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Table S1.
Affinity measurement and Tat/TAR displacement assay for oxadiazole analogs 20-26

Cpd 25-2AP TAR? 23-2AP TAR? FRET®
Kaappt SD (UM) | Kgappt SD (UM) | ICs0+ SD (M)

20 >100 NT NT

21 >100 NT NT

22 >100 NT NT

23 >400 >400 >400

24 >400 NT 123.6 £ 49.1
25 >400 NT >300

26 >400 NT >400

NT: not tested
®Highest concentration evaluated was 400 uM unless otherwise indicated. Values
represent the average of three replicates, + standard deviation.
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A) Ligand-detected full 1TH NMR spectra of 2 (150 yM) and B) 14 (150 uM) in the presence (red
spectrum) and absence of TAR hairpin (10 uM) (black spectrum). C) Free ligand 2 in NMR
screening buffer showing DSA reference integrating to 100uM while the ligand signal integrates
to ~150uM. D) Full TOCSY spectrum showing free RNA (111 uM, black) and RNA bound to
500uM 2 (red). E) Full TOCSY spectrum showing free RNA (111 uM, black) titrated from 100-
500uM 2, with 500uM 2 (red).
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Chemistry

Chemicals were purchased from commercial sources and used without further purification
unless otherwise noted. Anhydrous solvents were prepared by passage over activated
alumina. Thin-layer chromatography was conducted with E. Merck silica gel 60 F254 precoated
plates (0.25 mm) and visualized by exposure to UV light (254 nm). Flash column
chromatography was performed using normal phase or reverse phase on a CombiFlash® Rf
200i (Teledyne Isco Inc). "H NMR spectra were recorded at 400 or 500 MHz, and are reported
relative to deuterated solvent signals. Data for '"H NMR spectra are reported as follows:
chemical shift (5 ppm), multiplicity, coupling constant (Hz), and integration. ">*C NMR spectra
were recorded at 100 or 125 MHz. Data for *C NMR spectra are reported in terms of chemical
shift. All NMR spectra were standardized to the NMR solvent signal as reported previously.’
Analytical LC/MS was performed using a Shimadzu LCMS-2020 Single Quadrupole utilizing a
Kinetex 2.6 ym C18 100 A (2.1 x 50 mm) column obtained from Phenomenex Inc. Runs
employed a gradient of 0—90% ACN/0.1% aqueous formic acid over 4 minutes at a flow rate of
0.2 mL/min. Purities of final compounds were assessed by analytical reverse-phase HPLC
using Agilent Proshell 120 EC-C18 (4.6 mm x 50 mm; particle size 2.7 um). Runs employed a
gradient of 10% ACN/water (1 min), 10-90% ACN/water (6 min), and 90% ACN/water (2 min)
flow = 1 mL/min. High-resolution LC/MS analyses acquired on an Agilent 6520 Accurate-Mass
Q-TOF LC/MS System, (Agilent Technologies, Inc., Santa Clara, CA) equipped with a dual
electro-spray source, operated in the positive-ion mode. Separation was performed on Zorbax
300SB-C18 Poroshell column (2.1 mm x 150 mm; particle size 5 um). All final compounds were

purified to >95% purity unless otherwise stated.

Representative procedure for oxadiazolyl thienopyridine preparation

To a stirring solution of desired mercaptonicotinonitrile (0.28 mmol) in anhydrous DMF (2 mL)
was added commercially available chloromethyl substituted-1,3,4-oxadiazole (0.24 mmol) and
sodium ethoxide (0.63 mmol). The mixture was heated to 130 °C for 1 h. The mixture was then
cooled to room temperature and solid precipitated at the bottom of the flask. The solid was

collected by filtration and rinsed with cold MeOH and dried in vacuo to give the desired product.
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5-Methyl-2-(5-(3-(trifluoromethyl)phenyl)-1,3,4-oxadiazol-2-yl)thieno[2,3-b]pyridin-3-amine
(20). Synthesized using the representative procedure and with 31b and 37m. Precipitated solid
was filtered, rinsed with cold MeOH, and dried in vacuo to give the title compound (23 mg, 56%
yield) as a yellow solid. Purity 85%. '"H NMR (500 MHz, DMSO-ds) & 8.56 — 8.55 (m, 1H), 8.44
(s, 1H), 8.42 (d, J = 8.0 Hz, 1H), 8.37 (s, 1H), 8.02 (d, J = 7.8 Hz, 1H), 7.90 — 7.86 (m, 1H), 7.22
(s, 2H), 2.46 (s, 3H). °C NMR (125 MHz, DMSO-ds) 5 162.28, 160.64, 156.87, 150.93, 143.22,
130.92, 130.81, 130.56, 129.28, 125.56, 124.43, 122.85, 87.38, 17.96. ESI HRMS: 377.06828
(M+H)".

4-Methyl-2-(5-(3-(trifluoromethyl)phenyl)-1,3,4-oxadiazol-2-yl)thieno[2,3-b]pyridin-3-amine

