a2 United States Patent
King et al.

US009226925B1

(10) Patent No.: US 9,226,925 B1
(45) Date of Patent: Jan. 5, 2016

(54) ABUSE DETERRENT AND ANTI-DOSE
DUMPING PHARMACEUTICAL SALTS
USEFUL FOR THE TREATMENT OF
ATTENTION DEFICIT/HYPERACTIVITY
DISORDER

(75) Inventors: Clifford Riley King, Hendersonville,
NC (US); Stephen G. D’ Ambrosio,
Etowah, NC (US); David W. Bristol,
Mills River, NC (US)

(73) Assignee: Pisgah Laboratories, Inc., Pisgah
Forest, NC (US)

(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 663 days.

(21) Appl. No.: 13/444,191

(22) Filed: Apr. 11, 2012

Related U.S. Application Data

(62) Division of application No. 12/846,936, filed on Jul.
30, 2010, now Pat. No. 8,653,106.

(51) Int.CL
AGIK 31/4458 (2006.01)
AGIK 31/485 (2006.01)
AGIK 31/55 (2006.01)
(52) US.CL
CPC ... AGIK 31/4458 (2013.01); AGIK 31/485

(2013.01); 461K 31/55 (2013.01)

(58) Field of Classification Search
CPC ............ A61K 31/137; A61K 31/4458; A61K
31/485; A61K 31/55
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

7,718,649 Bl 5/2010 King et al.
2009/0259039 Al  10/2009 Bristol et al.

FOREIGN PATENT DOCUMENTS

FR 5581 M * 12/1967
GB 2172283 A * 9/1986 ... C07D 491/04
WO WO 2008134071 Al * 11/2008

* cited by examiner

Primary Examiner — Sarah Pihonak
(74) Attorney, Agent, or Firm — Joseph T. Guy; Perkins Law
Firm, LLC

(57) ABSTRACT

A pharmaceutical composition comprising a drug substance
consisting essentially of a pharmaceutically acceptable
organic acid addition salt of an amine containing pharmaceu-
tically active compound wherein the amine containing phar-
maceutical active compound is selected from the group con-
sisting of racemic or single isomer ritalinic acid or
phenethylamine derivatives and the drug substance has a
physical form selected from amorphous and polymorphic.

31 Claims, 109 Drawing Sheets



U.S. Patent Jan. 5,2016 Sheet 1 of 109 US 9,226,925 B1

<
-
§§.
1
|5
&
O
£
R 8 I8
o
g
2 £
8
£
2
2
-3
Y T T T T @
= 3 3 = = N A E
2 (B/A) 014 JBaH



U.S. Patent Jan. 5,2016 Sheet 2 of 109 US 9,226,925 B1

<
S ¢
D
———
e ———
=)
=
S
Lo
-
| &
—
——
]
2
<
=
S
Q
o
L ©
S
o
<o
N T L L L L AN B | lll§
[ R S T - T . . A s T » T T — T - N - S Y - S Y SR
o =
i X



US 9,226,925 B1

Sheet 3 of 109

Jan. 5, 2016

U.S. Patent

L
0%
[086
U
C0291

0861
L
Co0L2
098¢
L4
CosLe
L

C0S¥
| SD

¢ eunbil4




U.S. Patent Jan. 5,2016 Sheet 4 of 109 US 9,226,925 B1

==
3
.
|5
g 5
E,“.%— o
o
— ~ |
= =
Po
N 3}
&2 <
8 &
:
-
-8
-3
-
T T 7 =/
i : 3 2 JF
=
g (6/A0) Mo 188



U.S. Patent Jan. 5,2016 Sheet 5 of 109 US 9,226,925 B1

600.0

1000

1500

cm-1

3000

1301
12 ]
11 ]
10
9]
8
7]
6'1
5.
4]
3
2
1]
4000.0

Figure 5



U.S. Patent Jan. 5,2016 Sheet 6 of 109 US 9,226,925 B1

29.0 32.0 35.8 38.0 410 44.8
Deyg.

26.0

’

11.0

J

Figure 6
Crs
3220
2940 |
2669 |
2380_]
2100
1620_]
1540 _
1260

LN
700
420
140




U.S. Patent Jan. 5,2016 Sheet 7 of 109 US 9,226,925 B1

Universal V3.9A TA

160.35°C_

158.20°C
86.58J/g
|

50
Temperature (°C)

| 1
\n S
-

=]
(BiAN) Mot 1eey

05
6.0+
-1.5

Figure 7
Exo



U.S. Patent Jan. 5,2016 Sheet 8 of 109 US 9,226,925 B1

600.0

1000

1500

cm-1

3000

1501
14
13
12
11 J
10
9
8
7
°
5
4
4000.0

%T
2.7]

Figure 8



U.S. Patent Jan. 5,2016 Sheet 9 of 109 US 9,226,925 B1

1.0 20.0 23.0 ° 2%.0 290 320 35.0 380 410 440
Deg.

