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What 1s claimed is:

1. A compound, &-{4-(Z-butoxyethoxyiphenyl}-1-isobutyl-1,2,3 4~

tetrahvdrobenzofblazocine-5-carboxylic acid (Compound H-OH), that comprises one or more
of the following:

{a) about <0.50% to about >0.30% or about <0.01% of 8-(4-(2-
cthoxyethoxyphenyl}-1-iscbutyl-1,2,3 4-tetrahydrobenzo{bjazocine-5-carboxylic acid
{(Compound H-OH-A);

{b) about <0.50% to about >0.30% or about <0.01% of 1-isobutyl-8-(4-(2-
propoxyethoxy)phenyly-1,2, 3 4-tetrahydrobenzo{blazocine-5-carboxvlic acid (Compound -
OH-B).

{c) about <0.50% to about 20.30% of 4,4'-bis(2-butoxyethoxybiphenyl
{Compound VII}; and

{(d) about <0.50% to about >0.30% or about <0.01% of 8,8'-{4-(2-butoxyethoxy}-
1.3-phenylene)bis(1-isobutyi-1.2,3,4-tetrahydrobenzol blazocine-5-carboxylic acid)
{(Compound VIH}); and optionally further comprises one or both of

about <0.30% of &-{4-butoxyphenyi)- 1-isobutyi-1,2,3 4-tetrahydrobenzo{blazocine-3-
carboxylic acid (Compound I-OH-C); and

about <0.50% of 8-{4-(2-butoxyethoxy)phenyl)-1-butyl~1,2,3.4-

tetrahydrobenzoiblazocine-3-carboxylic acid (Compound IX}.

2. The compound of claim 1, that comprises one or both of:
(a) about <0.50% to about >0.30% of Compound H-OH-A; and
{b) about <0.50% to about 20.30% of Compound H-0H-B; and optionally further

comprises about <0.50% of Compound I-OH-C.

3. The compound of claim 1, that comprises:
{a) about <0.50% to about >0.30% of Compound I-OH-A;
{b) about <0.50% to about >0.30% of Compound [I-OH-B; and
{c) about <0.50% of Compound H-OH-C.
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4. The compound of claim 1, that comprises one or both of:

{a) about <0.01% of Compound II-OH-A; and

(b} about <0.01% of Compound I-OH-B; and optionally further comprises about
<0.10% of Compound [I-OH-C.

5. The compound of claim 1, that comprises:
(a) about <0.01% of Compound H-OH-A;
{b} about <0.01% of Compound [I-OH-B; and
{c) about <0.10% of Compound [I-OH-C.

6. The compound of claim 1, that comprises one or both of)
(a) about <0.50% to about 20.30% of Compound VH; and
(b} about <0.50% to about 20.30% of Compound VI and optionally further

comprises about <0.50% of Compound IX.

7. The compound of claim 1, that comprises:
{a) about <0.50% to about >0.30% of Compound VI,
(b} about <0.50% to about 20.30% of Compound VHI; and
{c) about <0.50% of Compound IX.
8. The compound of claim 1, that comprises about <0.01% of Compound VI, and

optionally further comprises one or both of
about £0.05% of Compound VH, and

about <0.15% of Compound X,

9. The compound of claim 1, that comprises:
{a) about <0.03% of Compound VI,
{5)] about <0.01% of Compound VIHI; and

{c) about <0.153% of Compound IX.

10.  The compound of claim i, that comprises about <0.50% to about >0.30% of

Compound [I-OH-A.

11, The compound of claim i, that comprises <0.01% of Compound H-OH-A.
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12, The compound of claim 1, that comprises about <0.50% to about 20.30% of

Compound [I-OH-B.

13, The compound of claim 1, that comprises <0.01% of Compound H-OH-B.

14, The compound of claim i, that comprises about <0.50% to about 20.30% of
Compound VIL

15, The compound of claim 1, that compriscs about <0.50% to about 20.30% of

Compound VIIL

16.  The compound of claim !, that comprises <0.01% of Compound VL

17, The compound of any one of claims 1-16, wherein the Compound II-OH has about

>95.0% to about <96.0% purity.

18, The compound of any one of clamms 1-16, wherein the Compound II-OH has about

>G7 0% purity.