(21). Synthesized using the representative procedure and with 31a and commercially available
37m. Precipitated solid was filtered, rinsed with cold MeOH, and dried in vacuo to give the title
compound (19 mg, 39% vyield) as a yellow solid. Purity 96%. '"H NMR (500 MHz, DMSO-ds) &
8.50 (d, J =4.7 Hz, 1H), 8.38 (d, J= 7.9 Hz, 1H), 8.33 (s, 1H), 8.03 (d, J=7.8 Hz, 1H), 7.89 (t, J
= 7.8 Hz, 1H), 7.27 (d, J = 4.7 Hz, 1H), 6.82 (s, 2H), 2.86 (s, 3H). °C NMR (125 MHz, DMSO-d)
6 162.39, 160.42, 160.23, 149.53, 145.43, 145.01, 130.89, 130.52, 130.22, 129.97, 128.24 (q, J
= 3.3 Hz), 124.76, 124.58, 124.34, 122.80 (q, J = 3.7 Hz), 122.26, 88.43, 19.87. ES| HRMS:
377.06831 (M+H)".
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2-(5-(4-Chlorophenyl)-1,3,4-oxadiazol-2-yl)-6-methylthieno[2,3-b]pyridin-3-amine (22).
Synthesized using the representative procedure and with 25 and commercially available 2-
(chloromethyl)-5-(4-chlorophenyl)-1,3,4-oxadiazole, 37p. Precipitated solid was filtered, rinsed
with cold MeOH, and dried in vacuo to give the title compound (47 mg, 76% yield) as a yellow
solid. Purity 97%. "H NMR (500 MHz, DMSO-ds) 5 8.47 (d, J = 8.3 Hz, 1H), 8.11 (d, J = 8.6 Hz,
2H), 7.69 (d, J = 8.6 Hz, 2H), 7.40 (d, J = 8.3 Hz, 1H), 7.20 (s, 2H), 2.61 (s, 3H). *C NMR (125
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MHz, DMSO-ds) & 162.08, 160.75, 159.26, 159.22, 143.52, 136.33, 131.16, 129.56, 128.31,
123.38, 122.19, 119.89, 86.09, 24.21. ESI HRMS: 343.04218 (M+H)".

3-(5-(3-Amino-6-methylthieno[2,3-b]pyridin-2-yl)-1,3,4-oxadiazol-2-yl)benzonitrile (23).
Synthesized using the representative procedure and with 25 and commercially available 3-(5-
(chloromethyl)-1,3,4-oxadiazol-2-yl)benzonitrile, 37q. Precipitated solid was filtered, rinsed with
cold MeOH, and dried in vacuo to give the title compound (20 mg, 50% vyield) as a yellow solid.
Purity 94%. "H NMR (500 MHz, DMSO-d) & 8.57 (s, 1H), 8.47 (d, J = 8.3 Hz, 1H), 8.42 — 8.39
(m, 1H), 8.09 (d, J = 7.8 Hz, 1H), 7.82 (t, J = 7.9 Hz, 1H), 7.39 (d, J = 8.3 Hz, 1H), 7.21 (s, 2H),
2.61 (s, 3H). *C NMR (125 MHz, DMSO-ds) 8 162.34, 160.20, 159.35, 159.30, 143.61, 134.94,
131.19, 130.89, 130.66, 129.96, 124.58, 123.38, 119.85, 117.95, 112.60, 86.04, 24.21. ESI
HRMS: 334.07596 (M+H)".

CI\—(’NL@/NOZ
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Representative procedure for chloromethyl substituted 1,3,4-oxadiazole preparation
2-(Chloromethyl)-5-(4-nitrobenzyl)-1,3,4-oxadiazole (S2a). Synthesized using reported
procedure with modification.? A round bottom flask was charged with commercially available 2-
(4-nitrophenyl)acetohydrazide, S1a, (103 mg, 0.5 mmol), chloroacetic acid (49 mg, 0.52 mmol)
and phosphoryl chloride (2 mL). The reaction mixture was heated at 85 °C overnight. The flask
was removed from the oil bath and allowed to cool to room temperature. Excess phosphoryl
chloride was removed in vacuo and crushed ice (5 mL) was added slowly to the reaction mixture
followed by slow addition of solid sodium bicarbonate while keeping the flask on ice. The
mixture was diluted with H,O (10 mL) and extracted with EtOAc (10 mL x 2) and finally washed
with brine (10 mL). The organic layer was dried (Na,SQO,), filtered, and concentrated in vacuo.
Crude was purified by silica gel column chromatography (hexanes/EtOAc) to give S2a (72 mg,
57% vyield) as a clear oil which solidified to a white solid upon standing. '"H NMR (400 MHz,
CDCl;) 8 8.23 (d, J = 8.7 Hz, 2H), 7.51 (d, J = 8.6 Hz, 2H), 4.66 (s, 2H), 4.34 (s, 2H). *C NMR
(100 MHz, CDCl;) & 165.57, 163.25, 147.76, 140.46, 130.04, 124.36, 32.88, 31.72. ESI MS: m/z
253.55, 255.55 (M+H)".
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6-Methyl-2-(5-(4-nitrobenzyl)-1,3,4-oxadiazol-2-yl)thieno[2,3-b]pyridin-3-amine (24).
Synthesized using the representative procedure and with 25 and S2a. Reaction was performed
at room temperature and was completed in 30 min. The mixture was diluted with H,O (10 mL)
and extracted with EtOAc (10 mL x 2) and finally washed with brine (10 mL). The organic layer
was dried (Na,SO,), filtered, and concentrated in vacuo. Crude was purified by silica gel column
chromatography (hexanes/EtOAc) to give 24 (9 mg, 41% yield) as an orange solid. Purity 97%.
'H NMR (500 MHz, DMSO-ds) & 8.42 (d, J = 8.3 Hz, 1H), 8.25 (d, J = 8.8 Hz, 2H), 7.68 (d, J =
8.8 Hz, 2H), 7.38 (d, J = 8.3 Hz, 1H), 7.10 (s, 2H), 4.54 (s, 2H), 2.59 (s, 3H). *C NMR (125 MHz,
DMSO-ds) & 162.15, 161.85, 159.08, 159.00, 146.77, 143.12, 142.52, 131.07, 130.37, 123.82,
123.33, 119.87, 85.89, 30.27, 24.17. ESI HRMS: 368.08196 (M+H)".
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2-(Chloromethyl)-5-(pyridin-4-yl)-1,3,4-oxadiazole (S2b). Synthesized using a similar
procedure used to prepare S2a except using isoniazid, S1b. Crude (112 mg, 79% yield), a dark
green solid, was used in the next step without further purification. '"H NMR (500 MHz, DMSO-d)
5 8.90 — 8.87 (m, 2H), 8.03 — 8.01 (m, 2H), 5.19 (s, 2H). *C NMR (125 MHz, DMSO-ds) &
163.95, 163.34, 150.32, 130.83, 120.68, 33.12. ESI MS: m/z 195.45, 197.45 (M+H)".