14.0

1
‘[—r
3.0

Figure 9
rs
4500
4140
3780
3420
3060_
2700
2340
1980
1620
1260

900_]
540 ]
180




US 9,226,925 B1

Sheet 10 of 109

Jan. 5, 2016

U.S. Patent

V1 VECA [BlISAUN
00t

{n.) aimeradwa]
051 oL 05

vor

-0

S
(B0 ML 1eBH

1

h

o
’

- 00

10

01 eunbiy



U.S. Patent Jan. 5,2016 Sheet 11 of 109 US 9,226,925 B1

<
-
S °
=]
s
A ——
o
—
-
[=4
b | ©
')
—
—
)
£
15
(=3
L <
=
o~
o
ha =
- T T T T T T T T T T T [=}
o S S A B~ . B — S - S R - L B
i §



US 9,226,925 B1

Sheet 12 of 109

Jan. 5§, 2016

U.S. Patent

-En
0¥ O0'TE  0°8E  D'SE WTIE 062 079 0'EE M0E e W O'TH 0°e s

_ 1 1 _ L i _ L i — L Il — 1 ! & L L — L 1 — ] L — & u — A L _ L 1 — ) — i L Lr

L

C0¥

"006

0321
C029T
C86T
Covee
C00Le
C90¢
Cozve
C8LE
CO5TY

CHSH
| s

Z} einbi4




U.S. Patent Jan. 5,2016 Sheet 13 of 109 US 9,226,925 B1

Universal V35A TA

190.06°C
Qai-lfg
193.13°C
— T
200

%)
LI
2
£
3
{ g
3
© z ; 3 5 S o
o © S @ v v 3
=
© (B Moy eop .



US 9,226,925 B1

Sheet 14 of 109

Jan. 5, 2016

U.S. Patent

00se 005 0001 0051 000T 000¢ 000  O°00FY
1 1 i 1 1 1 w..—l

[0

K

R

[ 9

8

1%
- 01

[ C1

F 1

[ 91

[ 81

[ 0T
"TIT

71 @mnbi4



US 9,226,925 B1

Sheet 15 of 109

Jan. 5, 2016

U.S. Patent

'3 O0'TF  @'8¢ 0'CE @€ 06 079 0'Ee 002 0T W O n's 8's
— L L — | b | — 1 L _ L 1 — 3 1 — 1 L — L i — 1 H _ 1 L _ L L — L L — 1 1 — L L

NI

L
006

C8921

"2
C086T

‘ Co¥E2
C00L2

C090¢
L

C8LE
L

Coask
| SD

G| ainbig




U.S. Patent Jan. 5,2016 Sheet 16 of 109 US 9,226,925 B1

e &
M- |
. o
i
o I8
!
5 |
O
°
2
-3 @
2
E
K
-3
L2
© & T T T T =]
2 = = g 3 3 g
5
2 {61 mord jeey



US 9,226,925 B1

Sheet 17 of 109

Jan. 5, 2016

U.S. Patent

0'0st 00¢

0001

00S1

[-mo

0002

000t

[ 91

81
"6l

11 8ianbi4



US 9,226,925 B1

Sheet 18 of 109

Jan. 5, 2016

U.S. Patent

f
T 06

041

L
LEL

LY
L
"o0Lz
098¢
C03vE
CoaL
T3

C005H
| SO

g1 aunbiy




US 9,226,925 B1

Sheet 19 of 109

Jan. 5, 2016

U.S. Patent

V1 VE €A [BRIBAUN (0.) aimesaduws | dan oxg
00t 05z . 05t 0oL 0 oz
VG 4EC
i
-0 F
=
s
=)
=
S
-90 ~
brg60l Bpsrss
SELEC 97168
~0°0
50
61 anby



U.S. Patent Jan. 5,2016 Sheet 20 of 109 US 9,226,925 B1

1000

1500

cm-1

2000

3000

17
16
15
14 |
13
12
10
9
B4
7
6
54
4000.0

Figure 20
17.9_
11

%T



US 9,226,925 B1

Sheet 21 of 109

Jan. 5, 2016

U.S. Patent

[1]¢

L

Te.m

0921
L
[086T
L
CoaLe
"090¢
Tzt
ﬁ.»pm
L

[ 00S¥
: S

12 8inbiy4




U.S. Patent Jan. 5,2016 Sheet 22 of 109 US 9,226,925 B1

<
R 5
E

-

R —=1

-2
o
p
8
£
K

-8

-3

—

i T T =]
§ 8 2 E - N 8
5 &

i {BIAn) MOt 18BH



U.S. Patent Jan. 5,2016 Sheet 23 of 109 US 9,226,925 B1

500.0

|

1000

1500

[=-]
=
(=]
N
g
(42
(=]
N | T T T T — T T 8
()] (=] ~ \o g - o o - O.q.
e
3 o s
o g
= &
w €



