/PhMe to give 2.2.17 (2.372 g, 12.13 mmol, 85%) as a
yellow solid. MP 93-94 °C; IR (thin film) 2213, 1526, 1456, 1381, 802, 740, 693; 'H

NMR (400 MHz, CDCls) § 7.85 (d, J= 8.2, 1H), 7.51(d, J= 7.6 Hz, 1H), 7.37 (t, J = 8.0,
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1H), 2.55 (s, 3H) ppm; °C NMR (100 MHz, CDCl;) & 151.2, 144.2, 133.9, 128.2, 122.0,
116.9, 80.3, 63.4, 21.2 ppm; HRMS (CI+) calcd. for CoH7NO,Cl (M+H) 196.0165, found

196.0154.

- 2 2 Cl Il
o

Cl cl
224 2.2.1 2.2.15

Chloroacetylene 2.2.15: To a stirred solution of 2.2.4 (3.118 g, 16.80 mmol) and
CH,CI; (170 mL), was added CCly (3.98 g, 2.50 mL, 25.9 mmol), and PPh; (13.36 g,
50.93 mmol) at rt. After 30 h, the black solution was concentrated in vacuo until ca. 50
mL of mixture remained. The residue was then purified via flash chromatography over
silica gel, eluting with 10-30% EtOAc / Hexanes to give 2.2.11 (3.567 g) as an impure

yellow oil.

To a stirred solution of impure 2.2.11 (3.567 g, 14.12 mmol) and THF (35.0 mL)
was added NaHMDS (14.30 mL, 14.30 mmol, 1 M in THF) at -78°C. After 1 h, the dark
brown solution was quenched with sat. aq. NH4Cl (20 mL), extracted with EtOAc (3 x 50
mL), and washed with sat. aq. NaCl (2 x 10 mL). The dried (MgSO,) extract was
concentrated in vacuo and purified by flash chromatography over silica gel, eluting with
20-50 % EtOAc / Hexanes to give 2.2.15 (2.954 g, 13.67 mmol, 97%) as a bright yellow
crystalline solid. MP 93-94 °C; IR (thin film) 2217, 1526, 1338, 1118, 797, 750, 737 cm’
' "TH NMR (300 MHz, CDCl;) & 7.96 (dd, J = 8.1, 1.2 Hz, 1H), 7.72 (dd, J= 8.1, 1.2 Hz,

1H), 7.43 (t, J = 8.2 Hz, 1H) ppm; C NMR (75 MHz, CDCls) & 151.7, 139.5, 13.7,
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128.9, 122.7, 117.3, 82.3, 61.8 ppm; HRMS (EI+) calcd. for CsgHsNO,Cl, 214.9541,

found 214.9539.
| N —_— —_—
¢ L © B I
(6]
Br Br
2.2.4 2.2.12 2.2.16

Bromoacetylene 2.2.16: To a stirred solution of 2.2.4 (2.628 g, 14.16 mmol) and
CH,ClI; (94 mL), was added CBry4 (7.10 g, 2.08 mL, 21.42 mmol), and PPh; (11.23 g,
42.81 mmol, 0.4 M in CH,Cl,) at 0 °C. After 15 h, the black solution was concentrated in
vacuo until ca. 60 mL of mixture remained. The residue was then purifed via flash
chromatography over silica gel, eluting with 0-20% EtOAc / hexanes gave crude 2.2.12

(4.117 g) as an orange solid.

To a stirred solution of impure 2.2.12 (3.051 g, 8.937 mmol) and THF (22 mL)
was added NaHMDS (9.00 mL, 9.00 mmol, 1 M in THF) at -78°C over 5 min. The
reaction was warmed to 0°C. After 2 h, the dark brown mixture was quenched with sat.
aq. NH4Cl (20 mL). The solution was extracted with EtOAc (3 x 20 mL) and washed
with H,O (2 x 10 mL) and sat. ag. NaCl (2 x 10 mL). The dried (MgSQ,) extract was
concentrated in vacuo and purified via flash chromatography over silica gel, eluting with
PhMe to give 2.2.16 (1.971 g, 7.567 mmol, 85%) as a yellow solid. MP 86-88 °C; IR
(thin film) 2220, 1527, 1340, cm™; '"H NMR (400 MHz, CDCls) & 7.85 (dd, J = 8.1, 1.2

Hz, 1H), 7.51 (dd, J = 8.1, 1.2, 1H), 7.37 (t,J = 8.2 Hz, 1H) ppm; "C NMR (75 MHz,
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CDCly) 6 151.7, 139.6, 133.7, 128.9, 122.8, 117.7, 72.2, 65.3 ppm; HRMS (EI+) calcd.

for CsH3NO,CIBr 258.9036, found 258.9035.

O O
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Cl NO Cl NO
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2.2.22 2.2.6 2.2.28

Propyne 2.2.28: To a stirred solution of 2.2.22 (5.412 g, 27.11 mmol) and MeOH
(385 mL) was added K,COj5 (7.635 g, 55.24 mmol), and 2.2.6* (6.253 g, 32.55) dropwise
via syringe at rt. After 4 h, the dark red mixture was quenched with pH 7 buffer (350
mL), concentrated in vacuo, and filtered. The orange solid was washed with H,O (20
mL), dissolved in EtOAc (100 mL) and washed with sat. ag. NaCl (2 x 15 mL). The
dried (MgS0,) extract was concentrated in vacuo to give 2.2.28 (4.467 g, 22.84 mmol,
84%) as an orange solid. MP 100-102 °C; IR (thin film) 3086, 2249, 2208, 1519, 1346,
881, 809, 742 cm™; '"H NMR (300 MHz, CDCl3) & 7.80 (dd, J = 8.1, 1.0 Hz, 1H), 7.64
(dd, J = 8.1, 1.0 Hz, 1H), 7.32 (t, J = 8.2 Hz, 1H), 2.20 (s, 3H); °C NMR (75 MHz,
CDCl3) 6 151.8, 138.6, 133.2, 127.7, 122.4, 118.8, 101.5, 71.8, 5.0; HRMS (EI+) calcd.

for CoHgNO,Cl (M+) 195.0087, found 195.0088.
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2.2.23 2.2.6 2.2.29

Propyne 2.2.29: To a stirred solution of 2.2.23 (4.786 g, 26.71 mmol) and MeOH

(480 mL) was added K,CO; (7.322 g, 52.98 mmol), and 2.2.6** (6.208 g, 32.31 mmol)
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dropwise via syringe at rt. After 15 h, the dark red mixture was quenched with pH 7
buffer (480 mL), concentrated in vacuo, and filtered. The orange solid was washed with
H,0 (20 mL), dissolved in EtOAc (100 mL) and washed with sat. aq. NaCl (2 x 25 mL).
The dried (MgSO4) extract was concentrated in vacuo and purified via flash
chromatography over silica gel, eluting with 0-15% EtOAc/Hexanes to give 2.2.29 (2.845
g, 16.34 mmol, 61%) as an orange solid. MP 42-44 °C; IR (thin film) 2251, 2208, 1607,
1528, 804, 743, 710 cm™'; "H NMR (300 MHz, CDCL;) & 7.55 (d, J = 8.1 Hz, 1H), 7.27
(d, J = 7.5 Hz, 1H), 7.12 (t, J = 7.9 Hz, 1H), 2.48 (s, 3H), 2.16 (s, 3H); °C NMR (75
MHz, CDCls) 6 150.8, 143.2, 133.3, 127.0, 121.3, 118.1, 99.12, 73.3, 20.9, 4.5; HRMS

(EI+) calcd. for C;oHoNO, (M+) 175.0633, found 175.0633.

9 9
[¢]] N02 + )J}‘/P\(OMG)Z B — Cl N02
o N l

224 2.2.6 227

Acetylene 2.2.7: To a stirred solution of 2.2.4 (16.64 g, 89.67 mmol), K,COs
(25.14 g, 181.9 mmol), and MeOH (1.34 L) was added diazophosphonate 33** (24.33 g,
208.7 mmol) at rt. After 4 h, the solution was quenched with sat. aq. NaHCO; (500 mL)
and concentrated in vacuo to remove the MeOH. The solution was diluted with EtOAc
(700 mL) and washed with H,O (3 x 200 mL), and sat. aq. NaCl (2 x 150 mL). The dried
(MgS0s) extract was concentrated in vacuo and purified by flash chromatography over
silica gel, eluting with 1% EtOAc / Hexanes, to give 2.2.7 (13.84 g, 76.22 mmol, 85%) as
a pale yellow solid. MP 94-95 °C; IR (thin film) 3286, 1521, 1351, 808, 756, 736, 681,

'"H NMR (400 MHz, CDCl3) & 7.92 (dd, J = 8.2, 1.1 Hz, 1H), 7.74 (dd, J = 8.2, 1.1 Hz,
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1H), 7.47 (t, J = 8.2, 1H), 3.86 (s, 1H) ppm; °C NMR (100 MHz, CDCl3) & 139.8, 134.0,
129.6, 123.1, 117.6, 109.9, 91.7, 75.3 ppm; HRMS (CI+) caled. for CgHsNO,Cl (M+H)

182.0009, found 182.0005.

o 9
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225 2.2.6

Acetylene 2.2.8: To a stirred solution of 2.2.5 (1.655 g, 10.00 mmol), K,COs
(3.620 g, 26.20 mmol), and MeOH (140 mL) was added diazophosphonate 2.2.6* (2.350
g, 12.23 mmol) slowly, at rt, in ca. 0.2 mL portions over 1 hour. After 3 h, the solution
was quenched with pH 7 buffer (200 mL) and concentrated in vacuo to remove the
MeOH and give crude 2.2.8 as an orange solid (1.387 g). The solid was filtered, and the
mother liquor was diluted with EtOAc (150 mL) and washed with sat. ag. NaCl (2 x 50
mL). The dried (MgSQO,4) extract was concentrated in vacuo, and purified by flash
chromatography over silica gel, eluting with 1% EtOAc/Hexanes, to give crude 2.2.8
(138.5 mg). The crude material isolated from recrystalization and column
chromatography were combined and recrystalized with hexane to give 2.2.8 as a pale
yellow solid (1.422 g, 8.823 mmol, 88%). MP 58-59 °C; IR (thin film) 3284, 2108,
1529, 1349, 797, 778, 736, 645 cm™; '"H NMR (300 MHz, CDCL3) & 7.81 (d, J = 8.1 Hz,
1H), 7.51 (d, J = 7.6 Hz, 1H), 7.38 (t, J = 8.0 Hz, 1H), 3.75 (s, 1H), 2.56 (s, 3H); °C
NMR (75 MHz, CDCls) 6 151.4, 144.2, 133.8, 128.5, 121.8, 116.7, 89.7, 76.7, 21.2;

HRMS (EI+) caled. for CoH7NO, (M+) 161.0477, found 161.0467.
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2.2.30 2.2.31 2.2.32a 2.2.33a

Triazole 2.2.32a and 2.2.33a. To a pressure vessel containing 2.2.30 (73.5 mg,
0.500 mmol) was added PhMe (1 mL) and azide 2.2.31 (199.5 mg, 1.5 mmol)
sequentially at rt. The reaction mixture was sealed under Ar and heated to 80 °C. After
48 h, the crude mixture was cooled to rt, concentrated in vacuo, and purified via flash
chromatography over silica gel, eluting with 20-40% EtOAc/Hexanes to give sequentially
2.2.32a (91.5 mg, 327 umol, 65%, 2.7:1) as a white solid followed by 2.2.33a (26.1 mg,
93.2 pmol, 18.6%) as a pale yellow solid. Major regioisomer 2.2.32a:** Mp 103-105 °C;
IR (neat) 1528, 1359 cm™; 'H NMR (400 MHz, CDCL3) & 8.05 (d, J = 7.8 Hz, 1H), 7.82
(d, J=8.1 Hz, 1H), 7.74 (s, 1H), 7.67 (t, J = 7.7 Hz, 1H), 7.50 (t, J = 7.7 Hz, 1H), 7.38-
7.41 (m, 3H), 7.33 (d, J = 6.5 Hz, 2H), 5.61 (s, 2H) ppm; °C NMR (100 MHz, CDCl;) &
148.2, 142.4 134.3, 132.5, 131.1, 129.2, 128.9, 128.9, 128.0, 124.7, 124.0, 122.9, 54.3
ppm; HRMS (ES+) calcd. for C;sHi3N4O, (M+H) 281.1039, found 281.1029. Minor
regioisomer 2.2.33a: Mp 73-75 °C; IR (neat) 1528, 1350 cm™; 'H NMR (400 MHz,
CDCl3) 6 8.13 (d, J= 7.9 Hz, 1H), 7.66 (s, 1H), 7.62 (t, J= 7.6 Hz, 1H), 7.55 (t, J=17.3
Hz, 1H), 7.18-7.24 (m, 3H), 7.01 (d, J = 7.7 Hz, 1H), 6.94 (d, J = 6.8 Hz, 2H), 5.43 (s,

2H) ppm; “C NMR (100 MHz, CDCly) & 148.5, 134.4, 133.9, 133.2, 133.1, 133.08,
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131.0, 128.7, 128.4, 127.8, 124.9, 122.2, 52.8 ppm; HRMS (ES+) calcd. for Ci5H3N40;

(M+H) 281.1039, found 281.1029.

Triazole 2.2.32a: To a stirred solution of 2.2.30 (73.5 mg, 500 umol) and H,O / ¢-
BuOH (3.00 mL, 1:1) was added ascorbic acid (14.5 mg, 82.5 pmol), Cu,SO4*5H,0 (6.5
mg, 26 umol) and azide 2.2.31 (199.5 mg, 1.5 mmol) sequentially at rt. After 19 h, the
mixture was filtered and washed with hexanes to give the sole regioisomer 2.2.32a”

(110.1 mg, 393 pmol, 79%) as a beige solid.

R P

227 2.2.31 2.2.32b 2.2.33b

Triazoles 2.2.32b and 2.2.33b: To a pressure vessel containing 2.2.7"**" (45.6
mg, 0.251 mmol) was added PhMe (500 pL) and azide 2.2.31 (100 mg, 750 pmol) at rt.
The reaction mixture was sealed under Ar and heated to 80 °C. After 26 h, the crude
mixture was cooled to rt, filtered through celite eluting with 100% EtOAc and
concentrated in vacuo to give an inseparable mixture of regioisomers (46.6 mg, 0.148
mmol, 59%, 2:1 (2.2.32b:2.2.33b)). Mp 174-175 °C; IR (thin film) 3077, 2879, 1527,
1362, 1229, 1089, 760, 729 cm™; '"H NMR (700 MHz, CDCl;) § 7.95 (d, J= 8.2 Hz, 1H
of minor), 7.80 (dd, J= 8.1, 1.2 Hz, 1H of major), 7.75 (s, 1H of major), 7.72 (dd, J =
8.1, 1.2 Hz, 1H of major), 7.71 (d, J= 8.2 Hz, 1H of minor), 7.69 (s, 1H of minor), 7.61

(t, J= 8.2 Hz, 1H of minor), 7.49 (t, J = 8.1 Hz, 1H of major), 7.45-7.35 (m, 3H of
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major), 7.35-7.25 (m, 2H of major), 7.25 (t, J= 7.3 Hz, 1H of minor), 7.20 (t, /= 7.5 Hz,
2H of minor), 7.03 (d, J= 7.5 Hz, 2H of minor), 5.67 (s, 2H of major), 5.45 (dd, J= 15.0
Hz, 2H of minor) ppm. °C NMR (175 MHz, CDCl3) § 151.4, 139.6, 135.9, 134.4, 134.1,
133.4, 131.6, 129.9, 129.2, 128.8, 128.7, 128.6, 128.3, 127.8, 124.5, 124.2, 123.1, 122.6,

54.3, 53.4; HRMS (EI+) caled. for CisH;1N40,C1 (M+H) 314.0570, found 314.0581.

B — B2 B

2.2.8 2.2.31 2.2.32¢ 2.2.33¢c

Triazoles 2.2.32¢ and 2.2.33c: To a pressure vessel containing 2.2.8 (39.9 mg,
0.248 mmol) was added PhMe (500 pL) and azide 2.2.31 (133 mg, 1 mmol) at rt. The
reaction mixture was sealed under Ar and heated to 80 °C. After 96 h, the crude mixture
was cooled to rt, concentrated in vacuo to give an inseparable mixture of regioisomers
(70.2 mg, 0.197 mmol, 79%, 2.3:1 (2.2.32¢:2.2.33¢)). Regioisomer mixture: Mp 152-153
°C; IR (neat) 3077, 1529, 1362, 807 cm™; "H NMR (700 MHz, CDCl3) § 7.94 (d, J = Hz,
1H of minor), 7.70 (d, J = 7.8 Hz, 1H of major), 7.60 (s, 1H of minor), 5.64 (s, 2H of
major), 7.56 (t, J = 7.9 Hz, 1H of minor), 7.52 (d, /= 7.5 Hz, 1H of minor), 7.59-7.18 (m,
8H of major), 7.21 (t, J= 7.5 Hz, 2H of minor), 7.00 (d, J= 7.4 Hz, 2H of minor), 5.65
(d, 1H of minor), 5.13 (d, J = 15.0 Hz, 1H of minor), 2.26 (s, 3H of major). °C NMR
(175 MHz, CDCls3) 6 150.8, 149.7, 142.1, 141.5, 140.7, 134.8, 134.6, 134.1, 133.8, 133.7,

131.4,130.7, 129.2, 129.1, 128.8, 128.7, 128.6, 128.5, 127.8, 124.4, 123.2, 122.3, 121.4,
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121.1, 54.2, 53.0, 20.7, 19.6 ppm. HRMS (ES+) calcd. for C;sHisN4O, (M+H) 295.1195,

found 295.1208.

Triazole 2.2.32¢: To a stirred solution of 2.2.8 (111.6 mg, 692.3 umol) and H,O /
t-BuOH (3.00 mL, 1:1) was added ascorbic acid (20.1 mg, 114 umol), Cu;SO4*5H,0 (9.0
mg, 36 pmol) and azide 2.2.31 (293.4 mg, 2.196 mmol) sequentially at rt. Upon addition
of azide 2.2.31 a white ppt formed. After 12 h, the mixture was filtered and washed with
hexanes to give the sole regioisomer 2.2.32¢ (199.6 mg, 678.3 umol, 98%) as a pure

white solid.

- ; :No2
NO, ©AN3 .
N
I ‘

Lo

2.2.29 2.2.31 2.2.32d 2.2.33d
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Triazole 2.2.32d and Triazole 2.3.33d: To a pressure vessel containing 2.2.29
(69.2 mg, 390.5 pumol) was added PhMe (800 pL) and azide 2.2.31 (174.3 mg, 1.309
mmol) at rt. The reaction mixture was sealed under Ar and heated to 120°C. After 72 h,
the reaction was cooled to rt, concentrated in vacuo, and purified via flash
chromatography over silica gel, eluting with 20-40% EtOAc/Hexanes to give an
inseparable mixture of regioisomers (50.3 mg, 168 pmol, 43%, 1:1 (2.2.32d:2.3.33d)) as
a yellow oil. Regioisomer mixture: IR (neat) 1529, 1496, 1455, 1353, 1016, 914, 804,
754,731 em™; "H NMR (400 MHz, CDCLs) & 7.88 (d, J = 8.1 Hz, 1H), 7.75 (d, J = 8.0

Hz, 1H), 7.58-7.47 (m, 2H), 7.46-7.39 (m, 2H), 7.38-7.27 (m, 3H), 7.26-7.09 (m, 5H),
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6.92 (d, J = 7.3 Hz, 2H), 5.56 (s, 2H), 5.49 (d, J = 14.9 Hz, 1H), 5.05 (d, J = 14.9 Hz,
1H), 2.15 (s, 3H), 2.06 (s, 3H), 2.00 (s, 3H), 1.50 (s, 3H) ppm; C NMR (100 MHz,
CDCls) § 150.9, 149.8, 142.5, 142.1, 141.5, 140.2, 134.8, 134.7, 134.3, 134.0, 132.0,
130.7, 129.4, 129.1, 128.6, 128.6, 128.5, 128.3, 128.3, 126.7, 124.9, 122.2, 121.7, 121.0,
53.2, 52.0, 20.2, 19.1, 10.2, 8.2 ppm; HRMS (EI+) caled. for Ci7H;sN4O, (M+)

308.1273, found 308.1288.
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2.2.28 2.2.31 2.2.32¢ 2.2.33e

Triazole 2.2.32¢ and Triazole 2.2.33e: To a pressure vessel containing 2.2.28
(316.2 mg, 1.909 mmol) was added PhMe (2.00 mL) and azide 2.2.31 (1.066 mg, 8.006
mmol) at rt. The reaction mixture was sealed under Ar and heated to 120°C. After 24 h,
the reaction was cooled to rt, concentrated in vacuo and purified via flash
chromatography over silica gel, eluting with 20-40% EtOAc/Hexanes to give an
inseparable mixture of regioisomers (405.4 mg, 1.233 mmol, 65%, 2:1 (2.2.32e:2.2.33e))
as a yellow oil. Regioisomer mixture: IR (neat) 1733, 1533, 1455, 1437, 1359, 1122, 883,
806, 728 cm™'; '"H NMR (300 MHz, CDCl;) & 7.95 (dd, J = 8.1, 1.3 Hz, 1H of minor),
7.90 (dd, J = 8.1, 1.2 Hz, 1H of major), 7.76 (dd, J = 8.1, 1.2 Hz, 1H of major), 7.69 (dd,
J=28.1, 1.3 Hz, 1H of minor), 7.59 (t, J= 8.1 Hz, 1H of minor), 7.55 (t,J= 8.1 Hz, 1H of
major), 7.48-7.34 (m, 3H of major/minor), 7.24-7.14 (m, 2H of major/minor), 6.99-6.94

(m, 1H of minor), 5.40 (d, J = 12.7 Hz, 1H of minor), 5.62 (s, 2H of major), 5.32 (d, J =
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12.7 Hz, 1H of minor), 2.16 (s, 3H of minor), 2.12 (s, 3H of major) ppm; >C NMR (75
MHz, CDCls) 6 151.7, 138.7, 137.9, 134.6, 134.2, 133.6, 132.8, 132.6, 131.5, 130.4,
129.1, 128.6, 128.4, 128.34, 128.31, 128.1, 126.7, 125.2, 123.1, 122.7, 52.1, 53.5, 10.3,

8.5 ppm. HRMS (EI+) calcd. for C;6H3N4O,Cl (M+) 328.0727, found 328.0723.
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2.2.19 2.2.31 2.2.32f 2.2.33f

Triazole 2.2.32f and 2.2.33f. To a pressure vessel containing 2.2.19 (220 mg,
917 umol) was added PhMe (2 mL) and azide 2.2.31 (366 mg, 2.75 mmol) sequentially at
rt. The reaction mixture was sealed under Ar and heated to 80 °C. After 24 h, the crude
mixture was cooled to rt, concentrated in vacuo, and purified via flash chromatography
over silica gel, eluting with 30-40% EtOAc/Hexanes to give a separable mixture of
regioisomers 2.2.32f / 2.2.33f (315.3 mg, 845 pmol, 92% yield, 3.2:1). Major
regioisomer 2.2.32f: IR (neat) 1731, 1536, 1479, 1347, 1260, 1212, 1158, 1101 cm'l; 'H
NMR (400 MHz, CDCl3) 6 8.05 (dd, J = 0.6, 8.3 Hz, 1H), 7.79 (dd, J = 0.6, 8.1 Hz, 1H),
7.61 (t,J = 8.2 Hz, 1H), 7.33-7.38 (m, 3H), 7.29 (d, J = 6.4 Hz, 2H), 6.02 (s, 2H), 3.66 (s,
3H) ppm; °C NMR (100 MHz, CDCl3) § 158.0, 150.2, 144.4, 137.0, 135.0, 134.2, 130.6,
128.9, 128.4, 127.3, 1259, 125.6, 123.0, 54.3, 52.6 ppm; HRMS (EI+) calcd. for
C17H13N404Cl (M+) 372.0625, found 372.0637. Minor regioisomer 2.2.33f: Mp 125-129
°C; IR (neat) 1733, 1536, 1474, 1355, 1209, 1063 cm™; '"H NMR (400 MHz, CDCl3) &

8.10 (dd, J = 1.0, 8.2 Hz, 1H), 7.76 (dd, J = 1.0, 8.0 Hz, 1H), 7.65 (t, J = 8.2 Hz, 1H),
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7.24-7.27 (m, 1H), 7.20 (t, J = 7.3 Hz, 2H), 7.02 (d, J = 7.4 Hz, 2H), 5.52 (d, J = 15.0 Hz,
1H), 5.39 (d, J = 14.9 Hz, 1H), 3.82 (s, 3H) ppm; *C NMR (100 MHz, CDCl;) 5 160.8,
149.0, 137.6, 136.8, 135.1, 134.7, 132.4, 131.9, 128.9, 128.7, 128.5, 123.6, 121.7, 53.9,

52.2 ppm; HRMS (EI+) calcd. for C;7H3N404C1 (M+) 372.0625, found 372.0621.

cl NO, Ph cl NO,
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2.2.34 2.2.31 2.2.32¢g 2.2.33¢g

Triazole 2.2.32g and 2.2.33g. To a pressure vessel containing 2.2.34 (10 mg,
27.5 umol) was added PhMe (60 puL) and azide 2.2.31 (11 mg, 82.5 umol) sequentially at
rt. The reaction mixture was sealed under Ar and heated to 120 °C. After 45 h, the crude
mixture was cooled to rt, concentrated in vacuo, and purified via flash chromatography
over silica gel, eluting with 0-40% EtOAc/Hexanes to give a mixture of regioisomers (7.0
mg, 2.00 pmol, 51%, 1:1 (2.2.32g:2.2.33g)). Analytical samples of the individual isomers
could be obtained by preparative thin layer chromatography over silica gel, eluting with
30% EtOAc/Hexanes to give sequentially 2.2.33g then 2.2.32g. Regioisomer 2.2.32g: IR
(neat) 3286, 2919, 1531, 1447, 1346, 1025, 737 cm™; '"H NMR (700 MHz, CDCl3) § 7.76
(dd, J=1.0, 8.3 Hz, 1H), 7.45 (dd, J= 1.0, 8.0 Hz, 1H), 7.31 (m, 4H), 7.27 (m, 3H), 7.15
(m, 4H), 7.11 (m, 2H), 7.07 (m, 3H) 5.41 (s, 2H), 3.04 (s, 1H) ppm; °C NMR (175 MHz,
CDCl;) & 149.1, 142.9, 142.6, 140.0, 138.1, 137.7, 135.5, 134.0, 129.5, 128.7, 128.23,

128.16, 128.13, 128.07, 127.9, 127.5, 126.5, 126.2, 123.1, 53.8 ppm; HRMS (ES+) calcd.
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for Cy7H9CIN4NaOs (M+Na) 505.1043, found 505.1047. Regioisomer 2.2.33g: IR (neat)
3401, 3062, 2925, 1724, 1532, 1448, 1347, 758 cm™'; 'TH NMR (700 MHz, CDCl3) § 7.16
(dd, J= 1.0, 8.3 Hz, 1H), 7.46 (dd, J = 1.1, 8.0 Hz, 1H), 7.37 (t, J = 8.2 Hz, 1H), 7.24 (m,
3H), 7.18 (t,J = 7.7 Hz, 1H), 7.13 (m, 4H), 6.98 (d, J = 7.6 Hz, 1H), 5.36 (d, J = 15.0 Hz,
1H), 5.24 (d, J = 14.9 Hz, 1H), 3.29 (s, 1H) ppm; °C NMR (175 MHz, CDCl3) & 150.0,
149.1, 144.73, 144.68, 137.6, 134.0, 133.0, 130.8, 128.8, 128.64, 128.56, 128.5, 127.8,
127.7, 127.5, 127.4, 1272, 1233, 123.2, 53.5 ppm; HRMS (ES+) calcd. for

C27H19C1N4N303 (M+Na) 5051043, found 505.1047.
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2.2.14 2.2.31 2.2.32h 2.2.33h

Triazole 2.2.32h and 2.2.33h. To a pressure vessel containing 2.2.14 (90.5 mg,
0.500 mmol) was added PhMe (1 mL) and azide 2.2.31 (199.5 mg, 1.5 mmol)
sequentially at rt. The reaction mixture was sealed under Ar and heated to 120 °C. After
24 h, the crude mixture was cooled to rt, concentrated in vacuo, and purified via flash
chromatography over silica gel, eluting with 10-30% EtOAc/Hexanes to give sequentially
2.2.32h (87.9 mg, 280 pmol, 56%, 5.7:1) as an orange oil followed by 2.2.33h (16 mg,
50.9 umol, 10%) as a pale yellow solid. Major regioisomer 2.2.32h: IR (neat) 1533,
1352 cm™; 'H NMR (400 MHz, CDCl;) & 8.05 (d, J = 8.1 Hz, 1H), 7.70-7.72 (m, 2H),

7.61 (t, J = 7.3 Hz, 1H), 7.35 (m, 5H), 5.61 (s, 2H) ppm; °C NMR (100 MHz, CDCl;) 3
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148.5, 139.9, 133.6, 133.0, 132.2, 130.0, 129.1, 128.8, 128.7, 127.7, 124.9, 124.1, 123.7,
52.4 ppm; HRMS (ES+) calcd. for C;sH;2N4O,Cl (M+H) 315.0649, found 315.0649.
Minor regioisomer 2.2.33h: Mp 100-102 °C; IR (neat) 1528, 1346, 1284 cm™; '"H NMR
(400 MHz, CDCl3) 6 8.22 (d, J = 8.1 Hz, 1H), 7.70 (t, J = 7.8 Hz, 1H), 7.62 (t, J = 7.4
Hz, 1H), 7.20-7.25 (m, 3H), 7.02 (d, J = 7.5 Hz, 1H), 6.96 (d, J = 7.2, 2H), 5.60 (d, J =
15.1 Hz, 1H), 5.23 (d, J = 15.1 Hz, 1H) ppm; “C NMR (100 MHz, CDCl;) & 148.1,
134.8, 133.6, 133.5, 133.1, 131.6, 130.0, 128.8, 128.7, 127.9, 125.4, 120.4, 54.2 ppm;

HRMS (EI+) calcd. for Ci5H;1N4O,Cl (M+) 314.0571, found 314.0567.

@%%@ o

2217 2.2.31 2.2.32i 2.2.33i

Triazole 2.2.32i and Triazole 2.2.33i: To a pressure vessel containing 2.2.17
(639.2 mg, 3.268 mmol) was added PhMe (6.00 mL) and azide 2.2.31 (1.531 mg, 11.50
mmol) at rt. The reaction mixture was heated to 120°C. After 24 h, the reaction was
cooled to rt, concentrated in vacuo and purified via flash chromatography over silica gel,
eluting with 20-40% EtOAc/Hexanes to give an inseparable mixture of regioisomers
(733.6 mg, 2.23 mmol, 68%, 7:1 (2.2.32i:2.2.33i)) as a yellow oil. Regioisomer mixture:
IR (neat) 1534, 1459, 1369 cm™'; '"H NMR (400 MHz, CDCls) & 8.03 (d, J = 8.1 Hz, 1H
for minor), 7.90 (d, /= 8.0 Hz, 1H for major), 7.61-7.59 (m, 1H for minor), 7.58 (d, J =
8.0 Hz, 1H for major), 7.51 (t, J = 8.0 Hz, 1H for major), 7.48 (d, J = 8.1 Hz, 1H for

minor), 7.44-7.32 (m, 3H for major/minor), 7.31-7.25 (m, 2H for major), 7.19 (t, J = 7.2
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Hz, 2H for minor), 6.96 (d, J = 7.4 Hz, 2H for minor), 5.89 (d, J = 14.8 Hz, 1H for
minor), 5.65 (s, 2H for major), 5.09 (d, J = 14.8 Hz, 1H for minor), 2.24 (s, 3H for
major), 1.59 (s, 3H) ppm; C NMR (100 MHz, CDCls) & 150.2, 149.1, 142.4, 141.5,
139.1, 135.4, 134.8, 133.8, 133.0, 131.4, 130.0, 129.1, 128.9, 128.8, 128.6, 128.5, 127.3,
124.6, 122.8, 122.8, 122.3, 119.0, 54.4, 52.3, 20.1, 19.1 ppm; HRMS (CI+) calcd. for

CisH14aN4O,C1 (M+) 329.0805, found 329.0791.