NH,
-
N/ S [0} X
’ =N
6-Methyl-2-(5-(pyridin-4-yl)-1,3,4-oxadiazol-2-yl)thieno[2,3-b]pyridin-3-amine (25).

Synthesized using the representative procedure and with 25 and S2b. Reaction was heated for
1 hr and was let to cool down to room temperature. The mixture was diluted with H,O (15 mL)
and extracted with EtOAc (10 mL x 3) and MeOH:CH,CI, 3:7 (10 mL x 2). The organic layer was
dried (Na,SO,), filtered, and concentrated in vacuo. Crude was purified by silica gel column
chromatography (hexanes/EtOAc) to give 25 (3.2 mg, 10% yield) as a light yellow solid. Purity
99%. "H NMR (500 MHz, DMSO-ds) 5 8.84 (d, J = 6.0 Hz, 2H), 8.49 (d, J = 8.3 Hz, 1H), 8.04 (d,
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J = 6.1 Hz, 2H), 7.40 (d, J = 8.3 Hz, 1H), 7.27 (s, 2H), 2.62 (s, 3H). '3C NMR (125 MHz, DMSO-
ds) & 162.73, 160.00, 159.50, 159.35, 150.86, 144.05, 131.28, 130.37, 123.32, 120.09, 119.94,
85.82, 24.23. ES| HRMS: 310.07548 (M+H)".
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2-(Chloromethyl)-5-(4-fluorobenzyl)-1,3,4-oxadiazole (S2c). Synthesized using a similar
procedure used to prepare S2a except using 4-fluorophenylacetic acid hydrazide, $1¢. Crude
(132 mg, 96% vyield), a brown oil, was used in the next step without further purification. '"H NMR
(500 MHz, CDCl3) 6 7.29 (dd, J = 8.5, 5.3 Hz, 2H), 7.05 (t, J = 8.6 Hz, 2H), 4.65 (s, 2H), 4.20 (s,
2H). *C NMR (125 MHz, CDCl;) 5 166.86, 162.99, 162.45 (d, J = 246.7 Hz), 130.66 (d, J = 8.2
Hz), 129.05 (d, J = 3.4 Hz), 116.10 (d, J = 21.7 Hz), 32.96, 31.21. ESI MS: m/z 226.50 (M+H)".

NH,
N8 o

2-(5-(4-Fluorobenzyl)-1,3,4-oxadiazol-2-yl)-6-methylthieno[2,3-b]pyridin-3-amine (26).
Synthesized using the representative procedure and with 25 and S2c¢. Reaction was heated to
130 °C and was completed in 40 min. The mixture was diluted with H,O (10 mL) and extracted
with EtOAc (10 mL x 2) and finally washed with brine (10 mL). The organic layer was dried
(Na,S0O,), filtered, and concentrated in vacuo. Crude was purified by silica gel column
chromatography (hexanes/EtOAc) to give 26 (2 mg, 4% vyield) as a yellow solid. Purity 97%. 'H
NMR (500 MHz, DMSO-dg) 6 8.41 (d, J = 8.3 Hz, 1H), 7.45 — 7.40 (m, 2H), 7.37 (d, J = 8.3 Hz,
1H), 7.20 (t, J = 8.9 Hz, 2H), 7.08 (s, 2H), 4.34 (s, 2H), 2.59 (s, 3H). *C NMR (125 MHz,
DMSO-ds) 6 162.68, 162.00, 161.36 (d, J = 243.1 Hz), 159.01, 158.97, 143.00, 131.04, 130.89
(d, J = 8.2 Hz), 130.82 (d, J = 3.2 Hz), 123.34, 119.85, 115.51 (d, J = 21.4 Hz), 85.99, 29.70,
24.17. ESI HRMS: 341.08686 (M+H)".
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1D 1H and 13C NMR spectra

CN

98€T qﬂ —€6'¢
===

LLL9 —_— —c0"

mmﬁ.ov SO't

186°L o o

mmm.hv 00

S12

SH
2



602~
098°€LL”
¥99°LLL

06¥'SY I —

29v'SSI—

€91'8L1—

210 200

-10

190 180 170 160 150 140 130 120 11Of1zggm) 90 80 70 60 50 40 30 20 10

513



QLI

cL0Y

8vv'L
€9v'L
86v'L
€15,

625°L
cLL'L
88L°L
2es8’L
GGe'8

=g

A1
wmmz,.r

2bl. &%

80°L
)oo. H

10

1

12

13

14

15

16

S14



CF;
o
(‘:LN Jk/Br

2c9c'6c—

L69°9}}
82291}
6529}
F6L 9k
LEV'02 1
997212 H
9612 H
928' 121
968" 12 -
£09'22}+7
ov0'ezH
ok.vu&
9€6'921

62,621
L2 LEL
LY LEL
LEL LEL
266'LEL
80v'LE}
€95'€9}—

) (——p—

R —

80

90

1 [gpm)

190 180 170 160 150 140 130 120 110

210 200

-10

30 20 10

40

60

70

S15



CF;

H
HN

N

o

S

N

e

1

609'c—

ave’L
8G€L
00v'L
Sv'L
VivL
€vS'L
6SG°L
V.S°L
nmeN
€00'8 \
92¢'8

L6€'8

€Ly'8

10L'6—

—00°¢

4
6L
16°L
M*‘N.F
T
oLt
4

—€0°}

- o

S16



oL ve—

CFj3

Hy
HN

N

o

S

N

212'S6
vee L)
GSCLLL
882°LL1
02ELLL
128°6kk
£58'611
288611
LLE'6LL
¥20°02+
TadT4%
LL9'ezt
99021
95972 H
9//'S2H
0v6'£2 W
0€2'62 11

6.7°62
62,62k
mB.mNGW
2r00et

LA

8828V —

.

