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TDO02 and IDOI1, and pharmaceutical compositions thereof, useful for
modulating an activity of tryptophan 2,3 dioxygenase and indoleamine
2,3-dioxygenase 1; treating immunosuppression; treating a medical con-
ditions that benetit from the inhibition of tryptophan degradation; enhanc-

N ing the effectiveness of an anti-cancer treatment comprising administer-
ing an anti-cancer agent; and treating tumor-specific immunosuppression
associated with cancer.
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TDO2 AND IDO1 INHIBITORS
BACKGROUND OF THE INVENTION
¥ield of the Invention

[1] The present disclosure relates to compounds and methods for inhibition of tryptophan
2,3-dioxygenase (TDO2) and indoleamine 2,3-dioxygenase 1 (IDO1); further the disclosure

relates to method of treatment of diseases and disorders mediated by tryptophan deficiency.

Summary of the Related Art

[21 Tryptophan (Trp) is an essential amino acid required for the biosynthesis of proteins,
niacin and the neurotransmitter S-hydroxytryptamine (scrotonin). The enzymes indoleamine 2,3-
dioxygenase 1 (also known as INDO1 or [DO1), indoleamine-2,3-dioxygenase 2 (INDOL1 or
1DQO2) and tryptophan-2,3-dioxygenase (TDO2) catalyze the first and rate limiting step in the
degradation of L-tryptophan to N-formyl-kynurenine. Although these enzymes catalyze the same
reaction, differential expression and compartamentalization of IDO1 and TDO2 in different
tissues is thought to mediate their different biological roles. IDO! is normally expressed in cells
of the gastrointestinal and pulmonary epithelia, epididymus, placenta, pDCs in draining lymph
nodes and tumor cells. [DO2 is expressed mainly in brain and placenta, but certain splice
variants are also detected in liver, small intesting, spleen, placenta, thymus lung, brain, kidney
and colon. TDO2 is expressed mainly in liver, and controls the flux of dietary Trp to the
serotonin and kynurenine pathways, and is also expressed in tumors and tumor cell lines.

3} Several lines of evidence suggest that IDO1 and TDO2 are involved in induction of
immune tolerance. Studies of mammalian pregnancy, tumor resistance, chronic infections and
autoimmune diseases have shown that cells expressing IDO1 can suppress T-cell responses and
promote tolerance. Accelerated Trp catabolism has been observed in diseases and disorders
associated with cellular immune activation, such as infection, malignancy, autoimmune diseases
and AIDS, as well as during pregnancy. It was proposed that IDO1 is induced chronically by
HIV infection, and is further increased by opportanistic infections, and that the chronic loss of
Trp initiates mechanisms responsible for cachexia, dementia and diarrhea and possibly
immunosuppression of AIDS patients (Brown, ef al., 1991, Adv. Exp. Med. Biol,, 294: 425-35).
To this end, it has recently been shown that IDO1 inhibition can enhance the levels of virus-
specific T cells and, concomitantly, reduce the number of virally infected macrophages in a
mouse model of HIV (Portula ef al., 2005, Blood, 106:2382-90).

4] IDOL1 is believed to play a role in the immunosuppressive processes that prevent fetal
rejection in utero. More than 40 years ago, it was observed that, during pregnancy, the

genetically disparate mammalian conceptus survives in spite of what would be predicted by
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tissue transplantation immunology (Medawar, 1953, Symp. Soc. Exp. Biol. 7: 320-38).
Anatomic separation of mother and fetus and antigenic immaturity of the fetus cannot fully
explain fetal allograft survival. Recent attention has focused on immunologic tolerance of the
mother. Because IDO1 is expressed by human syncytiotrophoblast cells and systemic tryptophan
concentration falls during normal pregnancy, it was hypothesized that IDO1 expression at the
maternal-fetal interface is necessary to prevent immunologic rejection of the fetal allografts. To
test this hypothesis, pregnant mice (carrying syngeneic or allogeneic fetuses) were exposed to
IMT, and a rapid, T cell-induced rejection of all allogeneic concepti was observed. Thus, by
catabolizing tryptophan, the mammalian conceptus appears to suppress T-cell activity and
defends itself against rejection, and blocking tryptophan catabolism during murine pregnancy
allows maternal T cells to provoke fetal allograft rejection (Munn, ¢f a/., 1998, Science 281:
1191-3).

[5] Further evidence for a tumoral immune resistance mechanism based on tryptophan
degradation by IDO1 comes from the observation that most human tumors constitutively express
IDO1, and that expression of IDO1 by immunogenic mouse tumor cells prevents their rejection
by preimmunized mice. This effect is accompanied by a lack of accumulation of specific T cells
at the tumor site and can be partly reverted by systemic treatment of mice with an inhibitor of
DO, in the absence of noticeable toxicity. Thus, it was suggested that the efficacy of
therapeutic vaccination of cancer patients might be improved by concomitant administration of
an IDOI inhibitor (Uyttenhove et al., 2003, Nature Med., 9: 1269-74). It has also been shown
that the [DO1 inhibitor, 1-MT, can synergize with chemotherapeutic agents to reduce tumor
growth in mice, suggesting that IDO1 inhibition may also enhance the anti-tumor activity of
conventional cytotoxic therapies (Muller et al., 2005, Nature Med., 11:312-9).