NO,

cl NOg Ng c NO, . cl
—_—
I NN NN Cl
N-N N=N
Cl

2.2.15 2.2.31 2.2.32) 2.2.33j

Triazole 2.2.32j and Triazole 2.2.33j: To a pressure vessel containing 2.2.15
(54.2 mg, 253 pmol) was added PhMe (500 pL) and azide 2.2.31 (100 mg, 750 pmol) at
rt. The reaction mixture was sealed under Ar and heated to 80°C. After 70 h, the
reaction was cooled to rt, concentrated in vacuo, and purified via flash chromatography
over silica gel, eluting with 0-30% EtOAc / Hexanes to give to give a separable mix of
regioisomers 2.2.32j / 2.2.33j (63.3 mg, 181 umol, 72 %, 9:1). Major regioisomer
2.2.32j: IR (neat) 1608, 1533, 1355, 1226, 991, 883, 808, 759, 727, 704 cm™'; '"H NMR
(700 MHz, CDCls) 6 7.99 (d, J= 8.2 Hz, 1H), 7.80 (d, J = 8.1 Hz, 1H), 7.61 (t, J = 8.1
Hz, 1H), 7.42 (t, J= 7.2 Hz, 2H), 7.37 (t, J= 7.2 Hz, 1H), 7.29 (d, J= 7.1 Hz, 2H), 5.66
(s, 2H) ppm; >C NMR (175 MHz, CDCls) & 151.0, 137.5, 134.1, 133.7, 131.1, 129.1,
128.6, 127.2, 125.5, 123.2, 123.1, 52.4 ppm; HRMS (ES+) caled. for C;sH;iN4O>Cl,

(M+H) 349.0259, found 349.0270. Minor regioisomer 2.2.33j: IR (neat) 3090, 2920,
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1533, 1345, 1285, 804, 745 cm™'; '"H NMR (700 MHz, CDCl;) & 8.07 (dd, J = 1.1, 8.3
Hz, 1H), 7.75 (dd, J= 1.2, 8.1 Hz, 1H), 7.66 (t, J= 8.2 Hz, 1H), 7.26 (t, J= 7.5 Hz, 2H),
7.19 (t, J= 7.8 Hz, 1H), 7.00 (d, J = 7.1 Hz, 2H), 5.44 (d, J = 14.9, 1H), 5.40 (d, J =
14.9, 1H) ppm; >C NMR (175 MHz, CDCls) & 149.6, 138.0, 134.7, 132.5, 132.3, 129.2,
128.9, 128.8, 128.4, 127.8, 123.6, 120.0 ppm; HRMS (ES+) calcd. for C;5H;N4O,Cl,

(M+H) 349.0259, found 349.0245.

Cl N03 N3 ¢] NOZ Cl N02
+ _— \_-Br +
Il N, NN~ Br
N-N N=N
Br
2.2.16 2.2.31 2.2.32k 2.2.33k

Triazole 2.2.32k and Triazole 2.2.33k: To a pressure vessel containing 2.2.16
(21 mg, 80.7 umol) was added PhMe (160 pL) and azide 2.2.31 (32 mg, 240 umol) at rt.
The reaction mixture was sealed under Ar and and heated to 80°C. After 72 h, the
reaction was cooled to rt, concentrated in vacuo and purified via flash chromatography
over silica gel, eluting with 0-40% EtOAc / Hexanes to give a separable mixture of
regioisomers 2.2.32k / 2.2.33k (20.2 mg, 51.6 pmol, 64%, 9:1) as a red-orange solid.
Major regioisomer 2.2.32k; MP 126-128 °C; IR (neat) 3088, 3034, 2924, 1533, 1455,
1353, 988, 759 cm™'; '"H NMR (700 MHz, CDCl;) & 8.02 (d, J= 8.1 Hz, 1H), 7.81 (d,J =
8.0 Hz, 1H), 7.62 (t,J = 8.0 Hz, 1H), 7.42-7.38 (m, 3H), 7.27 (m, 2H), 5.70 (s, 2H) ppm;
C NMR (175 MHz, CDCl;) & 150.9, 140.8, 137.6, 134.1, 133.9, 131.0, 129.1, 128.6,
127.2, 123.8, 123.1, 112.2, 53.2 ppm; HRMS (ES+) calcd. for Ci5H;;N4O,CIBr (M+H)

392.9754, found 392.9770. Minor regioisomer 2.2.33k; IR (neat) 3096, 2922, 1532,



40

1455, 1347, 1263, 743 cm™; "H NMR (300 MHz, CDCl;) & 8.08 (d, J= 8.0 Hz, 1H), 7.75
(d, J=8.1 Hz, 1H), 7.66 (t,J = 8.1 Hz, 1H), 7.26 (t,J= 7.3 Hz, 1H), 7.20 (t,J= 7.5 Hz,
2H), 7.01 (d, J = 7.6 Hz, 2H), 5.46 (d, J = 15.0 Hz, 1H) 5.42 (d, J = 15.2 Hz, 1H) ppm;

HRMS (ES+) calcd. for CsH;1N4O,CIBr (M+H) 392.9754, found 392.9753.

Cl N
cl NO, NN,
. @/\/\ " ¢ . X a
| ‘ N-N o= N=N
. =
cl \,@

2.2.15 2.2.37 2.2.35a 2.2.36a

0> cl NO,
|

Triazole 2.2.35a and 2.2.36a. To a pressure vessel containing 2.2.15 (17.8 mg,
83.2 umol) was added PhMe (190 pL) and azide 2.2.37 (45.8 mg, 288 umol) sequentially
at rt. The reaction mixture was sealed under Ar and heated to 80 °C. After 48 h, the
crude mixture was cooled to rt, concentrated in vacuo, and purified via flash
chromatography over silica gel, eluting with 0-30% EtOAc/Hexanes to give a mixture of
regioisomers (15.2 mg, 40.5 umol, 49%, 11:1 (2.2.35a:2.2.36a)). Analytical samples of
the individual isomers could be obtained by preparative thin layer chromatography over
silica gel, eluting with 30% EtOAc/Hexanes to give sequentially 2.2.35a then 2.2.36a.
Major regioisomer 2.2.35a; IR (neat) 3083, 3028, 2926, 1533, 1449, 1355, 1266, 966,
760 cm™'; 'H NMR (700 MHz, CDCl;) & 7.99 (d, J = 8.2 Hz, 1H), 7.81 (d, J = 8.0 Hz,
1H), 7.62 (t,J = 8.1 Hz, 1H), 7.43 (d, J = 7.5 Hz, 2H), 7.37 (t, /= 7.4 Hz, 2H), 7.31 (t, J
= 7.3 Hz, 1H), 6.56 (d, J = 15.9 Hz, 1H), 6.40 (tt, J= 5.8, 15.8 Hz, 1H), 5.24 (d, /= 5.6

Hz, 2H) ppm; °C NMR (175 MHz, CDCl3) & 151.1, 137.5, 137.4, 135.5, 134.7, 134.1,
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131.1, 128.7, 128.5, 126.8, 125.3, 123.3, 123.1, 120.7, 50.7 ppm; HRMS (ES+) calcd. for
C17H13N40,Cl, (M+H) 375.0416, found 375.0410. Minor regioisomer 2.2.36a; IR (neat)
2921, 2849, 1533, 1450, 1348, 1046, 733 cm™; 'H NMR (700 MHz, CDCl3) & 8.07 (d, J
= 8.2 Hz, 1H), 7.78 (d, J = 8.1 Hz, 1H), 7.63 (t, J = 8.2 Hz, 1H), 7.30-7.28 (m, 3H), 7.19
(d, J= 5.8 Hz, 2H), 6.28 (d, J = 15.3 Hz, 1H), 6.21 (m, 1H), 5.06 (qd, J = 5.8, 14.6 Hz,

2H) ppm; HRMS (ES+) caled. for C;7H;3N40,Cl, (M+H) 375.0416, found 375.0397.

o Cl NO, cl NO,
Cl NO, Ny
+ - s l\‘l\ X Br + NN, Br
‘ ‘ N-N == N=N
Br \
2.2.16 2.2.37 2.2.35b 2.2.36b

Triazole 2.2.35b and 2.2.36b. To a pressure vessel containing 2.2.16 (21.0 mg,
80.7 umol) was added PhMe (160 pL) and azide 2.2.37 (39.3 mg, 247 umol) sequentially
at rt. The reaction mixture was sealed under Ar and heated to 80 °C. After 29 h, the
crude mixture was cooled to rt, concentrated in vacuo, and purified via flash
chromatography over silica gel, eluting with 0-40% EtOAc/Hexanes to give a mixture of
regioisomers (22.3 mg, 53.1 umol, 69%, 4:1 (2.2.35b:2.2.36b)). Analytical samples of
the individual isomers could be obtained by preparative thin layer chromatography over
silica gel, eluting with 30% EtOAc/Hexanes to give sequentially 2.2.35b then 2.2.36b.
Major regioisomer 2.2.35b: Mp 133-136 °C; IR (neat) 3083, 3028, 2925, 1532, 1449,
1355, 1222, 760, 737 cm™'; '"H NMR (700 MHz, CDCl3) § 8.02 (dd, J = 1.0, 8.2 Hz, 1H),

7.81 (dd, J=1.0, 8.1 Hz, 1H), 7.61 (t,J = 8.1 Hz, 1H), 7.43 (d, /= 7.4 Hz, 2H), 7.36 (t, J
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= 7.4 Hz, 2H), 7.31 (t, J = 7.3 Hz, 1H), 6.53 (d, J = 15.9 Hz, 1H), 6.40 (tt, J= 5.7, 15.9
Hz, 1H), 5.28 (d, J = 5.7 Hz, 2H) ppm; C NMR (175 MHz, CDCl3) § 151.0, 140.6,
137.6, 135.6, 134.7, 134.1, 131.0, 128.7, 128.4, 126.8, 123.8, 123.1, 120.9, 112.0, 51.6
ppm; HRMS (ES+) caled. for C;7H;3BrCIN4O, (M+H) 418.9832, found 418.9930. Minor
regioisomer 2.2.36b: IR (neat) 2919, 2851, 1532, 1449, 1351, 1263, 732 cm™; 'H NMR
(700 MHz, CDCl;) & 8.06 (dd, J = 1.0, 8.0 Hz, 1H), 7.78 (dd, J = 1.0, 8.0 Hz, 1H), 7.62
(t, J = 8.0 Hz, 1H), 7.28 (m, 3H), 7.19 (dd, J = 1.4, 7.3 Hz, 2H), 6.29 (d, J = 15.9 Hz,
1H), 6.40 (tt, J = 5.7, 15.9 Hz, 1H), 5.28 (d, J = 5.7 Hz, 2H) ppm; "C NMR (175 MHz,
CDCls) § 150.0, 137.8, 135.9, 135.2, 134.7, 132.2, 130.0, 128.6, 126.6, 123.6, 121.7,
120.7, 120.3, 53.1 ppm; HRMS (ES+) calcd. for C,7H;3BrCIN4O, (M+H) 418.9910,

found 418.9916.

Cl NO,
N
cl NO, @ 3 NN, Cl + o NO,
+ W
fl N-N QN N -C

cl / N N:N

2.2.15 2.2.38 2.2.35¢ 2.2.36¢

Triazole 2.2.35¢ and 2.2.36¢c. To a pressure vessel containing 2.2.15 (19 mg,
88.8 pmol) was added PhMe (190 pL) and azide 2.2.38 (33 mg, 277 umol) sequentially
at rt. The reaction mixture was sealed under Ar and heated to 80 °C. After 72 h, the
crude mixture was cooled to rt, concentrated in vacuo, and purified via flash
chromatography over silica gel, eluting with 0-40% EtOAc/Hexanes to give a mixture of

regioisomers (11.5 mg, 34.3 pmol, 36%, 2:1 (2.2.35¢:2.2.36¢)). Analytical samples of the
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individual isomers could be obtained by preparative thin layer chromatography over
silica gel, eluting with 30% EtOAc/Hexanes to give sequentially 2.2.35¢ then 2.2.36¢.
Major regioisomer 2.2.35¢; IR (neat) 3082, 2919, 1533, 1501, 1351, 1242, 983, 760, 746
cm™; 'TH NMR (700 MHz, CDCl;) & 8.03 (dd, J = 1.0, 8.3 Hz, 1H), 7.85 (dd, J= 1.1, 8.1
Hz, 1H), 7.73 (m, 2 H), 7.63 (m, 4H) ppm; °C NMR (175 MHz, CDCls) & 151.1, 137.8,
137.6, 134.9, 134.2, 131.2, 130.2, 129.6, 125.6, 125.4, 125.0, 123.1 ppm; HRMS (ES+)
calcd. for C4HoCILN4O, (M+H) 335.0103, found 335.0110. Minor regioisomer 2.2.36¢;
IR (neat) 3084, 2924, 2854, 1717, 1537, 1498, 1348, 1307, 1262, 1098, 994, 759 cm™; 'H
NMR (400MHz, CDCls) 6 8.10 (dd, J = 1.0, 8.3 Hz, 1H), 7.81 (dd, J = 1.0, 8.1 Hz, 1H),
7.68 (t, J = 8.2 Hz, 2H), 7.43 (m, 5H) ppm; C NMR (100 MHz, CDCl;) § 149.9, 137.8,
136.2, 135.3, 135.0, 132.4, 130.0, 129.9, 127.7, 124.0, 123.8, 120.7, 120.4 ppm; HRMS

(ES+) calced. for Ci4HoCl,N40, (M+H) 335.0103, found 335.0098.

A
P cl NO,
N
c NO, + ©/ : B —— NTX—Br + cl NO,
It N-N Q\N N, -Br

Br N=N

2.2.16 2.2.38 2.2.35d 2.2.36d
Triazole 2.2.35d and 2.2.36d. To a pressure vessel containing 2.2.16 (19.8 mg,
76.1 umol) was added PhMe (160 uL) and azide 2.2.38 (29.1 mg, 244 pmol) sequentially
at rt. The reaction mixture was sealed under Ar and heated to 80 °C. After 53 h, the
crude mixture was cooled to rt, concentrated in vacuo, and purified via flash

chromatography over silica gel, eluting with 0-40% EtOAc/Hexanes to give a mixture of
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regioisomers (mg, pumol, 24%, 1:1 (2.2.35d:2.2.36d)). Analytical samples of the
individual isomers could be obtained by preparative thin layer chromatography over
silica gel, eluting with 30% EtOAc/Hexanes to give sequentially 2.2.35d then 2.2.36d.
Major regioisomer 2.2.35d: IR (neat) 2920, 1533, 1499, 1350, 808, 759, 745 cm™; 'H
NMR (700 MHz, CDCls) 6 8.06 (d, J = 8.3 Hz, 1H), 7.85 (d, /= 8.2 Hz, 1H), 7.70 (d, J =
7.6 Hz, 2 H), 7.65 (t, J = 8.3 Hz, 1 H), 7.64 (m, 3H) ppm; °C NMR (175 MHz, CDCl;) &
151.0, 141.0, 137.7, 135.6, 134.2, 131.1, 130.3, 129.5, 125.5, 123.7, 123.1, 112.2 ppm;
HRMS (ES+) caled. for Ci4HoBrCIN4O, (M+H) 378.9597, found 378.9612. Minor
regioisomer 2.2.36d: IR (neat) 3083, 2922, 2851, 1535, 1497, 1347, 1292, 1092, 992, 758
cm™; '"H NMR (700 MHz, CDCl;) & 8.10 (d, J = 8.3 Hz, 1H), 7.82 (d, J = 8.2 Hz, 1H),
7.68 (t, J = 8.2 Hz, 1 H), 7.45 (m, 4 H), 7.28 (m, 1H) ppm; HRMS (ES+) calcd. for

C14sHoBrCIN;0, (M+H) 378.9597, found 378.9587.

o cl NO,
cl NO, NO,
- > Cl
I ' >Lo)b No N ' NGl
N- N O{N
Cl ,% X
2.2.15 2.2.39 2.2.35e 2.2.36e

Triazole 2.2.35e and 2.2.36e. To a pressure vessel containing 2.2.15 (19.9 mg,
93.0 umol) was added PhMe (190 uL) and azide 2.2.39 (46.8 mg, 298 pmol) sequentially
at rt. The reaction mixture was sealed under Ar and heated to 80 °C. After 48 h, the
crude mixture was cooled to rt, concentrated in vacuo, and purified via flash

chromatography over silica gel, eluting with 0-40% EtOAc/Hexanes to give a mixture of
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regioisomers (12.8 mg, 34.3 umol, 37%, 9:1 (2.2.35e:2.2.36¢)). Analytical samples of the
individual isomers could be obtained by preparative thin layer chromatography over
silica gel, eluting with 30% EtOAc/Hexanes to give sequentially 2.2.35e then 2.2.36e.
Major regioisomer 2.2.35e; Mp 95-97 °C; IR (neat) 3086, 2982, 2932, 1747, 1536, 1354,
1238, 1156, 993, 760 cm™'; "H NMR (700 MHz, CDCl3)  8.02 (dd, J = 1.1, 8.2 Hz, 1H),
7.82 (dd, J = 1.2, 8.1 Hz, 1H), 7.63 (t, J = 8.2 Hz, 1H), 5.14 (s, 2H), 1.52 (s, 9H) ppm;
C NMR (175 MHz, CDCl3) & 163.7, 151.0, 137.6, 137.2, 134.1, 131.1, 126.2, 123.0,
84.4, 50.3, 27.9 ppm; HRMS (ES+) caled. for C14H;5C1,N4O4 (M+H) 373.0470, found
373.0472. Minor regioisomer 2.2.36e; IR (neat) 2923, 2852, 1748, 1538, 1369, 1239,
1156, 757 cm™; "H NMR (700 MHz, CDCls) & 8.20 (dd, J = 1.0, 8.3 Hz, 1H), 7.90 (dd, J
= 1.1, 8.1 Hz, 1H), 7.76 (t, J = 8.3 Hz, 1H), 491 (d, /= 17.3 Hz, 1H), 4.81 (d,J=17.3
Hz, 1H), 1.28 (s, 9H) ppm; HRMS (ES+) calcd. for Ci4H;5C1,N4O4 (M+H) 373.0470,

found 373.0487.

o) “ NO- cl NO

c NO- + >L JVN;; _ N, Br + 2
Il 0 N-N O O~y TN

Br \/< X e} N=N

@)
2.2.16 2.2.39 2.2.35f 2.2.36f

Triazole 2.2.35f and 2.2.36f. To a pressure vessel containing 2.2.16 (26.1 mg,
100 pmol) was added PhMe (200 pL) and azide 2.2.39 (47.2 mg, 300 pmol) sequentially
at rt. The reaction mixture was sealed under Ar and heated to 80 °C. After 48 h, the

crude mixture was cooled to rt, concentrated in vacuo, and purified via flash
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chromatography over silica gel, eluting with 0-35% EtOAc/Hexanes to give a mixture of
regioisomers (24.5 mg, 58.7 umol, 58%, 9:1 (2.2.35f:2.2.36f)). Analytical samples of the
individual isomers could be obtained by preparative thin layer chromatography over
silica gel, eluting with 30% EtOAc/Hexanes to give sequentially 2.2.35f then 2.2.36f.
Major regioisomer 2.2.35f: Mp 140-142 °C; IR (neat) 3084, 2981, 2934, 1748, 1534,
1455, 1370, 1236, 990, 760 cm™'; "H NMR (700 MHz, CDCl3) § 8.01 (d, J = 8.0 Hz, 1H),
7.82 (d, J= 8.0 Hz, 1H), 7.63 (t, J = 8.2 Hz, 1H), 5.17 (d, J = 18.2 Hz, 2H), 1.51 (s, 9H)
ppm; °C NMR (175 MHz, CDCls) & 161.8, 151.0, 140.5, 137.6, 134.1, 131.1, 123.6,
123.0, 113.0, 84.3, 51.2, 27.9 ppm; HRMS (ES+) calcd. for C4H;sBrCIN4sO4 (M+H)
416.9965, found 416.9977. Minor regioisomer 2.2.36f: IR (neat) 3087, 2982, 2929, 1748,
1537, 1353, 1238, 1156, 858, 758, 744 cm™; '"H NMR (700 MHz, CDCl;) & 8.18 (dd, J =
1.0, 8.3 Hz, 1H), 7.90 (dd, /= 1.0, 8.1 Hz, 1H), 7.75 (t, /= 8.3 Hz, 1H), 4.92 (d, /= 17.2
Hz, 1H), 4.83 (d, J = 17.2 Hz, 1H), 1.40 (s, 9H) ppm; HRMS (ES+) calcd. for

C14H15BI'C1N404 (M+H) 4169965, found 416.9973.

cl NO, O ‘ NO,
N CO,Me > N CO,Me
O O

2.2.32f 2.2.37

Triazole 2.2.37: To a microwave vessel containing 2.2.32f (25 mg, 80 pmol) was
added sequentially PhB(OH), (45.6 mg, 240 pmol), Cs;COs3 (79.9 mg, 240 pumol),

Ph,XPhos (7.4 mg, 16 pmol), Pd(OAc), (1.8 mg, 8 umol) and 2-MeTHF (400 puL). The
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solution was sealed under argon and heated to 100 °C in a microwave. After 1 hour, the
mixture was filtered over a pad of Celite®, eluting with Et,O and concentrated in vacuo.
The residue was purified by flash chromatography over silica gel, eluting 0-30%
EtOAc/hexanes, to give 2.2.37 (27.8 mg, 67 umol, 84%) as a pale yellow solid. Mp 110-
113 °C; IR (neat) 3062, 3034, 2955, 1732, 1540, 1479, 1355, 1266, 1218, 1105, 820, 734
cm™; '"H NMR (400 MHz, CDCL3) & 8.10 (dd, J = Hz, 1H), 7.69 (m, 2H), 7.30 (m, 3H),
7.21 (t, J = 7.30 Hz, 1H), 7.16 (t, J = 7.36 Hz, 2H), 6.99 (m, 4H), 5.84 (q, J = 14.81,
34.16 Hz, 2H), 3.57 (s, 3H) ppm; °C NMR (100 MHz, CDCls) § 157.9, 149.6, 146.1,
145.4, 138.7, 135.2, 134.4, 129.8, 129.1, 128.7, 128.1,128.0, 127.6, 126.9, 125.7, 124.6,
123.4, 54.0, 52.3 ppm; HRMS (EI+) caled. for C;3HisN4Os (M+) 414.1328, found

414.1331.

C 0 P
O NO. N\, —COOH

NX,—COzMe

\ N-N
ave -
2.2.37 2.2.38

Carboxylic Acid 2.2.38: To a vial containing triazole 2.2.37 (88 mg, 212 pmol)
stirring in EtOH (1 mL) was added LiOH -« H,O (36 mg, 848 pmol) at rt. After 9 h, the
reaction was quenched with 6N HCI (3 mL) and concentrated in vacuo. The reaction solid
was taken up in EtOAc (5 mL) and DI water (5 mL). The aqueous layer was extracted
with EtOAc (2 X 5 mL). The organic layer was washed with brine (2 X 5 mL), dried

over MgSO, and concentrated in vacuo. The solid was purified by flash chromatography
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over silica gel, eluting 0-10% MeOH/DCM, to give 2.2.38 (64.7 mg, 161 umol, 76%) as
a white solid. IR (neat) 3381, 2924, 1607, 1530, 1497, 1356, 764 cm™; 'H NMR (400
MHz, MeOD) & 8.10 (m, 1H), 7.2 (d, J = 5.2 Hz, 2H), 7.14-7.27 (m, 8H), 6.96 (m, 2H),
6.08 (d, J = 14.8 Hz, 1H), 5.81 (d, J = 14.8 Hz, 1H) 4.88 (s, 1H) ppm; °C NMR (100
MHz, MeOD) & 152.0, 145.5, 139.2, 136.5, 134.2, 129.3, 129.0, 128.2, 127.5, 127.3,

127.0, 126.5, 125.1, 122.8, 121.9, 52.7 ppm.

s P
O NO, O N NS0
_ > ;
N\, -CO;Me N
5 .

2.2.37 2.2.39

Lactam 2.2.39: To a flask containing triazole 2.2.37 (25.3 mg, 61 umol) stirring
in glacial acetic acid (240 pL) at rt was added Zn dust (12.1 mg, 185 pmol). After 20 h, a
second portion of Zn dust (16.8 mg, 0.257 mmol) was added. After 3 h, the reaction was
quenched with sat. ag. NaHCO; (15 mL). The reaction mixture was diluted with EtOAc
(15 mL) and the organic layer was washed with sat. ag.NaHCO; (15 mL), DI water (15
mL), and sat. NaCl (15 mL). The organic layer was then dried over MgSO, and
concentrated in vacuo. The pink solid was purified by trituration with EtOAc to give
2.2.39 (11.0 mg, 31 umol, 52%) as a white solid. MP 257-258 °C; IR (neat) 3060, 2923,
1695, 1664, 1675, 1558, 1373, 698 cm™'; '"H NMR (400 MHz, CDCl;) & 10.62 (s, 1H),
7.57 (m, 3H), 7.51 (m, 5H), 7.40 (m, 1H), 7.32 (m, 8H), 6.12 (s, 2H) ppm; >C NMR (100

MHz, CDClLs) 6 154.9, 147.7, 140.4, 140.2, 136.6, 135.2, 129.5, 128.9, 128.8, 128.6,
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128.0, 127.9, 126.7, 123.6, 115.4, 112.6, 53.4 ppm; HRMS (ES+) calcd. for C2oH7N4O4

(M+H) 353.1404, found 353.1385.

N\, ~COxMe N-N
O
2.2.37 2.2.40

Alcohol 2.2.40: To a flask containing triazole 2.2.37 (25mg, 60 pmol) stirring in
DCM (600 pL) at — 78 °C was added DIBAL-H (180 mL, 18 pumol). After 1.5 h, the
reaction was warmed to 0 °C and quenched with Rochelle’s salt. The reaction mixture
was diluted with DCM (10 ml) and the aqueous layer was extracted with DCM (3 x 10
mL ea.). The combined organics were washed with brine (2 x 10 mL ea.), dried over
MgSO4and concentrated in vacuo. The solid was purified by flash chromatography over
silica gel, eluting 0-30% EtOAc/hexanes, to give 2.2.40 (16.5 mg, 43 pmol, 71%) as a
beige solid. MP 148-150 °C; IR (neat) 3315, 3063, 2927, 1532, 1359, 732, 703 em™: 'H
NMR (400 MHz, CDCl3) 6 7.96 (dd, J = 7.55. 1.81 Hz, 1H), 7.69 (m, 2H), 7.31 (m, 6H),
7.14 (dd, J = 7.91, 1.54 Hz, 2H), 7.01 (m, 2H) 5.58 (s, 2H), 4.02 (m, 2H), 0.49 (t, J =
7.00 Hz, 1H) ppm; *C NMR (100 MHz, CDCls) & 151.4, 144.5, 140.5, 138.8, 134.7,
133.8, 133.2, 130.0, 129.5, 128.9, 128.5, 128.2, 128.0, 126.9, 123.6, 123.5, 52.7, 52.4

ppm; HRMS (CI+) calcd. for C2,H19N4O4 (M+H) 387.1458, found 387.1243.
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‘ N ‘ N
N, oH — > N, OH
N-N N-N

2.2.40 2.2.41

Amino alcohol 2.2.41: To a flask containing triazole 2.2.40 (10.9 mg, 28 umol)
stirring in glacial acetic acid (120 pL) at rt was added Zn dust (5.5 mg, 84 pmol). After 2
h, the reaction was quenched with sat. aq. NaHCO; ( 3 mL). The reaction mixture was
diluted with EtOAc (5 mL) and the organic layer was washed with sat. aq. NaHCO; (3
mL), DI water (3 mL). The aqueous layer was extracted with EtOAc (5 mL). The
organic layer was washed with sat. NaCl (5 mL). The organic layer was then dried over
MgSO;4 and concentrated in vacuo. The solid was purified by flash chromatography over
silica gel, eluting 0-100% EtOAc/hexanes, to give 2.2.41 (8.4 mg, 24 pmol, 84%) as a
pale yellow solid. IR (neat) 3361, 1616, 1462, 1004, 761, 729 cm™'; "H NMR (400 MHz,
CDCls) 6 7.32-7.12 (overlapping m, 13H), 7.12 (d, J = 7.5 Hz, 1H), 6.87 (d, J = 8.03 Hz,
1H), 5.54 (d, J = 8.59 Hz, 2H), 4.32 (bs, 2H), 3.98 (d, J = 13.83 Hz, 1H), 3.77 (d, J =
13.78, 1H), 0.53 (bs, 1H) ppm; C NMR (100 MHz, CDCl;) & 146.7, 143.0, 142.4,
141.4, 134.8, 132.9, 130.0, 129.8, 128.8, 128.3, 128.2, 127.5, 126.9, 120.2, 115.5, 114.0,

52.9, 52.4 ppm; HRMS (CI+) caled. for C2oHa N4O (M+H) 357.1715, found 357.1716.
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CHAPTER 3: REGIOSELECTIVE SYNTHESIS OF ISOXAZOLES
THROUGH [3+2] CYCLOADDITIONS OF NITRILE OXIDES WITH ORTHO-
NITROPHENYLALKYNES

Section 3.1. Isoxazole Background

Isoxazoles are an important class of compounds that are found in natural products
and medicinally relevant compounds. The scaffold has been found in medicines used to
help patients with COPD (chronic obstructive pulmonary disease), such as broxaterol
(Figure 3.1)." It is present in valdecoxib,” an NSAID medication formerly used for the
treatment of rheumatoid arthritis. This medication was taken off the market in 2005
because of the increased risk of heart attack and stroke.” Isoxazoles are part of antibiotic
penicillin derivatives such as cloxacillin and dicloxacillin (Figure 3.1).* Isoxazole
moieties can also be found in natural products such as ibotenic acid, which is a
neurotoxin (Figure 3.1. 1).°

Figure 3.1.1. Medicinally Relevant Compounds and Natural Products, Which Contain

Isoxazoles
O, ,NH,
S

|
N- OH
ABT-418 AMPA Broxaterol Valdecoxib
3.1.1 3.1.2 3.1.3 3.14
O,
N-C. OH
|y
HO NH
Cloxacillin Dicloxacillin Ibotenic acid

3.1.5 3.1.6
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The synthesis and reactivity of isoxazoles was recently reviewed by Pinho e
Melo.” Two methods are generally used to synthesize isoxazoles. They include the
condensation of hydroxylamine with a 1,3-dicarbonyl substrate (Scheme 3.1.1, Equation
1) and the cycloaddition of an alkyne with a nitrile oxide (Scheme 3.1.1, Equation 2).}
Our research efforts focused on the cycloaddition reaction.”'°

Scheme 3.1.1. Formation of Isoxazole Scaffolds

(Eq. 1) Condensation of Hydroxyl Amine with 1,3-Dicarbonyl

2 9 NaOH Ri R
F{1MR3 * HO-NH, ———> ?:g\
H,OMeOH O ~

R, ,O0/MeO N Rs
3.1.8 3.1.9 3.1.10

(Eq.21) [3+2] Dipolar Cycloaddition

R4 00
R R R R
N e o S
R, .0 O, ~“~R
R, Rs a7 N N~ Rs
3.1.11 3.1.12 3.1.13 3.1.14

Previous regioselective syntheses of isoxazoles using [3+2] cycloaddition
methodology have been reported. A copper(I) catalyzed route was used by Fokin and co-
workers'' to access 3,5-disubstituted isoxazoles regioselectively. A computational study
suggested that thermal, uncatalyzed conditions would favor the 3,5-regioisomer in a
100:1 ratio over the 3,4-regioisomer.'> Instead of the predicted selectivity, Fokin
observed a mixture of regioisomers in the absence of the catalyst. A ruthenium-catalyzed
reaction to access 3,5-disubstituted, 3,4-disubstituted, and 3,4,5-trisubstituted isoxazoles
was explored by Grecian and Fokin."> The complexation of the different dipoles to the
ruthenium catalyst controlled the regioselectivity. Cycloaddition of an

alkynyldimethylsilyl ether with an aryl or alkyl nitrile oxide was accomplished to provide
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3,4,5-trisubstituted isoxazoles.'* The inherent bias of the dipolarophile and dipole are
employed to control regioselectivity in these reactions. Access to 3,4,5-trisubstituted
isoxazoles by exploiting haloalkynes has been underutilized. The cycloaddition of aryl
alkynes with alkyl and THP ether nitrile oxides was used by Ohlmeyer and co-workers'’
to access S5-aryl-4-bromo-3-carboxyisoxazoles in modest yields. The reaction of
alkynyliodide with nitrile oxides to provide 3,4,5-trisubstituted isoxazoles was utilized in
a separate study.'® Dimerization pathways often occur in these [3+2] cycloadditions, but
can be avoided if the nitrile oxides are formed in situ.'""'*"
Section 3.2. Results and Discussion

Densely functionalized isoxazoles were accessed using our highly regioselective
methodology of dipolar cycloadditions.'” As discussed in Chapter 2, our group was able
to utilize the o-nitro moiety of the phenylalkyne in the thermal, dipolar cycloaddition
with azides to form triazoles with up to an 11:1 regioisomeric ratio.'’ Similar thermal
conditions were explored in the reactions of o-nitrophenylalkynes with nitrile oxides. We
are aware of only one other study utilizing ortho-nitrophenylalkynes in [3+2]
cycloadditions to access isoxazoles.'®

Exploration into the reactivity and selectivity of the cycloaddition process for
isoxazoles began with o-nitrophenylalkyne 2.2.7 being reacted with oximal acid chloride
3.2.1" (Scheme 3.2.1). This reaction resulted in high yield and excellent regioselectivity.
However, the more sterically encumbered alkyne (2.2.28) was not amendable to the

cycloaddition reaction, which provided the dimerization product (3.2.4). In this case, in
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LIS This result

situ formation of the nitrile oxide did not eliminate dimerization.
suggests that when a disubstituted alkyne is employed, the increased steric effect causes
the rate of formation of the cycloaddition product to be slower than the formation of the
dimerization product. X-ray crystallography was used to confirm the structure of the
dimer (Figure 3.2.1). We speculated that the dimerization pathway could be
circumvented if a bulkier nitrile oxide is used. Using a bulkier nitrile oxide would cause

a reduction in the rate of formation of the dimer, most likely due to steric effects.