100’651~
G9€'091”
18991~

80

90

1 [gpm)

190 180 170 160 150 140 130 120 110

210 200

-10

30 20 10

40

60

70

S17



N/
@ I Q-U
2 o
- I
A o
7,
O
_ N
vi9g— U -0L2
o
— <
-0
o | Gm
&
0s€°L &
1267 [
PG L _ — = =00}
8SLL7 16LL
viLL 261 @
28 = ~$8'Z
0zt'8
cer'8 o
62L6— o —— -t80
&
&
e
e
o

S18



69.ve—

H, =

N

o

S

N

LI'G6—

8971
8EL'0Z}L”
626'€2L"
2L LE N

IR
c18'8yl—
90517

9LL'6S I~
0€9°09+”
6,6'v9L

——

210 200

-10

180 170 160 150 140 130 120 110,100 190 8 70 60 50 40 0 20 10
f1 (ppm)

190

S19



HBr

[}
= NJ\/Br

N

c6Ly

Lev b —

—€6'}

MLl
»20°}
901
00"}

=¥6°0

- @

- o

S20



© oMW N ® HBr
D TN -

© NO QRO =] NS

3 BEISN & I i

— ————— ™ Z N/U\/B'
| N | H

T T T T T T T T T T

210 200 190 180 170 160 150 140 130 120 110“188[“) 90 80 70 60 50 40 30 20 10 0 -10

S21



H, =N,
'Y
o

N
“ s

N

S09'¢—

9eg’L
0S€'Z
1581
LLE L]
82v' /]
S0°81
180°81
$80°81
960°81
20181
90181
£92'81 ﬁ
192°8

512'8;

wnm.i
2888
£0v'8

v/8'87
088'8

6656~

=

I 1[

—G.'¢

£02
Tog)
Z10°)
60
o0t
~£6'0

=00’}

- o

10

1

12

13

14

15

16

S22



Sv.Lve—

NI

N

H, =N

[o]

S

N

LYE'G6—

€002 1\
5L ek,
28012l

0ev'8eL w
965°LEL

802°9¢cL”
YL0°EP L~
609 PP 1~
06087+

L00'6S 1~
SLE'09L”
989'v91~

1 [gpm)

180 170 160 150 140 130 120 110

190

210 200

T

S23



N7Z

[o]
Br\)LN X

HBr

LE0Y—

OFFN
NN —NW
veL'L
6v.L L
¥9L'L
08L°L

0618
02’8
£vE'8
LGE'8
9€8'8

=007¢

9oL
601

€0°L
Lot
420')

-

S24



- NGO 10 © ©
(2] O o 0 < HBr

S  ©S 1 0 & 8 o N7
< oW © S ™ < |
© nd ©® S o) Br X
- - - - - & N

| N/ | I | H

210 200 190 180 170 160 150 140 130 120 11Of1zggm) 90 80 70 60 50 40 30 20 10 0 -10

S25



NH, N=
HN \
[0}

NN
Z s

N

965°¢

L0L°2,
b2 L
rAWA
LEV L1
82/ 1
6V€L
Siy/d
6111
VA
008/
508°Z
818/
€28/
1087
:
125 — S

¥Se'8 T ¢6'0
£8€'8

£0v'8

9685'6— — ——— =680

~¢8'C

A QL»NU___J

L
oD
SKO®
—_———O

I
|

4
o
S
S

S26

15 14 13 12 1 10

16



VASYAS <7

N=

NH,

AN

HN

S

~

N

651°96—

88L'SHL
Nvm.m:N
ooo.omv\
LyL'vel

evoLEL”
6VE€'8E 1~

OLL'8YLY
0L£'8P 1

0St'2sL”
806Gk~
vve091”
8.y ¥9L”

180 170 160 150 140 130 120 110

190

210 200

T

1 [gpm)

S27



CN
SH

elv'e—

¥28'9
ovw.wv

918'L
waHV

=00'¢

=Pl

=90}

-

10

S28



> B o 853 o
lo] o - o < — @ |\ CN
~ o] 3
~ wn ; (‘959"'9 2 N/ SH
P - - - o
I | I N~ I
1
|
]
|
1' | \ NJ
| | " — =, " i

T

210 200 190 180 170 160 150 140 130 120 11'cf>1 Eggm)glo 80 70 60 50 40 30 20 10 0 -10

S29



818¢

680°L
cle’L
g€aec’L
9cv’L
4
19G°L
LLS'L
€65,
¥00°8
020’8

€818

S6v'8

G0S'8

G8L°6—

—0.¢

o™

- o

!
R
o
o

10

1

S30



9v'0c—

CF.
H,
HN

S

N
Z

6€°L6
vms:/
SHOZL

Lv'TTH
856211
e R AR
0V'SeH
G/°S2l
826241
2562

s

W

8162 I
c0'0€!L
LLOE

cc o~
€9'SV I~
9 _,.om_.v.

9v'0S 1

VL 6S1L—
L8Y9L—

|

|

l

T

|

|

e l, .

)

210 200 190 180 170 160 150 140 130 120 110,100 90 80 70 60 50 40 30 20

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

-10

10 O

f1 (ppm)

S31



<8.056

8.052
\7.841

—2.112

CN

SH

1.00~
1.03-=
3.00—=

11.0 10.510.0 95 9.0 85 80 75 70 65 60 55 50 45 ?10(‘)&5 30 25 20 15 10 05 0.0 -05-1.0 -1.5 -20 -25 -3.0 -3.5

S32



o < o

= > = =D <3 N
N\ SN ~Now N |

It} N o AN © 0 P

N < < N © N~ sH
i = p2pmp e -

| (. NS¢ |

T T T T T T T T T T

210 200 190 180 170 160 150 140 130 120 11Of1zggm) 90 80 70 60 50 40 30 20 10 0 -10