{6] A similar situation has been observed with TDO2. It has been shown that a significant
proportion of primary human tumors express elevated levels of TDO2 or TDO2 plus IDO1
(Pilotte et al. 2012, P.N.A.S). Moreover, pharmacological inhibition of TDO2 activity with
'TDO2 inhibitors, leads to immune -mediated rejection of tumors overexpressing TDO?2, which
means that TDO2, just as seen in IDO1, can mediate tumor-promoting immunosuppressive
eftects. 4

{7} Small molecule inhibitors of IDO1 are being developed to treat or prevent IDO1-
related diseases such as those described above. For example, PCT Publication WO 99/29310
reports methods for altering T cell-mediated immunity comprising altering local extracellular
concentrations of tryptophan and tryptophan metabolites, using an inhibitor of IDOI such as 1-
methyl-DL-tryptophan, p-(3-benzofuranyl)-DL-alanine, p-[3-benzo(b)thienyl]-DL-alanine, and
6-nitro-L-tryptophan) (Munn, 1999). Reported in WO 03/087347, also published as European
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Patent 1501918, are methods of making antigen-presenting cells for enhancing or reducing T cell
tolerance (Munn, 2003). Compounds having indoleamine-2,3-dioxygenase (IDO) inhibitory
activity are further reported in WO 2004/094409; WO 2009/073620; WO 2009/132238; WO
2011/056652 and WO 2012/142237. In particular, the compounds of WO 2012/142237

encompass a series of tricyclic imidazoisoindoles with potent IDO1 inhibitory activity.

SUMMARY OF THE INVENTION
[8] We recognized that in light of the experimental data indicating a role for IDO1 and/or
TDO2 in immunosuppression, tumor resistance and/or rejection, chronic infections, HIV-
infection, AIDS (including its manifestations such as cachexia, dementia and diarrhea),
autoimmune diseases or disorders (such as rheumatoid arthritis), and immunologic tolerance and
prevention of fetal rejection in utero, therapeutic agents aimed at suppression of tryptophan
degradation by inhibiting IDO! and/or TDO2 activity are desirable. Specific or dual inhibitors of
IDO! and TDO2 can be used to activate T cells and therefore enhance T cell activation when the
T cells are suppressed by pregnancy, malignancy or a virus such as HIV. Inhibition of IDO1
and/or TDO2 may also be an important treatment strategy for patients with neurological or
neuropsychiatric diseases or disorders such as depression. The compounds, compositions and
methods herein help meet the current need for IDO1 and TDO2 modulators.
{91 In this disclosure, we describe novel structures related to imidazoisoindoles that can
exert combined inhibition of tryptopban degradation mediated by both IDO1 and TDO2 enzymes.

[10] In one aspect, the invention comprises compounds according to the formula (T),

(Rz)n—ﬁ/j .
N
Y

or a stereoisomer thereof, or a pharmaceutically acceptable salt thereof, wherein

H2X®),

"R} is a spirocyclic ring system,

wherein
ring A is Cs.goyeloalkyl,
ring B is 3-8 membered heterocyelyl or Cigeycloalkyl; and
R is substituted by one, two, three, or four R® groups, wherein each R" is independently
oxo, halogen, cyano, nitro, Cyealkyl, -Cj.¢haloalkyl, C,.gsalkyl-cyano, -OR, -NR3, -SR,
-C(O)OR, -C(O)N(R),, -C(O)R, -N(R)C(O)R, -S(O)R, -S(O)OR, -S(O)N(R),,
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-S(0)R, -§(0),0R, -S(O)N(R)z, -P(O)R;, -OC(O)R, -OC(O)OR, -OC(OIN(R),,
-N(R)C(O)R, -N(R)C(O)OR or -N(RYC(OIN(R);
nis0,1,2,3or4;
each R? is independently halogen, cyano, Cy.salkyl, Cseycloalkyl, -Cy.ghaloalkyl, -OR, -NR; or
-SR; and
each R is independently hydrogen, Cy.¢alkyl, C, ¢haloalkyl, C,.¢alkyl-O-C,.galkyl, -C;.¢alkyl-
NHC(O)H, optionally substituted Cs.scycloalkyl, optionally substituted 4-10 membered
heterocycloalkyl, optionally substituted -C,.¢alkyl-(4-10 membered heterocycloalkyl),
optionally substituted heteroaryl, optionally substituted -C; ¢alkyl-heteroaryl;
provided that ring A is substituted with -NR; or -OH on a carbon atom adjacent to the carbon
atom bonded to the SH-imidazo[$,1-a]isoindolyl.
[11} In an embodiment, the invention provides compounds of formula (I), wherein ring A
is substituted with -OH on a carbon atom adjacent to the carbon atom bonded to the SH-
imidazo[5,1-a}isoindolyl.
[12] In another embodiment, the invention provides compounds of formula (I), wherein
ring A is substituted with -OH on a carbon atom adjacent to the carbon atom bonded to the SH-
imidazo[5,1-alisoindolyl and n is 0. In other embodiments, the invention provides compounds of
formula (1), wherein ring A is substituted with -OH on a carbon atoimn adjacent to the carbon atom
bonded to the SH-imidazo[5,1-a)isoindolyl and n is 1.
[13) In another aspect, pharmaceutical compositions are provided comprising a
pharmaccutically acceptable excipient, diluent, or carrier, and a compound according to formula
M.
[14] In another aspect, pharmaceutical compositions are provided comprising a
pharmaceutically acceptable excipient, diluent, or carrier, a compound according to formula (I)
and a second therapeutic agent.
[15] In another aspect, a kit is provided comprising a pharmaceutically acceptable
excipient, dituent, or carrier, a compound according to formula (I) and a second therapeutic agent.
[16] In another aspect methods are provided for
a) modulating an activity of IDOI and/or TDO2 in a cell-free system or in a cell (ex vivo or
in vivo) comprising contacting an IDO1 and/or TDO2 with a modulation effective
amount of a compound according to fonnula (I), or a pharmaceutical composition
comprising a compound according to formula (I);
b) treating IDO! and/or TDO2 mediated immunosuppression in a subject in need thereof,