Scheme 3.2.1. Initial Exploration of Nitrile Dipolar Cycloadditions

EtN, PhMe O
_soC
*@ e

N-Q
S

EtsN, PhMe \,@\ /

_80°C, 14h S O
—_—
MeO
OMe

2.2.28 3.23 e

21 - 3220 OMe 3.2.4 (22%)

tentative < 10% X-ray

Y/ N\ 008
\\/\\ \/‘/\ \ /N
/> N_ /T =
7'\,/\\ AN /_\
YA o o
N 324 7

Figure 3.2.1. ORTEP Representation of Isolated Dimer 3.2.4
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Our strategy for accessing isoxazoles then focused on the in sifu formation of the
bulky nitrile oxide to adequately suppress dimer formation. The more sterically hindered
mesityl derivative 3.2.5°° was selected, since it had been shown to minimize dimerization
pathways in the past.”' Nitrile oxide 3.2.5 was then screened with alkyne 2.2.7 (entry a),
resulting in excellent chemical yield (88%) and only a single regioisomer (3.2.6a).
Fortunately, the steric encumbrance experienced previously (Scheme 3.2.1) with alkyne
2.2.28 was no longer an issue in this reaction, which provided excellent yield (87%) and a
single regioisomer (3.2.6b). High chemical yields and excellent regioselectivities were
observed for all mono- and di-substituted alkynes’ screened (entries c-j). X-ray
crystallographic analyses of compounds 3.2.6b, 3.2.6d, 3.2.6g, and 3.2.6h (Figure 3.2.2)
were used to determine the regiochemistry of the reactions. The excellent regiochemistry
(shown in Table 3.2.1) was distinctly different from what was observed in the azide series
from Chapter 2, where the R, substituent influenced the regiochemical outcome. The
isoxazole regiochemical outcome is speculated to arise from the dipole of the nitrile

oxide.



Table 3.2.1. Exploration of Alkyne Scope in Nitrile Oxide/Alkyne Dipolar
Cycloadditions

HO.,

Ry NO, N EtsN, PhMe

| C'*/@ S

Ro

1122 325
Entry R, R, Yield® (%)
a’ Cl H 88
b° Cl Me 87
c Cl CO,;Me 83
d° Cl Br 68
e’ Cl Cl 70
f H Cl 69
g’ Me Cl 73
h H H 90
i© Me H 92
i Me Me 74

(a) Regioselectivity in each case was >20:1 as determined by crude 'H NMR.

(b) Reactions performed by previous group members.
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Figure 3.2.2. ORTEP Representation of Isoxazoles 3.2.6b, 3.2.6d, 3.2.6g, and 3.2.6h
Scheme 3.2.2 shows the important role the ortho-nitro moiety plays in the overall
yield of the reaction. The o-nitro moiety is important in activating the cycloaddition,
which leads to improved yields. Alkynes 3.2.7a and 3.2.7b provided only 76% and 27%
yields, respectively. The corresponding nitro substrates provided higher yields in both
cases, demonstrating that the electronic benefits of the ortho-nitro substituent clearly out

weigh the steric penalty of its presence.
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Scheme 3.2.2. Important Effect of ortho-Nitro Moiety in Cycloadditions

EtaN PhMe
" s

3.2.8a R =H (76%)
3.2.6h R = NO,
(90%, see Table 3.1)

3.2.8b R=H (27%)
3.2.6j R =NO,
(74%, see Table 3.1)

A brief exploration of the oximal acid chloride scope is shown in Table 3.2.2.
Variation of the dipole component led to varying yields. Surprisingly, the cycloaddition
of alkyne 2.2.7 with nitrile oxide precursor 3.2.9b provided a much higher yield of
cycloaddition product 3.2.10b (75 %) than the cycloaddition of the more sterically
hindered precursor 3.2.9a with 2.2.7 (3.2.10a, 29%). We had witnessed the opposite
effect when switching from nitrile oxide precursor 3.2.1 to the more bulky 3.2.5. More
experimentation into the oxime scope is needed to determine a plausible reason for this
occurrence. The use of nitrile oxide precursor 3.2.9¢ with 2.2.7 provided a 39% yield of
the cycloaddition product 3.2.10c. All yields of the variant oximes were lower than the

parent mesityl oximal acid chloride 3.2.5 (88%, Table 3.2.1).
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Table 3.2.2. Brief Exploration of the Scope of Nitrile Oxide Reactivity

N-oH Et;N, PhMe NO,
cl NO, + | R ——
I R)\CI 80°C 0N
=

2.2.7
Entry | Time (h) | Oximal Acid Chlcoride | R Product Yield (%)
a 15 3.2.9a §< 3.2.10a 29
b 15 3.2.9b N 3.2.10b 75

C 14 3.2.9¢ 3.2.10c 39
A@

d 10 3.25 £ 3.2.6a 88

Derivatization of selected isoxazoles was demonstrated as shown in Scheme
3.2.3. The halogen and ester moieties were the targets for modification. The ester
functionality of 3.2.6¢ could be reacted under optimized LiOH conditions to provide acid
3.2.11 in 95% yield. The acid could be further functionalized to the acid chloride 3.2.12.
The acid chloride 3.2.12 could then be reacted with (R)-(+)-a-methyl benzylamine 3.2.13
or benzyl amine 3.2.15 to form the desired amides, 3.2.14 (66 %) and 3.2.16 (60 %), in
moderate yields. The chiral amide 3.2.14 showed doubling of ortho-methyl and meta-
aryl protons in the '"H NMR spectrum, indicating restricted rotation around the mesityl

group on the NMR time scale.
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Scheme 3.2.3. Derivatization of Selected Isoxazoles

LiOH-H,0 PCls, CH,Cl
THF/H0 2h, 94%
5d, 95%

o NO, NH,
0 3.2.13

0
o +  NEts, CH,Cl, NEts, CH,Cl o™
N=( HN— 15 h, 60% N=( HN—
Mes \\Ph 7h, 66% U Mes Ph
3.2.14 3.2.16

Isoxazoles 3.2.6a and 3.2.6¢ were cross-coupled using the ortho-chloro functional
handle on the phenyl ring. Previously reported reaction conditions using PEPPSI-IPr**
and boroxine were utilized to provide biaryls 3.2.17 and 3.2.18 in good yield (Scheme
3.2.4). Attempts to synthesize a variety of biaryls using different boroxines was also
attempted; however, these reactions were low yielding and provided reaction products
with inseparable impurities.

Scheme 3.2.4. Suzuki Coupling Reactions of Selected Isoxazoles

(PhBO)3
PEPPSI-IPr
(5 mol%)
—_—
K>CO3, dioxane
100°C

3.2.6a R=H 3.217 R = H (79%)
3.2.6¢ R = CO,Me 3.2.18 R = CO,Me (63%)

Penicillin type antibiotics containing isoxazole scaffolds have been utilized for

antibiotic medicines,*> making them a desirable target to pursue. Table 3.2.3, entries a-f,
g g p
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show our efforts towards the synthesis of penicillin compounds. The possible isoxazole
coupling partners included carboxylic acid 3.2.11, acid chloride 3.2.12, and mixed
anhydride 3.2.19. The penicillin derivative was either 6-aminopenicillanic acid 3.2.20 or
the methyl ester variant 3.2.21. A variety of conditions were attempted to access new
penicillin compounds, however, only decomposition products and starting material were
obtained.

Table 3.2.3. Attempted Synthesis of Penicillin Derivative

s
o
0 R
R, = OH3.2.11 - N o= N
R, = ocgk:;fcla'(%lz)z 3219 RR:= (g)MHe33.22.2201 RR2 = OOMHe33.22.2223
Entry Isoxazole Penicillin Target Conditions
a 3.2.12 3.2.20 NEt;, DMAP, THF, 0 °C - rt
b 3.2.12 3.2.20 NEt;, DMAP, THF, rt
C 3.2.11 3.2.21 EDC, DMAP, CH;CN
d 3.2.12 3.2.21 NEt;, DMF, DCM
e 3.2.19 3.2.21 NEt;, DMF, THF, then DMAP
f 3.2.11 3.2.21 Hiinig’s base, HATU, DMF
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Section 3.3. Conclusion

A highly regioselective method for the production of densely functionalized
isoxazoles utilizing a dipolar cycloaddition of nitrile oxides (in sifu generated) and o-
nitrophenylalkynes has been reported. Substituents on the alkyne dipolarophile are
inconsequential to regioselectivity and a wide range of substituents is tolerated. The R
group on the nitrile oxide precursor was of great importance to the chemical yield of the
reaction (Scheme 3.2.2). Derivatization of two selected isoxazoles was accomplished.
Section 3.4. Experimental Section

General. Infrared spectra were recorded neat unless otherwise indicated and are
reported in cm™. '"H NMR spectra were recorded in deuterated solvents and are reported
in ppm relative to tetramethylsilane and/or referenced internally to the residually
protonated solvent. '>C NMR spectra were recorded in deuterated solvents and are
reported in ppm relative to tetramethylsilane and/or referenced internally to the residually

protonated solvent.

Routine monitoring of reactions was performed using EM Science DC-Alufolien
silica gel, aluminum-backed TLC plates. Flash chromatography was performed with the

indicated eluents on EM Science Gedurian 230-400 mesh silica gel.

Air and/or moisture sensitive reactions were performed under usual inert
atmosphere conditions. Reactions requiring anhydrous conditions were performed under
a blanket of argon, in glassware dried in an oven at 120°C or by flame, then cooled under

argon. Dry THF, Et;O, Toluene and DCM were obtained via a solvent purification
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system. All other solvents and commercially available reagents were either purified via

literature procedures or used without further purification.

Oxime 3.2.19: To a stirred solution of ice (46 g) in HyO/Ethanol (40 mL, 1:1) was added
mesitylaldehyde 3.2.20 (6 mL, 40.7 mmol), hydroxylamine hydrochloride (4.2 g, 61.0
mmol) and NaOH (17 mL, 100 mmol, 6.0 M in H,0O). After 2 h, the reaction was
quenched with 1 M HCI (50 mL), extracted with Et,0O (3 X 30 mL), and washed with
brine (30 mL). The dried (MgSO.) extract was concentrated in vacuo and purified by
recrystallization with Et,0 and Hexanes to give known oxime 3.2.19% (6.05 g, 37.1
mmol, 91%) as a white solid. '"H NMR (400 MHz, CDCl;) & 8.44 (s, 1H), 6.91 (s, 2H),

2.39 (s, 6H), 2.30 (s, 3H) ppm.

Oximyl Acid Chloride 3.2.5: To a stirred solution of oxime 3.2.19 (3.0 g, 18.4 mmol) in
DMF (18.5 mL) at 0 °C, was added 4 portions of NCS (0.75 g X 4, 20 min apart). Upon

warming to rt over 4 h, the reaction was quenched with H,O/Ice (50 mL), extracted with

Et,0 (4 X 25 mL), and washed with brine (2 X 10 mL). The dried (Na,SQO4) extract was
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concentrated in vacuo to give known 3.2.5%° (3.6 g, 18.4 mmol, 99%) as a white semi-

solid. "H NMR (400 MHz, CDCl3) § 6.92 (s, 2H), 2.27 (s, 9H) ppm.

o) §-OH \OH

It e

3.2.21 3.2.22 3.2.9a
Oximyl Acid Chloride 3.2.9a: To a stirred solution of ice (15 g) in H,O/Ethanol (14 mL,
1:1) was added aldehyde 3.2.21 (1.3 mL, 14 mmol), hydroxylamine hydrochloride (1.5 g,
21 mmol) and NaOH (5.8 mL, 35 mmol, 6.0 M in H,O). After 21 h, the reaction was
quenched with 1 M HCI (10 mL), extracted with DCM (3 X 25 mL), and washed with
brine (50 mL). The dried (MgSO,) extract was concentrated in vacuo to give crude oxime
3.2.22 as a yellow liquid which was used without further purification. To a stirred
solution of oxime 3.2.22 (1.2 g, 14 mmol) in DMF (14 mL) at 0 °C, was added 4 portions
of NCS (0.49 g X 4, 20 min apart). After 18 h at rt, the reaction was diluted with H,O
(20 mL), extracted with Et,O (3 X 20 mL), and washed with brine (I X 50 mL). The
dried (Na,SOy) extract was concentrated in vacuo to give known 3.2.9a> (1.63 g, 13.4
mmol, 96%) as a pale yellow liquid. 'H NMR (400 MHz, CDCl3) & 8.51 (bs, 1H), 2.82

(septet, J= 6.8 Hz, 1H), 1.23 (d, J = 6.8 Hz, 6H) ppm.
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fo} N/OH OH
/\)J\H /\)l\H /\)‘\C|
3.2.23 3.2.24 3.2.9b

Oximyl Acid Chloride 3.2.9b: To a stirred solution of ice (15 g) in H,O/Ethanol (14 mL,
1:1) was added aldehyde 3.2.23 (1.3 mL, 14 mmol), hydroxylamine hydrochloride (1.5 g,
21 mmol) and NaOH (5.8 mL, 35 mmol, 6.0 M in H,0O). After 2.5 h, the reaction was
quenched with 2 M HCI (10 mL), extracted with Et,0 (3 X 20 mL), and washed with
brine (50 mL). The dried (MgSO,) extract was concentrated in vacuo to give crude oxime
3.2.24 as a colorless liquid which was used without further purification. To a stirred
solution of oxime 3.2.24 (1.2 g, 14 mmol) in DMF (14 mL) at 0 °C, was added 4 portions
of NCS (0.49 g X 4, 20 min apart). After 18.5 h at rt, the reaction was diluted with H,O
(20 mL), extracted with Et,O (3 X 20 mL), and washed with brine (I X 50 mL). The
dried (Na,SO4) extract was concentrated in vacuo to give known 3.2.9b** (1.7 g, 14
mmol, 99%) as a colorless liquid. "H NMR (400 MHz, CDCls) & 8.46 (bs, 1H), 2.50 (t, J

=17.3 Hz, 2H), 1.70 (sextet, /= 7.4 Hz, 6H), 0.98 (t, J = 7.3, 3H) ppm.

1) '\ll,OH '\‘I,OH
N
©/\)J\ H —_— | X \/k H _— X cl
=
3.2.25 3.2.26 3.2.9¢

Oximyl Acid Chloride 3.2.9¢: To a stirred solution of ice (15 g) in H,O/Ethanol (14 mL,
1:1) was added aldehyde 3.2.25 (1.8 mL, 14 mmol), hydroxylamine hydrochloride (1.5 g,
21 mmol) and NaOH (5.8 mL, 35 mmol, 6.0 M in H,0). After 4.5 h, the reaction was

quenched with 1 M HCI (12 mL), extracted with Et,0 (3 X 20 mL), and washed with
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brine (50 mL). The dried (MgSO,) extract was concentrated in vacuo to give crude oxime
3.2.26 as a yellow solid which was used without further purification. To a stirred solution
of oxime 3.2.26 (2.06 g, 14 mmol) in DMF (14 mL) at 0 °C, was added 4 portions of
NCS (0.49 g X 4, 20 min apart). After 11 h at rt, the reaction was diluted with H,O (50
mL), extracted with Et;O (2 X 40 mL), and washed with H,O (3 X 60 mL). The dried
(Na,SO,) extract was concentrated in vacuo to give known 3.2.9¢* (2.49 g, 13.7 mmol,
98%) as a yellow solid. "H NMR (400 MHz, CDCls) § 8.07 (bs, 1H), 7.51 (d, J= 7.6 Hz,

2H), 7.48-7.31 (overlapping m, 4H), 6.88 (d, J = 15.6, 1H) ppm.

Isoxazole 3.2.2a: To a pressure vessel containing 2.2.7°¢ (63.2 mg, 348 umol) was added
dry PhMe (600 pL), NEt; (150 pL, 109 mg, 1.08 mmol) and 3.2.1*" (208.5 mg, 1.123
mmol) sequentially, and heated to 80 °C. Immediately after addition of 3.2.1, a white
solid formed along with a mild exotherm. After 1 h, the reaction was cooled to rt,
filtered, concentrated in vacuo, and purified via flash chromatography over silica gel,
eluting with 10-25% EtOAc / Hexanes to give 3.2.2a (101.4 mg, 306.6 umol, 82%) as a
yellow solid. Mp 82-84 °C; IR (neat) 3087, 2839, 1612, 1534, 1434, 1255, 1029, 809,
738 cm™; '"H NMR (300 MHz, CDCLs) 8 7.97 (d, J = 8.2 Hz, 1H), 7.82 (m, 3H), 7.64 (t, J

= 8.2 Hz, 1H), 7.02 (m, 2H), 6.82 (s, 1H), 3.89 (s, 3H) ppm; *C NMR (100 MHz,
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CDCls) 6 162.3, 162.2, 161.2, 150.4, 136.2, 134.3, 131.6, 128.4, 123.0, 122.2, 121.0,

114.4, 104.0, 55.4 ppm; HRMS (ES+) caled. for Ci6H2N204Cl (M+H) 331.0486, found

HO. “
Cl NO, | | P
|| cl MeO
OMe

2.2.28 3.2.1 3.2.4

331.0476.

N-Q @
I NG

OMe

Dimer 3.2.4: To a stirred solution of 2.2.28'°(19.4 mg, 99 pmol) and 3.2.1%" (184 mg,
990 pmol) in PhMe (500 pL) at 80 °C was added NEt; (800 puL, 1.19 mmol, 1.50 M in
PhMe) via syringe pump over 5 hours. After 14 h, the crude mixture was cooled to rt,
filtered, concentrated in vacuo, and purified via flash chromatography over silica gel,
eluting with 0-50 % EtOAc / Hexanes to give undesired dimer 3.2.4 (64.6 mg, 216 umol,
22%) as a yellow solid. Mp 105-107 °C; IR (neat) 2938, 2840, 1611, 1591, 1574, 1520,
1450, 1258, 1179, 835 ecm™; 'H NMR (300 MHz, CDCls) 8 7.49 (t, J = 8.34 Hz, 4H),
6.97 (dd, J = 9.04, 2.64 Hz, 4H), m, 3H), 3.88 (s, 3H), 3.87 (s, 3H) ppm; °C NMR (100
MHz, CDCl3) § 161.6, 161.1, 155.9, 130.2, 129.8, 199.0, 114.9, 114.5, 55.4 ppm; HRMS

(EI+) calcd. for C16H14N204 (M+) 2980953, found 298.0952.
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Isoxazole 3.2.6a: To a stirred solution of 2.2.7°¢ (63.8 mg, 351 pmol) and NEt; (500 uL,
363 mg, 3.59 mmol) in PhMe (700 pL) at 80 °C was added 3.2.5% (15.4 mL, 3.846
mmol, 250 mM in PhMe) via syringe pump over 5 hours. After 10 h, the crude mixture
was cooled to rt, filtered, concentrated in vacuo, and purified via flash chromatography
over silica gel, eluting with 2-8% EtOAc / Hexanes gave pure 3.2.6a (105.9 mg, 309.0
pumol, 88%) as a yellow oil. IR (thin film) 1750, 1613, 1536, 1464, 1439, 1382, 1353,
906, 882, 808, 757, 737 cm™; '"H NMR (300 MHz, CDCl;) & 8.02 (dd, J = 8.2, 1.2 Hz,
1H), 7.83 (dd, J = 8.2, 1.2 Hz, 1H), 7.65 (t,J = 8.2 Hz, 1H), 7.00 (s, 2H), 6.49 (s, 1H),
2.36 (s, 3H), 2.25 (s, 6H) ppm; °C NMR (100 MHz, CDCl3) § 162.3, 162.2, 150.2,
139.1, 137.3, 136.3, 134.4, 131.7, 128.4, 125.5, 123.1, 122.4, 107.6, 21.8, 20.2 ppm;

HRMS (EI+) calcd. for CigHsN2O3Cl (M+) 342.0771, found 342.0759.).

2.2.28 3.25

Isoxazole 3.2.6b: To a stirred solution of 2.2.28'° (41.4 mg, 212 umol) and 3.2.5* (446.3

mg, 2.258 mmol) in PhMe (1.00 mL) at 80 °C was added NEt; (1.72 mL, 2.58 mmol,
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1.50 M in PhMe) via syringe pump over 5 hours. After 10 h, the crude mixture was
cooled to rt, filtered, concentrated in vacuo, and purified via flash chromatography over
silica gel, eluting with 5-15 % EtOAc / Hexanes to give impure 3.2.6b as a yellow oil.
The impure oil was triturated and recrystallized from hexanes / methanol to give pure
3.2.6b (65.6 mg, 184 umol, 87%) as a pale yellow solid. Mp 151-153 °C; IR (thin film)
1609, 1535, 1456, 1437, 1348, 901, 852, 808, 759, 735 cm™'; 'H NMR (400 MHz,
CDCl;) 6 8.08 (dd, J = 8.2, 1.2 Hz, 1H), 7.85 (dd, J = 8.1, 1.2 Hz, 1H), 7.68 (t,J = 8.2
Hz, 1H), 7.00 (s, 2H), 2.37 (s, 3H), 2.18 (s, 6H), 1.75 (s, 3H) ppm; °C NMR (100 MHz,
CDCl3) 6 163.4, 159.0, 150.3, 139.0, 137.5, 137.0, 134.5, 131.8, 128.3, 124.8, 123.3,
122.8, 114.8, 21.2, 19.7, 7.1 ppm; HRMS (EI+) calcd. for C19H;7N>05Cl (M+) 356.0928,

found 356.0926.

Isoxazole 3.2.6¢: To a stirred solution of 2.2.19%° (50 mg, 208 pumol) and 3.2.5% (411
mg, 2.08 mmol) in PhMe (1.5 mL) at 80 °C, was added NEt; (1.7 mL, 2.55 mmol, 1.5 M
in PhMe) via syringe pump over 5 hours. After 14 h, the crude mixture was cooled to rt,
filtered, concentrated in vacuo, and purified via flash chromatography over silica gel,
eluting with 10-20% EtOAc/Hexanes to give impure 3.2.6¢c as a yellow solid.

Repurification via trituration with hexanes gave impure 3.2.6¢ as a pale yellow solid.
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Repurification via flash chromatography over silica gel, eluting 20-40% EtOAc/Hexanes
gave impure 3.2.6¢. Repurification via trituration with hexanes and EtOAc gave 3.2.6¢
(69.5 mg, 173 pmol, 83%) as a white solid. Mp 177-178 °C; IR (neat) 1730, 1534, 1456,
1400, 1348, 1310, 1120 cm™; 'H NMR (400 MHz, CDCl;) & 8.25 (dd, J = 0.8, 8.3 Hz,
1H), 7.89 (dd, J = 0.8, 8.1 Hz, 1H), 7.75 (t, J = 8.2 Hz, 1H), 6.98 (s, 2H), 3.51 (s, 3H),
2.37 (s, 3H), 2.81 (s, 6H) ppm; °C NMR (100 MHz, CDCl3) § 168.2, 162.0, 160.7,
149.2, 139.1, 136.6, 134.9, 132.2, 128.1, 124.2, 123.4, 123.0, 111.9, 51.9, 21.3, 19.9

ppm; HRMS (EI+) caled. for C,0H;7N,05Cl (M+) 400.0826, found 400.0838.

.OH
cl NO, N
* cl
Il
Br

2.2.16 3.25

Isoxazole 3.2.6d: To a stirred solution of 2.2.16'° (42.8 mg, 164 pmol) and 3.2.5% (353.8
mg, 1.790 mmol) in PhMe (1.00 mL) at 80 °C was added NEt; (1.43 mL, 2.15 mmol,
1.50 M in PhMe) via syringe pump over 5 hours. After 10 h, the crude mixture was
cooled to rt, filtered, concentrated in vacuo, and purified via flash chromatography over
silica gel, eluting with 2-10 % EtOAc / Hexanes to give impure 3.2.6d as a yellow solid.
The impure solid was recrystalized from methanol to give pure 3.2.6d (46.8 mg, 111
umol, 68%) as a light brown oil. IR (thin film) 1527, 1356, 1116 cm™; '"H NMR (400
MHz, CDCl) 6 8.21 (d, J = 8.2 Hz, 1H), 7.90 (d, J = 8.2 Hz, 1H), 7.74 (t,J = 8.2 Hz,

1H), 7.02 (s, 2H), 2.38 (s, 3H), 2.23 (s, 3H), 2.20 (s, 3H) ppm; *C NMR (100 MHz,
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CDCl3) & 162.9, 161.7, 149.6, 139.8, 138.0, 137.3, 135.0, 132.6, 128.4, 128.3, 123.6,
121.4, 97.3, 21.3, 19.7 ppm; HRMS (EI+) caled. for CisH4N,O5CIBr (M+) 419.9876,

found 419.9880.

.OH
Cl NO, '\f
| | * Cl

2.2.15 3.25

Isoxazole 3.2.6e: To a stirred solution of 2.2.15'(41.1 mg, 190 pmol) and 3.2.5* (386.8
mg, 1.957 mmol) in PhMe (1.00 mL) at 80 °C was added NEt; (1.67 mL, 2.51 mmol,
1.50 M in PhMe) via syringe pump over 5 hours. After 10 h, the crude mixture was
cooled to rt, filtered, concentrated in vacuo, and purified via flash chromatography over
silica gel, eluting with 10-30 % EtOAc / Hexanes to give impure 3.2.6e as a yellow solid.
The impure solid was recrystallized from methanol to give pure 3.2.6e (50.2 mg, 133
umol, 70%) as a light brown oil. IR (thin film) 1528, 1353 cm™; '"H NMR (400 MHz,
CDCl;) 6 8.21 (dd, J = 8.2, 1.2 Hz, 1H), 7.90 (dd, J = 8.2, 1.2 Hz, 1H), 7.74 (t,J = 8.2
Hz, 1H), 7.02 (s, 2H), 2.38 (s, 3H), 2.23 (s, 6H) ppm; °C NMR (100 MHz, CDCl;) §
161.5, 159.4, 149.7, 139.8, 137.9, 137.4, 134.9, 132.6, 128.4, 123.6, 122.6, 120.9 111.2,

21.2,19.7 ppm; HRMS (EI+) caled. for C;sH4N,O3Cl, (M+) 376.0382, found 376.0400.
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2.2.14 3.2.5

Isoxazole 3.2.6f: To a stirred solution of 2.2.14'° (50 mg, 0.276 mmol) and 3.2.5% (545
mg, 2.76 mmol) in PhMe (1.5 mL) at 80 °C, was added NEt; (2.2 mL, 3.30 mmol, 1.5 M
in PhMe) via syringe pump over 5 hours. After 16.5 h, the crude mixture was cooled to
rt, filtered, concentrated in vacuo, and purified via flash chromatography over silica gel,
eluting with 5-10% EtOAc/Hexanes to give impure 3.2.6f as a yellow oil. Purification
via flash chromatography over silica gel, eluting 10% EtOAc/Hexanes gave impure 3.2.6f
as a yellow oil. Repurification via flash chromatography over silica gel, eluting 20%
Et,O/Pentane gave 3.13f (66 mg, 0.193 mmol, 69%) as a beige solid. Mp 89-92 °C; IR
(neat) 1534, 1351, 1129, 852 cm™'; 'H NMR (400 MHz, CDCl5) § 8.20 (d, J = 8.0 Hz,
1H), 7.76-7.86 (m, 3H), 7.01 (s, 2H), 2.37 (s, 3H), 2.21 (s, 6H) ppm; “C NMR (100
MHz, CDCls) 6 161.7, 161.5, 148.2, 139.8, 137.8, 133.4, 131.8, 131.6, 128.4, 125.3,
122.7, 121.0, 109.6, 21.3, 19.8 ppm; HRMS (EI+) calcd. for CsH;sN,OsCl (M+)

342.0771, found 342.0772.
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2.2.17 3.25

Isoxazole 3.2.6g: To a stirred solution of 2.2.17'° (240.9 mg, 1.231 mmol) and 3.2.5%
(2.369 g, 11.98 mmol) in PhMe (6.10 mL) at 80 °C was added NEt; (10.1 mL, 15.1
mmol, 1.50 M in PhMe) via syringe pump over 5 hours. After 10 h, the crude mixture
was cooled to rt, filtered, concentrated in vacuo, and purified via flash chromatography
over silica gel, eluting with 10-30 % EtOAc / Hexanes to give impure 3.2.6g as a yellow
solid. The impure solid was recrystallized from methanol to give pure 3.2.6g (346.8 mg,
977.5 umol, 73%) as a yellow solid. Mp 178-180 °C; IR (thin film) 1538, 1455, 1384,
1339, 912, 880, 854, 803, 748, 735 cm™'; "H NMR (300 MHz, CDCls) 8 8.11 (dd, J = 7.4,
2.0 Hz, 1H), 7.70 (d, J = 5.7 Hz, 1H), 7.66 (t,J = 7.2 Hz, 1H), 7.02 (s, 2H), 2.39 (s, 3H),
2.38 (s, 3H), 2.23 (s, 6H) ppm; C NMR (75 MHz, CDCl;) § 161.7, 161.4, 149.0, 141.5,
139.8, 135.5, 131.5, 128.4, 122.8, 122.8, 120.4, 110.0, 21.3, 19.7, 19.5 ppm; HRMS

(EI+) caled. for Ci9H7N,O3CI(M+) 356.0928, found 356.0913.
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Isoxazole 3.2.6h: To a stirred solution of 2.2.30 (50 mg, 0.340 mmol) and 3.2.5% (672
mg, 3.40 mmol) in PhMe (1.5 mL) at 80 °C, was added NEt; (2.7 mL, 4.05 mmol, 1.5 M
in PhMe) via syringe pump over 5 hours. After 11.5 h, the crude mixture was cooled to
rt, filtered, concentrated in vacuo, and purified via flash chromatography over silica gel,
eluting with 10% EtOAc/Hexanes to give impure 3.2.6h as a yellow solid. Repurification
via flash chromatography over silica gel, eluting 20% EtOAc/Hexanes gave impure
3.2.6h. Repurification via trituration with hexanes gave 3.2.6h (94.4 mg, 0.306 mmol,
90%) as a white solid. Mp 122-123 °C; IR (neat) 1534, 1353 cm™; 'H NMR (400 MHz,
CDCls) 6 7.93 (td, J = 1.2, 8.1 Hz, 2H), 7.75 (td, J = 1.2, 7.6 Hz, 1H), 7.66 (td, J = 1.3,
7.7 Hz, 1H), 6.98 (s, 2H), 6.46 (s, 1H), 2.35 (s, 3H), 2.12 (s, 6H) ppm; “C NMR (100
MHz, CDCls) 6 164.6, 162.7, 148.2, 139.1, 137.3, 132.6, 131.0, 130.4, 128.4, 125.5,
124.4, 121.8, 105.4, 21.2, 20.3 ppm; HRMS (EI+) calcd. for C;sH;sN,O3 (M+) 308.1161,

found 308.1162.
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228 3.25

Isoxazole 3.2.6i: To a stirred solution of 2.2.8'° (47.2 mg, 293 pmol) and 3.2.5%° (519.9
mg, 2.630 mmol) in PhMe (1.50 mL) at 80 °C was added NEt; (2.40 mL, 3.60 mmol,
1.50 M in PhMe) via syringe pump over 5 hours. After 10 h, the crude mixture was
cooled to rt, filtered, concentrated in vacuo, and was purified via flash chromatography
over silica gel, eluting with 10-25 % EtOAc / Hexanes to give impure 3.2.6i as a solid.
The impure solid was recrystalized from Hexanes / methanol to give pure 3.2.6i (87.1
mg, 269 umol, 92%) as a pale yellow oil. IR (thin film) 1613, 1528, 1457, 1381, 1354,
906, 855, 832, 802, 707 cm™; '"H NMR (300 MHz, CDCl3) & 7.92 (dd, J = 7.7, 1.0 Hz,
1H), 7.63 (d, J = 6.5 Hz, 1H), 7.58 (t,J = 7.7 Hz, 1H), 6.99 (s, 2H), 6.29 (s, 1H), 2.40 (s,
3H), 2.36 (s, 3H), 2.24 (s, 6H) ppm; >C NMR (75 MHz, CDCl3) § 164.8, 162.3, 149.6,
140.8, 139.0, 137.2, 134.9, 130.8, 128.4, 125.7, 122.3, 122.1, 106.1, 21.2, 20.2, 20.0

ppm; HRMS (EI+) caled. for Ci9H;sN,O3 (M+) 322.1317, found 322.1304.
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2.2.29

Isoxazole 3.2.6j: To a stirred solution of 2.2.29'" (80.9 mg, 462 pmol) and 3.2.5* (845.6
mg, 4.278 mmol) in PhMe (2.30 mL) at 80 °C was added NEt; (3.70 mL, 5.55 mmol,
1.50 M in PhMe) via syringe pump over 5 hours. After 10 h, the crude mixture was
cooled to rt, filtered, concentrated in vacuo, and purified via flash chromatography over
silica gel, eluting with 2-10 % EtOAc / Hexanes to give impure 3.2.6j as a yellow solid.
The impure solid was recrystalized from methanol to give pure 3.2.6j (115.7 mg, 349.3
umol, 74%) as a light brown solid. Mp 133-135 °C; IR (thin film) 1643, 1613, 1533,
1457, 1347, 914, 853, 804, 741 cm™; 'H NMR (400 MHz, CDCls) & 7.99 (dd, J = 8.4, 1.3
Hz, 1H), 7.65 (dd, J = 7.7, 1.9 Hz, 1H), 7.60 (t, J = 7.9 Hz, 1H), 7.00 (s, 2H), 2.36 (s,
3H), 2.33 (s, 3H), 2.18 (s, 6H), 1.67 (s, 3H) ppm; °C NMR (100 MHz, CDCls) § 163.3,
161.3, 149.6, 141.4, 138.9, 137.3, 135.0, 130.7, 128.2, 125.0, 122.5, 122.3, 113.4, 21.2,
19.7, 19.6, 6.9 ppm; HRMS (EI+) caled. for Cy0H0N2O3 (M+) 336.1470, found

336.1462.
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Isoxazole 3.2.8a: To a stirred solution of 3.2.7a (50 pL, 455 pmol) and 3.2.5* (900 mg,
4.55 mmol) in PhMe (3.0 mL) at 80 °C was added NEt; (3.6 mL, 5.46 mmol, 1.5 M in
PhMe) via syringe pump over 5 hours. After 20 h, the crude mixture was cooled to rt,
filtered, concentrated in vacuo, and purified via flash chromatography over silica gel,
eluting with 0-10 % EtOAc / Hexanes to give impure 3.2.8a as a yellow solid. The
impure solid was recrystallized from EtOAc/Hex to give known 3.2.8a'° (89.4 mg, 340
umol, 75%) as a white solid. 'H NMR (700 MHz, CDCls) & 7.88 (d, J = 7.1 Hz, 2H),
7.53 (t,J=7.1 Hz, 2H), 7.48 (t, J = 7.1 Hz, 1H), 6.99 (s, 2H), 6.50 (s, 1H), 2.36 (s, 3H),
2.22 (s, 6H) ppm; C NMR (125 MHz, CDCls) & 169.8, 162.7, 138.8, 137.2, 130.1,

129.0, 128.4, 127.6, 126.2, 125.9, 100.9, 21.1, 20.2 ppm.