S33



CFy

e

vv'e—

WL
ev'L
Sv'L
GG L
LS°L
8G°L
66°L
_vo.wN
€28
LE'8
9598
€L'6—

N

S

Z

Wi o

—68'C

0€'g
mow. 1
J9OL'H
-90°L
wS. 1

001

~¥0" L

15 14 13 12 11 10

16

S34



EV'8L—

85961
LTl
0S'LLE
YeLLL
98 LI
Y66k
L6611
! ﬁ
09°€2 H
0L¥21
1062
9292 H
£6°L2 1
G262 4
SE'62 4
0G°62 I
SL 62

00°0E}F
L0°0E} \
€€ 1EL

ovovt”
08'L¥ L~
102Gk~
09951~

YOvoL—

210 200 190 180 170 160 150 140 130 120 11'(21 zggm)g'o 80 70 60 50 40 30 20 10 0 -10

T

T

S35



—< >—CF=

/_H{;

Br

cLO0Y—

LE9'L
Vmo.hV
969°L
€LLL
vwm.w\

=00'¢|

Mmz‘.m
0L'g
=$6°0

- @

S36



CFy

HN
/—ﬁo

Br

¥62'6¢—

¥85°61L1
659°02 |1
0282211
086'¥2t

19€9211
86£'9Z 1
1279211
1SY'92 1
669'92 |1
£06°9Z 1
WL /2L
%EN&
92y’ L2l

S06'68L—

6VS'€9L—

80

90

1 [gpm)

190 180 170 160 150 140 130 120 110

210 200

-10

30 20 10

40

60

70

S37



o]

H2
HN—@—CF,

s

c9'¢c—

=

Se'L
nm.h/
8L\
89°L
ONNV
86°L
ov'8
[a4]

€L°6—

M

~€6°¢

=90}
& X
)mw !

1661

00¢
00K

=180

12

13

14

15

S38



[o]

s

NH2
HN CF,
(D Ve

N

9L've— E

ov'S6—

69'€cl
€0'vel

S0'9¢t
mo.wmvw

60°0ct
96'0¢ _./

€1'9ch
91921
€9'LEL
8EEVI—
68V —

S0'6S 1~
€09+
SLYIL”

-10
S39

10 0

f1 (ppm)

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20




182'6¢—

£82°02 1
1250211
¥2G°02 1
092°02 1
866°02
9,221
6L0' V21N
L1612
6¥2'G2 1
191°921
012921

Nmm.omg
6292}
880'22}
S96°2€ |
ovb'veEl

VL' EIL—

—

80

90

1 [gpm)

190 180 170 160 150 140 130 120 110

210 200

-10

30 20 10

40

60

70

S40



HN

NN

L9¢—

2L
YeL
9€°L
6L
[SWA
S
VASWA
65°L1
0L LY
L LA W
€L

mn.nw
8L L

8€'8
g6~

)

-

=64
™

€81
80’}

49"
0L}
Sk
801

SO

=00}

S41



SL've—

YR
€002t
2602k
60621
0z vl
92'52H
20921
Sz'ozl
8v'9z |
2,921
18'92 11
G8'9z 1
68'92 11
26'92 11
8€'/2 1N

vy LSl—
€2’ IEl
g5 —m_.w
Ge'eet
62'9€1
oy ivi—

68'8S 1~
0L'09L”"
90'G9}~

210 200 190 180 170 160 150 140 130 120 1{?1 Eggm)g'o 80 70 60 50 40 30 20 10 0 -10

T

T

S42



260V

£€ee’L
€09°L
619
S€9°L
LL9°L
189°L
€02¢'8
6lc'8
629'8

c0e’L
t,m.h/

JU

-vog ¥

=60}
Am"_mw

(A ]

90k
=00'}

10

1

12

13

14

15

16

543



182'6¢—

£82°02 1
1250211
¥2G°02 1
092°02 1
866°02
9,221
6L0' V21N
L1612
6¥2'G2 1
191°921
012921

Nmm.omg
6292}
880'22}
S96°2€ |
ovb'veEl

VL' EIL—

—

80

90

1 [gpm)

190 180 170 160 150 140 130 120 110

210 200

-10

30 20 10

40

60

70

S44



HN

NN

L9¢—

2L
YeL
9€°L
6L
[SWA
S
VASWA
65°L1
0L LY
L LA W
€L

mn.nw
8L L

8€'8
g6~

)

-

=64
™

€81
80’}

49"
0L}
Sk
801

SO

=00}

S45



SL've—

YR
€002t
2602k
60621
0z vl
92'52H
20921
Sz'ozl
8v'9z |
2,921
18'92 11
G8'9z 1
68'92 11
26'92 11
8€'/2 1N

vy LSl—
€2’ IEl
g5 —m_.w
Ge'eet
62'9€1
oy ivi—

68'8S 1~
0L'09L”"
90'G9}~

210 200 190 180 170 160 150 140 130 120 1{?1 Eggm)g'o 80 70 60 50 40 30 20 10 0 -10

T

T

S46



CF3

o}
Br\)j\ N
H

c9S'y
mhm.vv

mm¢.ﬁ
vom.nw
SIG°L
¥96°L
98G°L
16G°L

L |

=90°¢

00°¢
66°0

00'H o

10

1

12

13

14

15

16

S47



CF3

o

v10'6c—

659°€v—

19902+
£e8'zgt
YBE Vet
1S9'veL
16612t
851 /2L
AN
68°0St
6€0°LEL
GOE'LEL
€9G°LEL
£6€'8E L

€e5'G91—

1 [gpm)

190 180 170 160 150 140 130 120 110

210 200

S48



F4C,
ns
HN

065°¢

4184
vev'v

/811
cle’L
82€’L
99G°L
18G°L
96G°L
0192
§29'L
¥€9'L
6v9°L
SL9°L
91€'8
£€€'8
0ve'8
cse’8

N
Z s

N

>

| ) |

—¥6°¢

—G0'¢

¥8'L
kmwo. !
20'¢
L'}
60"}
u/m“ L'g

549



ce9ve—

cleey—

690°96
€/6°6LL1
00S' 12}
G99'€Z}
L/8'€2
L06'€2
1E6'€2
v vel
AR AR
202 vzt
esevel
e b
0£8'SZ
¥66°2211
€10'62}1
¥92'6211
€15'624

?