comprising administering an effective inhibiting amount of a compound according to
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formula (1), or a pharmaceutical composition comprising a compound according to
formula (1);

c) treating a medical condition that benefits from the inhibition of tryptophan degradation
mediated by IDOI and/or TDQO2 comprising administering an effective amount of a
compound of formula (1), or a pharmaceutical composition comprising a compound
according to formula (I);

d) enhancing the effectiveness of an anti-cancer treatment comprising administering an anti-
cancer agent and a compound according to formula (I}, or a pharmaceutical composition
comprising a compound according to formula (T); and

¢) ftreating immunosuppression associated with cancer comprising administering an
effective amount of a compound according to formula (I), or a pharmaceutical
Luttpusitivn cotuptisiing a cotpowd according W fuuiula ().

(17} In another aspect, the invention comprises use of any genus of compounds or species
defined herein for the manufacture of a medicament for the treatment of medical conditions that
benefit from the inhibition of enzymatic activity of IDO1 and/or TDO2.

[18] In another aspect, the invention comprises any genus of compounds or species
defined herein for use in the inhibition of enzymatic activity of IDO1 and/or TDO2 and the
treatment of medical conditions that benefit from the inhibition of enzymatic activity of IDO1
and/or TDO2.

[19] In another aspect, the invention comprises use of any genus of compounds or species
defined herein for the treatment of immunosuppression associated with cancer, infectious

diseases, or viral infections.

DETAILED DESCRIPTION OF THE INVENTION
[20] The present invention is directed to small molecules that inhibit the enzymatic
activity of IDO1 and TDO2. Alignment between IDO1 and IDO2 amino acid sequences reveals
highly conserved features that mediate heme and substrate binding. Even though the amino acid
sequence identity between IDO1 and IDO2 or IDO1 and TDO2 are not particularly high,
significant residues determined to be important for catalytic activity by IDO1 and TDO2
mutagenesis and by crystallographic analysis are highly conserved between IDO!, IDO2 and
TDO2, suggesting a structural and functional analogy in the mechanism of tryophan )
dioxygenation. Despite these structural similarities at the active site, IDO1 and TDO2 have
different substrate specificity with TDO2 being almost exclusively specific for L-Trp and L-Trp
derivatives substituted at the S-and 6- positions of the indole group, while IDO1 can accept and
oxygenate a wider variety of substrates such as D-Trp, tryptamine, serotonin and 1-methyl-L-Trp.

These minor structural differences in the active site of IDO1 and TDO2 determine that these two
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proteins show differential response to the same enzymatic inhibitor molecules, with some
inhibitors showing TDO2-specific response, others showing IDO1-specific response and some
showing dual IDO1 and TDO?2 inhibition. Moreover, the specificity of IDO1 and TDO2
inhibition by a particular class of small molecule inhibitors depends on whether IDO1 and TDO?2
activity is measured using bioassays that employ recombinant purified IDO1 and/or TDO2
protein, or IDO! and/or TDO2 protein expressed within a cell. For example, compounds
described in patent applications W(02012142237 and WO02014159248 show potent IDO1
inhibition when tested against the purified recombinant protein and against cellularly expressed
IDO1, or against recombinant purified TDO2 protein. However, compounds of that class show a
remarkable 10-100 fold decreased potency when tested against TDO2 expressed within a cell.
Therefore, those compounds are not likely to contribute to significant inhibition of TDO2 in vivo.
For this reason, the present invention describes a novel class of molecules that show potent IDO1

and TDO2 inhibition in cellular bioassays and in vivo.