3.2.7b 3.25

Isoxazole 3.2.8b: To a stirred solution of 3.2.7b* (50.0 mg, 384 pmol) and 3.2.5%° (759
mg, 3.84 mmol) in PhMe (1.5 mL) at 80 °C was added NEt; (3.1 mL, 4.61 mmol, 1.5 M

in PhMe) via syringe pump over 5 hours. After 15 h, the crude mixture was cooled to rt,
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filtered, concentrated in vacuo, and purified via flash chromatography over silica gel,
eluting with 0-20 % EtOAc / Hexanes to give impure 3.2.8b. Repurification via
trituration with Hexanes and EtOAc gave 3.2.8b (29.9 mg, 103 pumol, 27%) as a white
solid. Mp 96-99 °C; IR (neat) 2923, 1614, 1450, 1145, 1006, 898, 852, 766, 741 cm™; 'H
NMR (400 MHz, CDCls) & 7.44-7.31 (overlapping m, 4H), 6.99 (s, 2H), 2.41 (s, 3H),
2.37 (s, 3H), 2.16 (s, 6H), 1.80 (s, 3H) ppm; °C NMR (100 MHz, CDCl;) § 166.7, 163 .4,
138.7, 137.8, 137.3, 130.8, 129.8, 129.6, 128.2, 128.0, 125.7, 111.4, 21.2, 20.1, 19.8, 7.6

ppm. HRMS (ES+) calcd. for Cy0H2,NO (M+H) 292.1701, found 292.1689.

n-oH cl NO,
cl NO, + ' o _— N
Il N=
227 3.2.9a 3.2.10a

Isoxazole 3.2.10a: To a stirred solution of 2.2.7°° (69.7 mg, 384 umol) and 3.2.9a> (467
mg, 3.84 mmol) in PhMe (1.5 mL) at 80 °C was added NEt; (3.1 mL, 4.61 mmol, 1.5 M
in PhMe) via syringe pump over 5 hours. After 15 h, the crude mixture was cooled to rt,
filtered, concentrated in vacuo, and purified via flash chromatography over silica gel,
eluting with 0-30 % EtOAc / Hexanes to give impure 3.2.10a. Repurification via flash
chromatography over silica gel, eluting with 0-10 % EtOAc / Hexanes gave 3.2.10a
(29.5 mg, 111 pmol, 29%) as a yellow oil with 10% inseparable impurity. IR (neat)
3089, 2970, 1537, 1352, 1124, 950, 883, 759, 739 cm™'; '"H NMR (400 MHz, CDCl;) &

791 (dd, J = 8.2, 1.0 Hz, 1H), 7.78 (dd, J = 8.2, 1.1 Hz, 1H), 7.60 (t, J = 8.2 Hz, 1H),
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6.42 (s, 1H), 3.16 (septet, J = 7.1 Hz, 1H), 1.37 (d, J = 7.0 Hz, 6H) ppm; >C NMR (100
MHz, CDCl3) & 169.4, 161.5, 150.4, 136.0, 134.2, 131.4, 122.9, 122.4, 104.4, 26.7, 21.6

ppm. HRMS (EI+) calcd. for Ci,H 1N2O3Cl (M+) 266.0458, found 266.0462.

N,OH Cl NO,
Cl NO, + | N
| | /\)\C| O‘N*

227 3.2.9b 3.2.10b

Isoxazole 3.2.10b: To a stirred solution of 2.2.7°° (69.7 mg, 384 pmol) and 3.2.9b** (467
mg, 3.84 mmol) in PhMe (1.5 mL) at 80 °C was added NEt; (3.1 mL, 4.61 mmol, 1.5 M
in PhMe) via syringe pump over 5 hours. After 15 h, the crude mixture was cooled to rt,
filtered, concentrated in vacuo, and purified via flash chromatography over silica gel,
eluting with 0-30 % EtOAc / Hexanes to give impure 3.2.10b. Repurification via flash
chromatography over silica gel, eluting with 0-10 % EtOAc / Hexanes gave 3.2.10b (76.8
mg, 288 umol, 75%) as a yellow oil. IR (neat) 3090, 2964, 2875, 1538, 1417, 1354, 1125,
950, 883, 808, 738 cm™; '"H NMR (400 MHz, CDCl3) § 7.92 (d, J = 8.2 Hz, 1H), 7.78 (d,
J = 8.2 Hz, 1H), 7.60 (t, J = 8.1 Hz, 1H), 6.40 (s, 1H), 2.75 (t, J = 7.3 Hz, 2H), 1.77
(sextet, J = 7.4 Hz, 2H), 1.02 (t, J = 7.4 Hz, 3H) ppm; >C NMR (100 MHz, CDCl;) §
164.0, 161.6, 150.3, 136.0, 134.2, 131.5, 122.9, 122.4, 105.8, 28.0, 21.5, 13.6 ppm.

HRMS (EI+) calcd. for Ci,H1N2O3Cl (M+) 266.0458, found 266.0469.
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227 3.2.9¢c

Isoxazole 3.2.10c: To a stirred solution of 2.2.7°° (69.7 mg, 384 umol) and 3.2.9¢> (697
mg, 3.84 mmol) in PhMe (1.5 mL) at 80 °C was added NEt; (3.1 mL, 4.61 mmol, 1.5 M
in PhMe) via syringe pump over 5 hours. After 14 h, the crude mixture was cooled to rt,
filtered, concentrated in vacuo, and purified via flash chromatography over silica gel,
eluting with 0-20 % EtOAc / Hexanes to give impure 3.2.10c. Repurification via
trituration with Hexanes and EtOAc gave 3.2.10¢ (49.4mg, 151 pmol, 39%) as a yellow
solid with 10% inseparable impurities. Mp 117-120°C; IR (neat) 1535, 1425, 1353, 965,
884, 755, 737, 696 cm™'; 'H NMR (400 MHz, CDCl3) § 7.99 (d, J = 8.2 Hz, 1H), 7.82 (d,
J=28.2Hz, 1H), 7.64 (t, J=8.2 Hz, 1H), 7.57 (d, /= 7.1 Hz, 2H), 7.44-7.33 (overlapping
multiplets, 3H), 7.27, 7.20 (ABq, J = 16.5 Hz, 2H), 6.80 (s, 1H) ppm; C NMR (100
MHz, CDCl3) 6 162.0, 161.9, 150.4, 136.6, 136.3, 135.7, 134.3, 131.7, 129.1, 128.9,
127.1, 123.0, 122.1, 155.6, 103.3 ppm. HRMS (ES+) calcd. for C;7H;;N,0O5;C1 (M+H)

327.0536, found 327.0543.
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Carboxylic Acid 3.2.11: To a stirred solution of 3.2.6¢ (100 mg, 249 pmol) stirring in
THF/H,0 (2:1, 0.2 M, 1.2 mL) was added LiOH*H,O (36.2 mg, 863 umol). After 5 days
the reaction mixture was quenched with 6 M HCI (1.5 mL) and the aqueous layer
extracted with EtOAc (3 x 10 mL ea.). The combined organic layers were washed with
brine (30 mL), dried over MgSO4 and concentrated in vacuo to yield 3.2.11 as a beige
solid (91.9 mg, 238 pmol, 95%). Mp 195-197 °C; IR (neat) 2919, 1691, 1536, 1348,
1139, 753 cm™'; "H NMR (400 MHz, CDCl;) § 8.26 (d, J = 8.0 Hz, 1H), 7.88 (d, J = 8.0
Hz, 1H), 7.73 (t, J = 8.4 Hz, 1H), 6.98 (s, 2H), 2.36 (s, 3H), 2.18 (s, 6H) ppm; °C NMR
(175 MHz, CDCl3) 8 169.7, 162.9, 161.9, 148.8, 139.3, 137.4, 137.1, 136.6, 135.1, 132.4,
128.3, 128.1, 123.9, 123.6, 122.8, 111.2, 21.3, 19.9 ppm; HRMS (ES+) calcd. for

C19H16C1N205 (M+H) 3870762, found 387.0748.

Acid Chloride 3.2.12: To a stirred solution of 3.2.11 (10 mg, 25.8 umol) in CH,Cl, (100

pL) was added PCls (6.4 mg, 30.7 umol). After 2 h at reflux the crude mixture was
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cooled to rt and concentrated in vacuo to give 3.2.12 as a beige solid (9.8 mg, 24.2 umol,
94%). Crude materials were used without further purification. Mp 132-136 °C; IR (neat)
2925, 1733, 1536, 1315, 1124, 737 em™'; "H NMR (700 MHz, CDCl;) & 8.37 (d, J = 8.4
Hz, 1H), 7.95 (d, J = 7.7 Hz, 1H), 7.82 (t, J = 8.4 Hz, 1H), 7.02 (m, 2H), 2.83 (s, 3H),
2.22 (s, 3H), 2.19 (s, 3H) ppm; °C NMR (175 MHz, CDCl3) § 170.8, 161.6, 157.9,
148.5, 139.9, 137.4, 137.1, 136.6, 135.5, 133.0, 128.5, 128.4, 123.9, 123.0, 122.4, 116.5,

21.1, 19.9 ppm; HRMS (EI+) caled. for C;9H;4C1LN,O4 (M+) 404.0331, found 404.0330.

3.2.15

Amide 3.2.16: To a stirred solution of 3.2.12 (14.5 mg, 35.8 umol) in CH,Cl, (360 puL)
was added NEt; (10 pL, 71.6 pmol) and benzylamine 3.2.15 (8 pL, 73.2 ummol) at rt.
After 15 h the crude materials were concentrated in vacuo and purified via flash
chromatography over silica gel, eluting 0-40% EtOAc/Hexanes to give 3.2.16 as a beige
solid (10.2 mg, 21.4 umol, 60%). Mp 139-141 °C; IR (neat) 3400, 2922, 1666, 1531,
1350, 1150, 738 cm™'; "H NMR (700 MHz, CDCls) & 8.26 (d, J = 8.4 Hz, 1H), 7.87 (d, J
= 8.4 Hz, 1H), 7.70 (t, J = 8.4 Hz, 1H), 7.23 (m, 3H), 6.93 (s, 2H), 6.86 (m, 2H), 5.52 (s,
1H), 4.25 (d, J = 4.6 Hz, 1H), 4.18 (d, J = 4.1 Hz, 1H), 2.30 (s, 3H), 2.17 (s, 6H) ppm;
C NMR (175 MHz, CDCl;) § 168.2, 159.2, 159.1, 149.2, 140.7, 138.0, 137.3, 136.8,

136.6, 134.8, 131.9, 129.2, 129.0, 128.5, 127.5, 127.2, 123.6, 123.4, 123.3, 113.6, 43.2,
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21.2, 19.7 ppm; HRMS (ES+) caled. for CysH»3CIN3Os (M+H) 476.1377, found

476.1358.

3.2.13

Amide 3.2.14: To a stirred solution of 3.2.12 (4.8 mg, 11.8 pmol) in CH,Cl, (120 pL)
was added NEt; (3.3 pL, 23.6 umol) and (R)-(+)-a-methyl benzylamine 3.2.13 (3 uL,
23.6 ummol) at rt. After 7 h the crude materials were concentrated in vacuo and purified
via flash chromatography over silica gel, eluting 0-30% EtOAc/Hexanes to give 3.2.14 as
a beige solid (3.8 mg, 7.75 umol, 66%). Mp 51-53 °C; IR (neat) 3388, 2924, 1667, 1534,
1351, 757, 699 cm™'; "H NMR (700 MHz, CDCl;) & 8.24 (bs, 1H), 7.85 (dd, J = 7.6, 14.8
Hz, 1H), 7.68 (t, J = 8.2 Hz, 1H), 7.22 (m, 3H), 7.13 (s, 1H of rotamer), 7.10 (s, 1H of
rotamer), 6.96 (s, 1H of rotamer), 6.94 (s, 1H of rotamer), 6.80 (m, 2H), 5.65 (bs, 1H),
4.89 (s, 1H), 2.39 (s, 3H), 2.28 (s, 3H of a rotamer), 2.26 (s, 3H of a rotamer), 2.09 (s,
3H), 1.16 (m, 3H) ppm; “C NMR (175 MHz, CDCls) & 168.0, 159.1, 158.3, 149.2,
142.4, 142.2, 140.8, 138.3, 138.1, 137.7, 137.4, 136.6, 134.8, 131.8, 129.4, 129.2, 128.9,
128.5, 127.3, 125.4, 123.6, 123.4, 113.7, 48.6, 22.2, 21.3, 19.8, 19.7 ppm; HRMS (ES+)

calcd. for C27H25C1N304 (M+H) 490). 1534, found 490.1524.



86

Isoxazole 3.2.17: To a pressure vessel containing 3.2.6a (83.4 mg, 243 umol) and
dioxane (1.00 mL), was sequentially added PEPPSI-IPr (16.8 mg, 24.7 umol), (PhBO);
(124.3 mg, 340 pumol), K»COs (127.6 mg, 923 umol). The solution was sealed under Ar
and heated to 80 °C. After 48 h, the reaction was cooled to rt, and filtered through a
Celite pad with CH,Cl, (40 mL). The elutant was concentrated in vacuo, and purified via
flash chromatography over silica gel, eluting with 0-15% EtOAc / hexanes to give 3.2.17
(74.1 mg, 19.3 pmol, 79%) as a pale yellow solid. Mp 168-170 °C; '"H NMR (400 MHz,
CDCl3) 6 8.12 (dd, J= 2.1, 7.3 Hz, 1H), 7.76 (m, 2H), 7.35 (m, 3H), 7.24 (m, 2H), 6.92
(s, 2H), 5.85 (s, 1H), 2.32 (s, 3H), 2.02 (s, 6H) ppm; “C NMR (100 MHz, CDCls) §
164.5, 162.0, 149.5, 145.3, 138.8, 138.4, 137.3, 134.6, 130.9, 128.9, 128.4, 128.21,
128.20, 125.7, 123.6, 121.7, 107.0, 21.1, 20.0 ppm; HRMS (EI+) caled. for Co4H20N2O3

(M+) 384.1474, found 384.1465.
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Isoxazole 3.2.18: To a seal tube containing 3.2.6¢ (50 mg, 125 pmol) was added
sequentially K>COs (52 mg, 374 umol), (PhBO); (117 mg, 374 umol), and PEPPSI-IPr
(3.8 mg, 5.6 umol). The vessel was evacuated and backfilled with argon 3 times.
Dioxane was added and the reaction was let stir at 100 °C. After 15 h, the crude material
was cooled to rt, filtered through Celite and concentrated in vacuo. Purification via flash
chromatography over silica gel, eluting 5-20% EtOAc/Hexanes gave 3.2.18 as a yellow
solid (37.4 mg, 84.5 umol, 63%). Mp 175-178 °C; IR (neat) 2953, 1732, 1534, 1123,
737,703 cm™; "H NMR (400 MHz, CDCl3) & 8.32 (t, J = 4.8 Hz, 1H), 7.82 (d, J = 4.8
Hz, 2H), 7.32 (m, 3H), 7.21 (m, 2H), 6.92 (s, 1H), 6.86 (s, 1H), 3.41 (s, 3H), 2.31 (s, 3H),
2.13 (s, 3H) 1.76 (s, 3H) ppm; °C NMR (100 MHz, CDCl;) § 170.3, 161.8, 160.6, 148.3,
145.6, 138.8, 137.9, 137.1, 136.9, 135.1, 131.3, 128.6, 128.4, 128.3, 128.2, 128.0, 127.8,
124.4, 1239, 122.1, 111.7, 51.6, 21.2, 19.8, 19.7 ppm; HRMS (EI+) caled. for
C26H22N2O5 (M+) 442.1529, found 442.1531.
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CHAPTER 4. SYNTHESIS, CHARACTERIZATION, AND ANALYSIS OF
NOVEL NITRO-POLYCYCLIC AROMATIC HYDROCARBONS (NPAHS)

Section 4.1. Introduction

Nitro polycyclic aromatic hydrocarbons (NPAHs) are ubiquitous pollutants found
in the environment.! NPAHs are formed through partial combustion of organic materials
or from the parent PAH reacting with photochemical oxidants in the atmosphere.” The
sources of NPAHs include natural sources, such as forest fires, or anthropogenic sources,
such as diesel exhaust. Many PAH compounds are known carcinogens and the NPAHs

can be more mutagenic than the parent PAH.>*

It is important to understand whether
NPAHS are present in the environment and their toxicity.

Previously, our investigated at the formation of novel NPAHs using
heterogeneous chamber reactions of parent PAHs with NO,, NO3/N,Os and OH radicals.’
The NPAHs anticipated to be formed in this study are shown in Figure 4.1.1. This
research showed how parent PAHs could be transformed into nitrated PAHs through
atmospheric photochemical reactions, an especially important phenomenon in the long-
range atmospheric transport of these pollutants. Gaussian modeling was used to predict
the reactive sites of the parent PAHs and dipole moment calculations were used to
estimate their elution order.’” This work also included the resultant Ames assays which

provided confirmation of substantially higher mutagenicity of these nitrated PAHs as

compared to the corresponding parent PAH.
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Figure 4.1.1. Structures of Novel NPAHs Predicted From Chamber Reactions’
Section 4.2. Results and Discussion

In order to confirm the structures of the NPAHs formed in the chamber study,
these novel NPAHs needed to be synthesized. In some cases, the parent PAH could be
subjected to a simple nitration to form the NPAH. Computational calculations showed
the possible sites of electrophilic aromatic substitution (EAS) on the parent PAH. Direct
nitration of the parent PAH should proceed via this mechanism to provide the expected
NPAH. Some parent PAHs are not available in large enough quantities to nitrate, thus

the synthesis of these parent PAHs was necessary.
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Dibenzola,i]pyrene (DBAIP, 4.2.7) was only commercially available in solution
form, or in milligram quantities, at high costs, prompting our group to attempt its
synthesis. Attempted synthesis of DBAIP, using a known procedure (Table 4.2.1),°
began with the synthesis of enamine 4.2.3 through condensation of cyclohexanone 4.2.1
with pyrrolidine 4.2.2. The enamine was then coupled with dibromonaphthalene 4.2.4 to
form compound 4.2.5. Synthesis of cyclized compound 4.2.6 was attempted using
multiple conditions (Table 4.2.1, entries 1-4), but provided a complex mixture of
products. Our inability to reproduce the anhydrous HF conditions in the known literature
procedure proved detrimental to the reaction. The subsequent aromatization step was
attempted with the unpurified complex mixture using the conditions listed in Table 4.2.1,
entries 5-7. However, formation of compound 4.2.7 was not observed. Because of the
difficulties in synthesizing 4.2.6, and ultimately DBAIP (4.2.7), we decided to abandon

this synthesis and focus on direct nitration of the parent PAHs we had on hand.



Table 4.2.1. Attempted Synthesis of Dibenzo[ai]pyrene

50 g

D|oxane

toluene /3 O
reflux, 19 h (j/ O
Dean Stark

trap, 99% Br
4.2.3 4.24

reflux 18h

4.27 4.2.6

Entry | Reaction | Conditions Result

1 A H3;CSO,0H, CHCl3, 2.5 d Complex mixture

2 A PPA,110°C,3 h Complex mixture

3 A HF 48% aq. 72 h Complex mixture

4 A HBr, HOACc, reflux, 4 d Complex mixture

5 B Pd/C, triglyme, reflux, 18 h No product observed
6 B Pd/C, triglyme, W, 220 °C, 30 m No product observed
7 B DDAQ, benzene, reflux, 1 h No product observed
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Benzo[k]fluoranthene (BKF, 4.2.8), benzo[ghi]perylene (BGHIP, 4.2.9), and

benzo[a]pyrene (BAP, 4.2.10) were available for direct nitration (Scheme 4.2.1).

Following known procedures, ’ benzo[k]fluoranthene was nitrated to provide 7-

nitrobenzo[k]fluoranthene 4.1.1° and 3,7-dinitrobenzo[k]fluoranthene 4.1.5. The known

nitration of BKF was accomplished under controlled conditions so that 7-NBKF (4.1.1)
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was the only product observed.® Interestingly, through our nitration procedure, we found
that, at higher temperatures, a higher yield of the di-nitro 4.1.5 was observed, although
the yield of the mono-nitrated 4.1.1 decreased significantly (Scheme 4.2.1, Equation 1).
Nitration of BGHIP’ provided known nitration products 5-NBGHIP 4.1.12 and 7-
NBGHIP 4.1.16 in 10% yield each (Scheme 4.2.1, Equation 2). This was lower than what
was observed in the original paper.” Purification by preparatory HPLC gave analytically
pure samples of the 7-NBKF (4.1.1), 3,7-NBKF (4.1.5), 5-NBGHIP (4.1.12), and 7-
NBGHIP (4.1.16). Nitration of BAP® 4.2.10 provided commercially available 6-NBAP
4.2.11 and an inseparable mixture of 1-NBAP 4.1.9 and 3-NBAP 4.1.10 (Scheme 4.2.1,
Equation 3).

Scheme 4.2.1. Direct Nitration of Parent PAHs

(Eq. 1) Nitration of BKF

= 1. HNO3, Ac,0 NO,
N\ / 0°C, 5h ' ’
) ¢

100 °C, 2h NO, NO,
4.2.8 4.1.1 41.5
1. 80% 1.10%
2. 36% 2. 22%

(Eq. 2) Nitration of DBGHIP

s 0 )
.
ACzO O,N !! O‘

4.1.12 4.1.16
10% 10%

(Eq. 3) Nitration of BAP

/ o, 99
OO O‘ g‘ OO

4.2.10 419 4.1.10
inseparable mixture, 34%
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Pure NPAHs were structurally confirmed by 1D and 2D NMR spectroscopy. The
'H NMR spectrum for 7-NBKF (4.1.1) showed a variety of multiplets, but only one
singlet at 6 8.47, suggesting that the nitro substituent was on ring B and carbon position 7
(Figure 4.2.1). Computed values of BKF suggested the most reactive site would provide
the 3-NBKF (4.1.3). Analysis of the splitting patterns and COSY spectrum for 7-NBKF
4.1.1 was in agreement with this assignment. NMR data correlation tables for 3,7-NBKF
4.1.5, 7-NBGHIP 4.1.12, and 5-NBGHIP 4.1.13 are shown in Chapter 6. The "H NMR
spectrum for 3,7-NBKF (4.1.5) shows a characteristic singlet at & 8.49 (carbon 12)
implying one nitro substituent was on carbon 7 (Figure 4.2.1). Due to the chemical shifts
and limited 'H-'H correlations in the COSY NMR spectrum, the other nitro substituent
was determined to be on the ring corresponding with proton signals at & 8.12 (d) and o
8.70 (d). These data suggested that the nitro substituent would be on ring D or E. NOE
experiments were used to determine through space correlations between 'H signals at 3
8.49 (position 12) and signals at & 8.12 (d) and o 8.03 (dd). As the signal at o 8.12 was
on the second nitrated ring, the nitro substituent must be on ring D. Because of the
observed "H-'H correlation, carbon position 1 must be protonated; therefore, the nitrated
position must be carbon 3. Analysis of HSQC and HMBC 'H-"C correlation data
supported this structural assignment. Analysis of the '"H NMR spectrum for 7-NBGHIP
(4.1.12) showed the presence of only doublet and triplet proton splitting patterns
suggesting that the nitro substitution position must be on rings A or E (Figure 4.2.1) and

that the substituent must be on carbon 5 or 7. The symmetry in the molecule makes the
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distinction between ring A and E arbitrary. The "C signal at & 146.4 did not show a
correlation in the HSQC data suggesting that this was a quaternary carbon and the
chemical shift was consistent with a carbon bearing a nitro substituent. HMBC
spectroscopy provides 'H-""C correlations between 2-4 bonds away from each other. The
HMBC spectra obtained for 7-NBGHIP 4.1.12, showed correlations from two proton
signals, & 8.25 and & 8.10, to the "°C resonance at & 146.4. This suggested that the nitro
substituent was in carbon position 7. The NMR analysis of 5-NBGHIP (4.1.16) also
provided only doublet and triplet proton splitting patterns leading to a similar possible
structure as determined for 7-NBGHIP. The nitro substituent was predicted to be on the
A or E ring in position 5 or 7. In this case, the nitro-carbon signal at & 144.2 showed
correlations to 3 proton signals (3 9.06, & 8.94, 6 8.73), suggesting that the nitro group

was at carbon position 5. Examination of the 2D NMR data supported this assignment.

o0 o,
oy

4.1.12 4.1.16 411 4.1.5
Figure 4.2.1. Ring Assignments
During the synthesis process, a universal approach was envisioned to access a
wide range of nitrated BKF derivatives. The retrosynthetic strategy shown in Figure
4.2.2 employed a palladium-catalyzed cross-coupling reaction of nitrated naphthalene
derivatives to access a variety of nitrated BKF compounds. Based on work by Hiyama

and coworkers,'” in the synthesis of phenanthrenes and dibenzo[g,p]chrysenes, a Suzuki
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coupling strategy, employing a dihalogenated naphthalene and a diboronic acid
naphthalene was envisioned. In order to utilize this exciting strategy, the synthesis of the

coupling partners was needed.

O,N .
2\\ \ Pd OZN\\ X Y/\
="NO, X —*NO,

4.212 4.2.13 4.2.14
X =B(OH),, B(OR),
Y=Cl,Br, |

Figure 4.2.2. Retrosynthetic Strategy for Access to Nitrated Benzo[k]fluoranthenes

The sythesis of naphthalene coupling reagents was explored and the non-nitrated
system was used as a model system. The synthesis of 1,8-diiodonaphthalene 4.2.16'" was
accomplished in poor yield (22%) from the corresponding diaminonaphthalene 4.2.15
(Scheme 4.2.2, Equation 1). Standard triflation'? of the diol 4.2.17 provided known
ditriflate 4.2.18 in quantitative yield (Scheme 4.2.2, Equation 2). The synthesis of the
diboronate ester was attempted from the corresponding ditriflate 4.2.18."> However, the
mono-boronate ester 4.2.20'* was obtained. In this case, it is speculated that proto-
deborylation was occurring with the use of pinacol borane. In order to circumvent the
proto-deborylation, a coupling reaction using bis(pinacolato)diboron was attempted.
Unfortunately, the desired coupling partner 4.2.21 was not formed and only starting

material was recovered.



Scheme 4.2.2. Synthesis of Non-nitrated Coupling Partners

(Eq. 1) Synthesis of Diiodonaphthalene

NH, NH, I
NaNO,, KI
NS _—
| P H,0, 22%
4.2.15 4.2.16
(Eq. 2) Synthesis of Boronate Ester
HBpin
Tf,0 RuPhos (4.2.19)
N OH NEts N oTf PdCIZ(MeCN)
| = DCM | = NEt Dioxane
3
OH  _20°Ctort ott 110°C
99% 46%
4.217 4.2.18

I PCy,
OiPr ‘ OiPr

RuPhos, 4.2.19

4. 2 20
46%

o e

o)

B

\

O
4.2.21

0%
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Through a literature search, a method employing a Suzuki-Heck coupling reaction

was found.”” We envisioned using this method to couple mono-boronate 4.2.20 and

diiodonaphthalene 4.2.16. To our delight, this coupling was accomplished using the un-

optimized conditions'®

fact that this reaction also provided benzo[j]fluoranthene (BJF, 4.2.22).

constraints, the resolution of the two fluoranthene isomers 4.2.8 and 4.2.22'" was not

shown in Scheme 4.2.3. What was even more exciting was the

Due to time

attempted, nor was the reaction optimized. These preliminary results, using mono-

boronated naphthalene 4.2.20, offer the possibility of accessing a wide variety of nitrated

BKF and BJF compounds.

Scheme 4.2.3. Preliminary Suzuki-Heck Coupling

O/?
/
(o}

Pda(dba)s

| |
(CeH11)sP

120 °C
BKF

4.2.16 4.2.20 4.2.8

CO oy *

BJF
4.2.22

10% mixture of compounds
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Before the use of diol 4.2.17 as a coupling partner precursor was realized, a
strategy to access 2,3-dibromonaphthalene was attempted. The synthesis began with the
photochemical reaction shown in Scheme 4.2.4. Literature precedent reported that a
complex mixture of products would be obtained due to the multiple stereoiosomers
possible.'® Our photochemical reaction used a modified apparatus from what was
described in the paper and we obtained a complex mixture of what we speculated was
comprised of stereoisomers 4.2.24. This complex mixture was then reacted with AgNO;
in THF to provide what appeared to be the di-nitroso compound 4.2.25 ("H NMR) in very
low yield (6%)." The final elimination-aromatization step was attempted; however, none
of the desired product (4.2.26) was obtained. The scrupulous reaction conditions needed
and lack of appropriate equipment likely contributed to the irreproducibility of the
reaction.

Scheme 4.2.4. Attempted Synthesis of 2,3-Dibromonaphthalene

Br ONO,

chri Br  AgNOg Br 140 °C, 10 min Br
LN es e ()
v Br THg%G d Br then 200 °C, 5 min Br
Br ONO,
4.2.23 4.2.24 4.2.25 4.2.26

An alternate route to obtain 2,3-dibromonaphthalene was possible through
acetylation of 2,3-dibromobenzene, ** followed by bromination and cycloaromatization.'
We attempted this synthesis as a nitrated version (Scheme 4.2.5). The synthesis began
with the Sonagashira coupling reaction of commercially available 3-bromo-4-
chloronitrobenzene 4.2.27 with TMS acetylene 4.2.28. The reaction conditions could be

modulated to provide either what we believe to be the 2-trimethylsilylethynyl-3-
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chloronitrobenzene 4.2.29 (Scheme 4.2.5, Equation 1) or to provide known 3,4-
bis(trimethylsilylethynl)nitrobenzene 4.2.30 (Scheme 4.2.5, Equation 2) by varying the
palladium catalyst. The TMS groups in compound 4.2.30 were then substituted with
bromines using N-bromosuccinimide to provide 4.2.31 in 57% yield. While literature
precedent showed that the non-nitrated dibromoethynylbenzene would undergo
cycloaromatization in 1,4-cyclohexadiene at 180 °C in a steel bomb reactor to form 2,3-
dibromonaphthalene,”’ we were unable to repeat the cycloaromatization with nitrated
substrate 4.2.31, most likely due to the thermal instability of nitroaromatic compounds at
high pressures.