!

€92°62 I
G862t
cseLel
826°LEL

ce0'erl—
VLLOVL—

905°85}~
1826517
L¥S'S9L—

1 [gpm)

190 180 170 160 150 140 130 120 110

210 200

S50



3 &
7N, -
- &N
O
161" ) e ™
g —= =8¢9
- N
920°c
¥v0'€
190°€ —~ =GO' [ @
8.0°¢
G60°€ -
-0
- ©
919 = = B
mmh.wv — =20 H .
Ge0'8 . P
vmo.mv — =00’}
Fo
=
£
-2
rOvL— — < =8O =
L v
-

S51



CN
SH

9 le—

€68 LE—

G1G'60+—
Sy LI~
9€S°LLL—

V16—

€829l —

962'8L1—

210 200

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

190

S52



66°L
108
€28
'8
91’8
69'6—

Y

~6€'G

=61}

6}
o
N Ll
e
wkw.o
001

~€6°0

™

S53



18'¢c—

LE'9E€—

6€'56
62 LLL
2eLLL
SELLL
v8LLL
88'611
1664
SY'12 1
29°€2 1
672
€LY
8/°G2 1
S6'/21
v2'62 1
6v'621
v2 621

mm.mmd,
¥0°0Et

EGb1-
A
L6851

69 V9L~
96'891~

0 10 0

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

-10

f1 (ppm)

S54



8€9¢

viv'L
LEV'L
€61°L
805
L29'L
€V9'L
859°L
9v0'8
€908
vic'8
€€e'8
GEE'8
cse’s

yE8°0L—

R

_—

—00°¢]

90|
L0}
L
60}
u?o;
20g

—¥6°0

10

1

12

13

14

15

16

S55



99.°941
66L°9L11
LE8'OLL
298°9L11
850211
88/°0211
81802}
L¥8°0211
L0€° 1211
et
LLY'E2H
evevel
966721
9£9'SZ 11
208°22 11
SYG'6Z1
161621
870081~
00£°0€
05508 L
SL9'08 1
0LL¥EL

L

[

wa.mm_;
9/L°6€}

818851\
£00° 191~
9/9'19t

80

90

1 [gpm)

190 180 170 160 150 140 130 120 110

210 200

-10

30 20 10

40

60

70

S56



v.9°¢

SYS'L
L9S°L
LeL L
Lvl'L
LSL'L
19L°L
€8L°L
ce8’L
Lv8'L
088°L
omo.wv.
£99'8

618¢ClL—

W

—18'¢

02’}
Jevz

Am:v.v-e

60°L
=L}

=9t

10

1

12

13

14

15

16

S57



Y1801 —
628°02+
0es’ &;,
S/z'ezi\
AR
¥59'S2 ]
£89'G2
LLLG2 1
2L SeH
oﬁ.mm;
€52°92+
@om.mmt_
290°0€ H
LIE0Ek ﬁ

o

€/5°0EH
€29°0€}
6Lv2el
LL0VEL
/¥8'9€ 1
1G2'6EL
G815
YG 6511

981" 19}
LyS191

80

90

1 [gpm)

190 180 170 160 150 140 130 120 110

210 200

-10

60 50 40 30 20 10

70

S58



5%

cl

Sk

SvL'S

881°L

80G°L

€e5°L

LYS'L —_——
Nwm.h\

c09'L
€29°L

€8L°01L— —

w0

~00'¢|

vl
%mw.m
€2 H o

=G6°0

1"

S59



S

cl

e SG—

0059t}
LS OLL
18S9t
¢c9 9Ll
9€gL’ el
LZANTAe
Lig'Lel
sveicth
Ly6'cclh
ccl'vel
1S9'Gel
89662}
G8c0€}
2c09°0€}
L16°0€}
ocl'Lel
0eL'8El

|

40

70 60 50

80

90

1 [gpm)

180 170 160 150 140 130 120 110

190

210 200

-10

20 10

30

S60



§G'c—

€8'9
€L
Se€'L
9g’L
6€'L
LWL
€v'L
YA
61'L
1S5,
€8
wm.mv

SL0L—

~00'¢

sY0°Z

gecg ™~

L1
LS

=€0"}

=€6°0

S61



V9 L6—

Er'GLL
B.oﬁ/
91°€2 F/
B.mmLf
vE'GZ
98°62t

zLogt

8E°0€1
€9°0€1

€6°0€1
geeel
82'6EL
69'vi7L
96'8G I~
YL 091"

210 200 190 180 170 160 150 140 130 120 110,100 90 80 70 60 50 40 30 20

T

T

-10

10 O

f1 (ppm)

S62



o]

\Y4

Cl S
gt \N'l

(o}

LES

PV
86891
176'91
£6'91
L16'97
67697
29697
¥96'9~
8969/
0269’
2869
¥86'9"
686'91
06691
1€0°/]
1Y0°L
8G50°/
Go.g
6902
SL0°L
0802
¥60°L
6602
G012
61EL
gee's
ove'L
SGE'L
092

9.8,

—a8'}

€L°0)
wmoo. L
c6'l
00’}

10

1

12

13

14

15

16

S63



o O
N7/
Cl S
T \H

€85°€5—

/85604
8€8'60}
wwm.m_,—v
62L€LL
6S9°LLIL
L169°LLHL
€LLLE FV
99¢’IEl
_.wm.omrw
€10'LEl

L60°C9L~
09S V91—

Liag

210 200

-10

180 170 160 150 140 130 120 110, J00 90 8 70 60 50 40 I 20 10
f1 (ppm)

190

S64



NH,
AN
# g

118'9
1189
££8'9
8689
£06'9
8069
¥16'9
1£6'91
1£6'91
£v6'91
6v6'91
256'91
0821
12 L
152 L1 ﬁ