[21}) 1In onc aspect, the invention provides compounds of formula (1),
X
2y
(R P "
N
/ N J |
¢y

or a stereoisomer thereof, or a pharmaccutically acceptable salt thereof, wherein

HaXe)

’

R' is a spirocyclic ring system,

wherein

ring A is Cy.gcycloalkyl;

ring B is 3-8 membered heterocyclyl or Csgcycloalkyl; and

R' is substituted by one, two, three, or four R" groups, wherein each R" is independently
oxo, halogen, cyano, nitro, Cygalkyl, -Cghaloalkyl, C;_galkyl-cyano, -OUR, -NKy, -SK,
-C(O)OR, -C(OIN(R),, ~-C(O)R, -N(R)C(O)R, -S(O)R, -S(O)OR, -S(O)N(R)2,
-S(O);R, -S(0O),0R, -S(0);N(R),, -P(O)R2, -OC(O)R, -OC(O)OR, -OC(O)N(R)2,
-N(R)C(O)R, -N(R)C(O)OR or -N(R)C(O)N(R);;

nis0, 1,2,30r4,

each R? is independently halogen, cyano, C;galkyl, Cacycloalkyl, -Cy_ghaloalkyl, -OR,
-NR: or -SR; and
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each R is independently hydrogen, Cy_salkyl, Cy.¢haloalkyl, C,_salkyl-O-C,_salkyl,
-Csalkyl-NHC(O)H, optionally substituted Ci.4cycloalkyl, optionally substituted
4-10 membered heterocycloalkyl, optionally substituted -C;_¢alkyl-(4-10 membered
heterocycloalkyl), optionally substituted heteroaryl, optionally substituted -C,.qalkyl-
heteroaryl;
provided that ring A is substituted with -NR; or -OH on a carbon atom adjacent to the
carbon atom bonded to the SH-imidazo{5,1-alisoindolyl. .
{22} In an embodiment, the invention provides compounds of formula (I), wherein ring A
is substituted with -OH on a carbon atom adjacent to the carbon atom bonded to the SH-
imidazo(5,1-a}isoindolyl.
|23] In another embodiment, the invention provides compounds of formula (1), wherein
ring A is substituted with -OH on a carbon atom adjacent to the carbon atom bonded to the SH-
imidazo[5,1-a]isoindolyl and n is 0. In other embodiments, the invention provides compounds of
formula (I), wherein ring A is substituted with -OH on a carbon atom adjacent to the carbon atom
bonded to the SH-imidazo{5,1-a]isoindolyl and n is 1.
[24] The invention further comprises subgenera and species of formula (1) that are any
combination of species and genera of structural formula (I), n, R’, and R?, as defined herein
below. So, for example, the invention also comprises the subgenus of compounds of structural
formula (1) where n is defined as in (1¢) below, R' is defined in (2h) below, and R? s defined in
(3k) below.
25} n is selected from one of the following groups (1a) ~ (1k):
{(la) nis1,2,3,0r4.
(dIb) nis0, 1,2, 0r3.
(1c) nis0,1,0r2.
(1d) nisQorl.
(le) nislor2.
() nis2or3l.
(1g) nisl.
(1h) nis2.
(1li) nis3.
(1j) nis4.
(1k) nisO.

[26] R is selected from one of the following groups (2a) - (2t):

(2a) R?is independently halogen, cyano, C.salkyl, Cscycloalkyl, -C,shaloalkyl, -OR, -NR; or
-SR.
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(2b)
(20)
(2d)
(2e)
20
(2g)
(2h)
(2i)
2
(2K)
(2D
(2m)
(2n)
(20)
p)
(2q)
@2r)
(2s)
023
(27
(3a)

(3b)

(39

R?is independently halogen, cyano, Cy_salkyl, Cscycloalkyl, -OR, -SR or -NR,.
R?is independently halogen, cyano, C,_galkyl, Cicycloalkyl, -SR or -OR.
R? is independently halogen, Cy.salkyl, Cscycloalkyl, or -OR.

R? is independently halogen, cyano, C.¢alkyl, -SR or -OR.

R? is independently halogen, C,.¢alkyl or -OR.

R? is independently halogen or -OR.

R?is independently C,.¢alkyl or -OR.

R? is independently -OR.

R? is independently halogen, methyl or -OR.

R? is independently halogen, methyl, -OH or -OMe.

R’ is independently chloro, ttuoro, methyl or -OR.

R? is independently chiloro, fluvro, wethyl, -OH or -OMe.

R? is independently chloro, fluoro, methy! or -OH.

R? is independently fluoro, methyl or -OH.

R? is independently fluoro or -OH.

R? is independently fluoro or methyl.

R? is fluoro.

R? is methyl.

R?is -OH.

R' is selected from one of the following groups (3a) - (3mm):

R' is a spirocyclic ring system,

wherein

ring A is Cs.gcycloalkyl;

ring B is 3-8 membered heterocyclyl or Cyscycloalkyl.
R is a spirocyclic ring system,
wherein

ring A 15 Cy_poycloallcyl;

ring B is 4-8 membered heterocyclyl or Cs gcycloalkyl.

R' is a spirocyclic ring system,

b

wherein
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ring A is Cs_gcycloalkyl;
ring B is 5-8 membered heterocyclyl.

b4

(3d)  R'isa spirocyclic ring system,

wherein
ring A is Cy.scycloalkyl;

ring B is 4-7 membered heterocyclyl.
(3e) R'is aspirocyclic ring system,

wherein
ring A is Cyscycloalkyl;
ring B is 4-6 membered heterocyclyl or Cy.¢cycloalkyl.

K

3H  R'isa spirocyclic ring system,

wherein
ring A is Csgcycloalkyl;

ring B is 5-6 membered heterocyclyl.
(3g) R'isaspirocyclic ring system,

wherein
ring A is Csscycloalkyl;
ring B is piperidinyl, pyrrolidinyl, azetidinyl, 8-azabicyclo[3.2.1]octane or
cyclohexyl.