Scheme 4.2.5. Synthetic Progress Towards 2,3-Dibromo-6-nitronaphthalene 4.2.32

(Eqg. 1) Sonagashira Couping of TMS-acetylene and 2-Bromo-3-chloronitronaphthalene

Cul, PPh, ™S
O,N Br Pd(PPhg),Cly ON =
+ ——TMS _—
cl NEts, rt
96 h, 54% cl
4227 4.2.28 4229
(Eq. 2) Optimized Sonagashira Coupling and Progress Towards 2,3-Dibromo-6-nitronaphthalene
Br
TMS =
Cul, PPh
O,N Br P4Cl, ° O,N = NBS, AgNOg ON 7
+ = TMS§ —MW— —_— | _
NEts. 100 °C acetone, 57% X
cl 72°h, 60% = g
y o
4227 4.2.28 4230 TMS 4.2.31 '
A
O.N | N Br
& Br
4232

Without access to dibromines 4.2.24 and 4.2.32, a new strategy to access coupling
partners using 2,3-dihydroxynaphthalene 4.2.17 was developed. Direct nitration of diol
4.2.17 was attempted using the conditions provided in Scheme 4.2.6, Equation 1, but

produced only insoluble oils. Direct nitration of the previously obtained 2,3-
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bis(trifluoromethanesulfonyl)naphthalene 4.2.18 (Scheme 4.2.2, Equation 2) was
attempted using the reaction conditions in Scheme 4.2.6, Equation 2. In all cases, starting
material was recovered proving this substrate to be too robust to undergo nitration even in
harsh conditions such as P,0s/Si0,/HNO;.**

Scheme 4.2.6. Attempted Nitration of Diol 4.2.17 and Ditriflate 4.2.18

(Eq. 1) Attempted Nitration of Diol 4.2.17
1. HNOj3, AcO,» 0,

N
OH 2. HNO,, AcOH N OH
R VAR
OH  3.HNOs, H,S0, & OH

(Eq. 2) Attempted Nitration of Di-triflate 4.2.18
1. HNOj3, AcO,, A OZN\

oTf oTf
OTf % C(joﬁ
4.2.18 4.2.34
A known procedure for the nitration of 2,3-dimethoxynaphthalene was then
explored.” The transformation of diol 4.2.17 to the 2,3-dimethoxynaphthalene 4.2.35
was facile,”* providing a 97% yield of the desired compound (Scheme 4.2.7). Variation
of conditions for the nitration of 4.2.35 provided a complex mixture of compounds,

including suspected dinitrated naphthalenes (inseparable), three separable nitrated

regioisomers 4.2.36, 4.2.37, and 4.2.38 and an undesired quinone 4.2.39 (Scheme 4.2.7).
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Scheme 4.2.7. Synthesis of Nitrated 2,3-Dimethoxynaphthalenes

A
K>CO3 Condition A: B. 4.

“:OH Mel O'V'e HNO3, Ac,0 4.2.36 .2.37
OO DMF Condition B: 0

oM
OH o749 ®  HNOs, AcOH OO OMe 0
+ O‘
OMe OMe

4.2.17 4.2.35

NO

2 NO,
A. 0% A. 10%
B. 9% B. 0%
4.2.38 4.2.39

Manipulation of dimethoxy regiosomer 4.2.37 has been accomplished (Scheme
4.2.8). Common de-methylation conditions® using BBr; at —78 °C proved ineffective
with compound 4.2.37; however, thiophenol conditions®® (Scheme 4.2.8) provided the
desired compound in modest yield. Subsequent triflation'” of 4.2.40 provided the desired
product in high yield. The next step in this sequence will be to form the boronate ester
coupling partner from triflate 4.2.41.
Scheme 4.2.8. Synthesis of Ditriflate 4.2.41

OMe PhSH N OH Tf,0 oTf
E— = _—
OMe NMP OH DCM OTf

NO, 30% NO, —20°Ctort NO,
74%
4.2.37 4.2.40 ° 4.2.41

The synthesis of a dinitro coupling partner was also attempted (Scheme 4.2.9).
Diol 4.2.17 underwent bromination in moderate yield (58%) to provide 1,4-dibromo-2,3-
hydroxynaphthalene 4.2.42.>” The subsequent ipso-nitration substitution reaction
provided decomposition products.”® We suspect the presence of a small amount of water

interfered with the reaction.
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Scheme 4.2.9. Attempted Synthesis of 2,3-Dihydroxy-1,4-dinitronaphthalene

Br NO,

KNO,
| N OH Br,, AcOH OH Cu(0S0,CF3), OO OH
F OH rt, 16 h, 58% OH DMSO, 72-96 h OH
Br NO,
4.2.17 4.2.42 4.2.43

Due to the utility of mono-boronated naphthalene 4.2.20, a route to obtain
coupling partners using 2-hydroxynaphthalene was envisioned (Scheme 4.2.10).
Triflation of 2-hydroxynaphthalene 4.2.44 proceeded in 85% yield to provide compound
4.2.45.” Subsequent boronation of triflate 4.2.45 could be accomplished using
PdCLy(dppf) complexed with dichloromethane.*

Scheme 4.2.10. Synthesis of Boronate Ester 4.2.20
OH Ing PdCIzH(inr;%DCM 9/&
(jj oo (;@ NEt3 Dloxane (D/B‘o
—20°Ctort =

85%
4.2.44 4.2.45 4.2.20

Direct nitration of triflate 4.2.45 was accomplished using the usual conditions
(Scheme 4.2.11). To our delight, this nitration provided the products 4.2.46 in 43% and
4.2.47 in 48% yield. This was an extremely different result than the attempted nitration
of di-triflate 4.2.18. We hypothesize that the second triflate electronically deactivates the
naphthalene, so nitration does not occur.

Scheme 4.2.11. Nitration of Triflate 4.2.45
OTf
oTf HNo3
OO e

4.2.46 4.2.47
4.2.45 43% 48%
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Manipulation of 1,8-diiodonaphthalene was briefly explored (Scheme 4.2.12).
Nitration of 4.2.16 was attempted, but only provided suspected dimerization products,
unsubstituted naphthalene and recovered starting material (Scheme 4.2.12, Equation 1).
Transformation of diiodide 4.2.16 into a diboronate ester or diboronic acid coupling
partner was also attempted (Scheme 4.2.12, Equation 2). The attempted synthesis of
boronic acid 4.2.49, using trimethoxy borate, provided a complex mixture of products.’’
This route was postponed while other coupling partners were synthesized. Attempts to
synthesize the diboronate ester provided what we believe to be monoboronated
naphthalene 4.2.50 in 11 % yield (Scheme 4.2.12, Equation 2), along with a complex
mixture of suspected dimerization and decomposition products. After these preliminary
results, it was reasoned that it would be advantageous to keep the diiodonaphthalene as
the halogenated coupling partner.

Scheme 4.2.12. Manipulation of 1,8-Diiodonaphthalene

(Eq. 1) Attempted Nitration of 1,8-Diiodonaphthalene
Conditions Tried:

I 1) HNO; |
Ac,0O X
HZSO4/ACOH NO,

4.2.16 4.2.48

(Eq. 2) Synthetic Progress Towards Boronic Acid and Boronate Ester Coupling
Partners

HBpin
HO OH n-BulLi NEt,

HO-B  B-gn THF PdCI2 (MeCN), 0.,.0
| = (MeO)SB XPhos
= -78°C 2-MeTHF
1%
4.2.49 4.2.16 4.2.50
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Section 4.3. Analysis of Synthesized NPAHs

The synthesized NPAHs were run on the gas chromatography mass spectrometer
(GC/MS) to determine purity and to confirm the identity of the predicted NPAHs formed
in the chamber reactions. The mass spectrometer (MS) was in electron ionization (EI)
mode to confirm the purity of the synthesized compound. The GC retention times for the
NPAHs that were synthesized were in good agreement with what was predicted from the
chamber studies, Gaussian modeling, and dipole moment calculations.” Figure 4.3.1
shows the gas chromatogram for 7-NBKF (4.1.1) in EI mode to prove purity. The
corresponding mass spectrum of that peak is shown. This spectrum provides information
about the molecular ion, which is at m/z 297 and fragment ions at m/z 267 (loss of NO),
251 (loss of NOy), 250 (loss of HNO,), and 239 (loss of NO and CO) shown in Table
4.3.1. See Chapter 6, section 6.4 for GC chromatograms and mass spectrometric data for
3,7-NBKF, 5-NBGHIP, and 7-NBGHIP. Table 4.3.1 presents the MS data for the 4

purified NPAHs.
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Figure 4.3.1. Gas Chromatogram and Mass Spectrum of 7-NBKF
Table 4.3.1. MS Data for Purified Compounds
7-NBKF 3,7-NBKF 7-NBGHIP 5-NBGHIP
m/z | loss m/z | loss m/z | loss m/z | loss
Molecular Molecular Molecular Molecular
297 342 321 321
Ion Ion Ion Ion
267 | NO 312 | NO 291 | NO 291 | NO
251 | NO; 266 | NO,,NO |275 |NO; 275 | NO»
250 | HNO; 250 | NO,, NO, |274 | HNO, 274 | HNO;
NO, NO,,
239 | NO, CO 238 236 | NO, CO 236 | NO, CO
CcoO
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The Ames assay is a widely used reverse mutation assay, which detects a range of
chemical compounds that are mutagenic.’> During the assay, histidine-dependent
bacteria are plated on glucose minimal agar containing trace amounts of histidine. The
bacteria then grow to colony size when an added substance, such as a NPAH, promotes
reversion to histidine independence (His+). The revertant colonies per plate are then used
to quantify the mutagenicity of a compound. Our synthesized NPAHs were tested in the
Ames assay using Salmonella strain T98 with and without metabolic activation (£S9)
(Figure 4.3.2).° Testing the assay with and without metabolic activation is important
because some carcinogenic PAHs are inactive unless they are metabolized. The study
showed that the dinitro compound 3,7-NBKF (4.1.5) exhibited both indirect- (513
rev/nmol) and direct- (96 rev/nmol) (Table 4.3.2, Entry 2) acting mutagenicity, whereas
the mono-nitro compound 7-NBKF (4.1.1) showed neither direct- nor indirect-acting
mutagenicity.” For the perylene PAHs, the 5-NBGHIP (4.1.16) showed indirect acting
mutagenicity (27 rev/nmol) (Table 4.3.2, Entry 3), while the 7-NBGHIP (4.1.12) was not

mutagenic in either assay.
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Table 4.3.2. Ames Assay’

Entry | Compound Direct Acting Mutagenicity | Indirect Acting Mutagenic
(-S9) rev/nmol (+S9) rev/nmol

1 7-NBKF (4.1.1) <l <1

2 3,7-DNBKF (4.1.5) 96 513

3 5-NBGHIP (4.1.16) | <1 27

4 7-NBGHIP (4.1.12) | <1 <1

Section 4.4. Conclusion

The synthesis and synthetic progress towards novel NPAHs was accomplished.
The model reaction shows promise for the coupling with nitrated naphthalene derivatives.
The synthesis, characterization and purification of 7-NBKF, 3,7-NBKF, 5-NBGHIP, and
7-NBGHIP were accomplished. The comparison of these fully characterized NPAHs
with the chamber reaction samples, in the mass spectrometer (MS) in chemical ionization
(CI) mode, confirmed the presence of these compounds. This comparison also showed
the accuracy in the methods used by our group in predicting which compounds would
form and where they would elute in the GC relative to one another.
Section 4.5. Experimental Section

General. Infrared spectra were recorded neat unless otherwise indicated

and are reported in cm™. 'H NMR spectra were recorded in deuterated solvents and are

reported in ppm and referenced internally to the residually protonated solvent. *C NMR
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spectra were recorded in deuterated solvents and are reported in ppm and referenced
internally to the residually protonated solvent. Gas chromatography mass spectrometry
(GC/MS) data was obtained on an Agilent 6890 GC coupled to a 5793 MS in electron
impact ionization (EI). High resolution mass spectrometry (HRMS) was performed by

the Mass Spectrometry Facility at OSU.

Routine monitoring of reactions was performed using EM Science DC-Alufolien
silica gel, aluminum-backed TLC plates. Flash chromatography was performed with the

indicated eluents on EM Science Gedurian 230-400 mesh silica gel.

Air and/or moisture sensitive reactions were performed under usual inert
atmosphere conditions. Reactions requiring anhydrous conditions were performed under
a blanket of argon, in glassware dried in an oven at 120 °C or by flame, then cooled
under argon. Dry THF, Toluene and DCM were obtained via a solvent purification
system. All other solvents and commercially available reagents were either purified via

literature procedures or used without further purification.

4.2.8 411 415

7-Nitrobenzo(k)fluornanthene 4.1.1 and 3,7-Dinitrobenzo(k)fluornathene
4.1.5: To a stirred solution of benzo(k)fluoranthene 4.2.8 (20 mg, 0.079 mmol) in Ac,O
(1 mL) was added HNO; (600 pL, 0.395 mmol, 0.68 M in Ac,0) at rt, then cooled to 0

°C. After 5 h, the reaction was quenched with ice and concentrated HCI1 (0.8 mL) for 3 h.
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The crude material was then extracted with DCM (3 X 10 mL), and washed with sat. aq.
NaHCO; (1 X 20 mL) and brine (10 mL). The dried (MgSO,) extract was concentrated in
vacuo and purified via flash chromatography over silica gel, eluting with 0-50%
EtOAc/Hexanes to give known nitration product 4.1.1 and nitration product 4.1.5 (18.9
mg, 63.6 umol, 80%). mono-nitro 4.1.1: Mp 198-201 °C; IR (neat) 3059, 1521, 1325,
823, 771, 744 cm™'; 'H NMR (700 MHz, CDCl3) & 8.47 (s, 1H), 8.08 (d, J = 4.0 Hz, 1H),
8.04 (d, J = 4.8 Hz, 2H), 8.00 (d, J = 4.8 Hz, 1H), 7.94 (t, J = 4.8 Hz, 2H), 7.67
(apparent pentet, J = 4.8 Hz, 2H), 7.65 (m, 2H) ppm; C NMR (175 MHz, CDCl;) &
142.3, 137.8, 135.2, 134.5, 133.4, 131.7, 130.4, 128.9, 128.7, 128.6, 128.5, 128.34,
128.26, 127.4, 127.3, 124.3, 123.2, 122.6, 122.4, 120.2 ppm; HRMS (EI+) calcd. for
C20H11NO; (M+) 297.07898, found 297.07957. di-nitro 4.1.5: (2.6 mg, 7.6 pmol, 9.6%):
Mp 236-240 °C; IR (neat) 2921, 2851, 1519, 1329, 813, 741 cm™'; '"H NMR (400 MHz,
CDCl) 6 8.83 (d, J = 8.4 Hz, 1H), 8.7 (d, J = 7.7 Hz, 1H), 8.49 (s, 1H), 8.12 (d, J = 7.7
Hz, 1H), 8.03 (dd, J = 7.0, 8.4 Hz, 2H), 7.90 (m, 2H), 7.73 (t, J = 7.0 Hz, 1H), 7.68 (t, J
= 7.0 Hz, 1H) ppm; >C NMR (100 MHz, CDCl;) & 144.4, 142.6, 141.4, 135.9, 135.4,
133.6, 132.3, 132.2, 129.6, 129.4, 128.5, 128.3, 127.6, 126.3, 125.1, 124.7, 124.5, 123.6,
122.6, 118.4 ppm; HRMS (ES+) caled. for Cy0H;oN.Os (M+) 342.06406, found

342.06437.
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4.1.12 4.1.16

7-Nitrobenzo(ghi)perylene (4.1.12) and 5-Nitrobenzo(ghi)perylene (4.1.16):9
To a stirred solution of benzo(ghi)perylene 4.2.9 (23.4 mg, 8.5 pmol) in Ac,O (700 pL)
was added HNO; (715 pL, 362 pmol, 0.51 M in Ac,0) at rt. After 16 h, the reaction was
quenched with ice and aq. HCI (10 mL, 6M) for 1 h. The crude material was then
extracted with DCM (3 X 10 mL), and washed with sat. aq. NaHCO; (1 X 30 mL) and
brine (30 mL). The dried (MgSQO,) extract was concentrated in vacuo and purified via
flash chromatography over silica gel, eluting with 0-15% EtOAc/Hexanes to give a
mixture of products. Prep plate chromatography with toluene gave known nitration
products 4.1.12 (2 mg, 6.2 umol, 10 %) and 4.1.16 (2 mg, 6.2 pmol, 10 %). 7-
nitrobenzo(ghi)perylene 4.1.12: IR (neat) 2918, 1515, 1366, 844, 728, 615 cm™; "H NMR
(700 MHz, CDCls) 6 8.63 (d, J = 7.9 Hz, 1H), 8.46 (dd, J = 8.1, 8.1 Hz, 2H), 8.33 (d, J =
7.6 Hz, 1H), 8.31 (d, J = 8.7 Hz, 1H), 8.25 (d, J = 8.7 Hz, 1H), 8.21 (dd, J = 8.6, 8.7 Hz,
2H), 8.16 (d, J = 8.6 Hz, 1H), 8.10 (d, J = 8.2 Hz, 1H), 8.00 (t, J = 7.8 Hz, 1H) ppm; "°C
NMR (175 MHz, CDCl;) 6 146.4, 133.5, 131.9, 129.9, 129.8, 129.3, 128.7, 128.1, 127.3,
126.9, 126.62, 126.57, 126.5, 126.34, 126.30, 126.0, 125.3, 125.1, 123.4, 123.3, 122.2,
121.6 ppm; HRMS (EI+) caled. for C»H;;NO, (M+) 321.0790, found 321.0788. 5-
nitrobenzo(ghi)perylene 4.1.16: IR (neat) 2918, 2850, 1509, 1493, 1325, 1297, 843, 807,

744, 646 cm™; "H NMR (700 MHz, CDCl3) 8 9.11 (d, J = 7.8 Hz, 1H), 9.06 (d, J = 8.7
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Hz, 2H), 8.94 (d, J = 9.0 Hz, 1H), 8.73 (d, J = 8.4 Hz, 1H), 8.49 (dd, J = 8.0, 8.1 Hz,
1H), 8.43 (d, J = 9.1 Hz, 2H), 8.23 (dd, J = 8.5, 8.7 Hz, 1H), 8.14 (t, J = 7.6 Hz, 1H),
ppm; °C NMR (100 MHz, CDCls) & 144.2, 135.4, 131.9 131.4, 130.6, 128.9, 128.8,
128.5, 128.1, 127.8, 127.0, 126.7, 126.5, 126.4, 125.4, 125.3, 123.6, 123.4, 123.0, 122.7,

121.4, 119.6 ppm; HRMS (ES+) calcd. for C2,H1NO, (M+) 321.0790, found 321.0781.

) e
coy O

4.2.10 4.2.11

6-Nitrobenzo(a)pyrene (4.2.11):’ To a stirred solution of benzo(a)pyrene (10 mg,
0.0396 mmol) in Ac,O (7.9 mL) was added HNOs (172 pL, 0.158 mmol, 0.96 M in
Acy0) at 0 °C. After 17.5 h, the reaction was quenched with DI water (9 mL) and
concentrated HySO4 (50 pL) for 9 h. The crude material was then extracted with DCM (3
X 10 mL) and washed with sat. ag. NaHCO; (1 X 20 mL). The dried (MgSO,) extract
was concentrated in vacuo and purified via flash chromatography over silica gel, eluting
with 0-20% EtOAc/Hexanes to give known nitration product 4.2.11 as a yellow solid (29
mg, 9.8 umol, 49%). 'H NMR (700 MHz, CDCl3) § 9.12 (d, J = 7.4 Hz, 1H), 9.08 (d, J
= 9.0 Hz, 1H), 8.47 (d, J = 9.0 Hz, 1H), 8.38 (d, J = 7.7 Hz, 1H), 8.23 (d, J = 7.3 Hz,
1H), 8.19-8.20 (m, 1H), 8.14 (d, J = 9.3 Hz, 1H), 8.10 (t, J = 7.6 Hz, 1H), 7.93-7.96 (m,
3H) ppm. "C NMR (175 MHz, CDCls) & 143.0, 132.4, 131.6, 131.1, 130.9, 130.3,
129.9, 129.1, 128.8, 128.4, 127.8, 127.7, 127.1, 127.0, 124.5, 123.3, 122.3, 122.0, 121.1,

120.6 ppm.
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NH, NH, I
’
4.2.15 4.2.16

1,8-Diiodonaphthalene 4.2.16:'' To a stirred solution of diamine 4.2.15 (1.02g,
6.32 mmol) in H,SO4 (11.6 mL, 6.9M), was added a solution of NaNO, (1.32 g, 19.0
mmol) in DI water (5 mL) dropwise (30 min) at —20 °C, followed by addition of a
solution of KI (6.3 g, 37.9 mmol) in DI water (5 mL) with H,SO4 (2 mL, 6.9M) to
facilitate stirring. After 10 min at 80 °C, the reaction was quenched with NaOH pellets to
provided a black solid. Soxhlet extraction with Et;O provided a black solid.
Recrystallization with hexane to give known diiodide 4.2.16 as a dark brown solid (529
mg, 1.4 mmol, 22%). 'H NMR (400 MHz, CDCl3) § 8.45 (dd, J = 1.2, 7.6 Hz, 2H), 7.85
(dd, J = 1.2, 8,4 Hz, 2H), 7.09 (t, J = 8.0 Hz, 2H) ppm. ">C NMR (175 MHz, CDCls) 3

144.1, 135.8, 132.1, 131.1, 127.0, 96.0 ppm.

OoH oTt
4.217 4.2.18
2,3-bis(trifluoromethanesulfonyl)naphthalene (4.2.18):'> To a stirred solution
of triflic anhydride (649 mg, 390 pL, 2.3 mmol) in DCM (1.5 mL) was added diol 4.2.17
(1.32 mL, 1 mmol, 0.76 M sln in DCM/NEt; 3:1) at —38 °C. After 17 h at rt, the reaction
was quenched with ice, extracted with DCM (3 X 5 mL), washed with brine (15 mL),
dried over MgSQOs, and concentrated in vacuo to give known ditriflate 4.2.18 as a yellow

solid (420.8 mg, 992 umol, 99%). The solid was used without further purification. 'H
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NMR (400 MHz, CDCl3) & 7.95 (s, 2H), 7.93 (m, 2H), 7.69 (m, 2H) ppm. *C NMR (175

MHz, CDCls) 6 138.0, 131.8, 128.8, 128.1, 122.3, 118.6 (q, /= 319 Hz) ppm.

oTf 9/?
—_—
B-o
oTt

4.2.18 4.2.20

2-pinacolotoboronaphthalene (4.2.20): A pressure vessel containing 4.2.18
(119.6 mg, 0.282 mmol), RuPhos 4.2.19 (10.8 mg, 0.0226 mmol), and PdCl,(MeCN),
(1.6 mg, 0.00564 mmol) was evacuated and backfilled with argon three times. Dioxane
(340 pL), NEt; (171 mg, 240 pL, 1.69 mmol), and H-Bpin (108 mg, 123 pL, 0.846
mmol) were then added sequentially. The tube was sealed under Argon and heated to
110 °C. After 23.5 h, the reaction was cooled to rt and filtered through celite with DCM
(5 mL) to give a brown oil. The oil was dissolved in DCM (5 mL) and washed with water
(3 X 5mL) and brine (1 X 10 mL). The aqueous washes were extracted with DCM (1 X
10 mL). The organic extracts were then dried over MgSO,4 and concentrated in vacuo to
give a yellow oil. Recrystallization from hexanes at —20 °C gave known 4.2.20 as a
yellow oil (32.9 mg, 130 umol, 46 %). 'H NMR (400 MHz, CDCl3) § 8.41 (s, 1H), 7.90-
7.85 (m, 4H), 7.52 (m, 2H), 1.42 (s, 12H) ppm. >C NMR (175 MHz, CDCl3) § 136.3,

135.0, 132.8, 130.4, 128.7, 127.7, 127.0, 125.8, 84.0, 24.9 ppm.
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4.2.45 4.2.20

2-pinacolotoboronaphthalene (4.2.20): To a vial containing PdCl,(dppf)*DCM
(4.4 mg, 5.43 pumol) stirring in dioxane (325 pL), was added a solution of triflate 4.2.45
(50 mg, 0.181 mmol) in dioxane (325 puL), followed by NEt; (55.1 mg, 75uL, 0.543
mmol) and HBpin (34.8 mg, 40 puL, 0.272 mmol) at rt. After 6 h at 80 °C, the reaction
was cooled to rt, quenched with water (1 mL), extracted with benzene (3 X 4 mL), dried
over MgSO, and concentrated in vacuo to give a brown solid. Recrystallization from
hexanes at —20 °C gave known boronate 4.2.20 as an oil (8.7 mg, 34 umol, 19 %). 'H
NMR (400 MHz, CDCl;) 6 8.41 (s, 1H), 7.90-7.85 (m, 4H), 7.52 (m, 2H), 1.42 (s, 12H)
ppm. C NMR (175 MHz, CDCls) § 136.3, 135.0, 132.8, 130.4, 128.7, 127.7, 127.0,

125.8, 84.0, 24.9 ppm.

Lo 9/? N O CO
ot T U0 oY
2 L
4.2.16 4.2.21 4.2.8 4.2.22
Benzo(k)fluoranthene (4.2.8) and Benzo(j)fluoranthene (4.2.22): To a stirred
solution of 4.2.21 (30 mg, 0.118 mmol), Pd,(dba); (12 mg, 0.0118 mmol), PCy; (10 mg,
0.0354 mmol) and 4.2.16 (54 mg, 0.142 mmol) was added DMF (590 uL) and DBU (90
puL). After 16.5 h at 120 °C, the reaction was cooled to rt, diluted with DCM (2 mL),

washed with water (2 X 10 mL) and brine (1 X 10 mL), dried over MgSO., concentrated
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in vacuo and purified by column chromatography on silica gel eluting 0-5%
EtOAc/Hexane to give a complex mixture of compounds (8.9 mg, 30 %) and a mixture of
known BKF 4.2.8 and known BJF 4.2.22 (2:1, 1.7 mg, 6.7 umol, 5.7%). 4.2.8 and 4.2.22
mixture: 'H NMR (400 MHz, CDCls) 6 = 8.70 (d, J = 8.4 Hz, 1H), 8.42 (d, J = 7.0 Hz,
1H), 8.02 (d, J= 8.3 Hz, 1H), 7.97 (d, J= 6.9 Hz, 1H), 7.95(m, 1H), 7.86 (d, J = 7.4, 2H),

7.72-7.59 (m, 3H), 7.51 (ddd, J = 8.2, 6.8, 1.3 Hz, 1H) ppm.

P TMS
0N~ -Br O,N =
| P + =—TMS —>
Cl AN
4.2.27 4.2.28 4230 TMS

2,3-bis(trimethylsilylethynyl)nitrobenzene (4.2.30): To a pressure vessel
containing 1-bromo-2-chloro-5-nitrobenzene 4.2.27 (100 mg, 0.423 mmol), PPh; (11 mg,
0.042 mmol), PdCl, (15 mg, 0.021 mmol), and Cul (8 mg, 0.042 mmol) was added NEt;
(3.3 mL, 0.08M) and TMS acetylene 4.2.28 (119 mg, 150 uL, 1.06 mmol). The tube was
sealed under Argon and heated to 100 °C. After 72 h, the reaction was cooled to rt and
filtered through celite with DCM (5 mL) to give a brown solid. The solid was
recrystallized from EtOAc/Hexanes twice to give known alkyne 4.2.30 as a brown solid
(102.1 mg, 324 pmol, 60%). "H NMR (400 MHz, CDCls) § 8.32 (d, J = 2.0 Hz, 1H), 8.09
(dd, T = 2.2, 8.6 Hz, 1H), 7.62 (d, J = 8.6 Hz), 0.31 (s, 18H) ppm; *C NMR (MHz,
CDCl;) & 146.7, 133.1, 131.9, 128.6, 127.2, 122.6, 104.9, 101.8, 101.4, 100.9, -0.17, -

0.21 ppm.
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4.2.30 ™S 4.2.31 Br

3,4-bis(dibromoethynyl)nitrobenzene (4.2.31): To a stirred solution of 3,4-
bis(trimethylsilylethynyl)nitrobenzene 4.2.30 (10.3 mg, 0.032 mmol) in acetone (150 pL)
was added NBS (18.9 mg, 0.096 mmol) and AgNO; (1.8 mg, 0.0096 mmol) at rt. After 4
h, the reaction was filtered through silica with hexane/EtOAc (9:1) and concentrated in
vacuo to give alkyne 4.2.31 as a yellow solid (6.0 mg, 18 umol, 57%). IR (neat) 3105,
2924, 2851, 2192, 1732, 1569, 1516, 1345, 1082, 898, 837, 744 cm™'; 'H NMR (700
MHz, CDCl3) 6 8.32 (d, J = 2.1 Hz, 1H), 8.15 (dd, J = 2.1, 8.4 Hz, 1H), 7.62 (d, J = 8.4
Hz, 1H) ppm; °C NMR (175 MHz, CDCl3) § 146.9, 133.3, 131.9, 127.33, 127.27, 123.0,
76.6, 60.6, 57.8 ppm; HRMS (EI+) caled. for C,oH3;Br,NO, (M+) 326.8531, found
326.8531.

oH OMe

OH
4.2.17 4.2.35

2,3-dimethoxynaphthalene (4.2.35):** To a stirred solution of diol 4.2.17 (2 g,
12.5 mmol) and K,COs; (8.6 g, 62.5 mmol) in DMF (8 mL) was added Mel (2.3 mL, 37.5
mmol) at 0 °C over 1 h. After 19.5 h at rt, the reaction was quenched with DI water. The
precipitate was filtered, rinsed with water (20 mL), and dried to give known 4.2.35 as a

beige solid (2.29 g, 12.2 mmol, 97%). The solid was used without further purification.
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'H NMR (400 MHz, CDCls) § 7.95 (s, 2H), 7.93 (m, 2H), 7.69 (m, 2H) ppm; >C NMR

(175 MHz, CDCL3) § 149.4, 129.2, 126.3, 124.2, 106.3, 55.9 ppm.