(

89¢°L
LS LA
682" L
€ce’L
el
vmm.wv
Sve'8

|

16S9°0L— ==

S¥S'2q \ z
G829 W
G6.L°9

HaC

—88'¢

=G6°0

10

1

12

13

14

15

16

S65



eLL've—

&Em/
1/5°G0}
omw.mo)
086'601
6810kt
298 YLy
688111
9/6'64L—
6zL'ezl”
LLLOEL
998°'0¢ 1
02LLEL
6,9°6E}
SBLGEL/
L68°EV L

LLy'8S Iy
121091~
100°19 Q
L1Y'€91

190 180 170 160 150 140 130 120 110 _100
f1 (ppm)

210 200

S66



CF,

N~
&
o

NH,
s’

ve9'e—

I

—00°¢

o8t
Jeet

82’1
Jez

Ll
%NN. _
NN.F

- o

S67



N
|
CFy

N~
4
(o]

NH,
s

189'vC—

82198
mvm.oﬁ/
S60°€ZL
261L°€2H
£22'€2)
€52'eet
082'€2H
£v8'€2L
EL6'V2
£92°G2 |
015'82 1
0v5'82 1
G8E'0E 1
£59°0E 1
0/6°0E} N

NI —

coc’ el
lcL'LEl
c6Llvyl—

mv.\..mm_.V
Now.mmr\
mmm.oo_.\
L€8°29I

10 0 -10
f1 (ppm)

T

T

210 200 190 180 170 160 150 140 130 120 110,100 90 80 70 60 50 40 30 20

S68



Ge9'e

ey’
6cv’L
0v9'L
ov8’L
968,
L/8°L
100’8
£10'8
evy'8
¥8v'8
667’8
9568
cLS'8

CF,4

s —— e

7 —

i

Ty
%6. i
el k
=80'k

20'L

80'L

oLl

fu =00'¢

- o

S69



8v.ve—

CFy

¥52°981
Y5y 02k
€90° L2}
622'€21 1
86€'€2 11
1902t
6807211
AR AR
6vL et
GBE'SZL
€95°/211
826°L2t
Y¥5'82
04582}
600°0€L |
£92°0S Lk
025°0€
G/ 0E}
2L6°0Ek \

€18'Lel
ovecel
cr8 vl —

b2 0917
€06°09 1}

£98'991
€26°2LL~

80

90

1 [gpm)

190 180 170 160 150 140 130 120 110

210 200

-10

60 50 40 30 20 10

70

S70



ve9'e—

J;A‘UJ

L6L°L
16€°L
vivL
1e9'L
0€9°L
€€9°L
0v9'L
9L
9608
S0L'8
chl'8
SLL'8
99v'8
a8y'8

1

—08¢

28

okt
68
~/8'1
~00°L

S71



LL9'Ve—

¥69°98—

ovm.omr
mvm.mN—/
§g98'¢€ct
€96'9¢ |~
v.8'62t—
18G°LEL
g€9lcel

8E8'EY I —

mmw.mmFV
¢59'651
143 Forﬂ
L6€CoL

80

90

1 [gpm)

190 180 170 160 150 140 130 120 110

210 200

-10

60 50 40 30 20 10

70

S72



0¢9'¢c—

YA
16€ L1
80v'L1
2v9° L1
159°/1
€/9°/1
002"/
20L°L
$0L L
90/"L7
9LL LA
BLL LA
02L L]
gL Lf
090'8f
£90°8
G90'81
G/0°8]
8/0°81
08081
1218
Sz1'8]
8z F.&
99v'8]
£8v'8

——

—00°€¢

90
Jeri

!
LG
Ter
100t

GLY

- o

S73



v.9've—

S¥S'98—

wwm.om_.
nmw.mm_.
§99'Gel
GLL°Gel
18€°9¢l
92¢9'LEL
698°LEL
906°LEL
€6v'vEL
WOvvl—

mﬂ.mfw
GS/'651
mwm%&
€89'291

80

90

1 [gpm)

190 180 170 160 150 140 130 120 110

210 200

-10

30 20 10

40

60

70

S74



CF,3

i

S75



CF,3

8828
12802}
G80°€21 1
vsz'eel

G82'€21 1
91£'€2 11
ave'ezl

€/8'V2|
ETATAR
251921

8G65'821

68G°821 1
¥19°82 11
0v9'82 1
2P 0E 1
66€°0€ 1|
£G9°0€ 1
v16°0EL-¢
600° 5@

S9c’lEl
BER45L-
£€6€°0G1—

120094~
6LL19L
£89'291

—

80

90

1 [gpm)

190 180 170 160 150 140 130 120 110

210 200

-10

30 20 10

40

60

70

S76



WDOMNLTOMONN < NH,
OIFTO-NO—OONN © i
BITINOORBON < DA

00 00 00 00 €O 00 0O I~ I I I~ (S} NZ S o CFy

|

T S . |
oNT O v
HIFTOONON 0
T e Ol : - - — . - : : -
9 8 7 6 4 3 2 1 0 -1 2 -3
f1 (ppm)

S77



0cy'8L—

80L°09—

ovieL—

0v8L8—

9le'ezt
omw.vmr/
omo.mm;
LYL'621
LIOLEL
692 LE}
98g’LEL

989°ev1”
$6€° LG~
0E€L51y
LOL L9k
2rL 29I~

1 [gpm)

190 180 170 160 150 140 130 120 110

210 200

S78



CF3

£€98°¢c—

€289
€LS'L
28c’L
8.8'L
£€68'L
606°L
mNo.wV
cv0'8
LEE8F
9.€'8
c6E'8
L0S'8
LS8

-GS¢

V6L

gL'l
/ 19'1
%x&
kmwo.—

ge'l
NEL

- m

S79



CF3

N~
a
o

NH,

AR
7 s

0€€°0c— =

\
S

168'88—

61,221
052'€2)
z8eeel
108'¥21
0v0°'S21
9ze'sel
069'821
in.wﬁ/
12¥0€L
¥89°0€1
086°0€1
8YeLElL
SLY'SYL~,
S68°'SY L
566'61 17