19, A compound, 8-(4-(2-butoxyethoxyiphenyl)-1-isobutyl-1,2,3 4~
tetrahvdrobenzofblazocine-3-carboxylic acid (Compound H-OH), with about 295.0% to

about <96.0% purity.

26, The compound of claim 19, wherein 4,4'-bis(2-butoxyethoxy)biphenyvt {Compound

VII} is present in 0.20% or less.

21, The compound of claim 19 or 20, wherein 8,8'-(4-(2-butoxyethoxy}-1,3-
phenvlenc)bis(1-isobutyl-1,2,3 4-tetrahydrobenzo[blazocine-5-carboxylhic acid) {Compound

VII} is present in 0.50% or less.

22, The compound of any one of claims 19 to 21, wherein 8-(4-(2-butoxyethoxy)phenyl}-
1~butyl-1,2,3.4-tetrabydrobenzofblazocine-S-carboxvhic acid {Compound X} is present in

(.50% or less.



WO 2017/223155 PCT/US2017/038460

23, The compound of any one of claims 19 to 22, wherein 4,4'-bis{2-
butoxyethoxyjbiphenyl (Compound VH) is present in 0.10% or less; or 8,8'-(4-(2-
butoxvethoxy}-1,3-phenviene)bis(1-isobutyl-1,2,3 4-tetrabydrobenzofblazocine-S-carboxvlic
acid} (Compound VII} is present in 0.10% or less: or 8-(4-(2-butoxyethoxy)phenyl)-1-butyi-
1,2.3 4-tetrahydrobenzo{blazocine-3-carboxylic acid (Compound IX} is present in 0.15% or

fess.

24, The compound of any one of claims 19 to 23, wherein said compound comprises one
or more of the following:

{a) 0.50% or less of 8~(4-(2-cthoxyethoxyphenyl)- 1 -sobutyl-1,2,3 4~
tetrahvdrobenzolblazocme-S-carboxyvhic acid {Compound H-OH-A);

(b} 0.50% or less of I-isobutyl-8-(4-(2-propoxyethoxy)phenyl}-1,2,3,4-
tetrahvdrobenzolblazocine-5-carboxylic acid (Compound H-OH-B);

{c) 0.50% or less of 8-(4-butoxyphenyl}-1-isobutyi-1,2,3,4~
tetrahydrobenzolblazocine-3-carboxylic acid (Compound B-OH-C};

{d} 0.50% or less of 8,8'-(4~(2-butoxyethoxy)-1,3-phenylenc)bis(1-isobutyi~1,2,3 4-
tetrabvdrobenzofblazocine-S-carboxvlic acid) ({Compound VI); and/or

(e} 0.50% or less of 8-(4-(2-butoxyethoxyphenyvi}-1-butyl-1,2 3 4-

tetrahvdrobenzofblazocine-S~carboxyhic acid {Compound EX}.

25.  The compound of any one of claims 19 to 24, wherein 8-(4-(2-cthoxyethoxy jphenyi)-
1-isobutyl-1,2,3 4-tetrahydrobenzofblazocine-5-carboxylic acid (Compound [I-OH-A} is

present in 0.16% or less.

26.  The compound of any one of claims 19 to 25, wherein 1-isobutyl-&8-{(4-(2-
propoxyethoxy)phenyly-1,2.3 4-tetrahvdrobenzo{b lazocine-3-carboxylic acid {Compound H-
OH-B) 15 present in 0.10% or less.

27. The compound of any one of claims 19 to 26, wherein 8-(4-butoxyphenyl}-1-isobutyl-
1,2,3 4-tetrahydrobenzolblazocine-5-carboxyhic acid {Compound [F-OH-C) is present in

(3.10% or fess.
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28.  The compound of any one of claims 19 to 27, wherem §,8'-(4-(2-butoxyethoxy}-1,3-
phenvieneibis{1-isobutyl-1,2,3 4-tetrahydrobenzolblazocme-5-carboxylic acid) (Compound

V) is present in 0.10% or less.

29, The compound of any one of claims 19 fo 28, wherein 8-{(4-(2-butoxyethoxyphenyl)-
1-butyl-1.2,3 4-tetrahvdrobenzolblazocine-S-carboxylic acid {Compound IX} is present in

(.20% or less.