US 9,226,925 B1

Sheet 24 of 109

Jan. 5§, 2016

U.S. Patent

.ma

A Vo
0%
”..E

C0291
C086T
L
C00L2
C098¢
C02¥
CosLe
S0y

C005H
| S0

42 9nbi4



US 9,226,925 B1

Sheet 25 of 109

Jan. 5, 2016

U.S. Patent

V1 VECA ERIenUn (D.) aamerdwa) dn ox3
00¢ (4,74 00c o5l 0ol 0
) " 2 ] ) L N 1 N . " 1 . : R i G-
.61 ZEL
- Q.Nl
- mv’l
W,
- n
o 8
L)
\\I«n// 7/\ -
N
Qa.w.nh K
D.2Z¥ OEL | o0
50
Gz a.nby4



U.S. Patent Jan. 5,2016 Sheet 26 of 109 US 9,226,925 B1

500 350.0

1000

1500

cm-1

3000

L

4400.0 4000

Figure 26
286
25
20
15
10
5
0
5
-10.1

%T



*fag
0’3k TR 08 M°GE RZE M6 0°9F  W'ER 00 MLT 0P 0T 0's 0°s
b|F I — 1 | — | 1 — 1 1 _ A Il — L 1 _ i T | “ [l 1 _ | IR — L L _ - L _ 1 1 \—’ L 1

US 9,226,925 B1

Sheet 27 of 109

Jan. 5§, 2016

U.S. Patent

L
C0%
006

0821

LEL

984T
CO0K2
C0Le
C09ee
-0z
CoeLe
ST

we.mv
| S0

1Z ainbly




US 9,226,925 B1

Sheet 28 of 109

Jan. 5§, 2016

U.S. Patent

(saynuyw) swiy
08l 0%l 0Z1L 06 09 0¢
% ¢ & %0
— o —
%02
%0t o
Jsjem —— \ W
-9 Hd —¥— -
89 H %09 @
Gy Hd—e— W
IOH N 40— 2
| —y— %001
%021
gz ainbi4



US 9,226,925 B1

Sheet 29 of 109

Jan. 5, 2016

U.S. Patent

(ssynujw) awny
08l oSl ozl 06 09 o€ 0
%0
%02
%0V o
HO3 %0y —v— >
)
HO13 %02 —%— . 2
HO3 %S —o— 709 2
DOH N L'0—s— m
o,
%08
%001
%0¢1
62 enBiy



US 9,226,925 B1

Sheet 30 of 109

Jan. 5, 2016

U.S. Patent

{seynujw) awi}l
08l oSt 0cl 06 09 o€ 0

%02
%0V e
lojem —— w
- Q * —
o ri—e e &
]
[+']
[OHN | 0—=% m.

%08

\ %001

%02}

o€ aunbi4



US 9,226,925 B1

(sanuiw) awyL

08l 0st 1743 06 09 oe 0
%0

%0¢

Sheet 31 of 109

Jan. 5, 2016

U.S. Patent

%0r .
o~
HOW %0y —— w
) 0 N+ -
HO13 %0 %00 P
HOI3 %S —*— W
IODHN L'0—%— g
%08
%001
%02C1
L€ ainbiy



US 9,226,925 B1

Sheet 32 of 109

Jan. 5, 2016

U.S. Patent

(seynuiw) ey

%0

%0¢

%0F 32
OZH— 3
g'g Hd—%— 2
. 1]
Sy Hd—e— %09 @
IDHN L'0—e— 2
3
-\-\ e
%001
¢ aunbiy



US 9,226,925 B1

(ssynujw) awn}

081 0S1 0ci 06 09 0e 0
%0

%02

Sheet 33 of 109

Jan. 5, 2016

U.S. Patent

%0y &
|oueyls %0y —¥— >
loUey)T %0Z —%— x

[ )
jouey)a %G—e— ? %o g
IDHN L'0—=— m
%08
%001
€€ eunbig4



US 9,226,925 B1

Sheet 34 of 109

Jan. 5, 2016

U.S. Patent

{seynujw) awiy

081 0sl ocl 06 09 o€ 0
— ¥ v - —% %0
T —p— ——
%0¢
%0V e
1o)eM —— ow
89 Hd —¥— -
Gy Hd—e— e g
o
IOHN L' 0—®% \\ M
%08
— %001
%021
¢ ainbi4



US 9,226,925 B1

Sheet 35 of 109

Jan. 5, 2016

U.S. Patent

(saynuiw) swi)
08} 0sl ozl 06 09 0%
. . ) 1 1 . %0
%02
%0V o
HO3 %0v —%— 4
HO13 %02 —%— %09 ula
HO13 %S —*— ’ m
IOH N 1'0—=— 2
%08
%00}
%0cC1
Ge 8nBi4



US 9,226,925 B1

Sheet 36 of 109

Jan. 5, 2016

U.S. Patent

(ssgnuiw) swiy

%0

%02

\\ "oy X
pem—v— W
‘g Hd —%— -
Gy Hd—e— o
IDHN L Q—®— m.