(3h)  R}is a spirocyclic ring system,

ring A 1s Cq.z¢ycloalkyl;

wherein

ring B is piperidinyl.

(3i) R is a spirocyclic ring system,

wherein
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ring A is Cygcycloalkyl;
ring B is piperidinyl.

(3j) R'isa spirocyclic ring system,

§

wherein
ring A is Cs.gcycloalkyl;
ring B is pyrrolidinyl.

(3k) R'is aspirocyclic ring system,

:

wherein
ring A is C4.scycloalkyl;
ring B is pyrrolidinytl.

(31)  R'is a spirocyclic ring system,

§

wherein
ring A is Cqgcycloalkyl;
ring B is pyrrolidinyl.

(3m) R'is aspirocyclic ring system,

(2>

O

ww

wherein
ring A is cyclobutyl or cyclopentyl;
ring B is azetidinyl, piperidinyl, 8-azabicyclo[3.2.1]octanyl, cyclohexy! or
tetrahydro-2H-thiopyran 1,1-dioxidyl .

(3n) R'is a spirocyclic ring system,

§

whicrein
ring A is cyclobutyl;

ring B is 4-8 membered heterocyclyl.
(30) R'is a spirocyclic ring system,

2

wherein
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ring A is cyclobutyl;
ring B is piperidinyl, azetidinyl, 8-azabicyclo[3.2.1]octane or cyclohexyl.

(3p) R'is aspirocyclic ring system,

:

wherein
ring A is cyclobutyl;
ring B is 6-8 membered heterocyclyl.

(3q) R'is a spirocyclic ring system,

§

wherein
ring A is cyclopentyl;
ring B is 3-8 membered heterocyclyl.

(3r) R'is a spirocyclic ring system,

§

wherein
ring A is cyclopentyl;
ring B is 4-8 membered heterocyclyl.

(3s) R'is a spirocyclic ring system,

2

wherein
ring A is cyclopentyl;
ring B is piperidinyl, azetidinyl, 8-azabicyclo[3.2.1]octane or cyclohexyl.

(3t)  R'is a spirocyclic ring system,

{>»
(@

wherein
ring A is cyclopentyl;
ring B is 6-8 membered heterocyclyl.

(3u)  Any of groups (3a) - (3t), wherein R! is substituted by one, two, three, or four R®
groups, wherein each R” is independently oxo, halogen, cyano, nitro, Cy.salkyl,
-C,ghaloalkyl, C,.¢alkyl-cyano, -OR, -NRj, -SR, -C(O)OR, -C(O)N(R),, -C(O)R,
-N(R)C(O)R, -S(O)R, -S(O)OR, -S(O)N(R)a, -S(O)2R, -S(0),0R, -S(O):N(R),,
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@3v)

(3w)

(3x)

3y)

(32)

(3aa)

(3bb)
(3¢e)

-P(O)Rz, -OC(O)R, -OC(O)OR, -OC(O)N(R),, -N(R)C(O)R, -N(R)C(O)OR or
-N(R)C(O)N(R)2.

Any of groups (3a) - (3t), wherein R' is substituted by one, two or three R® groups,
wherein each R* is independently oxo, halogen, cyano, nitro, Cy.ealkyl, -C,_¢haloalkyl,
Cy.¢alkyl-cyano, -OR, -NR,, -SR, -C(O)OR, -C(O)N(R)z, -C(O)R, -N(RYC(O)R,
-S(O)R, -S(O)OR, -S(O)N(R),, -S(0):R, -S(0)20R, -S(0);N(R),, -P(O)R,, -OC(O)R,
-OC(O)OR, -OC(O)N(R),, -N(RYC(O)R, -N(RYC(O)OR or -N(R)C(OIN(R)..

Any of groups (3a) - (3t), wherein R! is substituted by one or two R* groups, wherein
each R® is independently oxo, halogen, cyano, nitro, C, salkyl, -C;_¢haloalkyl, C;.calkyl-
cyano, -OR, -NR3, -SR, -C(O)OR, -C(O)N(R),, -C(O)R, -N(R)C(O)R, -S(O)R,
-S(O)OR, -S(OIN(R),, -S(O)R, -S(0):0R, -5(0):N(R)z, -P(O)R, -OC(O)R,
-OC(0O)OR, -OC(O)N(R)z, -N(R)YC(O)R, -N(RYC(O)OR or -N(R)C(O)N(R),.