~ OMe N OMe OMe OMe
(;CEOMG;4> OZN/E;C[OMe ' OMe ' OMe
4.2.35 4.2.36 4.2.37 4.2.38

2,3-dimethoxy-6-nitronaphthalene (4.2.36), 2,3-dimethoxy-5-
nitronaphthalene (4.2.37) 2,3-dimethoxy-1-nitronaphthalene (4.2.38): To a stirred
solution of 2,3-dimethoxynaphthalene 4.3.35 (1.0g mg, 5.31 mmol) in AcOH (5.3 mL)
was added HNOs (2.7 mL, 26.6 mmol, 10 M in AcOH) at rt. After 10 min the precipitate
was filtered off, rinsed with water and recrystallized with EtOH to provide an impure
yellow solid (73.4 mg). The water rinse was extracted with DCM (3 X 10 mL). The dried
(MgS04) extract was concentrated in vacuo to give a red solid (347 mg). The red solid
was purified via flash chromatography over silica gel, eluting with 0-10%
EtOAc/Hexanes up tol:1:0 ratio EtOAc:Hexanes:DCM to give nitration products 2,3-
dimethoxy-6-nitronaphthalene (4.2.36, 54.8 mg, 235 pmol, 4%), 2,3-dimethoxy-5-
nitronaphthalene (4.2.37, 65.6 mg, 281 pmol, 5%), and 2,3-dimethoxy-1-
nitronaphthalene (4.2.38, 111 mg, 476 pmol, 9%). 2,3-dimethoxy-6-nitronaphthalene
4.2.36: Mp 152-154 °C; IR (neat) 2966, 1607, 1525, 1484, 1339, 1267, 1167, 1002, 855,
751, 735, 473 cm™; "H NMR (700 MHz, CDCls) & 8.68 (d, J = 2.2 Hz, 1H), 8.14 (dd, J =
2.3,8.9 Hz, 1H), 7.80 (d, J = 8.9 Hz, 1H), 7.28 (s, 1H), 7.22 (s, 1H), 4.08 (s, 3H), 4.07 (s,

3H) ppm; °C NMR (175 MHz, CDCls) & 152.5, 151.0, 144.4, 132.7, 127.9, 127.4, 122.9,
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118.0, 107.7, 106.2, 56.2, 56.1 ppm; HRMS (TOF MS ES+) calcd. for C1,H,NO, (M+H)
234.722, found 234.0766. 2,3-dimethoxy-5-nitronaphthalene 4.2.37: Mp 154-156 °C; IR
(neat) 2838, 1623, 1606, 1520, 1314, 1269, 1137, 1016, 864, 738 cm™; 'H NMR (700
MHz, CDCl3) & 8.20 (dd, J = 1.2, 7.8 Hz, 1H), 8.08 (s, 1H), 7.98 (d, J = 8.0 Hz, 1H),
7.42 (t, J = 8.0, 1H), 7.23 (s, 1H), 4.09 (s, 3H), 4.07 (s, 3H) ppm; °C NMR (175 MHz,
CDCl3) § 152.4, 150.2, 145.0, 133.1, 130.9, 122.8, 122.5, 121.7, 106.8, 102.2, 56.2, 56.0
ppm; HRMS (TOF MS ES+) calcd. for C1,H;2NO4 (M+) 234.0766, found 234.0766. 2,3-
dimethoxy-1-nitronaphthalene 4.2.38. Mp 82-83 °C; IR (neat) 2945, 2836, 1530, 1483,
1280, 1264, 1123, 1049, 953, 770, 744, 633, 453 cm™; 'H NMR (700 MHz, CDCls) &
7.76 (d, J = 7.1 Hz, 1H), 7.62 (d, J = 7.2 Hz, 1H), 7.48 (m, 2H), 7.29 (s, 1H), 4.06 (s,
3H), 4.04 (s, 3H) ppm; >C NMR (175 MHz, CDCls) & 151.5, 141.9, 141.6, 130.3, 126.8,
126.7, 126.3, 120.8, 120.2, 109.6, 62.5, 56.2 ppm; HRMS (TOF MS ES+) calcd. for
C12H1,NO, (M+H) 234.0780, found 234.0766.

O
0}

OMe XN
—
OMe Z OMe

NO,
4.2.35 4.2.39

Quinone 4.2.39: To a stirred solution of 2,3-dimethoxynaphthalene 4.2.35 (100
mg, 0.531 mmol) in AcyO (9.9 mL) was added HNO; (110 pL, 2.65 mmol, 0.54 M in
Acy0) at rt. After 19 h, the reaction was quenched with ice and HCI (2 mL, 6M) for 3 h.
The crude material was then extracted with DCM (3 X 10 mL), and washed with sat. aq.

NaHCO; (1 X 30 mL) and brine (30 mL). The dried (MgSO.) extract was concentrated in
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vacuo and purified via flash chromatography over silica gel, eluting with 0-30%
EtOAc/Hexanes to give inseparable nitration products and undesired quinone 4.2.39
(12.9 mg, 55 umol, 10%). Mp 116-122 °C; IR (neat) 2954, 2918, 1689, 1537, 1332,
1302, 1274, 1077, 884, 785, 761 cm™'; "H NMR (700 MHz, CDCls) & 8.16 (dd, J = 0.98,
7.63 Hz, 1H), 7.72 (td, J = 1.4, 7.77 Hz, 1H), 7.56 (dd, J = 0.98, 7.63 Hz, 1H), 7.14 (d, J
= 7.84 Hz, 1H) ppm; °C NMR (175 MHz, CDCls) § 177.6, 176.2, 147.0, 141.8, 136.6,
131.5, 130.7, 128.2, 127.6, 124.3, 61.8 ppm. HRMS (EI+) calcd. for C;;H7;NOs (M+)

233.0324, found 233.0327.

NO, NO,
4.2.37 4.2.40
2,3-dihydroxy-5-nitronaphthalene (4.2.40): A stirred solution of

dimethoxynitronaphthalene 4.2.37 (11.4 mg, 49 umol), K,CO; (1.0 mg, 4.8 umol), and
PhSH (11 mg, 10 pL, 98 umol) in NMP (50 pL) was heated by heat gun for 15 min. The
solution was cooled to rt, quenched with NaOH (5 mL, 5% sln in DI H,0), extracted with
Et;0 (2 X 10 mL). The aqueous layer was acidified with HC1 (6M), extracted with Et,O
(4 x 10 mL), dried over Na,SO,, concentrated in vacuo, and purified by flash column
chromatography on silica gel eluting 0-50% EtOAc/Hexane to give diol 4.2.40 as a
yellow solid (3.0 mg, 14.6 pmol, 30%). IR (neat) 3437, 2921, 2856, 1520, 1467, 1318,
1261, 1054, 855, 736, 714 cm™'; '"H NMR (700 MHz, MeOD) § 8.05 (d, J = 7.6 Hz, 1H),

7.93 (m, 2H), 7.33 (t, J = 7.9 Hz, 1H), 7.29 (s, 1H), 7.24 (s, 1H) ppm; “C NMR (175
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MHz, MeOD) & 150.0, 147.6, 144.8, 132.3, 131.2, 121.2, 121.15, 121.07, 110.0, 104.8

O O OH N o
” |
OH & ot
NO, NO,
4.2.40 4.2.41

2,3-bis(trifluoromethanesulfonyl)5-nitronaphthalene (4.2.41): To a stirred
solution of triflic anhydride (9.5 mg, 6.0 uL, 33.6 umol) in DCM (25 uL) was added diol
4.2.40 (20 pL, 15 pmol, 0.75 M sln in DCM/NEt; 3:1) at —20 °C. After 24 h at rt, the
reaction was quenched with ice, extracted with DCM (3 X 1 mL), washed with brine (1 X
3 mL), dried over MgSO, and concentrated in vacuo to give ditriflate 4.2.41 as a yellow
solid (5.1 mg, 10.9 umol, 74%). IR (neat) 3468, 2924, 2851, 1525, 1422, 1351, 1216,
1134, 983, 816, 611 cm™. '"H NMR (700 MHz, CDCls) & 8.94 (s, 1H), 8.57 (d, J = 7.5
Hz, 1H), 8.28 (d, J = 8.3 Hz, 1H), 8.13 (s, 1H), 7.84 (t, J = 8.1 Hz, 1H) ppm. “C (175
MHz, CDCls) & 145.8, 140.7, 139.4, 134.9, 133.1, 127.6, 127.1, 124.2, 122.8, 119.5,
118.6 (q, J = 318 Hz) ppm. HRMS (EI+) calcd. for C;;HsFsNOgS, (M+) 468.9361,

found 468.9364.

Br

oo o
—_—
OH OH
Br
4,217 4.2.42

1,4-dibromo-2,3-dihydroxnaphthalene 4.2.42:” To a stirred solution of diol

4.2.17 (160.2 mg, 1.0 mmol) in AcOH (1.2 mL) was added bromine (160 mg, 52 uL, 1.0
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mL) dropwise at rt. After 18 h, the reaction was filtered with DI water. The solid was
dissolved in DCM, filtered, washed with water (5 mL), dried over MgSO, and
concentrated in vacuo to give known phenol 4.2.42 as a yellow solid (185 mg, 582 umol,
58%). 'H NMR (400 MHz, CDCl;) § 8.09 (dd, J = 3.2, 6.4 Hz, 2H), 7.54 (dd, J = 3.6,
6.8 Hz, 2H), 6.19 (s, 2H) ppm. C NMR (175 MHz, CDCl;) & 141.5, 127.7, 126.3,

126.0, 105.6 ppm.

OH OTf
—

4.2.44 4.2.45

2-Naphthyltrifluoromethanesulfonate (4.2.45):* To a stirred solution of triflic
anhydride (677 mg, 400 puL, 2.4 mmol) in DCM (2 mL) was added at —40 °C, a solution
of alcohol 4.2.44 (288.4 mg, 2 mmol) in NEt; (243 mg, 340 uL, 2.4 mmol) and DCM
(1.6 mL). After 15 h at rt, the reaction was quenched with ice, extracted with DCM (3 X
10 mL), washed with brine (30 mL), dried over MgSOQ., filtered, and concentrated down
to give a brown oil. The oil was purified by column chromatography over silica gel
eluting 0-15% EtOAc/Hexanes to give known triflate 4.2.45 as a colorless oil (476.3 mg,
1.7 mmol, 86%). 'H NMR (400 MHz, CDCl3) & 7.96 (d, J = 9.1 Hz, 1H), 7.92 (t,J = 8.7
Hz, 2H), 7.78 (d, J = 2.4 Hz, 1H), 7.61 (m, 2H), 7.41 (dd, J = 2.5, 9.0 Hz, 1H) ppm; °C
NMR (100 MHz, CDCl;) 6 147.1, 133.4, 132.3, 130.6, 128.1, 127.9, 127.6, 127.2, 119.6,

119.2, 118.8 (q, J = 318 Hz) ppm.
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4.2.45 4.2.46 4.2.47

3-Trifluoromethanesulfonyl-3-nitronaphthalene (4.2.46) and 4-
Trifluoromethanesulfonyl-1-nitronaphthalene (4.2.47): To a stirred solution of triflate
4.2.45 (27.6 mg, 0.10 mmol) in AcOH (1 mL) was added a solution of HNO; (4 ml, 0.50
mmol) and H,SO4 (27 pL, 0.50 mmol) at rt. After 29 h at 110 °C, the reaction was
cooled to rt, diluted with water (3 mL), extracted with EtOAc (3 X 3 mL), washed with
sat. ag. NaHCOs (2 X 5 mL), washed with brine (1 X 5 mL), dried over MgSO,4 and
concentrated in vacuo to give a colorless oil. The oil was purified by column
chromatography eluting 0-20% EtOAc/Hexanes to give triflates 4.2.46 (15.3 mg, 47.6
umol, 48%) and 4.2.47 (13.8 mg, 43.0 umol, 43%). 3-Trifluoromethanesulfonyl-3-
nitronaphthalene 4.2.46: IR (neat) 3088, 2922, 2856, 1604, 1527, 1425, 1341, 1213,
1138, 880, 823, 799, 606 cm™; '"H NMR (700 MHz, CDCls) & 8.69 (d, J = 2.3 Hz, 1H),
8.48 (dd, /= 0.9, 7.6 Hz, 1H), 8.25 (d, J = 8.2 Hz, 8.12 (d, /= 9.0 Hz, 1H), 7.72 (t, J =
7.9 Hz, 1H), 7.59 (dd, J = 2.4, 9.0 Hz, 1H) ppm; °C NMR (175 MHz, CDCl;) & 149.7,
146.0, 135.0, 133.2, 131.5, 126.2, 125.8, 125.6, 121.6, 118.8 (q, /=318 Hz), 116.1 ppm;
HRMS (EI+) caled. for C;H¢FsNOsS (M+) 320.9919, found 320.9925.  4-
Trifluoromethanesulfonyl-1-nitronaphthalene 4.2.47: IR (neat) 3114, 2921, 2849, 1634,
1572, 1527, 1425, 1336, 1211, 1138, 921, 841, 742, 609 cm™; 'H NMR (700 MHz,
CDCl) 6 8.77 (d, J = 9.6 Hz, 1H), 8.37 (d, J = 7.6 Hz, 1H), 8.20 (d, J = 8.2 Hz, 1H),

7.93 (s, 1H), 7.72 (t, J = 7.9 Hz, 1H), 7.65 (dd, J = 2.5, 9.6 Hz, 1H) ppm; >C NMR (175
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MHz, CDCls) & 147.8, 146.5, 134.7, 126.7, 126.3, 125.3, 124.2, 123.0, 119.9, 118.8 (q, J

=321 Hz) ppm; HRMS (EI+) calcd. for C; HsF3NOsS (M+) 320.9919, found 320.9907.
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CHAPTER 5: CONCLUSION

Section 5.1. Background

Nitroaromatic scaffolds are found in a variety of compounds including
pharmaceuticals, pesticides, and organic pollutants making them interesting targets to
pursue. The potential for nitroaromatic compounds to be prevalent pollutants in the
environment also makes them desirable compounds to synthesize. We ventured to make
a variety of nitrated triazoles, isoxazoles and nitro-polycyclic aromatic hydrocarbons
(NPAHS).
Section 5.2. Accomplished Work

Previous work accomplished by the Carter group using a Diels-Alder approach to
biaryls' caused us to expand our biaryl project to include triazoles. This work showed the
power of the ortho-nitro moiety in increasing yields and regioselectivity. This work
showed 17 examples of cyclized products with up to 11:1 regioisomeric ratio (Scheme
5.2.1).> Derivitization was also explored, showing the utility of these scaffolds in larger
aromatic compounds.

Scheme 5.2.1. Synthesis of Triazoles Using o-Nitrophenylalkynes

2231
Ry Sequw Ri
H PhMe N D RZ Bn\N N R2

1.1.22 2.2, 32 2.2.33
17 examples
upto 11:1rr

The excellent results of the Diel-Alder approach to biaryls also prompted the

synthetic efforts of [3+2] cycloadditions to provide isoxazoles. Isoxazole regioselectivity
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was excellent and yields were greatly improved by the ortho-nitro functionality. These
molecules could be built up using the halogen or the nitro moiety as functional handles.
This project provided 12 examples of cyclized products with >20:1 regioisomeric ratio
(rr) (Scheme 5.2.2.).°> The scope of the nitrile oxide was briefly explored showing the
importance of the nitrile oxide in reaction yield.

Scheme 5.2.2. [3+2] Cycloadditions of Nitrile Oxides to o-Nitrophenylalkynes to
Provide Isoxazoles

HO“N
Ry NO, | Et3N, PhMe
+ —_—
| | Cl 80°C
R

1.1.22 3.2.5

12 examples
>20:1rr

Chamber reactions performed by our group provided insight into which NPAHs
would be formed by environmental oxidants.* Seven NPAHs were synthesized through
direct nitration (Figure 5.2.1). Four of these were purified and tested in the Ames assay
for toxicity. 3,7-NBKF showed a substantially higher mutagenicity than most. 5-
NBGHIP also showed mutagenicity, suggesting that the position on the ring is important
in mutagenicity. Gas chromatogram mass spectroscopy data shows that these NPAHs

were in good agreement with what was predicted in the chamber studies.
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4.1.16
10%

4.2, 11 4 1. 9 4.1.10
49% inseparable mixture, 34%

Figure 5.2.1. NPAH Products Formed From Direct Nitration
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Synthetic progress towards naphthalene coupling partners is shown in Figure

5.2.2. Nitration of the 2,3-dimethoxynaphthalene provided multiple nitrated products

including the separate regioisomers 4.2.36, 4.2.37, and 4.2.38.

Nitrated di- and mono-

triflates 4.2.43, 4.2.42, 4.2.48, and 4.2.49 were also obtained. Naphthalene coupling

partner 4.2.20 could be obtained from both the non-nitrated di- and mono-triflated

naphthalenes.
oo OO oo
OMe OMe
O.N OMe NO, NO,
4.2.36 4.2.37 4.2.38
4% 5% 9%
Tf
oTf NO2 ©
™
: v 0O
O © NO,
4.2.42 4.2.48 4.2.49
98% 49% 48%

Figure 5.2.2. Naphthalene Substrates
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Section 5.3. Future Plans

Future work will include optimization of the BKF and BJF coupling reaction and
modification of the nitro naphthalenes, to provide the necessary coupling partners to
access NBKF and NBJF derivatives. Scheme 5.3.1 shows the possible NBKF and NBJF
products that are possible. Nitrated mono-triflate 4.2.48 and 4.2.49 are not shown, but
could provide products 5.3.8, 5.3.9 and 5.3.10.

Scheme 5.3.1. Potential NBKF and NBJF Products From Synthesized Naphthalenes

NO, NO, NO,

()
OMe R, 7 N O
O e OG0 - OO o

4.2.38

OTf R
OO X 1 NO, 538 Q
ot > Z R, T > O O‘

NO, NO,
R; = H, R, = Bpin 5.

3.3
4243 Ry = Bpin, R, = H 5.3.4 O‘

oTf R, 5.3.11
eeeeeeeeeeee NGO G - L 0
O,N oTf O,N Ry O2N

Ry =H, R, = Bpin 5.3.5 Q 5.3.13

4.2.42 R4 =Bpin, R, =H 5.3.6 OsN O‘
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CHAPTER 6: SUPPLEMENTAL MATERIAL

Section 6.1. Triazole NMR Spectra
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Section 6.2. Isoxazole NMR Spectra
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Section 6.3. NPAH NMR Spectra

00°T od
0 a9
H 0€£°0 a1
0 €ss
hacct Mam
W 00PTLTT Q0L IS
CLOTET IS
Tenawexed Sursssooid - z4
W 0T69TST 00L 1048
M SOSLT86ES €€ MTIa
® 0T €~ 114
n 076 Td
HT TOonN
===== ﬂW THNNYHD ========
T oaz
'S 0000000072 a
a1 €°8627 can
m 05" 9 aa
T 0007 2% Ma
S°8¢Z o¥
'S TC96666° € ov
H £€00S2T°0 SEIAISE
H Z9L 706TT HMS
0 sa
6 SN
[gelete} LNEATOS
S€CS6 ac
ogbz 20¥4dInd
O€T HEOQJD umr §  gHEO¥d
Josds HOMLSNT
LETET SWTIL
9T07TZT0¢C Te3ea
S38Wwered UOTITSTINEOY - 74
T ONDO¥d
9 ONA&XE
6Z0-A-TTH HHYN

SIsjsweied eled 3USIIND

I
0L &1L 02 S¢ 0¢ §€ OV SV 0S §S 09 S§9 0L G/
. [ . |

| P BN L. | | Lo

! | L 1, 1 | [ A I

¥voL
SS9 L

€E9 "L
€EV9 L

pPe3URO9p PINDTT
uoTARZTTTRISsAIDSY



218

00°T od

o] gD
H0£°0 g1
C gass
WE Mam
W CO%PTLYTI COL as
TLOTET Is
‘Tejouexed Bursso00xd - zZJA
T 0T69TST 00L T04S
M G0GLTBES €€ MTI1d
© 0z ¢~ 114
n0%e =4
HT TonN
===== TI TINNVHD ========
T oax
S 00000000°C Ta
M £7°86C jcan
T 0G°9 aa
n 000"z Ma
G 8¢ o
'S 1796666° € [e)-4
H £€00cZT°C SHEAIA
H 79L°706TT HMS
0 sa
6 SN
£T2ad LNIATOS
9€Z56 an
0gbz 20¥4TNE
SET HDQdD ww ¢ aHdodd
3oads WOELSNT
LEET SWTL
9TOTZTOTC “®3eq
23WeIed UOTITSTNDOY — ZA
T ONDOYdd
9 ONdXXE
6C0-A~WTIHK HRYN

SXslowexeq ©IRg JUBIIND

LOT 8 ——n
LTT 88—~

pojuedsp pInbIT
UOTIRZTITTRISAIOSY

997°8



219

ZHR

[0
Q
00" ¢

0

jnics
08€TZS0"9LT
89LcE

—

Od

2
9]

g1
gss
Mam
a8
is

sIolawered BUTSS®00Id - ZJ

ZHW

90766VT 00L
0000000070
LTG96TOL 0
S0SLT86S EE
00°0¢CT
09°¢€T

=== I 'IINNVHD

9EVLES079LT
£€8ESSPT 8€E
08" 9
00°6

000000€0°0
00000000° 2
c°86¢
05797
000°¢1T

€02
0Z8v98L" 0
£€8LSE9°0
89979991V
0

0ze

[ relate]
9€559
0chbdbz

O€T HDA4D umr

30ads
0% €T
9T0TCI0Z

204s
METTd
MZT1d
MZTa
£T1d
¢T1d
¢Id
2adod
Zo0ON
£9¥d0ddD

SETIdIA
HMS

Sa

SN
LNIATOS
aL
Do¥da1Nd
QHEONd
WOMLSNT
Eliihin
Ta3eq

sI9j2ueIed UOTITSTNDOY - 74

[

6T0—A-WIN

ONDO¥d
ONdX&E
HIWEN

sIejauwered eleQ IUSIAND

081 00¢

\

L8 9L
90°LL
v LL
TTET
SPEET
vet

8T GET
08" LET
8C°Cv1L

|
=
NS
@ ©
S o
~

€2°02T
9€°2et
§9°¢et
€ereet
0E€"yZT
Ve LeT
YrLeT
Lz'get
ver8et

9L
vS’

pejuedep pInbIT
UOCT3IRZTTTRISAIOSY



220

ZH

ZHR

ZH

ZHR

wdd
ZH
ZHW

| 4
ZON
0 9
00°0 71
0 gss
INIS Mam
00FTLFT 00L s
a0 TOW
8%0C Is
07" T ok 4
0 €
0070 a1
0 €ss
ANIS Mam
007 TLYT 00L as
8%0¢C Is
a0 HAOWUI
T05°0T MS
V897 LS [Settienty
€0ST00L T0dS
8ZT az
T oan
00°000T 91d
00708 123D
00T ENIS TRYNGD
TANNVHD INIIQVED ======
L0O6ZOST 00L T0dS
S0SLT86S €€ MTd
6T €~ 114
076 1d
076 0d
HT TOON
=== 17 TANNYHD ========
00S€ET000°0 ONI
000020000 9Ta
00%00000°0 £1a
000000002 a
00€£00000°0 0a
z°86C L
05°9 2a
000°89 Ma
€02 o8
OFTEEET 0 ov
£0€065° € STEard
V6" CSEL HMS
k4 sa
4 SN
€10 INZATOS
8%02 ax
3bd6Asos D0¥dINd
D€T HOQAO UM G QHEONd
30eds ROELSNT
9G°¢T SWT.L
97012102 “e3ea
T oNDO¥E
8 ONEXE
6Z0-A-WTH TAYN

wdd

2 o N
© ©
P N B |

o
~

@
~N

L'l

pa3uedsp pInbTl
UOTIRZTTTRISAIODY



221

[N
°ON

.o

9
2H 0070
4

ENISO

ZHR 08ET1Z50°9LT
ouSITIUR-0YS
vZ0T
0%°T

0
zH 0070
<

ENISO
00VTLYPT 0OL
9607
ouSaTIUY-0udE
wdd 6£9°59T
ZH T996€8°LTT
ZHR 2990°9LT
8T
z
298N 00°000T
“oz

5

00°08
00T ENIS
001 ENTS

s==== TANNVED INEIQVED ======

222930791
6££86120°T

======== 73 TENNVED
LS9VOST " 00L
SOSLTBES EE

0z £~

295 STLT0000°
29s 000sYE00
235 00002000
295 00¥00000
298 00G000ED
9% PIYZLI00
235 00000000
P95 00£00000°
00000007 57T

¥ 2°86C

288N 0g°g

cNocooas

o®5 08LSBLE O
ZH £STS6L°T
ZH TP6 2SEL

o

8
£100D

5607
d630pasbsy

DET HOA4D uww §
202ds

80°¥T

91012102

T

6
6Z0-A~HTH

20¥d'INd
TEEONd

2] N

N N

- ~
I

~
N
—

< IT¢] 3e]

N N N

— Al -
TP TR PPN |

™

N

—
|

¢cl-

let

[

—

———

i

pojuessp prnbrt
UOTIRZTITTRASAIODY



222

[~
20N

o

@ 0P P op G

]

ESEN
2@s1

295
ZH
zH

[ @
000 a1
z ass
=NISYH Mam
08£T250"9LT as
OYdRTIWR-0YDD Zom
7201 1s
(14 od
0 @
0070 &1
z ass
anTsd mam
007TLYT 00L as
9607 s
OUDSTIUY-OUSE  HUOWUL
560°222 s
€699T0° 762 sauars
16907 9LT T04S
€€T aL
z oan
0070001 91d
002~ 929
[ 5289
00°8- 2D
0071 £249
0008 1269
00T aNIS IRUNED
00T ENIS SRYNED
007 "aNTS PIENGD
00T aNIS ERUNED
00T aNIS TRVNGD
TANNVED INEIQUED ======
00°0 LS430&5
005°0 LIVOES
' dwodpgdd LRENES
zezT Las
TSTL6Y0"ILT 2048
£€8ESSYT 8E med
057 218
00°000Z ved
00°6 €
o€T 2O0N
=== 2J TINNVHD ========
LO¥90ST" 00L 1045
S0SLT86S € MrIE
0z €~ 118
0881 T
076 €
HT TOON
s======= 13 TANNVHD ========
082700000 oz
000020000 91a
000052900 sa
00000005 T a
00€00000°0 oa
PSTI86S°0 0EISND
0000000°8 £TISND
0000000 09T LISND
0000000 S7T 9ISND
Z 86T a5
059 aq
00 TL sa
€02 ou
77052620 ov
89960L° T STHAId
108°200L EMS
0 sa
8 SN
€700 INENTOS
9607 az
PUETABIZOQUY  HO¥ATNA
OET HOGJO WM G QHAO¥A
a53ds KOMISNT
67T outy
9T0TZTOT ~e3rq
T oNo0Nd
0T oNaxE
620-A-ATX AN

wdd

9L

L'L

8L

6L

08

'8

ovi

8€1

9¢1 -

Vel

¢l

(U

8¢l

9Cl

vel -

ccl—

021 —

81—

1INy

pejuedep pTbTT

UOTIRZTTTRISAIODY



223

co0°T

0

[eXae]

¢

jgics

GOPTLFPT Q0L
TLOTET
0T6STST C0L
G0GLTBES €E
0C e-

===== T3 TENNVHD

oo

T
00000000°C
£°86C

12966667 €
€005CT°0
COL P06TT
0

L

£Toas
9£Cs6
0¢gbz

D€T HDU4D uww g
Jo0ads
1578
s0ttzi0e
T

L
9E€0-A-TTR

BeERtE:

wdd S0 01 Gl 0¢ S¢ 0¢€ S§¢€ 0v Sv 0S¢ 69 09 S9 0L S§Z 08 S8 06 S6
, I ! | ! | i I |

| | | . | I ! | | ] I -

R

SN
INIATOS
aL
D0¥dInd
aHgodd
HOELSNT
SWTL
“®3eq
ONDO¥d
ONdXd
HATN

-

T

Sy
°ON

Wsse

%

68¢ " L
089" L
069" L
8CLL
968" L
C16 L
7Ze L
910°8
Lz0"8
6€£0°8
060°8
€TT"8
€¢1'8
€678
£69°8
7oL 8
1288

PTTOS "sAxoax ‘L§-¢¢



224

07T

0

00°¢€

0

pacs
08€£12S0°9LT
89.2€
9076671 00L
0000000070
LZS96TOL" 0
G0SLT86G €€
007021
09°€T

0z €~

00759

HT

9TZ3TEM

=== gF THNNYHD
9ETLE90° LT

£E€8ESSYT 8¢
08" 7%

000000€0°0
0000000072
¢°86C
05797
000°2T

€02
0Z8%98L°0
€8L5S€970
895°999T%
]

99¢

£T20D
9€5S9
0cbdbz
O€T HOUdD wu g
ao0sds
vs°8
SOTTCTIO0C
T

8
9E0-A-TTIH

od

aD

a1
ass
Mam
as

Is
Z04Ss
METTI
MZTTd
MZT1d
€114
¢TI
¢1d
¢adaod
ZOo0N
[43):Cletste)

SN
INIATCS
aLn
Do¥dTAd
aHIONd
ROILSNI
SwTL
Te@3ea
OoNDCYd
ONdXH
JEN

0c

oclL
|

ovlL
1

091

Sy
ZON

2

)

1»xwummmwmmwmwwmmmmwmmmwx,mw%mmmmwmwwwmwwmmmmmwuuﬂ;J

T8€°8TT
ce9 et

1297 €21

78V VLT

cLY Vet
2907421

0627921

9967 LCT
29¢°8¢T
Zvs8CT

G8€°6¢C

=

Le9 6CT
61T ¢l

Gee et

PTTOCS

€eT
LETGET
68°GET
66€°TVT

LS

-sAxoox

L

a7
LEV VTT

8LS

"Ly-€¢€




225

°ON

ZHR

ZH
ZHR

wdd
zH
ZHR

Ly
°ON

0

00°0

0

ANIS
00%TLYT 00L
a0

8%0C

00°T

0

0070

o

ENIS
COPTLYPT OO0L
8%0¢C

a0

205°0T
£989%7 LS
€0ST700L
8¢t

T
00°000T

L0620ST 00L
SO0GLTBES EE
0T €~
076
076

009€T000°0
0000200070
00%00000°0
00000000°C
00€00000°0
c°86¢

0579
000°89

€£0C
07TE6ET 0
£0€065 "€
1967 2ZSEL

0

4

£TOd0

8%0Z
IbdbAsod
DET HOQED wi §
1o0ads

00" LT
TOTIZT0Z

T

S00T
9E0-A-WIK

HIOWUAL
Ms
SHIATI

oY

ov
SHIATA
HMS

sa

SN
LNANTOS
ax
Do¥d1Nd
QHIOYE
HOELSNI
QWTL
Ta3eq
ONDO¥d
ONdXHE
HNVYN

«©
0
!
s

&

wdd %J,\j‘eﬁ.f]

PIIOS "SAIDSI ’'L§-€€



226

gLy
ZON
°ON

0 a9

2H 00°0 a1
z gss
INISO uam
08€1250° 94T as
oY22TIUR-0YI3 oK
7201 s
0771 od

0 )
000 a7

4 855
ANTSO HaM
ZER 00YTLYT 00L ag
960% s
OYDITIUY-0YDE  HAOWUL
wdd 6£9°S9T us
ZE 1996£8°LTT STUATE
ZEK 29907 9LT Toas
8z1 ax

< oan
2350 0070001 914
% 01702 22ad
% 00708 Tz49
00T “ENTS ZWINGD

00T "ENIS THUNGD

ZHR 7ZTZ390°9LT
M 6EEBETZOT

TINNVHD ========

LSSYOST 00L

SOSLIBES EE
0z €~

* 00°000T

D
298 TPZLI00 0
29 00000000°Z
938 00£00000°0

0000000°5¥T
T B6T

23S 0BLSBLZ O
ZH ZGTS6L'T
ZH T96°ZSEL

0

8

£1260

9607

d632pedbsy

OET HOAAD W& §  QHAONA
3oads HONLSNT
ZL°TT SWIL
S0TTZTO0T Ta3eq
T ONDOYd
6 oNaxa
9E0-A-HIA RN

wdd

L' 8L 6°L 08 1’8
NI

(A%

0€L -

8¢l

9¢l

174 %

(44

0cl—

8Ll

=
(—)

>

=)

e

e wwwwwwwww\,wm WWWWTM T

wdd

PITOS "SAID9I 'LF-€€



227

- 4
%ON
OO wdd 97 72 8. 6. 08 18 ¢8 €8 8 68 98 18 88 68

. [P t N TN P ] . | S T R { 2l . L Lo !