%08

\ %001

——
%02}
9¢ eunbiyj



US 9,226,925 B1

Sheet 37 of 109

Jan. 5, 2016

U.S. Patent

(saynujw) awn)

o8l 0S1 1745 06

%0

%0¢

%0t

ES
HOY %07 —— \\ >
+ -
HOM3 %S —*— ]
[OH N L'0—=— 3
0\0\\ .
%001
%021
2€ a1nbig



US 9,226,925 B1

Sheet 38 of 109

(seynupwi) swil

Jan. 5§, 2016

U.S. Patent

081 oSl ozl 06 09 0g 0
%0
%02
OZH—~ o M
g'9 Hd —%— 2
. ]
Sy Hd —e— %09 @
IDHN L'0—=— o
[+ 3%
— %08
%001
8¢ eunbi4



US 9,226,925 B1

Sheet 39 of 109

Jan. 5, 2016

U.S. Patent

{sanuiw) swnj

08l 0S5l 174 06 09 0g 0
1 1 i Q\oo
..“u\\\\\ e
%0V e
HO13 %0y —v— W
HOI3 %02 —%— -
%09 P
HO3 %S —*— _..-1.
DOHN 10— m.
—— %08
%001
%021
6¢ eanbig



US 9,226,925 B1

Sheet 40 of 109

Jan. 5§, 2016

U.S. Patent

(seynujw) awitg

08l 0si oci 06 09 0g 0
%0
%0¢
— %0V o
- Q —
e
]
]
IDHN }'0—% m.
\\ %08
\1 %001}
%021
or einbi4



US 9,226,925 B1

Sheet 41 of 109

Jan. 5§, 2016

U.S. Patent

(saynuiw) awj

08l 0s1 (174 06 09 0t 0

%0

%0¢

%0v
S
HOY3 %0y —¥— >
0, ——
HO3 %0Z —*— %o P
HO13 %G —e— ]
IDHN }'0—=— m
%08
%00}
%02}
Ly ainbi4



US 9,226,925 B1

Sheet 42 of 109

Jan. 5§, 2016

U.S. Patent

(seynujw) awyy
021 0sl 0oclL 06 09 og 0
1 1 1 1 1 1 Q\OO
@ . 4 o —r—
\U\\\\ %0¢
%OV o
OZH—~ \MW\\\\\\\\xW\ \\\k\\ mm
89 Hd —%— 3
G Hd—e— ) %09 &
8
IDH N |'0—%— \\\ \\\ m.
%08
%0Z1
Zy @inbi4



US 9,226,925 B1

Sheet 43 of 109

Jan. 5, 2016

U.S. Patent

(saynuiw) swy |

081 051 0zl 06 09 o€
u_x e % —— —H %0
— m———— %0¢
i\u‘\\.\.\.\ %0V <8
llT (-3
Hold %oy ——| | >
HOI3 %02 —%— . 2
HOV3 %G —e— %09 m
IOHN L'0—— 2
%08
%001
%021
£ eanbiy



US 9,226,925 B1

Sheet 44 of 109

Jan. 5, 2016

U.S. Patent

(seanujw) swyy
08l oSl oclk 06 (0]
1 1 1 ) ! O\OO
= I —_—— —i
%02
%0V o
OCH—v W
g'9 Hd —%— -
Gy Hd—e— 0 m
4]
]
OHN L'0—=— m
%08
a\q\ %00}
%021
¥y 9unbi4



US 9,226,925 B1

Sheet 45 of 109

Jan. 5, 2016

U.S. Patent

(saynutw) swny
08t 0S5t 0zZi 06 09
e 0
~— o — —
%02
- %0V o
HOIZ %0% ~%— n\q\“\«\'\\r\\k\ >
HOIT %02 —%— p
A
HO'3 %S —— o 3
OHN L'0—8— m.
%08
%00}
%02}