Any of groups (3a) - (3t), wherein R' is substituted by one R” groups, wherein each R*
is independently oxo, halogen, cyano, nitro, Cy.salkyl, -C_ghaloalkyl, C_salkyl-cyano,
-OR, -NR3, -SR, -C(O)OR, -C(O)N(R)a, -C(O)R, -N(R)C(O)R, -S(O)R, -S(O)OR,
-S(OIN(R)z, -S(OXR, -8(0)20R, -S(O)N(R), -P(O)R;, -OC(O)R, -OC(O)OR,

-0C (O)N(R)z, -N(R)C(O)R, -N(R)C(O)OR or -N(R)C(O)N(R),.

vQC g FX
\}C _QOSN—RE* “‘/\@

m@

Group (3y), wherein R* is oxo, halogen, cyano, nitro, Cj.salkyl, -C).ghaloalkyl, C,.
salkyl-cyano, -OR, -NR3, -SR, -C(O)OR, -C(O)N(R),, -C(O)R, -S(O)R, -S(O)OR,
-S(O)N(R)3, -S(O)2R, -S(0),0R, -S(0);N(R), -P(O)R3, -OC(O)R, -OC(O)OR,
-OC(O)N(R)3, -N(R)C(O)R, -N(R)C(O)OR or -N(R)C(O)N(R).

Group (3y), wherein R” is Cy4alkyl, -C(O)OR, -C(O)N(R)3, -C(O)R, -S(O)N(R)>,
-S(O):R, -P(O)R,, ~OC(O)R, -OC(O)OR or -OC(O)N(R)..

Group (3y), wherein R is -C(O)OR, -C(O)R, -S(O)N(R),, -S(O),R or -P(O)R,.
R'is
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where each R. is independently hydrogen, Cisalkyl, C,.shaloalkyl, C,.¢alkyl-O-C,.¢alkyl,
-Ciealkyl-NHC(O)H, -C;.alkyl-CN, -C, ¢alkyl-C(O)NMe;, optionally substituted
Cs.ccycloalkyl, optionally substituted 4-10 membered heterocycloalkyl, optionally
substituted -Cj_galkyl-(4-10 membered heterocycloalkyl) or optionally substituted
heteroary! or optionally substituted -C; ¢alkyl-heteroaryl.

(3dd) Any of groups (3a) - (3¢cc), where cach R is independently Cy.¢alkyl, C; ¢haloalkyl,

(3ee)

(3ff)

C1.6alkyl-O-Cy galkyl, -Cy.salkyl-CN, optionally substituted Ca.scycloalkyl, optionally
substituted 4-10 membered heterocycloalkyl, optionally substituted -C, galkyl-(4-10
membered heterocycloalkyl), optionally substituted heteroaryl or optionally substituted
-C,.¢alkyl-heteroaryl.

Any of groups (3a) - (3cc), where each R is independently hydrogen, Ci.¢alkyl,
C,.¢haloalkyl, C.¢alkyl-O-C,.¢alkyl, -C,.calkyl-NHC(O)H, -C,salkyl-C(O)NMe,,
-C;.alkyl-CN, Cs.cycloalkyl, 4-10 membered heterocycloalkyl, -C;.galkyl-(4-10
membered heterocycloalkyl), heteroaryl or -C, _salkyl-heteroaryl.

Any of groups (3a) - (3cc), where each R is independently hydrogen, C;_¢alkyl,
C,.shaloalky! optionally substituted Cs¢cycloalkyl, optionally substituted 4-10 membered
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heterocycloalkyl, optionally substituted -C, salkyl-(4-10 membered heterocycloalkyl),
optionally substituted heteroaryl or optionally substituted -Cy_galkyl-heteroaryl.

(3gg) Any of groups (3a) - (3cc), where each R is independently hydrogen, Cigalkyl,

C,.¢haloalkyl, C.¢alkyl-Q-C, . galkyl, optionally substituted Cigcycloalkyl, optionally
substituted 4-10 membered heterocycloalkyl or optionally substituted -C,_¢alkyl-(4-10

membered heterocycloalkyl.

(3hh) Any of groups (3a) - (3¢c), where each R is independently hydrogen, Cjalkyl,

(3ii)

@i

C,ghaloalkyl, C.salkyl-O-C,_salkyl, -C.¢alkyl-NHC(O)H, -C,.¢alkyl-C(O)NMe,,
-C.¢alkyl-CN, optionally substituted Cs 4cycloalkyl, optionally substituted heteroaryl or
optionally substituted -C,.¢alkyl-heteroaryl.

Any of groups (3a) - (3ec), where each R is independently hydrogen, C.¢alkyl,
C,.¢haloalkyl, optionally substituted Cs gcycloalkyl, optivnally substituted 4-10
membered heterocycloalkyl, optionally substituted -C; ¢alkyl-(4-10 membered
heterocycloalkyl), optionally substituted heteroaryl or optionally substituted -C.¢alkyl-
heteroaryl.

Any of groups (3a) - (3¢c), where each R is independently hydrogen, methyl, ethyl,
isopropyl, rert-butyl, fluoromethyl, difluoromethyl, -CH,CHEF,, -(CH,),-O-CHj,
-CH(CH3;)NHC(O)H, -(CH3;);-C(O)NMe,, -CH,CN, cyclopropyl, difluorocyclopropyl,
cyclopropane-i-carbonitrile, cyclobutyl, pyrazolyl, imidazolyl, isoxazolyl, pyridinyl,
phenyl, piperidinyl, indolin-2-one, 6,7-dihydro-5H-pyrazolo[5,1-b]{1,3}oxazinyl, -CH,-
piperidin-2-one, piperidin-2-one, |-methylpiperidin-2-one, triazolyl, -CH(CH3)-triazolyl,
pyrazolyl, tetrahydro-2H-pyranyl, tetrahydrofuranyl, tetrahydro-2H-pyranyl, -CHa-
tetrahydro-2H-pyranyl, pyrrolidinone, -CH,-pyrrolidinone, -1-methylpyrrolidinone,
-CH;-1-methylpyrrolidinone, -methylisoxazolyl, -CHy~methylisoxazolyl, 1-methyl-1H-
pyrazolyl, -(CH,):-(1-methyl-1H-pyrazolyl), 1H-imidazolyl, 1H-tetrazolyl, -CH,-1H-
tetrazolyl, methylisoxazolyl, -CH,-3-methylisoxazolyl, piperidine-}-carboxamide, 1,1-