ZH 0070 at
[4 ass
ENISD Mam
ZHR 0BETZS0°9LT E @Q@ 8
ouDeTIUR-0UDD 7o AAA
vzoT 1s 8, .@@
07T 22 4 A
Q a9
ZH 00°0 a1 —
T ass ovlL
ENIST ma 4
ZHEA 00Y1LYT 00L a5
9607 s ]
YOI TIUY-0UDF Faowus
wdd 580° 7zt s ]
ZH £y9VSY V6 SH¥AIIL
ZHEd L6907 94T To4s 0 0 4
7Ty ar ¢ 3
z oan
2959 0070001 9td SEl :
s 00°C- 9749
% 0CTb- §2d9 AN
% 00°8- vyzas @@@a @@@ oag %
% 00791 €249 1 -
% 00708 17a9 4
CI"SNIS 9WYNID 1 N O@ vg@ c m
Q01 INIS SWYND
001 3NIS TWYNdD 4
01 ENIS TAYNGD
001°ENTS TRYNAD -
===== T3INNVED INAIGYES ====== Omw—. A
1 :c@ ' b
1542048 O
Q N LT¢0ds 4 @@@
w0008dz0 LAUNdS ¢
a4 1ds | m@o ¢
690" 91 204s -
SCpi BE neTd i :
1d J 2
0007 ved . [
© 0 szh- 1600 , & ,
ZonN . [ . - 8
8
ZH L0P90ST " 00L T04S b AR ’
A SOSLTB6S EE H1la @gc L
&0 07 €~ 114 1 ¥
2950 0881 2
oesn 076 i 4
H TonN
cmsmsssz 13 TENNVHD ===mmoo= 0zZL -
295 0821000070 o1 1
255 40002000°0 51a
295 00005290°0 sa ]
935 00000005 T 1q
28S G0E00000°0 0a
55118650 0ELSND 1
000200078 ETLSND
0000000091 LISID 1
0000000 b1 9LSND
M T 86T Er
ssen gss & wdd
2981 00b” 1L na \
€07 04 \ (,,
995 y05262°0 [ ?.,
zH 899604 T ssEaIa ( \ ‘.,
ZH 108°Z00L HMS ¥ e
8 SN ‘
€120 INEATOS
960 an
pugTdSasoquy 20¥aTAd
Of1 HOUED WM ¢ QHEOEE
302ds WN¥LENI
T8 suty
S0TTZTI0C “aseq
T ONDOES
o1 ONdX&E . -
S0 seorme e PITOs ~sAxdsx

va



228

00°1T o4

0 D

ZH 0€°0 a7

[ as8s

AL Mam

ZHW Q0PTLYPT 00L as
CTLOTET is
sz@l2wexed BUISS8003d - gd
P3SU 00°000T 914
% 00°0% 2Zdo

% 00°5T 124D
00T "ENIS TIENGD

00T ENIS TRYNAD
===== TINNVHO INIIQV¥D ======
ZH 0070 2844048
00s°0 ¢TY0ds

0007 X081 ISnes CWYNdS

gP L9719 zds
ZHR SH80EST 00L T04s
M SO0SLTIBES EE MTTd

M 000000000 401
€0 0¢ €- T1d
g0 0070271 01d
°9sn 00700008 ctd
o9sn 08°8T zd
09sT 0¥ 76 Td
HT TonN
======== [J TANNVHD =====s===
T sfetin

23S 000088¥T 0 oza
O3S 0000200070 91a
03 1000000€°0 84
238 0000000072 Ta
¥ 2°86¢C fcon
o8sn 0g-9 3a
09Sn L8F7GE ma
£€0¢C o

935 GESLLLETE oY
ZH 0€08%1°0 SEEdIA
ZH BYLLECTT HMS
14 sa

LOT SN
£T2ad LNZATIOS
9€2S6 ars
dsoutas D0¥dINd

O€T H2Q4D uw § aHdOdd
108ds WIELSNI

LT LT SUWTL
SOTTZTIOZ Te3eq
sI2jdweied ucT3lTsSTInboy - ZJd
T ONDO¥d

€T ONd X3
QEQ-A-WIN AN

sIs3swesred ®IRQ JUSIIND

oL's

S8 05'8
!

2 ,\,\, el W

e

8€0 8 —
6708

i, b o e A A i A

21T 8 ——
€218

W

"LY-€€



229

nm

00°T

0

0€°0

0

WA

0CPTLYT 00L
CTLOTET
0T69TST 0CL
S0SLT86S " EE
0c e~

06

T
€0000000°¢
1°86C

€579

000" C%
v°ST
TC96666°¢€
€005CT°0
Z9L°7067TT
0

43

£To02

9€¢CS6

o¢gbz

DE€T HOGED ww ¢
a10ads

11°02

S¢ZoET0T

T
€70T
SLO-A-WTH

wdd g0 0} &1 02 S¢ om. mm 3 mw om SS 09 S9 o.\.

el e 1

| P el

l.

I

S, 08 S8 06 S6
{ |

ol

|

ﬂJ

od

aD

g7,
gs8s
Jiiletiy

HMS

sa

SN
INHATOS
AL
DCH¥dINd
aHd0dd
WOELSNT
JWTIL
Te3eq
ONOOY¥d
ONdXHE
TATN

682" L
L86" L
666" L

—

-

LU

\\\ﬂ\ﬁ%

O'[O 8

o]
TL
=
(e}

TetT” 8

179'[ 8

OO
[y
[e)}
[e)}

Z6T” 8

v0cC 8

STC°8
-LTT°8

LyZ"8

657°8

TOF 8

Ou
CL
=
W

no
E
N
oo

6€€°8

1697 °8



230

B

00°T

0

0¢£°0

0

NE

007TLPT 00L
CLOTET
0T69TST 00L
G0SLT86SG €
0" ¢-

00000000° 2
1°86C

0679
000°Z¥%
7S¢
TC96666° €
€00SCT°0
C9L P06TT
0

[43

jaRelate)
9€ZS6

0¢cbz

D€T HOQdD ww g
10sds
11702
S¢T0ET0T

T

€20T
SLO-A-WIH

LNEATOS

DoEdINg

ROIELSNT

A BURLRLEC RIR L B

wdd 00’8 S0'8 018 SL'8 028 G28 028 S£8 OV8 SP'8 0S8 G588 098 598
[ [ R A PP B T SR [P I N PR

AR ‘%\Jﬂi

l |
Q | Q R( | \g
| ,‘

Sjcestanats
HMS
sa

SN

an

qHgOodd

L86" L~_
666 L—
0T0 88—
OTT 8 —
TZT 8—
PST" 8~
TOE" 8~
€16 8—
8z¢ §-—
6€ 8"
TST 8~
€97 8 —
VLV 8
68y 8"
629 8—
079 8

DWTL
Tsaeq
ONDO¥a

ONGXdE

HRYN 81



231

Sdddzzzd =

om0

07T

0

007 €

0

A
08€ETCTS0"9LT
89LZ¢
9076671 00L
0000000070
LTSY96TOL™O
SO0SGLT86S EE
00°02T

097 €T

0Z ¢~

00°59

9EVLES0 ILT
€E8ESSTT 8E
0S¥

000000€0°0
00000000°C
1°86C
057971
000°¢T

£€0¢T
0¢8%98L°0
€8LSE90
899°999T¥%
0

7201

£TOa0
9€859
0¢bdbz

Q€T HOGAD uwwr g
Joads
9z°0¢C
SCT0ETOT

T

ve
SLO-A-WIR

od

a9

g1
ass
mam
As

Is
204ds
MeTId
MZTId
MzId
€T1d
Z11d
¢la
cagaond
CONN
79¥dadd

SN
INANTOS
an
Do¥dINd
aHE0Yd
ROFLSNT
QWL
Te3eq
ONDO¥d
ONdXd
HRYN

wdd 14 ov 09 08 001 ocl ovL 09l 08L 002
| 1 L ' { . | . 1 | I | |
L'y

ﬂ\A““W\ —— A/IIMMMMMHHHHHIIIlIIJ
NNNRPRPRRRPERRRPRRPRRPRPRPRRPRPRPERPRRPRRPRPERER
AN NI NDNNDMNDNDNNNDNDNDNDNDNDNDNDNNDNDND WWRS
. Tu PNWWLWOUTUIOAOOAOONSI0000WWWE WO
BNOAOANWWOWWOUWWWUIUTOY W W JNJ0owUuU Ww
WO UITOWONWRLRJOPRRPLRJINPFPOWOWOUI IO
OUUTORPRWORONJTOUOONEFOOWNIOY®E

8T



232

ZH

ZHR

wdd
zZH
ZHR

ENIS
00PTLYT 00L
a0

8%0¢2

00T

o}

600

¢

HaNIS
00¥PTLYT COL
8%0¢C

40

¢08°0T
€98YVY LS
€0ST00L
8CT

T

00700071
00°08

00T ENIS

HAOWUA
Ms
SEEATA
T04S
an

can
914
12dD
TAVYNAD

TANNVHD INIIQYHD ======

L06ZOST 00L
S0SLT86S EE
0z €~
076

L0vT6

009€T000°0
0000200070
0070000070
00000000°¢
00€00000°0
1°86¢C

870¢C

IbdbAsoo

O¢T HDQ4D Wi g
a09ds

91°0¢C

SZTOETOT

£e
SLO-A-WTIH

SHIATA
HMS

sa

SN
INFIATOS
aL
20ddInd
aHEcHd
WOELSNT
BWT.L
T@3eq
[elirelez=tcs
ONdXHd
YN

wdd

] ™~
o 0

0
o

-
o

]
©

wdd

A




233

(44

S - | - | PR L. . P B | A |-

™~
o

0‘ N°O wdd 08 18 c¢'8 €8 7’8 9’8 98

0 a9 1
25 0070 &1 ]
4 €ss
ANISD Mam
ZHH 08ETZS0 9LT as 0l 4
cyseTIUe-oYSS pt i
E0L Is 3
00°T od ]
0 @ ]
ZH 0070 &1 |
[ ass 621 3
ENISD A 1
ZHK 00FLLVT 00L 85 q
9507 s
CUIDTIUY-O0UDT HAoWua Bl
wdd 6€9°55T ns 8¢l
ZH 1996€8° L7 s8uaTd
ZHW ¢930°9LT 1045
871 a1
T 0N 12
29510 £0°000T sTd -3
% 0170 2249 b ]
% 00’08 12dd ]
00T "ENIS EHYND 1 ! |
00T "ENIS THYNGD ;
s==== TANNVED INHTQVED ====== (o7 4 = i
ZHA 2222990 94T 20ds 1 /
M 6E€86TZ0°T MzT1d 3
M EEBESSPT BE Mzaa E|
@p 22702 z1d E|
gP 0§ % [t mN —. -]
2asn (0° &S Zadoé 3
2950 00787 va
2950 0076 £
P 2onN
dxel To¥aadan -
T 41
ZHW LSIVOST 00L 1045 1
H SOSLTBES E€E [ ]
ap 07 €~ 114 ]
295 00°000T 8zd gel
o951 0881 ed 3
2950 0¥ 6 1d
HL o

LR IR

SNILA0O7 ] !
295 STL10000°0 oz 3 |
235 000S¥E0O "0 120 ]

25 00002000°0 9ia |
225 00700000°0 £1a
000000£0°0 1 ¥AS E
YIyCLI0C 0 ¥a
000000002 1a ]
00£00000°0 oa
0000000 ST ZISND
¥ 1-867 &L
2250 0579 Ea
s2sn 000°8Y #a wdd /\/%5\))\/\‘/\/\)\/\1\) %
£0Z o4
295 081584270 o
Z81S6L°T e lesecy
ZH 196 CSEL IS
Q sa -
8 SN
£T00d INIAATOS
9607 az
dbazpacbsy 908d10d
JE€T EDQdD twr § AEECHd
19ds WOELSNT
ST Tz suTL
SZZOETOT “e32q
1 ONDO¥E

34 ONdXA
m\low,;x:q: mydz



234

AN a4

wdd ‘g2 0’8 1’8 4] €8 '8 S8 9’8 L8

. | NP I N [ | A L. P R L. NPT L

00

£ Gyl
z

ENISO “mam
SHA 08ETTS0°9LT a5
ousaTaUE-CYDS " !

orl

OYDaTIUY-0YDT

“*' o s
EX] #
FEERH
g8z
854 S
S8
3
e
g
B 8 aa
DakuhEas
L

§60° 22T M
SEPSLE 9L
ZHR L690°9LT T04S
zi8 as
T oan 4
2951 00°000T 31
% 0072~ 9289
% 0079~ 5228 GEL
% 0078~ vzad
% 00771 €249 1
% 00°08 1735
Q0T 3NIS 9AYNGD ~ 7
00T ENIS SAYNED
00T 3aNIs FRVYRED 1
001 aIs ENVNAD
00T aNIS THYNAS
===== TINNVHD LNEIQV§D s=====
ZH 00°0 L5430dS omF ﬁ
00570 LTY0ds -
» dwodggdin LIRUNES @@@
ap ze'zT L3S
THR ZSTLE90° 204s o7
M EEBESSHT 8E Lty s
s ° =
2357 00°000T bee —
2o - 600
OFT zonN G2l B
==ss==== 77 TEANNVHD ========
ZHR LOPSOST 0OL 1045 1
M SQSLIBES mTIa
D 0z" g~ T
DISN 0 gL za
HT TonN
==s=s=== 1] TANNVHD =s======
095 08LT0000°0 oNI —
925 0000200070 sTa ocl
995 0000529070 3a 1 H
295 00000005 T Ta
595 90£00000°0 oa ‘
VSTI86S°0 0£ISND
00000008 ETLSND 1
0000000° 09T LISND
0000000° 57T 1SN
% 1852 e
seh gc7 @ wdd
295T00F " TL ma J\/j
€02 2% ,.
D95 FY0GL6E 0 v

76712 suty
S2T0ETOT Ta3eq
T ONDO¥d .

9z
& L0-A-nt AN 8T



235

o
-

ocooo
m
=}

iy

007TLYT 00L
CLOTET
0T69TST 00L
S0GLT86S €€
0T e~

00000000°¢C
86T

0s°9
000z

[43
T296666° €
€00G6Z2T°0
Z9L P06TT
0

6¢

£TOaD
9€256

0¢bz

O€T HOUgD mw g
a1oads

SY 9T
vZT0ET10e

T

ST
SLO—A-TTH

wdd

|

1.

|

|

FF#LLLE

§0 0L St 0¢ S¢ 0t S¢ ov 4 om mm 08 g9 o.\. S ow mw 06 S6

1 L ]

od
a0
a1
dass
Jilteriy
g5
Is
TO4s
MTId
T1d

aL
D0daINg
aHg0¥d
WAYLSNT
SWTL,
Teaeq
ON2O¥d
ON&X#
RN

\W\M\\\u\&c

68C L

9€T°8
LYT8
8GT°8
ZTZ'S

e

-

SZZ'S
Tve '8

£€5¢°8

¢8¢°8

ML R —

-

%

€6¢° 8
0cy-” 8
€€V’ 8
eLy” 8
G878
861" 8
6058
LeL” 8-



236

oo}

00°T
0
0e"0
0
WH

00PTLYT 00L
CLOTET

T 0T6STST 00L

SO0SLT86G €E
0z €~

00000000° 2
77862

0S°9
000°Z%

4
1296666° €
£0068CT°0
COL P06TT
C

6¢C

€10ao
9€ZS6

ocbz

D¢T HOO4D wur ¢
3o2ds

9% VT
¥220€10¢

T

9T
SLO-A-WTIH

sy \‘
LNEATOS
o
Do¥dINd i
w
o

NOILSNT

A B RELE
1’8 c'8 €8 '8 '8

Lo M PN I

9’8 '8 8'8 6’8 06 1’6
, | | A e N P N

533\5\,)5;\5 ﬁ%;«%}fﬁ‘gb"

,

Ma
oY
(o) 4
SHE¥AIA
HMS
5a

—

aL

AQHE0YEd

LTL 8~
6€L°8

TE6 8~
Ph6 8 —
L70" 6~
090 6—"
€0T 6~
PIT 6—

SWIL
“o3eq
ONDO¥d
ONdXH
HWYN ve



237

i a

0v°1T
0

007 ¢

0

prics
08€TCSO"9LT
89LC¢E

90%66¥T°00L
00000000°0
LTS96TOL O
S0SLT86S €€
00°0¢T

097 €T

0T €~

00°S9

HT

9TZ3TRM

=== ¢F TENNVED
9€7L690°9LT-

£€8ESSYT 8¢E
0S°%

=== T3 TINNVHO

000000€0°0
00000000°¢
¢°86C
057971
000°2T

£0C
028%98L°0
£8LS€9°0
899°999T%
0

TCET

£12a0
9€559
0¢bdbz

DE€T HOQ4D wwr g
a0ads

0S° 9T
VZTOETOT

T

LT
SLO-A-WTR

METTE
MZTIa
Mz1a
£TId
¢TI
¢ld
2aasnd
200N
o¥aadn

INIATOS
ax
Do¥dTNd
aHEO¥d
ROFALSNT
swTy
“s3eq
ONDOdd
ONJX=
TN

wdd 0¢

001

ocl

ovi

091

081

00¢

€V8 9L

GC0" LL

90¢C" LL

T\AH“HHNHHH\(\\\

PR R PR e
DN DD NN
PNNWWOMUTo
oYW WO W I
P oY O
0 O 00 Oy Ul O W

TTo Lzt

€EV " GET
€8T ¥V

e



238

ZH

ZHI

wdd

ZHRW

9L'L'¥y
“ON

0

0070

0

dINIS e—
00VTLYT COL as
a0 ZOW
870T is
07T od
0 ESS
0070 a1
0 ass
ANIS MaM
00¥TLPT 00L a8
8702 1s
a0 HACHUIA
z05°0T s
EV8FIY LS SEIATd
£0ST°00L 1048
8z an
T oan
00°000T 914
00708 TZdo
00T ENIS THYND
TEANNYHO INIIQVED ======
LOGZOST 00L T04dS
S0G.T865 €€ MTTE
0z €~ i1d
076 1d
076 0d
HT ToNN
=== T TANNYHD =====s==
009€T000°0 ONT
000020000 9TC
007000000 €10
00000000°2 a
00€£00000°0 oa
17862 L
059 aa
00089 Ma
€02 LS
07TE6ET 0 ov
€0€065°€ STIAIL
T96°ZSEL HMS
b4 sa
z SN
£T0a0 INEATOS
8702 aL
IbdBAsoo o0o¥aINd
OET HOGED W §  QHACHI
Joads HWOILSNT
€5°6T UL
vZZ0ET0T “e3eq
T ONDO¥d
i ONAaxX3
SLO=A-HTH TRYN

wdd I'8 28 €8 ¥8 S8 98

1 1. Loes Lios

N.ml.“t::. L Lo

et
o
<=z

< ] © M
o © ©

P FETUTITY PRTTTI TP

]
©
bl

N
o
el

-
©

B |

[N
=

W W w

T T W W Ty



239

9L’y
ON

0 @
00°0 a1
z ass
ANIST aan
0BETTSO SLT &S
sysaTITR-CUPD 20K
¥ToT is
ov'T od
0 €9
0070 a1
z ass
ANISD a
00PTLPT 00L ES
960% s
oUSOTIUY-OUSE  FAOKUL
6€9°69T MS
T986€8°LIT Bict: (st
9507 9LT T0is
8T aL
z 0aN
00°000T 9Ta
01702 22d9
00°08 TZdD
00T ENIS ZHYNAD
00T "ANIS THYNAD
TANNVED INGIQEED ======
€222930 94T z04s
6£€86120° T MZTIE
EEBEGSHT 8 Mz1E
22 0z (3
05°% C1d
00755 2addd
00°8T va
00°6 £d
DET zo0N
dxvs 2O¥daEd
=== g3 TANNVED ========
LS9¥0ST 004 JOE]
S0GLTB6S EE MTTd
0z €= 114
00°000T 8za
08°8T za
o¥°s 1a
ET TOON
=== 13 TENNVED ss==sss=

SNI0DZ
STLTO0C0°0 ONI
0005¥£00°C 120
000020000 91a
00%00000° 0 €10
000000€0°0 11a
¥I¥ZL100°0 ¥
000000002 hes
00£00000°0 oa
0000000557 TISND
17862 aL
0679 aa
000789 Ma
€02 2%
08LSBLT O O
2STSELT SHNALI
T¥6 ZSEL s
9T sa
8 SN
£100D INEATO
2607 aL
d533pe0bsy 204N
DET HOQdD Wi §  QHAOM
Qoads RONLSNT
70°9T 2uty,
YTZOETOT “@3eq
T ONOONd
5T ONAX&E
SLO-A-WTR TREN

wdd 1’8

N

veL-

cEl

0€1L+

8¢l

9¢l -

1Z4%

¢cl

02l

8L+

911 -

RN I

wdd vy,

<t



240

o
o
a
3

X

9LV
SON

O‘ wdd 1’8 '8 £8 V'8 S8 9'8 L8 8'8 6'8 06 L'6 4

fuso ] ofbf py o0

08ETZ50°9LT as b
oyataue-cuss oW i

7201 s

07°1 kX 1

0 e .

0070 a1

4 €SS 1

ENISO am -

00914517002 )

9607 15 ot ,

OUO3TITY-0USE HAOWUA

5607222 s

SEYSLE 9L S=¥aId

£690°9LT 1048 ,

z1s ar

4 oan '

00°000T 91 .

00°2- 9249 X
00" p- 529 1

00°8- vzdo ﬁ@

00771 €249

00°08 1249 Sel - . @
001 "ENIS SWINED

00T "ENIS SWINED

00T ENTS YIRYNES r '
0CI ENIS ERYNED

6

3

:

z

|

:

-
B o =

=

=

e, teszce ‘ o W %mmm

- dwooggdsn Fmas 1 f ’
B, 4% 0SL- , oo i :
M . 00 PP :

A p o

=== 73 .”EZZANEU HHHHWHN“. @ Q
oy o ", K | -
o6 & Szl 0 , 100 @@ 00

=== 13 TANNVHD ==s=====

0821000070
000020000
000052900
00000005 T
60£00000°0
951186570
0000000°8
0000000 09T
0000000°5¥T
1°867

-

wdd

—
=

108°200L
0

8

£1000

9607
pugTdS3anauy
DET HDAQD umk g
Ioads

€p91

7220102

T

S
™

0z
SLO=A-WIA



241

00°T od
0 a2
H 0€°0 a1
0 gss
prics mam
T 000009C700¥ das
89LCE Is
‘zejawered BUTSS®00Id - g
T 81T0829C 007 1048
B A 114
T 00°SsT T
HT TonN
z===== TI TINNVYHD ========
T 0aL
'S 000000007 ¢ 1a
¥ Z7°66¢C con
T 00°9 2a
n Q00°8L Ma
1°967 od
S 07568557 C o) 4
H S29S6T°0 SE¥AIE
H 96T°01T%9 HMS
0 a
{49 SN
[ nelete] INEATOS
89LceE dL
0ebz Do¥dTNd
TRNUTITOW W ¢ AHE0Ed
009Xda HWOELSNT
60" €T SWTL,
0Z80€TO0T Tea3eq
23suweIed UOT3TSTINDOY - zZ4
T OND2O¥d
4 ONaxX&
STO-IA-WIA HRVYN

SI@j2awexed evileg JUusSIAND

QO[O INIAININININ
ﬁfﬁﬂtﬂ&n‘uk

wdd S0 0L Gt 0¢ G¢ 0¢€ G¢ 0OV 9¥ 06 SG 09 S9 02 G/ 08
| 1 | ‘e |

o | 1 I R | P S B i L PR B

L {

g8 06 96

1

|}/‘jﬂ q

rrara 8¢CY

&0 Bxo

(Y ﬁ:ﬁ%llll



242

00°T od
0 ES)
H 0£°0 a1
0 €55
Jhics Mam
H 00000977007 s
89L7¢ 18
‘xzjsuwexed BUTSS900I4 - 74
W 8708797 007 1045
© 0% T- 1714
n00°GT 1d
=T TonN
—===== ﬂ\” ‘ngo =—=======
T 0az
'S 00000000 ¢ Ta
¥ 7662 EL
n 009 =a
n 000°8L Ma
T°957% (91
'S 0%96655°¢ oY
H SZ9S6T 0 SEEATI
H 95270179 HMS
0 sa
7z SN
£10a0 INZATOS
89Lze ar | ,
0gbz Do¥aTRd | , \ | , |
TONUTATAN NI  QHEOHJ I |
00¥Xaa HOUISNT ; V [ ‘ f J \
607 €T SWTL
0Z80£T02Z —aqeq 9w LL/_ LLL < I~~~ 00 ™™ m © ® o
@3swRIRg UOTITSTROOY - zg SRS MO ddddd PPDOOCOOOo o w &~ o,
oo JOWOORPNE ®©OURUJd&S®GO®O 5 o R=)
1 oNDO¥d I OCNO®EPWON o ~dW W WY IS Ja
7 oNaxYE
SZ0~TA-WTH FHN

sIsjsweIed ©lIRQ JUSIIND . Nﬂ‘m oA

g ———

VL 8 ——u
€9L”



243

00T
C
(X3}
0

WA

00%TLPT 00L
ZLOTET
OT69TST 00L
SO0SLT86G €€
0T ¢~

0v"6

=== TJF TIANNYHO

00000000°¢
T°86C

0579
000°¢%

£0C
T296666° €
€00S8CT°0
TSL F06TT
0

S

£€T2d2
9€CSe

ocbz

OET HOAdD ww g
a0ads
vEET
¢T90%10¢C

T

[4
9T0-IA-WTIH

wdd g0 01 Sl 0¢ S¢ 0€ S€ OV Sv 0S SS 09 S9 02

! l [P BT B | A l

N |

L.

|

{ | .

1

N

G/, 08 S8 06 §6

—

m======= ] A

0aL
Ta
fcan
qJa

[o):4
SEYAIA
HMS

sa

SN
INEATOS
arn
DO¥JTNd
aHIOoYd
WOELSNT
Eltah
Teaeq
ONDCHd
CNdXH
HITIN

SPTPOTIP

T



244

07T od
0 g0
00 ¢ g1
0 gss
jaics mam
08ETZSO 9LT as
89LTE Is
9076671 00L c0&s
0000000070 METTd
LZS96T0OL™0 MZT1d
S0GLT86G EE Mg1d
00" 02T €114
09 €T ¢TId
0T e~ ¢ld
007599 aadd
HT 200N
91z3Tem 70¥9dads

===== 7I TANNVHD ========

SETL6S0°9LT TO4s
£€8ESSTT 8¢€ MTId
0S° % T
006 Ta
€T TOON
===== TI TINNVHD ========
T 0aL
000000€0°0 TTa
000000007 ¢ Ta
7°86¢C cas
05791 3a
000°¢T Ma
£0T o
0Z8%98L°0 04
£8LSES0 SHYATA
89979991V HMS
0 sSa
oc SN
£1000 ININTOS
9€5S9 ax
0¢bdoz D0¥dTINd
D€T HOQdD wur §  QHEOME
3Ioads WOELSNI
LETET SWTL
¢T90¥%T0T “e3ea
T ONDO¥d
£ ON&XE
9TO-IA-WTIH ERYN

wdd 0¢ ov 09 08 001 oclL ovl 091 08l 00¢
| | | | I [ N | L L
3 ﬁ T
=] A 4
| |
O AN
oy 1 ~J ()Y BN Lo W
o O N (o) . N . . .
~ U W [N} O Ok o o
W U1 ~J o] W oyWwWN
oY 0N Ul
OPTIPOTIP



245

00°T

0

0g°¢C

0

WA

00FPTLPTI COL
TLOTET
0T69TST CO0L
G0GLTBES €E
0z e-

076

HT

==== T3 TINNVHO

00000000°2
€867

0s-9

co0c z¥

£0T
1296666° ¢
€00SCT°0
Z9L F06TT
0

9

€200
9€CS6

0gbz

D€T HOQgd uwr g
qosds
10791
ZT190%TCC

T

4
TZO~IA-WIR

wdd S0 01 S
I |

0

¢ S¢ 0¢ Gt Ov Sv 09 §9 09 &

L

-

Lo !

A

I
2
=]

f

|

9 0L §2 0
! | .

-
[=}
(=]

8 68 06 96
el

ol

)

T1d gLeY

1O
0aL
: 99

L 1O

SN
LNHIATOS
arn
Do¥dIng
aHdgodd
HOELSNT
Elissha
“e3eq
ONDCdd
ONdXH
TN

i

E——

AN NS

682" L
SOL"L

23eTITIATD

80L" L
ETL L
LTL L

€56 L
LS6" L
896" L



246

07" 1T od
0 a9
00°¢€ g7
0 gss
s Mam
08E€TZSO0 LT as
89LTE Is
9076671 00L z04s
000000000 MeTIa
LTG96TOL™ O MZTIg
GOGLT86G €€ MzIa
00°0CT €14
08" €T ZTId
0z €- ¢la
00-g2 zad2d
HT i ZDoON
9TZ3TeM 79¥dadd
=== 7F TINNVHD ========
9EVL690 9LT 1048
£E8ECSSTT 8¢ MTId
08 ¥ T1d
0076 Td
O€T TONN
== HW THINNVYHD ========
T 04T
000000€0°0 T1a
06000000 ¢C Ta
£°86¢ L
0S°9T ga
000°CT Ma
£0¢T oY
028¥98L"0 [e)4
€8LGE9T 0 SHECAIA
899°999T% HMS
0 sa
LE SN
£10a0 LNIATOS
9€£8Se axn
0gbasz Do¥dINd
DET HOA4O ww ¢ gHEO¥d
3oads HO¥ELSNT
90°91 SWTL
ZT90%10C Te3eaq
T ONDO¥d
€ ONdXE
TZ0-IA-WIH TRYN

wdd

174

oy

09

08

oot

0clt

ovl

03t

08l
|

00¢

1o

110

gLeTYy

898 9L

670" LL

TET LL

N
992 ¢CT—

SPLTLTT

896 6TT

/

J

{
i
N
[oo]
=
o
o

A

o
N W
o k=
0
on
Ny

=
w
(oo}
(&)
(@)
(=)

93eTITIITP



247

00°T

0

og"0

0

pricy

00PTLYT 00L
CLOTET
0T69TST 00L
SO0SLTB6ES €€
0C ¢-

00000000°¢
T°86C

05°9

000° 2%

€0C
TC96666 €
€00S2T°0
CI9L F06TT
0

€

jnelare}
9€256

ogbz

DET HOQAD umr g
3o0ads

€T CT

TIP0ETOC
T

9
L90-A-TWIR

Y

©
o
©

wdd

el

L. 1 Loy (-

S0 0L S1 0¢ S¢ 0t S°¢

oy SV 0
I I

'S §'G 09 S9 0O
Lcenlonad i I

L SL 08 98 06 S6
1

L

2]

—

sa
SN
INIATOS
aL
D0¥aINd
aHEO¥d
ROMLSNT
DUIT
Imum%
ONDO¥d
ONaxd
TN

B

SW1__ 0€CY¥

4

NZO

AN

SN

<4ﬂf\J —

§
7/

~ ~J ~J 00 00w

NooooorRPrww

ORPNOVWOWORr WW

OWhFRWPkJIJohu
¢ Juedap -~ sAIO9I



248

wdd 02 ov 09 08 00l (1148 ovL 09L (01:78 00¢
. ! I ! | J . 1 1 ] 1 | . !
07" T od B T _ __ __ I
0 an
H 00°¢€ a1
0- gss
wa mam
T 08ETTSO 9LT s
89LT€E Is
H 90%66%T 00L zods
M 0000000070 METT
M LTS96TOL™O MZTTTd
M S0GLT86G £E MZId
P 00°02T €114
P 09 €T [ARES
P 0T €~ . ¢1a
T 00759 zaana
HT ZonN
9Tz3Tem 79¥aado
= NW qmzzgo =====z==
W 9EVLEIO 9LT TOdS
M €EBESSHT 8E MTTd
P 05"V . 11d
n 0076 1a .
oet ToaN SWL1 __0ged
s===== TJ TINNVHD ======== ”
T 0dL
'S 000000€0°0 T1Q
'S 00000000° 7 Ta F N%O
q 1°86Z =T, SINL
n 0597 a
n 000°ZT ma
€02 24
'S 0Z8%98L°0 ov
H €8LG£9°0 SEIATI
H 899°999T% HMS
i sa
S8 SN
£T0aD INIATOS .
oceas o \/ \7 \\ \ .\\L 7/_
0€6d6z 0¥dI0d 1o NN RPRPRBERRRR R
wnmwmwonmuém %Mmmw OO [ ENIEN OWWOZZZZZEUHHN_W
Le et STl - B = won oFfPeEbdISooRERMLD WS
TIP0€T0Z “e3eq o BNE 0 0WOWANNBUIOWOLOR OO0
T oNDO¥d ~N o NOO OCRERPRPWORWVOANDIWORJJ
L ONIXT _ NNPRPrRPROORPRWRWOR ORI \n:HQUQU - sK1Do!

L9O~A-WTH TN -



249

00°T

0

0€°0

0

WA

007TLTT 00L
CLOTET
0T69TST 00L
S0SLTB6S €€
0T e~

00000000 ¢
2°86C

0579
000°¢v
Z°0¢
1C96666° ¢
€00S2T°0
Z9L°706TT
0

7T

£T2d0
9€ZS6

0gbz

OET HOQdD uww g
308ds
6S°LT
FIP0ETOT

T

T
980-A-WIN

SN
LNIATOS
an
Doda1INd
aHg0dd
HOMLSNI
STy
To3eq
ONDOYd
ONdXd
YN

<

S0 01 S 0¢ S¢ 0¢ 9¢ 0OV S¥ 0SS SG 09 S§9 0L L 08 S8 06 S6

L

|

I

N

1.

|

P P

1

g

I PP P S

1g

id

\V4

1eey

N°0

.