G eunbiy



US 9,226,925 B1

Sheet 46 of 109

Jan. 5, 2016

U.S. Patent

V.1 YOEA JFSRALY

e

.
q
{BA) man 4 380

oa

o a2inbig



U.S. Patent Jan. 5,2016

Sheet 47 of 109 US 9,226,925 B1
g
| 2
S
g
Q
&
-
(=4
; ¥ L) L) 1 T L L] L LJ L] %
g E a & = 2 ;‘i o = oo v 2
i S



US 9,226,925 B1

Sheet 48 of 109

Jan. 5, 2016

U.S. Patent

[‘Bag
Ovr OIF 08 0SE 0°¢ O06C 09T o._mﬂ c.wﬂ o._hh o+yT OT1 08 0s
| DM BRI E MR T A PR TP A .

gt ainbi4




U.S. Patent Jan. 5,2016 Sheet 49 of 109 US 9,226,925 B1

LB LA |

1

2

]llll'lllllllll]llllllll
3

TT T ¢

4

|IIII§'III]II‘I||
Chemical Shift (ppm})

TVYT T I TV AV [T T ATV TV [TV T (0T TP FIVvT v v oT

()]

* IIIIIIIIII"IIll|llll"lll'l'l"l"!l’ll'lllllll!l'lII'IIlllllllI'IIIIIIIII'IIIIIIIIIIlllllllllll"l]ll!' lllII'
p ¢ o o 9~ @ @® ¢« ® o = o
=3 - o [«] [=] o o Q (=] o o

=

(118

Aysusyu| pazi|BuLioN



U.S. Patent Jan. 5,2016 Sheet 50 of 109 US 9,226,925 B1

I
] o

Lo B |

_ : I

R

R
| £
.

-8

-8

o & 3 ! x z ! z N
ra = 5 5 % E % 5 g

. (BIV) MOL3 Yook



U.S. Patent Jan. 5,2016 Sheet 51 of 109 US 9,226,925 B1

500 350.0

1000

1500

2000

3000

4000

4400.0

Figure 51
204 .
18 .
16 J
14 ]
12 J
»T 10 .
8
6
4
1.5



US 9,226,925 B1

Sheet 52 of 109

Jan. 5§, 2016

U.S. Patent

‘Baq
O OTF 08 OSE 0C€ 06T 09C O0€T 00T OLT OFPT OTI 08 O0F
1 PR NN WU W NN ST NN TN VAN TN T NN SN N S SR NN T VN RNNTS R N | IRV

P TR

%gg%%aﬁ
(009

[ 0001

| 00¥1

| 0031

| 00¢C

e

0097
[000¢
C00pE
-008¢
C00Zh
C009%

)

T3 $0'0 : Y weag dg (Baq) 00'Sk - 00'S :a0uey
Zg einbi4



U.S. Patent Jan. 5,2016 Sheet 53 of 109 US 9,226,925 B1

lIIlll“IlllIlIIlllIll

™~
-
L
s E
=3
=Y
- S’
.
T E
— L0 @
T B
- [+
.-
-+ O
o
)
-

L3 B A LA BL NLRLA
8

lllllllllVI'Y]Tllllllll'IIll"llIIIIIIIlllll!lllIllllllllllllllllllilllll'lllrlil'llllllll'll'llllllI'I Ill||lll
2 ) ) : ) w < “ ) e o
- o o o o (=] o o o [=]
-Asueju| pazijeuloN

Figure 53



U.S. Patent Jan. 5,2016 Sheet 54 of 109 US 9,226,925 B1

Universal V3.8A TA

Ny 0m
3 ?

{Bian) Mot jeel

0.0
0.1

-0.4
a5
Emc Up

Figure 54



U.S. Patent Jan. 5,2016 Sheet 55 of 109 US 9,226,925 B1

(=]
<
S
‘:_3 o
——
I ——
(=]
- 8
—
| &
vy
—
€
=
R=3
S
o
w0 <
m | . | L A §
o N - =] (=) 0 e [ - e F
- - - <
: —
2
[T




U.S. Patent Jan. 5,2016 Sheet 56 of 109 US 9,226,925 B1

I L]
1.0 4.6 17.0 2.0 23.0 2.0 250 32.0 35.0 3.0 410

T
8.0

5.0

CPS
4580
4140_
1780
320
3060
2100
2340
1980
1620
1268 ]
900_]
540_]
180

Figure 56



U.S. Patent Jan. 5,2016 Sheet 57 of 109 US 9,226,925 B1

m

L.JLLU( .

il

|

T
5
Chemical Shift (ppm)

~©

2 :

=0
o
N~ [
LD Tl_rl'l'lllllll'lllIlll'llllll!llll'lll!lllllllllllllIll!l'lII!lllllllll"llll'llll]lllllll]"1‘l’r‘]]lll L)
o 2] 0 ~ Q 0 < ® N -
g’ Qo Q o o [=] o (=] o o
i Aysuelu| pazijeuloN