30. The compound of any one of claims 19 to 29, wherein said compound comprises one
or more of the following:

{a) 0.05% or less of 8~(4-(2-cthoxyethoxyphenyl)- 1 -sobutyl-1,2,3 4~
tetrahvdrobenzolblazocme-S-carboxyvhic acid {Compound H-OH-A);

(b} 0.05% or less of I-isobutyl-8-(4-(2-propoxyethoxy)iphenyl}-1,2,3,4-
tetrahvdrobenzolblazocine-5-carboxylic acid (Compound H-OH-B);

{c) 0.05% or less of 8-(4-butoxyphenvl)-I-isobutyl-1,2,.3,4-
tetrahydrobenzolblazocine-3-carboxylic acid (Compound B-OH-C};

{d} 0.05% or less of 8,8'-(4~(2-butoxyethoxy)-1,3-phenylenc)bis(1-isobutyi~1,2,3 4-
tetrabvdrobenzofblazocine-S-carboxvlic acid) ({Compound VI); and/or

(e} 0.15% or less of 8-(4-(2-butoxyethoxyjphenyi}-1-butyl-1,2 3 4-

tetrahvdrobenzofblazocine-S~carboxyhic acid {Compound IX}.

31. A compound, 8-(4-(2-butoxyethoxy)phenyl)-1-isobuty-N-(4-(2-(1-propyl- 1H-
imidazol-S-yHacetyDphenyl)-1,2,3 d-tetrahydrobenzo]blazocine-S-carboxamide
methanesutfonate (Compound I-MsQOH), or an enantiomer, a stereoisomer, or a combination
thereof, with a purity of 296.0% or 298 5% or higher, wherein said compound comprises one
or more of the following:

{a) about <0.50% to about >0.30% of & 8'-(4-(2-butoxyethoxy)-1.3-phenyieneibis(l-
isobutyl-1,2,3,4-tetrahvdrobenzolblazocine-S-carboxylic acid) (Compound Vi),

{b} about <0.50% to about >0.30% of 8-(4-(2-butoxyethoxyphenyi)-1-butyl-1,2,3 4~
tetrahydrobenzolblazocine-5-carboxylic acid (Compound IX);

{c) about <0.50% to about >0.30% of 8-(4-(2-cthoxyethoxy)phenyl)-1-isobutyl-N-(4-
{(1-propyl-1H-inudazol-5-yUmethyBsultinyYphenyl)-1.2.3 4-tetrahydrobenzofblazocine-5-

carboxamide methanesulfonate (Compound I-MsOH-A};
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{d} about <0.50% to about >0.30% of I-isobutyl-8-(4-(Z-proposyethoxyphenyl)-N-
{4-(((1-propyi-1H-imidazol-5-yhmethyDsulfinyHphenyly-1,2, 3, 4-tetrahydrobenzo{blazocine-
5-carboxamide methanesulfonate (Compound -MsOH-B);

{e} about <0.50% to about 20.45% of §-(4-butoxyphenyl}-t-isobutyI-N-{(4-({((i~
propyl-1H-imidazol-3-ylmethyDsulfinvliphenyl)-1,2,3 d-tetrahydrobenzoiblazocine-5-
carboxamide methanesulfonate (Compound [-MsGH-C);

(f) about <0.50% to about >0.45% of 8-(4~(2-butoxvethoxy)phenyl}- 1 -isobutyl-N-(4-
{({{1-propvl- 1 H-imidazol-5-yDmethyiithiojphenyl)-1,2,3 4-tetrahydrobenzo[blazocine~5-
carboxamide methanesulfonate (Compound I-MsOH-E);

{g} about <0.50% to about >0.45% of 8-(4-(2-butoxyethoxv)phenyl)-1-butyl-N-(4-
{((L-propyl-1H-inudazol-5-yhmethyDsulfinyYpheny)-1,2,3 4-tetrahydrobenzofblazocine-3-
carboxamide methanesolfonate (Compound I-MsOH-F); and

(h} about <0.50% to about >0.45% of 8.8'-(4-(2-butoxyethoxy)-1,3~-phenyicne)bis(l-
isobuty-N-(4-({({ 1 -propyl-1H-imidazol-5-yDmethyDsulfinylphenyi)-1.2.3 4-

tetrahvdrobenzoblazocine-3-carboxamide) dimethanesulfonate {Compound I-MsOH-G).