dioxidotetrahydrothiopheny! or 5,6,7,8-tetrahydro-[1,2,4]triazolo{4,3-a]pyridinyl.

(3kk) Any of groups (3a) - (3¢c), where each R is independently hydrogen, methyl, ethyl,

isopropyl, fert-butyl, fluoromethyl, difluoromethyl, -CH,CHF;, -(CH,),-O-CHs,
-CH({CH;)NHC(O)H, -(CH,);-C(O)NMe,, -CH,CN, cyclopropyl, difluorocyclopropyl,
cyclopropane- 1 -carbonitrile, cyclobutyl, 1-methylpyrazol-4-yl. 1-methyl-1H-pyrazol-3-yl,
1,3,5-trimethylpyrazol-4-yl, 1,3,5-trimethyl-1H-pyrazol-4-yl, 1,2-dimethyl-1H-imidazol-
4-yl, 3,5-dimethylisoxazol-4-yl, 4-methylpyridin-3-y!, -(CH,);-pyridin-3-yl, phenyl-N-
methylacetamide, -CHa piperidin-1-yl, 1-methylindolin-2-one, 6,7-dihydro-5H-
pyrazolo[5,1-b]{1,3}oxazinyl, -CH,-piperidin-2-one, 1-methylpiperidin-2-one, ~-CH(CH;)-
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(3

(1H-1,2,4~triazol-1-yl), 1-methyl-1H-pyrazol-3-yl, tetrahydro-2H-pyran-4-yl,
tetrahydrofuran-3-yl, -CH,-(tetrahydro-2H-pyran-4-yl), -CH.;-(pynolidin-Z—ohe), -CH;-
(1-methylpyrrolidin-2-one), -CH-(5-methylisoxazol-3-yl), -(CHz)-(1-methyl-1H-
pyrazol-4-yl), 1 H-imidazol-4-yl, -CH,-(1 H-tetrazol-5-y1), -CH,-(3-methylisoxazol-5-yl),
piperidine-1-carboxamide, 1,1-dioxidotetrahydrothiophen-3-yl or 5,6,7,8-tetrahydro-
[1,2,4]triazolo[4,3-a]pyridin-6-yl.

Any of groups (3a) - (3¢c), where each R is independently hydrogen, methyl, ethyl,
isopropyl, tert-butyl, fluoromethyl, difluoromethyl, -CH,CHF, -(CH,),-O-CHj3,
-CH(CH3)NHC(O)H, ~(CHj);-C(O)NMe; or ~-CHLCN.

(3mm) Any of groups (3a) - (3¢cc¢), where cach R is independently hydrogen, methyl, cyclopropyl,

difluorocyclopropyl, cyclopropane-1-carbonitrile, cyclobutyl, 1-methylpyrazol-4-yl, 1-
methyl-1H-pyrazol-3-yl, 1,3,5-trimethylpyrazol-4-yl, 1,3,5-trimethyl-1H-pyrazol-4-yl,
1,2-dimethyl-1H-imidazol-4-yl, 3,5-dimethylisoxazol-4-yl, 4-methylpyridin-3-

y1, -(CHp)z-pyridin-3-yl, phenyl-N-methylacetamide, -CHjy piperidin-1-yl, 1-
methylindolin-2-one, 6,7-dihydro-SH-pyrazolof5,1-b][1,3]Joxazinyl, -CHa-piperidin-2-
one, 1-methylpiperidin-2-one, -CH(CH3)-(1H-1,2,4-triazol-1-yl), 1-methyl-1H-pyrazol-3-
yl, tetrahydro-2H-pyran-4-yl, tetrahydrofuran-3-yl, -CH,-(tetrahydro-2H-pyran-4-yl),
-CH;-(pyrrolidin-2-one), -CH,-(1-methylpyrrolidin-2-one), -CH»-(5-methylisoxazol-3-yl),
-(CHa),~(1-methyl-1H-pyrazol-4-yl), 1H-imidazol-4-yl, -CH,-(1H-tetrazol-5-yl), -CHa-
(3-methylisoxazol-5-y1), piperidine-1-carboxamide, 1,1-dioxidotetrahydrothiophen-3-yl
or 5,6,7,8-tetrahydro-{ 1,2,4]triazolo[4,3-a]pyridin-6-yl.