U.S. Patent Jan. 5,2016 Sheet 58 of 109 US 9,226,925 B1

Uritversal V3 0A TA

-8

vz
0.0
.2

Figure 58

(BIV) Mot 4 year:



U.S. Patent Jan. 5,2016 Sheet 59 of 109 US 9,226,925 B1

500.0

¥

1500

-
§
g
7]
% =]
. ; g
') v N — =) -} 0 ~ -} vy <t o o —~wn 3F
5 (\i—' — i =]
m —
L



U.S. Patent Jan. 5,2016 Sheet 60 of 109 US 9,226,925 B1

25
2-theta (deg)

| ©
~N
0
w0
=
e
T Ll T T o]
o = o o =) o
2 =} =] o o =
n <t 3] N At
o
5 (s3uno9) Aysueuy
2
iL




U.S. Patent Jan. 5,2016 Sheet 61 of 109 US 9,226,925 B1

4

LA REE RS SRS BANELE SR B

5
Chemical Shift (ppm)

6

L

_—l.‘D
=N
— [
‘D IIlIIlllllllllll'|Illlllll]llll'llllll!lllllllllllllllllllllIIIlll'llll'lllllll'l'Illlllllllllll[lll
» o o < ™~ © 0 <+ o N -
=a -— o o o Q o o Q o o
=)
[k

Aysueju| pezijeuloN



U.S. Patent Jan. 5,2016 Sheet 62 of 109 US 9,226,925 B1

Universal V3.8A TA

132.36°C
T
Temperature ("C)

457084g
75.33°C

0.2+ ‘
12 74°C
- J— 53324
1
50

0.¢

3] o @ @

® % 5 % i
3

i (B Mol 18k



U.S. Patent Jan. 5,2016 Sheet 63 of 109 US 9,226,925 B1

=)
p—— '§
<~
Q .
[ =]
. ©
=

1500

3000

E
&

L) T T LJ ¥ L] T
— o (=] -] [y o L] A4 (2 (9] —
y— —

3
4000.0

Figure 63
1541
14 ]
13
12
0

%T



US 9,226,925 B1

Sheet 64 of 109

Jan. 5, 2016

U.S. Patent

Cost
0%

006

0921
[0zeT
Cos6T
L
LUk
C09et
i3
CosLe
L

005¥
| sd

#9 aunbi4



U.S. Patent Jan. 5,2016 Sheet 65 of 109 US 9,226,925 B1

TTYTT T 1T

i

=10

Chemical Shift (ppm)

~00

S——
)
~

llIlllll!lllllllllllllllll lllllll llllllIIIII'IIIIIIII'lllllllllllllllllllllllllllllllllll LI

Q <o @ ™~ <« w0 < “ Ik -

o o [=] (=] (=] o o o o
Aj|suaju pezjjeuwlsoN

Figure 65



U.S. Patent Jan. 5,2016 Sheet 66 of 109 US 9,226,925 B1

2122 48°C
58631y
HL748°C
)
250
Universal V3 0A TA

—
Temperature (*C)

-8
g - 3 5 X 7 =" 5
o 9 9 s 5 & o 3
=
ok {GAY Mox 4 oo



U.S. Patent Jan. 5,2016 Sheet 67 of 109 US 9,226,925 B1

2 é

[~}
L ©
wy
—
—
§
(=4
L ©
(=4
o~
g
[ag]
<

| )

[(e] ¥ T T T T T T T T T T v T

O = o0 ~ O wy < o (] — (=] = oo ooé

po § —

(=] B

i *



US 9,226,925 B1

Sheet 68 of 109

Jan. 5§, 2016

U.S. Patent

T

e

006
0921
0291
Co86T
CoHET
"oz
L
i
T8
SOy

"005¥
| SD

g9 ainbi4



U.S. Patent Jan. 5,2016 Sheet 69 of 109 US 9,226,925 B1

TTT 7Ty

1

L S R I AN BLER BN LR B LI S ALY

1
4

1

5
Chemical Shift (ppm)

LB LA RN L SRS IR ELELE B R

[
=—C0
N

o C

m l'llllllll'llllll‘ll'lllll'lllllll‘lllll'[ll’llllllllll‘ll‘IllllI'IIlTIT"]llI'I""'III'!I|||Illllllll LIL]

o ) ) ) ~ © 0 < ™ N -

pe= | - o [=] Q (=] o (=1 o Q [«]

<)

[T

Aysus)uj pazijeusioN



U.S. Patent Jan. 5,2016 Sheet 70 of 109 US 9,226,925 B1

o
85
Y Lg
)
I LI
| e
£ |
8 £
3
|
o T T T o
5 9 3 5 5 3 g
B (OUA) M0) 4 B4



U.S. Patent Jan. 5,2016 Sheet 71 of 109 US 9,226,925 B1

600.0

=

S

e —

T ———
i
t~ o ) ~ ) «~ o

w—

1000

1500

cm-1

2000

3000

4000.0

12 ]

T T T T
— o (=5} -]
] —

Figure 71
13.3
%T



U.S. Patent Jan. 5,2016 Sheet 72 of 109 US 9,226,925 B1

T T T
1.6 14.0 17.8 20,0 230 260 290 32,0 35,0 38.0 41.0 44.0
Dey.