32, The compound of claim 31, further comprising <1.0% of 8~(4-(2-
butoxyethoxyphenyl)-1-isobutyl-1,2 3 4-tetrahvdrobenzolblazocine-5-carboxvlic acid

{(Compound H-0OH).

33, The compound of claim 32, wherein <0.50% of 8-(4-(2-butoxyethoxv)phenyl)-1-

isobutyl-1,2,3,4-tetrahvdrobenzofblazocine-5-carboxylic acid (Compound 1-OH} is present.

34, The compound of claim 31, further comprising 2000 ppm or less of 4-(((1-propyl-14-

mdazol-3-vhmethyhsulfinyDaniline (Compound T},

35.  The compound of claim 34, wherein 4-({{1-propvl-1H-imidazoi-3-

vhmethvhsulfinyhaniline (Compound 1} is present in 1500 ppi or less.

36.  The compound of claim 31, further compnsing <2.0% of 8-(4-(2-
butoxyethoxy jphenvl}- -isobutyl-N-(4-({{1-propyl- 1 H-imidazol-5-
vhmethylsultonyliphenyl}-1,2,3 4-tetrabydrobenzoblazocine-5-carboxanude

methanesulfonate (Compound I-MsOH-D}.
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37, The compound of claim 36, wherein <1.0% of 8-(4-(2-butoxyethoxy)phenyli)-1-
isobuty l-N-{(4-({{(1-propyl-1H-imidazol-5-yDmethyDsulfonylphenvi}-1.2.3 4-
tetrahydrobenzolblazocine-3-carboxamide methanesulfonate (Compound I-MsOH-D) 1s

present.

3%, The compound of claim 31, wherein <0.10% of 8,8'-(4-(2-butoxyethoxy)-1,3-
phenylene)bis(i-isobutyl-1,2,3 4-tctrahydrobenzo{blazocine-~5~carboxvlic acid) (Compound

VHI} is present, provided there is present one or more of compounds (b)-(h}.

39, The compound of claim 31, wherein <0.10% of 8-{4-(2-butoxyethoxy)phenvl)-1-
butyi-1,2,3 4-tetrahydrobenzofblazocine-5-carboxyiic acid (Compound IX)} is present,

provided there is present one or more of compounds (a) and (¢)-(h}.

40.  The compound of claim 31, wherein <0.15% of 8-(4~(2-cthoxyethoxy)phenyl}-1-
isobutyl-N-(4-({{1-propyi-1 H-imidazol-S-yDmethyDsulfinylphenyi)- 1,2 3,4~
tetrahydrobenzolblazocine-5-carboxamide methanesulfonate (Compound I-MsOH-A} is

present, provided there is present one or more of compounds (a)~(b) and (d)-(h}.

4], The compound of claim 31, wherein <0.15% of 1-isobutyl-8-(4-(2-
propoxyethoxy)phenyly-N-(4-({(1-propyl-1H-imidazol-5-yhmethy Dsolfinyphenyl)-1,2.3 4-
tetrahvdrobenzolblazacine-5-carboxamide methanesulfonate (Compound I-MsOH-B) is

present, provided there is present one or more of compounds (a)-(c) and (e)-(h).

42, The compound of claim 31, wherein <0.30% of 8-(4-butoxyphenyl}-1-isobutyl-N-(4-
{(L-propvi-1H-mmudazol-5-yUmethyDsulfinyphenvh)-1,2 3 4-tetrahydrobenzofblazocine-5-
carboxamide methanesolfonate (Compound I-MsOH-C} is present, provided there is present

one or more of compounds (a)-(d} and (f)-(h).