250

¢

=

=

SWddiEE

0V T

0

00" €

0

A
08ETTSO0"9LT
89LCE
9076671 00L
0000000070
LTS96TOL 0
S0SLT86S €L
00°0CT

097 €T

0C €~

00759

HT

9Tz3T=M

===== ZJ TINNVHO

9EVL690°9LT
£EBESSTT 8€E
0s°7
00°6

000000€0°0
000000007 ¢
T°86C
05791
000°2T

£0¢T
0C8798L°0
£€8LSESTC
899°999T¥%
0

86

[ eate]
9€559
0cbdbz

DET HOA4D wwm ¢
jo8ds
£0°8T
PIP0ETOT

T

4
980—A-WIH

od

=S)

g7
ass
mam
a8

Is
zods
METTE
MZTTd
MzT1d
€TId
Z11d
. 21
zaaod
ZonN
o¥dado

JasziclotEd
WOMLSNT
WL,
Te3ea
ONDO¥A
ON&XE
HAYN

wdd (1[4 ov 09 08 001 0zl ovl 091 081 002
| 1 | I 1 L L 1 | . I
i . u o J T Al
wdd Ll
1 o
19 ey
=
4
A“v N°O
ig
0ol AN
~N o (o2} DN DWW >
. . . WJd Ik W [e)]
w0 o (o) . e e e .
w w [ O N WON [0}
o w N PJWwWww w
N J W o
apniID



251

00°1T
0

o€’ 0

0

atcs

00PTLYPT Q0L
CLOTET
0T69TST 00L
G0SLTEES €€

000000007 T
T°86¢C

TC96666° €
€005ZT°0
C9L P06TT
0

4

£TO0D
9€ZS6
0ebz

DET HOQAO ww g
30ads
I8°T1T
0€60€T0T
T

L
0€£0—IA-WTH

: 5 88§

wdd S0 01 Sl 02 Sc¢ 0¢ ¢ OV S 06 SS 09 S9 0L S 08 S8 06 S6
. (P U I [P

| | 1]

| A ] [ L. PP S | "

B 9eTY

1a BINO N°O
jcan

e
Ma SO

HMS

sa

SN
LNIATOS
aLn
DCAdTINE
QHEO¥d
WOFLSNT
Elah
Teaeq
ONDOMd
OoNaxE 80T-€6

TN

€LO" T~
G807



252

el e Koo

07" T

0

007 ¢

0

WE
08€TTS0"SLT
89LCE
90766717 00L
00006000070
LT596T0L 0O
G0SLTBES €E
0c-cctT

097 €T

0z €~

00°s8

sTZ3TEA
=== 73 TINNVHD

9€VL690 SLT
£EBESSPT 8E
0S°7
0076

000000€0°0
0000000072
T°86¢
06797
0060°2¢T

£02
0T8798L°C
£€8L5€9°0
89979991¥
0

87

janelere]
9€689

g cbdbz

OET HOQdD wwr g
10ads
€S°TT
0€60€T0C

T

8
0EC-TA~WIN

wdd

ot

001 0cl
| |

ovl

091

AEZ0dd
HWOELSNT
SWTL
“e3eq
ONDO¥d
ONdXH
HNEN

SN0

SNO

9gTY

N°O

>
>

9¢T°94

€LT 95

G787 9L

LZO" LL

60T LL

99T 90T~
969 L0T—"
LV0 " 8TT~_

066"

CCT~_

€8E " LTT~
T68° LT
199 geT—"

e vVl —



253

wdd S0 0l S§1L 0¢ Sc¢ 0¢ S¢ Ov % 09 SG 09 S9 0. S§L 08 S8 06 S6
! Lovenlenn. ] 1 L IO B P B [ IR N | |

j i )

A [

00T od
Q )
H 0£°0 a1
0 gss
WE mam
W 00PTLFT 00L as
ZLOTET Is
W 0T6STST 00L T04S
M SOSLIBES €€ MTTE
P 0Z ¢~ T1d
076 Td Vx4
HT TONN
===== TJ TANNVHD ======== NOZ
T 0dL 3NO.
'S 000060000°C Ta
¥ £°86C L
™ 0579 feted s
T 000°¢C% Ma O
£€0¢C oy .
'S TT96666° € [0):4
H €005Z1°0 SEIATA
H Z9L 70611 HMS
0 sa
6 SN \/ \\
£10a0 LINIATOS \ /
MMMmm an > ~N I~~~ 3 -1 00 00 o
2 oAt .
OET HOQLD WX §  QHEOYL 23 RMWWW%%MN%WH
3oads HOYLSNT A
cr-TT swrL ~N W LCOOCHR WER WWWRON
0E60€ETOT Teneq
T ONOO¥d
ONaxd $8-0/

4
0€0-IA-WIR HIRYN



254

07" T

0

00" ¢

0

s

08€ETZSC 9LT
89LZE
90766717 00L
0000000070
LTS96TCL" 0
SOGLTBES £
00°0cT
09°€T

0z €~

00759

=== ¢JF TENNVHD

9€VL69079LT
€EBESSPT 8¢E

000000€0°0
00000000°Z
T°86C
0S°9T
000°¢T

€0¢
0Z8788L"0
€8LSESO
899°899T¥%
0

TL

€T0aD
9€559
gebdbz

JET HOQ4D wir g
10ads
9¢€°TT
0€60€T0T

T

[«
0E0-IA-HTIA

Is
zo4as
METTId
MZTId
Mzrld
€T1d
TTId
[4pec)
zadaosda

TO4S

o9

[o)4
SEIATA
HMS

sa

SN
LNIATOS
an
DO¥dINg
QHEOdd
WOYELSNT
swTy
Tejeq
ONDO¥d
ONdXH
HNEN

wdd

0z

ov

09

08

001}

1

ocl

1

ovi

L

091

SNO.

SN0

18Ty
¢ON

878 9L

6¢0° LL

TTZ LL

Qv¢ 0T —

8LL90T—

>

GL9"TCT
ovs et
€56 0€T——

9LL ¢CT

—rT

€80 €1~

"GP —

TS0

07Z 06T —
SEYTST—

78-0L




255

wdd §0 0L S1 0¢ Sc¢ 0¢ g€ 0OV Sv 06 6S 09 S9 02 §2 08 S8 06 S6

P S { | 1 | b b b b b e Ly | N S PR BN by | | |
i 7 _ﬁﬁ
00°T 24
0 o)
E 0£°0 a1
0 €ss
e mam
W 00¥TLET 0OL as
ZLOTET is
W 0T6STST 00L 1048
M SOSLT86S €€ nTTd
® 0z £~ 114
n 076 Td
HT ToAN geey
ZON
T 0aL
'S 000000007 € 1a aNO
X 17862 a1
m 0579 aa
m 000" 27 na ONO
9°2¢ 24
S 1296666° ¢ ov
H £00S8CT 0 SETAATL
H 29L°706TT HMS
0 sa
u ; o \/ \%
£T0aD INANTOS , :
9€756 ar NS IR I PR ECRE R PRI PR
g L .
mMHmuamuaem UMMMOHWM oo N Y N AR SRS |
1 QG OJIUO@®mWOWLEEFNUO O
3o°ds HOELSNT © © OUI NGO WU W o ® o =
T 9T WTL
0€60£T0Z “e1eq
T ONOO¥d
[as ONAXE 65-87

CEO~IA-WIN HAYN



256

07T
0
H 00 ¢
0
jrice
W 08ETZSO 9LT
89L7€
W S07667T 00L
M 0000000070
M LZS96TOL"O
M S0SLTB6S €€
P 00°0CT
P 097 €T
P 07 €
n 00759
HT
9TZaTEM
===== 7J TANNVHO

T 9EPL690°9LT
M £EBESSPT 8E
0S¥
T 0076

DET

'S 000000€0°0
'S 0000000072
d 27862
m 05797
T Q00°CT

£0¢T
'S 0C8%98L°0
H €8L9E€970
H 899799917

D2€T HOOED wur g
1oads

%297

0£60€T0T

ST

0£0-IA-HTH

od

a9

a7
958
Mmam
£

Is
z04ds
METId
Mz1Id
MZId
£1T1d
¢T1d
¢1a
2adand

[3js}:Cinralsy
QHIO¥d
HOFLSNT
Eligha
Te3ea
ONDOGCHd
ONa&Xa
YN

wdd

0c oy 09 08 00L oct oriL 09l 08l 00¢
f | " [ 1 | | . | | !
I
| T T
oy A
°ON
ETe)
Ee)
LN [ A7 NS N
[S2e] ~N 3 PRPRPRPRRRRERRER
[o 2NN\ O 1~ ON NN WS WD
T v e e WOoOOOOOR R
N oo N e e e e e e e e e
N o [@Neelie)) Ul 00 W J~3WUu o
N O =N ~NOWN WU oY
O UL OWwWN U
6£-8¢C



257

: i

wdd 60 01 &1 0¢ G2 0¢ S¢€ OF SV 09 §S 09 S9 0L S.L 08 S8 06 G6
[P I N [P PP IO I Lol I [N I RS I W D

I T

60T od
0 S
H 0€°0 a1
0 ss
baics mam
W 00PTLYT 00L 8
ZLoTET 1s
W 0T69TST 00L 1048
M SOSLTBES €€ MTTE
P 0T €- 1T1d
n 0% 6 T4
HT o0
S HW QWZZ@WHU ========
mm.u.v
T 0aL
$ 0000000072 1a ON
M Z°86¢ =L aNO.
n 059 =a
n 0007 ¢ na
[43 xS lo}
S 1796666 € oY
H €00S2T°0 STUATI o]
H Z9L %0611 HMS
0 sa
1 SN |
£10a INEATOS ‘ ,
9€Zs6 aL = ~ I 131 ~J o
0ebz Do¥E1Nd - T
Umaamuamo wmrog QHEOWd I RN M M % U,
308ds HOEISNT
0T°0T swTy S OO WVNOJIOO
12Z0€10Z “eaeq
T ONDO¥d

4 ONAXEH _
£L0-A-TTH YN 75-8%




258

.

elieRlo RN

07" T el

0 a0
00 ¢ a7
o] 88
RE MaM
08ETZSC"9LT e
89LTE Is
S0766T7T 00L 204s
0000000070 METTIA
LZSS6TOL O MZT1d
SO0SLT86S €€ MZ1d
00°02T €114
09 €1T ZTid
0z €- Z1d
00°59 zadanda
HT ZoNN
9TZ3TeM Ddaddo
=== 23 TENNVHD ========
9€EVL690 9LT T04s
£EBESSTT 8¢ JLYANESS
05" 7 114
0076 rd
DET TOON
=== TI TENNYHD ========
T oan
000000€0°0 TTQ
0000000C°¢C et
1°86¢ L
0591 q2a
000°CT Ma
€02 (2.4
0Z8¥%98L°C oY
£8L5€9°0 SHYATA
899°9987T% HMS
0 sa
TL SN
£TOUd LNIATOS
9€659 aL
0¢bdbz Do¥dINd
OET HOQ4D uw g aHao¥d
ao8ds WORMLSNT
ST-0T SWTL
TTC0€ET0C Te3eq
T ONOO¥d
9 ONdXHE
£LO—A-WTIR HWYN

wdd

ocl

ovl

091

08l

00¢

68Ty
%ON
3NO

OLL T9—

>

7987 9L

G0 LL

LCT LL

A\
:;F
/
a
e

96€°%CT
0T9"LCT

9vC'8CT

LTL 0ET

0PG TET

7857 9¢€T
0Z8 " T¥T

9L6°9VT

o
L0
|
[ee)
<

GCC 9LT~_
8G9 LLT—



259

—_ N[
olo!l |ole
oia (NS
i

wdd S0 0L Sl 0¢ S¢ 0¢€ g€ OV Sv 0S SG 09 S9 0L G/ o.w §'8 06 G'6
i L [N P DU I S B I IO N S | | I S S B

1 ,d _ ) [ _
00°T od
0 €5
H0£°0 a1
] gss
jatcs Mam
W 00PTLYT 00L ES
TLOTET Is
‘zo3awexed BUTISS900IF -~ gd
W 0T69TST 00L T04S
M SOSLT86S €€ MTTId
® QT e 114
m 0776 4
HT ToAN
i===== I TENNVHD ======== ovey
T 0aL SON
'S 0000000072 Ta
A 7862 AL HO
m 05" 9 . qa
‘. 000°C% Ma
3814 o4 HO
'S TZ96666° € [0)4
H £00$2T°0 SE¥AId
H Z9L°706TT HMS
z sa
6T SN
[eleir INIATOS
9€ZS6 QL
0ebz Do¥dINd ,
DE£T HDQED wWW G CQHE0Yd
Jo8ds HOELSNT l
ST 0T A : : :
8080€T0T T®3eq W W W = NNNNNONNNNgo o
SaSureIRd UCTITSINDOY - g4 W W W © NWWWHsLOWVLWLLoo
wWww o<} ONWE WE WSSO
T ONDCEd N oy w ~NORPRPNOAOCUITOR o
S ONdXE
6 T0~IA-HIH EYN

SIivjeureleq elRQ JUSIIND m.m\m



260

wdd 0¢ )7 09 08 001 Oct ovl 091 08L
. . I I

07" T od

0 €9

ZH 00°¢ G
0 €SS

pice Mam

ZHW 08€TZS0°9LT as
89LZ¢ Is
sIo3awexed HUISSEDd0Id - 74
ZHR 9076671 00L zods
M 0000000070 METTE

M LZSI6TOL O MZ1Id

M SOSLTBES €€ MZTE
ap 007021 €114
gp 097 €T (AL
e 0z €- z1d
o9s1n 0059 zadnd
HT ZONN
grz3Tem 299dad0
======== ¢J TINNVHD ========
ZHW 9€7L690°9LT 1048
M €EBESSYT BE MITE
P 05° % 11
o@sn 006 Ta
O€T TonN
======== TI TANNVHD ========
1 0aL

98S 000000£0°C 1Ta
2S5 000000007 ¢ a
M Z2°86C cos
o2sn 0g 9T fetes
°39sn (000771 Na
€0T B

°9s 078%98L°0 oY
ZH €8L5€9°0 SEMATA
ZH 899°9991% HMS
0 sa

€6 SN
aosw INEAIOS
9€559 ax
0¢bdbz 20¥dTINd

DET HOQED WW §  CHLONA
Joads ROALSNT
6T°0T WL
8080€£T0Z “s3eq
sSivjswered UCT}TSTINDOY -~ 74
T ONDOYUd

9 ONAXE
6T0-IA~WIH TREN

sI9joweIed BlRU JUSIAND

HO.

HO

orvety
°ON

bTLY -

9€°L

8V LY

09" Ly
€L LY

S8 LY

LY -

L6

8°70T
£€0°01T -

LOTTCT -

ver1en

LT TET ——

GETCET —

08" 79T ——n

86 LYT ———

€0°06T ——

ST-6



261

00" T

0

0€°0

0

WE

00%TLYT 00L
CLOTET
0T69TST 00L
SOGLTB6S €EE
0c g~

060000002
7°86¢

65" 9
000727

ST
TZ96666° €
£0062T°0
C9L F06TT
0

(43

jagelere;
9€CsSe

Qebz

O€T HDQ4D uw ¢
ao=ds
95701
61307102

1

4
CZ0-INA-WTH

ma
oI

[} 4
SHEATL
HMS

sa

SN
INIATOS
az
20¥dINd
aHaodd
HOELSNI
Elitghd
Te3eq
ONDO¥d
ON&Xa
HAYN

5 m%u 5 Lm
N|(® (O~ o
0 §¢€ 0OF SV 09 S5 09 S9 0L SL 08 S8 06 S6

S0 0L S1 0¢ G¢
. I

A " N . N | I | | L., | ! M P oty

YT T

Wwev
°ON
10

iate;




262

0% T od
0 E6)
00°¢ a1
e gss
s Mmam
08€TZS0°9LT 4S
89LzeE Is
9076671 00L z04s
0000000070 METId
LZS96T0L O MZTIE
SO0SLTBES €€ Meld
007021 €114
09 €T Z11d
0z g~ z1d
00759 zaaod
HT ZoNN
gTZaTeM To¥daad
=== 7JF TINNVHD ========
9€7L690°9LT TO&S
€E€8ESSPT 8€ MT7Id
05" ¥ T1d
00°6 1d
ofT Tl

=== HAH THNNYHD ========
T 0dL
000000€0°0 TIa
0000000072 Ta
7°86¢C jchy
05°9T H2a
000°CT na
€02 98
0Z8%98L°0 ov
£8L5€9°0 SHEATA
8997°9951% HMS
0 sa
86¢Y SN
£T2ad INIATOS
9€559 ax
cesdbz 20¥dINd
O€T HOQED ww §  gHLOHd
3oads HOMISNT
TE€€T PWT,
6Z907T0¢C Te3eq
T ONDOud
8 ON&xd
TZ0-IA-W EAYN

0zl

ort
!

091

081

00¢

110

110

wey
°ON

=

TLTT

oL

2eS 6Tt
2e8°¢CT

SLT 7T

/

270

60" LC

[y
[ye}

w

(@]
[$2
Nej

VET

0ce

NS

907" 6¢

S

=

90L°0¥%T
8¢8°

ST




263

e 2 el2e

L
wdd §0 01 S1 0¢ ST 0€ S€ OV S 0S SS 09 S9 0L SZ 08 S8 06 S6
PP S P [ L, | N [ Loy ool P | P | L. | P |

jﬁ Lo T T ¥
00°T od
0 g0
H 0€°0 1
0 4ss
price Mam
W 0000071 00% as
89LT€E Is
W 0TO8CYT 00% 104385
P 0070 114
T 00°%T Td
HT o0N
T3 TENNVHD Zrzy
T 0dL ag
S 00000000°C 1a
¥ £°862 aL HO
m 0579 aa
n 009769 Ma
952 oY HO
'S 820L08T T ov
H SEZ6TZ 0 sTIATA ig
H 806 €8TL HMS
0 sa
6 SN
[ eelere] INIATOS
89L7¢€ arn
-98 0g9¥d WM G QHEO¥d
UOSUTJOX WOMISNI o ~ 3 ~J 33000 oo
91°¢T JWTJ,
LTTTCTOZ “s3ed B NNV OoOO OO R
O ORPMNWAUIGJomOOo
T ONDO¥d O WNOWNOWOUIUTWE
T ONdXHd . spnad

SSO-A-TWIN YN



264

w

n

n
M
M
M
P
°

Hn
M
P

s
'S
p:s
n
n

'S
H

<
ﬂ

Hoooo
o
™

icy

08ETZS0 9LT
89LCe
90766717 00L
000000C0" 0
LTS96TOL O
SO0SLTB6S €€
00°0ZT

097 €T

gz ¢-

SEVLESO 9LT
£€8€ESSYT 8¢
0S¥

000000€0°0
000000002
€862

GG 9T
000721

£€0¢
0Z8v98L 0
£€8L5€9°0
89979991
0

€8¢

jgelae]
9€SS9
Q¢bdbz

OE€T HOQdD uww g
1o0ads
7701
LT90%T0C

T

€
SSO-A-TH

sa

SN
INIATOS
arn
Do¥aINg
aHEdodd
WOELSNT
EpighA
Ta3ea
ONDO¥d
ON&XE
ANV

wdd

0c ob 09 08 00L octL ovL 091 08l 002
[ " | 1 | | | [ [ |
B
Ty
19
HO
HO
18
1
AN AN
~ e B
Y I ()] N NN [isN
e w o O ~J ~
oo O N . . . . .
Ul W [e)) O N J w
O N w |l I N
e Y 0 N [\



265

00°T od
0 g9
H Q€0 a1
0 gas8s
WA Mam
J 00000927007 By
8sLzE is
‘Tzo3owered BUTSSSD0Id - Zd
W 81082927007 TO4S
P07 T- 11a
m 00°ST Td
HT To0N
===== HW Q%U ========
T [ofen
S 00000000°C a
3 T°86C jcan
m 0079 qJa
T 000°8L ma
§°2z¢ BL
'S 09565557 C oY
H GZ9G6T°0 STIATA
H 952°0T%9 HMS
0 sa
[43 SN
jaelere] LINAATOS
89Lze ar
0gbz 20¥d10d
TONUTITNR ww g qHIOYd
007Xda WOELSNT
807 9T SWTy
STTIET0C Te3eq
‘°3surered uUOTITSTNBOY ~ g4
T ONDO¥d
4 ONdxXd
0%70-TA-WTH YN

sIsjaweIed ®led IUSIAND

wdd §0 0L S 0¢ S¢ 0¢ S¢ Ov S¥ 09 SG 09 S9 02 SZL 08 S8 06 S6
P B | I P | | L .| | l L |- 1., 1 | | |
Sy
LD

B RN ER SRR N I BN SRR BRI I I I
N U DWERRNUON NN d®00 0o
© o POWOFRNOBOORNNW®WWE W™ o
» © NURORWORPOOUWUIUF U o ® oo



266

wdd 0z ob 09 08 001 0zL ovL 091 081 002
I | i | |

. " oy | el " " ey " "
057 od

0 6
ZH 00°T a1
0 gass
i Mam
'HR 0LS%S%9° 00T ds
89LZ¢€ IS
sxojawexed LUTSSOD0Id - Zd
CHW €T00292°00% zods
gP 00°ST £€11a
gp 00°ST zT1a
ap 00" €- 71d
’SN 00706 za&od
HT ZoNN
9Tz3TeM 799d4adn
====== ZJ THINNVYHD ========
CHW 9TZSS59° 00T TOds
ap 00" €- 114
ST 0€° 8 1d
€T TOON
s====== HW qmzzm.mo s===m==x
T 0aL
>®S 0000000T"0 YIT3a
>®S 000000€0°0 TP
’®S 0000000270 Ta
M z°86¢C L,
>SN 0079 2a
’ST 068702 Ma
§°6Z9T o9 .
®S 96.799€° T ov sy'ey
ZH 8T6S9€°0 SEEATA
ZH 718 086€£C HMS
0 sa
42T SN
[ygelere] INZATOS
9€559 an
0ebdbz 209dInd HO
TOMUTITOW W §  QHEOMd
00¥xaa WOYISNI
€T 7T ST
STITETOC Te3eq
sI9]3awexed QO..nU..HmHS.UU@ - zZ4a > \X\ \\7//
T ONDO¥d : !
€ ON&XH 233 SLEORRRRERE &
0%0-IA-WTIH HRYN Sow JweeNNNmodw 3
sIejoweIed eieq JUSIIND R FEehE3RIaLs o



267

wdd g0 0L SL 02 S¢

| P |

0'¢ G¢ O
, Ll

9555

Y &Y 0S SS 09 99 0L SZL 08 S8 06 S6
[P IS IV B N I B [ W

00°1 od
0 ad
H Qg£°0 a7
0 dass
aics Mam
JT 0OV TLYT 00L ds
CLOTET Is
‘x93owexed BUTSS®00Id - Z4
J 0T6STST 00L 1048
M GQSLT86S €€ MTIE
0T e~ Tl
T 0776 Td
ET TOON
=== HM TIANNTHD ========
T [oeti
'S 00000000°C 1a
¥ 9786¢C can
n 05T 9 jcteg
n 000°¢y Ma
8T o4
S TT96666 ¢ [e) 4
H €00sZT°0 SEEdIA
H 9L 706TT HMS
4 sa
€ SN
€T2ad LNIATOS
9€CSe arL
0€bz 20¥dInd
J€T EDAdD ww g aHIo¥d
qo0ods WOELSNI
SETLT SWT.L
YIv0PTO0Z “e3eq
239ureIeg UOTITSINDOY - Zd
T ONDC¥d
9 ONaxXd
CP0-IA-WIR HWYN

sIsjsweIred eled USIIND

-

e RN BRI IR e cle o v licolico e ol olo ol oo]

NUOUOTOIIIRR, RPN DD

LWOCWOWOOORNENP®U 0 ®W

ON U0 O WU WU ~J oW
G€-GC

susaTeyjydeN OIJTN DOIRTITIT



268

oV T od

0 g9

ZH 00°¢ a1

0 gss

Jaics Mam

ZHA 0BETTS079LT s
89LeeE is
saojowexed HUTSS800Id - Zd
ZHW S0766FT 00L zods
40000000070 METId

M LTS96T0L"0 MeTId

M G0GLT865G €€ MZId
€P 007 0CT €11d
P 09°¢T ¢T1d
e 0¢°€- ¢1d
o9sn 00°G9 2adod
HT ZonN
91zZ3Tem 2oudadn
======== ¢J JENNVHD ========
ZHR 9€VL690°9LT T0ds
M €EBESSPT 8€E MTId
€p 057 % PRpcs
°3sn 00" 6 Td
DET TONN
======== TI TENNVHD ====z===
T oaL

©9S 000000€0°0 Tta
©®S 00000000°2 a
¥ v°86C aL
59sn 06 9T H2a
o9sn 000°¢T Ma
€02 o

°9S 078798L° 0 )4
ZH £8L5€9°0 SEEATL
ZH 899°9991% HMS

0 sa

[4°] SN
£TD0ad LNEATOS
3€559 arn
0gbdbz 20MdINd

O€T HDA4D uw ¢ qHE0HEd
joads WOELSNT
LETLT SWTL
VIv0vI0C Tejeq
SISjsweIed UOTITSTNDOY — zZJ
1 oNOO¥d

L ONdXHE
CVO-IA-WIN AWEN

sI9jaweIed eljed IUSIIND

wdd

0c

ot

09

08

00l

ocl

ovi
I

091 081 00¢
! ,

110

9pTY

9Tt

1T

/!

L8 LTT
69°6TT
G9°T¢T
197621

—

T

—

GL°GET — 2
¢z 9zt
VSUTET
€T eeT

—

00°9VT
VLVl ——

TGET

00

Ge-G¢C
usTeylydeN OIJTN PoIeTITIL

o}
)



269

HeERT ¢

wdd €0 0L S1 0¢ S2 0¢ S€ 0OV S¥ 0S SS 09 g9 0L 57 o..m. S8 06 G6
, , Ll [ | | N B

| N N I

| L | | | L.
i
00°T od
o ES)
H 0€°0 a1
c €8s
jlice mam
W 00%TLYT 0GL as
ZLOTET Is
W 0T69TST 00L 1048
M S0SLTB6S €€ MTId
P 0z €~ T1d
™ 076 T4
HT 0N ey
===== TJ TENNVHD ======== z
ON
T 0aIL
'S 00000000°2 1a
M 7°86¢C can
nogc9 Fided
T 000" 2¢% Jiled 110
8T o4
'S 1296666 ¢ oY
H £00SZT°0 STHEATE
H Z9L°%06TT HMS
0 sa
: 7 NITSS=—-
£T0aD INEATOS : | \ S
9€¢Zse axL NNNNNN N0 00w om0
Bz = . P . . P
mmnmocmuﬁum UMMM%M DO OO~~~ W0NN W W W W -
B o QBB UTO R WA WWO R < -0 oo o
wwwnmvm Sommwwﬂ ORI IRPLORPNRPOAO O om0,
0€90%1T0Z Te3eq
T ONDO¥d L2-%74
a2 oNdxa (61-8T) z0

Z70-IA-WTH YN



270

h2e

9]

;=

07" 1T od
0 €9
00" ¢ €1
0 ass
o mam
08€TTS0 " 9LT as
89L2¢€ Is
9076671 00L z0o4ds
000000000 METIE
LTS96TOL"C MZTId
GOGLT86S €€ MZ1d
00°0ZT €114
087 ¢T ZT1d
07 €~ z1d
00°59 zddod
HI ZoaN
91zaTem 79¥dadn
=== g3 TENNVHD ===w====
9€7L690°9LT TCds
£€8ECSYT 8¢E MTIE
057 T1a
00" 6 Ta
DET TonN
=== ﬂ.um IHWZMHANMWU Z=======
T 0ax
000G00€E0°0 1Ta
00000000° 2T a
£€786¢C can
057 9T aa
000" 2CT Ma
€0¢ 0%
0Z8%98L°0 [0):4
£€8L5€9°0 SE¥AIA
899799917 HMS
0 sa
S87%T SN
[gelere) INEATOS
9€559 arn
0c5d6z 20¥dI0d
DE€T HOQED ww §  QHHEOMd
308ds KOELSNI
1€°6 SWTEL
0€90%1CC Te3eq
T ONDO¥MA
44 ONdXE
THO-IA-WIR TRYN

wdd

08

001
L !

ocl

ovl

031

jate

ey
SON

L98°9L

N/

670 LL

0€C LL

GCO0"9TT
LY8 LTT

TL9 6TT
¢86°6TT

€67 TCT

618 LVT

vZd
8T)

Zo



271

Section 6.4. Gas Chromatography Mass Spectrometry Data
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Figure 6.4.1. 7-Nitrobenzo[k]fluoranthene
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Figure 6.4.2. 3,7-Dinitrobenzo[k]fluoranthene
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Figure 6.4.3. 7-Nitrobenzo[ghi]perylene
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Figure 6.4.4. 5-Nitrobenzo[ghi]perylene



Section 6.5. NMR Correlation Tables

Table 6.5.1. Proton 1D and 2D NMR Data for 3,7-NBKF 4.1.5

274

'H shift

(ppm) Multiplicity | Integration | Jvalues (Hz) | COSY NOE

8.83 d 1 8.4 7.9 8.05, 7.89
8.7 d 1 7.7 8.12 8.12

8.49 S 1 8.12,8.03
8.12 d 1 7.7 8.7 8.5,8.7
8.03 dd 2 84,7 7.68,7.9

7.9 m 2 7.73, 8.83

7.73 t 1 7 7.9

7.68 t 1 7 8.03




Table 6.5.2. Carbon 1D and Carbon-Proton 2D NMR Correlation Data for 3,7-NBKF

4.1.5
¢ shift 3¢ shift HMBC
(ppm) HSQC HMBC (ppm) HSQC
8.83 (w),
144.4 q 1285 | q 8.02
8.7,8.12
8.5 (w),
142.6 q 128.3 7.68 8.5,7.92
7.92 (w)
141.4 q 8.7,8.5 127.6 8.70
8.83,8.12,
135.9 q 126.3 8.83 8.02
8.02
8.5, 8.05,
135.4 q 125.1 | q
7.73
133.6 q 7.92,7.68 | 124.7 8.50 7.89
7.89
132.3 7.9 124.5 8.03 |8.83
overlap
7.89
132.2 q 123.6 q 8.7,7.89
overlap
129.6 7.73 8.05 122.6 7.9 7.68
129.4 8.03 8.5,7.73 118.4 8.12 none

275



Table 6.5.3. Proton 1D and 2D NMR Data for 5-NBGHIP 4.1.16

276

'H shift (ppm) Multiplicity Integration J values (Hz) COosy
9.11 d 1 7.8 8.14

9.06 d 2 8.7 8.73

8.94 d 1 9 8.43

8.73 d 1 8.4 9.06

8.49 dd 1 8.12,7.98

8.43 d 2 9.1 8.94

8.39 d 1 7.28 8.14

8.23 dd 1 8.54, 8.68

8.14 t 1 7.6 8.39,9.11
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Table 6.5.4. Carbon 1D and Carbon-Proton 2D NMR Correlation Data for 5-NBGHIP

4.1.16
3C shift B3C shift
(ppm) HsQC HMBC (ppm) HsQC HMBC
9.06, 8.94
144.2 q (w), 8.73(w) | 126.7 8.14
135.4 q 9.1,8.73 126.5 8.49(r) |8.43
131.9 q 8.23,8.14 126.4 q 9.06, 8.94
9.11, 8.73, 8.43,
131.4 8.43 8.69 125.4 q 8.39, 8.23 overlap
9.11, 8.73, 8.43,
130.6 q 8.69, 8.23 125.3 q 8.39, 8.24 overlap
128.9 8.39 9.11 123.6 q 8.69
128.8 q 9.06 123.4 8.73 8.23
8.94, 8.69,
128.5 q 8.23,8.14 123 q 8.69, 8.43
128.1 8.23(r) |8.39 122.7 9.11 8.39
127.8 8.23 (1) 121.4 8.94
127 8.49 (1) 8.23 119.6 9.06




Table 6.5.6. Proton 1D and 2D NMR Data for 7-NBGHIP 4.1.12
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'H shift (ppm) Multiplicity Integration J values (Hz) COosy
8.63 d 1 7.9 8.00

8.46 dd 2 8.1,8.1

8.33 d 1 7.6 8.00

8.31 d 1 8.7 8.16

8.25 d 1 8.7 8.10

8.21 dd 2 8.6,8.7

8.16 d 1 8.6 8.30

8.10 d 1 8.2 8.25

8.00 t 1 7.8 8.33, 8.63
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Table 6.5.7. Carbon 1D and Carbon-Proton 2D NMR Correlation Data for 7-NBGHIP

4.1.12
BC shift BC shift
(ppm) HSQC | HMBC (ppm) HSQC HMBC
146.4 q 8.25, 8.10 (vw) 126.57 | 8.16 8.31, 8.25 overlap
1335 q 8.31, 8.16, 8.10 126.5 q 8.25 overlap
131.9 q 8.21, 8.00 126.34 | 8 8.25, 8.16 overlap
129.9 q 8.21 126.3 8.25 8.25, 8.16 overlap
129.8 8.31 8.46 126 q 8.63, 8.33,8.21
8.46, 8.31 (w),

129.3 q 8.16 1253 8.63 8.33,
128.7 8.33 8.63, 8.21 1251 q 8

8.21 8.46, 8.31, 8.21
128.1 (r) 8.33 123.4 q overlap

8.21 8.46, 8.31, 8.22
127.3 ()] 8.46 123.3 q overlap

8.46
126.9 ()] 8.21 122.2 q 8.63, 8.10
126.63 8.46 8.31, 8.25 overlap | 121.6 8.10 8.25