5.0

0]
2708 ]
2348 ]
1980_]
uznT
1260 ]
900_]
540,
180 |

3420 |

4500_]
4140 ]
3780_

CPS

Figure 72



U.S. Patent Jan. 5,2016 Sheet 73 of 109 US 9,226,925 B1

0

1

TryrristrrerT]

llllllll'lllllllll.ll"l
4

5
Chemical Shift (ppm)

Lo

8 7

9

LELALIN L R AN RS0 A AR B AL LA RLALELELEN BUNLELELES LELAL

'IlliIllIl'I‘lllllllll'llllIIl'lllllllll'llllllllIllllllIIlIIll'llllllllllllllIlllllll"l’l’l’llll'llll‘ LI

< 4 4 ) ? : A : : b o

«— o o (=] o (=] (=] o o o
AISuUdIU| pazieuwLON

Figure 73



U.S. Patent Jan. 5,2016 Sheet 74 of 109 US 9,226,925 B1

Universal V3BA TA

R "
Temperature (*C)

;
£ -8
-8
<t l I ®
E & g 3 ; g
.§ (D) Mo 180



U.S. Patent Jan. 5,2016 Sheet 75 of 109 US 9,226,925 B1

600.0

1000

1500

cm-1

3000

Figure 75
165]
15 ]
14 ]
13 |
12 J
11
10
9
8
7
6 |
5
4
3
2]
1.3
4000.0



U.S. Patent Jan. 5,2016 Sheet 76 of 109 US 9,226,925 B1

45

40

25
2-theta (deg)

L O
N
I w0
0
. O
=)
T T T T m
o (=] =] (o] (=] o
(e} o (=]
f;; 0 g ™ & =
a (sjunoo) Aysusyu|
=




U.S. Patent Jan. 5,2016 Sheet 77 of 109 US 9,226,925 B1

0

IR B |

1

2

Illll|llll|llII|llll|lllI|llll

4

A

5
Chemical Shift (ppm)

IRARASRES AN REREEE RS

6

7

9

lll|l|ll|lllt|lill|llll|llll|llll|llll

T!'[Tlllllllllll'llllll'llllllll!llIlllllllll!llIIllllllllIllllllllIlllll'llll'llll'!ll![llIllllll'llTV' lllllll!
Q ) ) : ) ) g « N v o
- o o Q (=] o o (=] o (=]
Aysusju| pazileuuoN

Figure 77



US 9,226,925 B1

Sheet 78 of 109

Jan. 5, 2016

U.S. Patent

(s9aynuiw) awy)
(0]218 0S1 ocl 06 09 oe
— »— — —— N %0
%02
%0V 2
lojem —v— w
"9 Hd —%— -
m.o H %09 N
gy Hd—e— ]
OHN }'0—8— m.
%08
%001
%021
8. einbi4



US 9,226,925 B1

Sheet 79 of 109

Jan. 5, 2016

U.S. Patent

08l

oSt

(seynujw) awil

0cl 06 09 0e 0

%0

%0

%0 o
-3
HO3 %0y —v— W
[¢) —— —-—
Iou—m \oQN Qo 09 w
HO13 %S —*— w
IDHN L '0—= m.
%08
%001
%01
6. @by



US 9,226,925 B1

Sheet 80 of 109

Jan. 5§, 2016

U.S. Patent

{senuiw) awi]

08l 0sl 0ch 06

09 0oe 0

%0

- %02

%0F "
lajem —+— >
>
g'9 Hd —»— %09 &
Gy Hd—e— W
IOHN L'0—%— @
%08
%001
%02C1
08 9inbi4



US 9,226,925 B1

Sheet 81 of 109

Jan. 5§, 2016

U.S. Patent

(seynuiw) aw |
081 051 (7
| { ! Ax_o
T — —— %0¢C
%0¥ o
HOI3 %0V —%— W
HOWI %0Z —%— %o B
HO13 %SG —*— ’ m
IOH N L'0—8— m
%08
%001
%0¢C1
L8 aunbi4