43, The compound of claim 31, wheremn <0.30% of 8-(4-(2-butoxyethoxy)phenyl}-1-
isobuty-N-(4-({(1-propyl-1H-imidazol-S-yDmethylithiojphenyl)-1,2,3 4-
tetrahydrobenzofblazocine-3-carboxamide methanesulfonate (Compound I-MsQH-E) 1s

present, provided there 1s present one or more of conmpounds {a}-(¢) and {(g)-(h).
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44, The compound of claim 31, wherem <0.20% of &-(4-(2-butoxyethoxy)jphenyl)-1-
butyl-N-(4-({{}-propyl-1H-imidazol-3-yDmethyDsulfinyhphenyi)-1.2,3 4~
tetrahvdrobenzofblazocine-5-carboxamide methanesulfonate (Compound I-MsOH-F} is

present, provided there is present one or more of compounds {a}-(f} and (h).

45. The compound of claim 31, wherein <0.15% of 8,8'-(4-(2-butoxyethoxy)-1,3-
phenyiene)bis(-isobutyl-N-(4-(({ 1 -propyl-1H~midazol-5~-yDmethyhsulfinyphenvi)-1,2.3 4~
tetrahvdrobenzo[blazocine-3-carboxanude) dimethanesultfonate {Compound I-MsOH-G) s

present, provided there is present one or more of compounds (a)-(g).

46, The compound of clatm 31, said compound comprises one or more of the following:

(1) <0.30% of 8-{4-(2-butoxyethoxy jphenvl)- I-iscbutyl-1,2.3 4-
tetrahvdrobenzolblazocine-S~-carboxylic acid {(Compound H-OH);

(11} <0.05% of 8,8'-(4~(2-butoxvethoxy)-1,3-phenyiene)bis(l -isobutyl-1,2,3.4-
tetrahvdrobenzolblazocine-5~carboxvlic acid) (Compound VI); and

{1i} <0.05% of 8-(4-(2-butoxyethoxy)phenyly-1-butvi-1,2,3 4-
tetrahvdrobenzo{blazocine-S-carboxyvlic acid (Compound IX), provided there is present one

or more of compounds {c}-{h}

47.  The compound of claim 31, said compound comprises one or more of the following:

(i) 1300 ppm or less wherein 4-(((1-propyi-1H-imidazol-5-yhmethyDsulfinylaniline
{Compound ),

{11} <0.10% of 8-{4-(Z-ethoxyethoxy)phenyl}-1-isobutyl-N-(4-{{{ 1 -propyl-1H-
imidazol-5-yhmethyvsulfinyDphenyiy-1,2,3 4-tetrahvdrobenzo{blazocine-5-carboxamide
methanesulfonate (Compound I-MsOH-A);

(111} <0.10% of 1-isobutyl-8-(4-(2-propoxyethoxyipheny}-N-(4-({((1-propvl-1H7-
inmidazol-5-vhmethylsulfinyliphenyi)-1,2,3 4-tetrahydrobenzo|blazocine-5-carboxamide
methanesulfonate (Compound I-MsOH-B);

{1v) <0.20% of §-(4-butoxyphenyi}-1-isobutyl-N-{4-{({({ | -propyl- 1 H-mudazol-3-
yhmethyDsulfinylphenyl)-1,2,3 4-tetrahvdrobenzofblazocine-S-carboxamide
methanesulfonate (Compound -MsQH-C);

(v} <0.80% of 8~(4-(2-butoxvethoxy)phenyl)~1~isobutyl-N~-(4-({( I -propyl-1H-
mudazol-3-vhmethyhsulfonylphenyi)-1,2,3,4-tetrahydrobenzolblazocine-3-carboxamide

methanesulfonate (Compound I-MsGH-Dj;
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{vi) <0.20% of 8-(4-(2-butoxyvethoxyphenyl}-1-isobuty -N-(4-({{ 1-propyl-1H-
imidazol-3-yhmethvithioiphenyi)-1.2,3 4-tetrahydrobenzo|blazocine-5-carboxamide
methanesulfonate (Compound I-MsOH-E);

{vit) <0.15% of 8-(4-(Z-butoxyethoxyphenvh)- [ -butyl-N-(4-({ (1 -propvl- LH-imidazol-
S-yimethylsulfinylphenyl)-1,2,3 4-tetrahy drobenzo[blazocine-5-carboxamide
methanesulfonate (Compound I-MsOH-F}; and

(vitl) <0.10% of §,8'~(4-(2-butoxyethoxy)- 1, 3-phenvicne)bis( I -isobuty-N-(4~({(1-
propyl-1H-inudazol-5-vlymethyhsulfinyhphenyh-1,2 3 4-tetrahydrobenzofblazocine-5-
carboxamide) dimethanesulfonate {Compound I-MsOH-G), provided there 1s present one or

more of compounds {(a}-(b).