Nmm.cm:V
mww.oo_.\
5829l

80

90

1 [gpm)

190 180 170 160 150 140 130 120 110

210 200

-10

60 50 40 30 20 10

70

S80



S¢9¢—

60c’L
LOov'L
LIV'L
969°L
€ _.h.hv.
LLL'8
e —.wN
0/¥'8
987’8

Lo
Lo
- O
-
-00'g]
- M
<t
w0
| o€
g
v
N
852
k-
~99'}
- o
o
o
o
L
o
o

S81



clL9ve—

Qo

N~
4
o

¥S5°98—

1SE0Zh
859221~
spgezt’
eLL8eL T
020°0€+
G29'LEL
26L9Ek
z86'erL”

Nwm.mmﬁ
€2.°6S1
012 191 w
66529+

e

80

90

1 [gpm)

190 180 170 160 150 140 130 120 110

210 200

-10

60 50 40 30 20 10

70

S82



619'¢c—

JLMM

8lc'L
16€°L
L0v'L
8L
128°L
av8L
Nwo.mV
€01'8
901’8
8017’8
acy'8
cLy'8
687'8
085’8

—16'¢

I
OO OO —
e T R B
e

S83



CN

SL9ve—

00598~

€90°ELL
61¥'8 C/
102tk
8¥8'ect
evo'secl
ey 0El
gch'iel
LSELEL
§59° Fmr.\

L0¥'SEL
LLOVYL—

wwn.mm_.V
mvw.mmw\
_vow.oo_.\
G082l

80

90

1 [gpm)

190 180 170 160 150 140 130 120 110

210 200

-10

30 20 10

40

60

70

S84



NO,

N<
N
Z
o

[}

LLSV—
665V —

9EY’L
mmva.
0S1'8
(74 —.mv

AL

Lo

Lo

Fo

Fou

)

- <
-66°1
-00g

-0

£

o

S
=402
=40

- o

=

o

Lo

-

o

[ ©

S85



NO,

CI\_</N\IN

285 e~
SpL2e”

60 50 40 30 20 10 -10
S86

70

Lggvel—
Lie'6Ct—

82E 0V —
LE9' LY —

VLLEO L~
9EV'G9L—

110 00 = 90 80
1 [gpm)

120

180 170 160 150 140 130

190

210 200




NO,

N~
&
o

NH,

N
Zs

8bS ¢c—

0SSv—

€0L’L
SLE°L
c6e’L
onoNV
¥69°L
hvm.wv
¥9¢'8
8Ly'8
YEV'8

.

PR

|

—00°¢

—8¢°¢

-G8}
~6v 1
~16°¢
Waz K
=S}

S87



VE9've—
0€L0€—

NO,

NH,
N~
NN\_¢ N
s o

¥5€°98—

9e£'02 1\
L6L'ET I~
28z el
LE8'0E L~
gegLel”

6,62V~
G85'EVL
1821717

va.mm_.V
cvS'6StH
mom.No_‘N
01929l

—

210 200

-10

180 170 160 150 140 130 120 110, 100 190 80 70 60 50 40 30 20 10
f1 (ppm)

190

S88



N
|

A
J\()N

N~
4
o

[~]

961°G—

6208
2€0'8

8888
—mw.ww

0208
mmo.mw

1688
0068

—06'}

—LEI @

—10¢ o

10

1

12

13

14

15

16

S89



®© © ) =) cl. N
- O o] o < o \_</ N
SO N N 1 3 !
<™ o - - g v o X
©© ro) ® qd o
- = - - ) _N
NN T )
|
1
1
|| |
I i

210 200 190 180 170 160 150 140 130 120 11°f1188m) 90 80 70 60 50 40 30 20 10 0 -10

S90



cc9'c—

NNNN
NOVNW
8ly'L
mmo.wV
870’8
mwv.wV
667'8
GE8'8
Lv8'8

-—

]

A

—00°¢]

0L
u/mm.r
~10'¢
<8€° |
+62°¢

S91



989've—

8/2'98—

S6E°0Z1
055021

9/2€2t”
0€8°0EL~
1p2reL”

SO0S' vy —

Lee IS —
m_vw.mmFV
owm.mmr\
wmv.oo_..\
681°€9l

210 200

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

190

S92



F

N~
¢l
o

]

Gecv—

LL9Y

180°L

€50°L
ONONW
c0€’L
4 _.wNN

61€°L
62€L

Ju

- ™
¢
LN
.
-
;
O
=
- o
o™
= . s
=30'¢|
=007¢
-0
L of
a
pu
=g ™
=20'¢
-
Fo
L ©
=]
|~
=
L N
N
)
@
Lo
b
ol
C)
| ©
©

S93



r

N~
¢l
o

[~]

LLOTLE~
6182e”

6/8'GLL
—mo.w_,_.v

106'82C}
826'8¢}
98Yy°0€}
2¢ssoel

62E° 19k
omw.mmrw
omm.mwr.\
G2L'991

E—

210 200

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

190

S94



965'¢—

ey —

¥80°L
v6L'L
cle’L
6¢c’L
69€°L
§S8€°L
LIVL
8cv’L
Sev'L
oy'L
Liv'8
wmv.mv

=1.8'¢

=8’

Gl
%mw.—
mMmm.c

98’

=00'}

S95



829've—
€91°0€—

LS¥'98—

068'GLL
09091t
m_vm.om_./
wow.mwr/
cle el
86¢'LE}
SLe'LEl
18E°LEL
00S°LEL
SOv'EvL—

ceV'6S|
€LY'65}
098°09 I~
€9¥°¢9l
mmn.morN
ovL'eolt

|

80

90

1 [gpm)

190 180 170 160 150 140 130 120 110

210 200

-10

30 20 10

40

60

70

S96