US 9,226,925 B1

Sheet 82 of 109

Jan. 5§, 2016

U.S. Patent

(seynujw) awlL
08l 0s1 oclL 06 09 oc
_ #H H‘l |& *’ %0
%0¢
%0P s
0ZH—v W
g'9 Hd —*— %09 2
G Hd—e— W
IOH N 10— 2
%08
%001
%021
Z8 @inbi4



US 9,226,925 B1

Sheet 83 of 109

Jan. 5§, 2016

U.S. Patent

(seynuiw) awiy

%0
%02
%0b
o~
HOVI %0% —%— \u\ \c\n\\ %
HOW %oz —*—| | _ __—% P a— 0o
HOY3 %S —e— 2
OH N L'0—%— 2
%08
%00}
%02}
€8 einbi4



US 9,226,925 B1

Sheet 84 of 109

Jan. 5, 2016

U.S. Patent

(saynujw) swyy
08l oSl 0zl 06 09 o€
_ %0
l\\\\\-\\\\.l-\ %02
%0F o
0ZH —v— >
90 Hd —¥— =
v uid %09 3
Gy Hd—e— 3
IOHN L'0—=— ®
o
%08
%001
%021
+8 ainbig



US 9,226,925 B1

Sheet 85 of 109

Jan. 5§, 2016

U.S. Patent

(seynuiw) awi)

%0

%02

%0¥

3
HO13 %0y —%— 3
HO13 %0C —%— %09 w
HOI3 %S —*— o
| IDHN L0—=— 2
%08
— %001
%02
Gg aunbiy



US 9,226,925 B1

Sheet 86 of 109

Jan. 5, 2016

U.S. Patent

(saanujw) swyy
08} 05t 0zl 06 oe
%0
%02
%07 o
0ZH—%— >
Q9 Hd —¥— -
G'p Hd—e— oo g
@
IOH N L' 0—8— m
[« R
%08
%001
%0z}
98 eunbid



US 9,226,925 B1

Sheet 87 of 109

Jan. 5, 2016

U.S. Patent

(saynuiw) aw)

%0

%0¢

%0r
. e~
HO3 %0y —%— >
0, -_—
HOI3 %0Z —%— %00 B
HO3 %G —e— ]
IOHN L'0—=— . m.
%08
%001
%021
/8 ainbi4



US 9,226,925 B1

Sheet 88 of 109

Jan. 5, 2016

U.S. Patent

(saynuiw) awny
08l 0SlL ocL 06 09 o¢
1 ] 1 O\oo
%07 o
()
0cH—%— W
8'9 Hd —¥— -
&
IOHN L'0—=— m.
%08
%001
%021
88 aunbi4



US 9,226,925 B1

Sheet 89 of 109

Jan. 5, 2016

U.S. Patent

(seynujw) awn)

081 0St 0ci 06

%0r
HO13 %0r —%— M
HOI3 %02 —*— 3
- %09 &
HO3 %G —*— °
[OHN L'0—=— ?
2
%08
%001
%021
69 eanbi4



US 9,226,925 B1

Sheet 90 of 109

Jan. 5, 2016

U.S. Patent

(segnujw) awny
08l 0s) ocl 06 09 0¢ 0
%0
%0¢
%OV o
iojem —%— w
- Q —
89 _._nlxi %00 P
Sy Hd—e— o
IOHN L'0—=— m
%08
%001
%02}
06 &1nbi4



US 9,226,925 B1

Sheet 91 of 109

Jan. 5, 2016

U.S. Patent

(s9ynujw) awny
%0
%02
%ovr
HO3 %0¥ —v— M
HOI3 %02 —%— %09 “Iu
HOI3 %5 —e— A
IDHN |'0—=— m
%08
%001
%0cCL
16 @inbiy



US 9,226,925 B1

Sheet 92 of 109

Jan. 5, 2016

U.S. Patent

(sapnuiw) awiy

%0

%02

%0F 3%
OZH— >
g'0 Hd—¥— 2
Gy Hd—e— %09 m
IOH N 1'0—=— o
[= 1
%08
%001
Z6 einbig



US 9,226,925 B1

Sheet 93 of 109

Jan. 5, 2016

U.S. Patent

(seynujw) swi)
08l oSl 0zl 06 09 0o
—% —— —H— —— —— %0

%02
%oy R
joueye %0y —%— >
[oUBYIS %0Z —X*— P
[oUBYlS %G —e— %09 m
OH N L'0—=— &
(-3

%08

%001

€6 eanbi4



U.S. Patent Jan. 5,2016 Sheet 94 of 109 US 9,226,925 B1

=_ P s
e E
E

-§

g
Temperature (*C)

-2
« o flﬂ ) Y i "L T T T T | T L~
g A f.Q o
FE ¢ 3 = 3 T :
=
2 (BiA) moi 1eaiy