48.  The compound of any one of claims 31 to 47, wherein mesylate ester resulting from

MsOH is present in 0.001% or less, or 10 ppm or less.

49, The compound of any one of claims 31 to 48, wherein said compound is {5)- 8-(4-(2~
butoxyethoxyjphenyl}- T-isobatyl-N-(4-({{1-propyl- LH-imidazol-5-
vhmethyDsulfinyphenyh)-1.2,3 4-tetrahvdrobenzofblazocine-5-carboxamide

methanesulfonate ((5)-Compound 1-MsGH).

50 The compound of claim 49, wherein <0.5% of (R)-8-(4-(2-butoxyethoxyjphenyi)-1-
isobutyl-N-(4-({{ 1-propyl- 1 H-imidazol-5-ymethy Dsulfinylyphenyi)-1.2,3,4~
tetrahvdrobenzofblazocine-5-carboxamide methanesulfonate (R)-Compound -MsGH) is

present.

51, The compound of any one of claim 50, wherein <0.2% of (R}-8-(4-(2-
butoxyvethoxy yphenyl)- 1 -isobutyl-N-{(4-({{(1-propyl-1H-imidazol-5-
yhmethyDsulfinyhphenyl-1,2,3 4-tetrabvdrobenzo{bjazocine-3-carboxamide

methanesulfonate ((R)-Compound I-MsOH) is present.

52, The compound of claim 51, comprising 5.0% w/w or less or 2.0% w/w or less water
content.
53, The compound of claim 1, wherein 8-(4-(2-butoxyethoxy)phenvi)-i-isobutyl-1,2.3 4~

tetrahvdrobenzofblazocine-S-carboxylic acid (Compound H-OH) is prepared by reacting {4-
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(2-butosyethoxy yphenyhboronie acid (Compouand V-OH) with 8-bromo-1-isobutyl-1,2,3 4-

tetrahydrobenzofblazocine-3-carboxylic acid.

54, The compound of claim 1, wherein 8-(4-(2-butoxyethoxy)phenvl)--isobutyl-1,2.3 4-
tetrahydrobenzoiblazocine-S-carboxylic acid {Compound H-OH) is prepared by reacting
2.4,6-tris{4-(2-butoxvethoxyiphenyl}-1,3,5,2 4, 6-trioxatriborinane (Compound V-3) with 8-

bromo-1-~sobutyl~-1,2,3 4-tctrahydrobenzo{blazocine-5-carboxylic acid.

55, The compound of claim 1, wherein 8-(4-(2-butoxyethoxy)phenyl}-1-isobutyvi-1,2,3 4-
tetrahydrobenzo{blazocine-3-carboxylic acid (Compound [I-OH) 1s prepared by reacting a
mixture of {4-(2-butoxyethoxy)phenyhboronic acid (Compound V-OH) and 2,4,6-ttis(4-(2-
butoxvethoxy)phenyl)-1,3.5,2, 4, 6-trioxatriborinane {Compound V-3} with 8-bromo-1-

isobutyl-1.2,3 4-tetrahydrobenzolblazocine-S-carboxvlic acid.

56.  The compound of claim 53 or 55, wherein (4-(2-butoxyethoxy)phenyi}boronmic acid

{Compound V-OH) 1s a crystalline form of Compound V-OH.

57, The compound of claim 54 or 35, wherein 2,4.6-tris(4-(2-butoxyvethoxy phenyl}-

1.3,5,2,4,6-trioxatriborinane (Compound V-3) is a crystathine form of Compound V-3.

58, The compound of any one of claims 33 to 57, that comprises one or both of

{a) about <0.01% of Compound I-OH-A; and

(b} about <0.01% of Compound [I-OH-B; and optionally further comprises about
<0.10% of Compound II-OH-C.

59, The compound of any one of claims 53 to 57, that comprises:
{a) about <0.01% of Compound H-OH-A;
{5)] about <0.01% of Compound H-OH-B; and
{c) about <0.10% of Compound [I-OH-C.