(3nn) R'is
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28] The invention further comprises subgenera and species of formula (1) that are any

combination of species and genera of structural formula (I) can be any of formula (Ia)-(1i)

wherein n, R? and R! are defined above. So, for example, the invention also comprises the
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subgenus of compounds of structural formula (Ie) where n is defined as in (1g) above, and R%is

defined in (2r) above.
[29] Structural Formula [ is one of formulae (Ia) - (Ii):
RZ
R2f A L
R T . = R
7\ N 7\
N /N/) N
(Ia) (Ib) (I0)
RZ F R2
R R -
B 7\ N
N/) N/) / N/)
dd) (Ie) dafn
F . .
-R! R R
a N N
N / /-
& N v
dg) (Ih) (1i)

130]

Particular embodiments of this aspect of the invention include compounds of any one

of the formulae (I) and (Ia) — (Ii), each as defined in each of the following rows, wherein each

entry is a group number as defined above (e.g., (2r) refers to R? is fluoro), an "X" indicates that

the variable is defined by another group in the embodiment (e.g., in embodiment (1)-X below, R

is defined in Formula (X)) and a dash "-" indicates that the variable is as defined for Formula (I)

or (Ia) — (1) or defined according to any one of the applicable variable definitions (1a)-(3mm)

[e.g., when the entry for R’ is a dash, it can be either as defined for Formula (I) or (Ta) — (Ii), or

any one of definitions (2a)-(2t)]:

1) n R? R ) n R? R
(1)-1 M | (a) | a) | (3e) (1)-8 O (b)) | @b) | Gi)
1)-2 M | ta)y | @b) | (G (1)-9 D | ab) | 2O | Gij)
(1)-3 M | day | @) | Gk H-10 | (D | (1) | @h) | (3kk)
(1)-4 M | (a) | @ | (Guw M-11 | O | b)) | @k | GO
(1)-5 O | day | 2| GBv M-12 | (O | (1b) | 2n) | 3mm)
(1)-6 O | day | Cn)| Ge) 13 | @ | G| - (3nn)
(1)-7 (D | (1b) | (2a) | (Bee) 14 | (O | Qo) | @b) | (3oo)
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®m | n | R R'
115 | @ - | @H | Qe
(1)-16 D | (lc) | (2h) (3H
M-17 | (O | o) | @ | Gk
(1)-18 @ | () | @n) (Bu)
(1)-19 @ | (e) | 2a) | Bmm)
(1)-20 D | de) (3nn)
@21 | (O | (e) | @D | (Boo)
(122 | (O | Ue) | @h) | (kk)
123 | O | ey | 2k) | (3e)
124 | O | Ue) | @n) | (G
(1)-25 M | D | Qa) | (k)
M-26 | O | AH | @b) | (Buw
™27 | @O | AH | @H | CGnn)
(1)-28 )] (2h) | (300)
@29 | ) | AH | Ck) | (Bv)
@30 | O | (4 (e)
(1)-31 (Ja) X X (3ee)
(132 | (Ja) | X X (3ii)
(1)-33 (1a) X X G
(1)-34 (Ia) X X (3kk)
(1)-35 (1a) X X (Bmm)
(1)-36 | (Ia) X X (3nn)
(1)-37 | (la) X X 3H
(1)-38 (Ia) X X (3k)
(1)-39 (Ia) X X (3u)
(1)-40 (1a) X X (3k)
(1)-41 (Ia) X X (3u)
W42 | Ja | X | X | (3
(D43 | (Ja) | X | X (3e)
(1)-44 (1a) X X (3ee)
M45 | Ja) | X | X (3e)
(1)-46 (1a) X X (39)
1)-47 (Ia) X X -
(1)-48 (1a) X X (Bu)

PCT/US2018/038308
1) n R? R

W49 | a) | X | X | (3mm)
(150 | (Ja) | X | X | (3mn)
(1)-51 (Ia) X X (300)
(1)-52 (1a) X X (3mm)
(1)-53 (1a) X X (3nn)
1)-54 (1a) X X (3u)
M55 | Ty | X | X | @v
156 | (la)y | X | X (3¢)
M7 | o) | X | X | Gee
158 | (fa) | X | X "
s | | X | x 3H
M60 | M | X | (ay| Gk
Ay61 | ) | X | @b | Gu
62 | @) | X | @b | Gk
(1)-63 | (b)) | X | @h) | (3mm)
(1)-64 (Ib) X (2k) | (3nn)
(65 | ) | X | @) | u)
()-66 | (Ib) | X | (2a) | Bv)
(1)-67 | (Ib) X | (2b) (3e)
(1)-68 (Ib) X - (3ee)
(1)-69 (Ib) X (2h) | (3mm)
1070 | (b) | X | @k | Gnn
M71 | (b | X | @en) | 3D
172 | (db) | X | @b)
M73 L | X | eH| Gu
(1)-74 (ib) X | @2h) | Gi)
178 | ab) | X | @by | (3kk)
@7 | ) | X | 2H | Qu
M-77 (Ib) X | (2h)
W18 | | X || Ge
1079 | @ | X | @D | Gee)
(1)-80 | ) | X | @h | Ge
(1)-81 (Ib) X | (Qa) (3%
()82 | (b) | X | @b | (k)
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@ n R? R'
@83 | (| X | @H | Guw
184 | () | X | @ | G
M-8 | () | X | k) | Bmm)
(1)-86 | (b) | X - (3nn)
(1)-87 | (b) | X | 2@b) | (3o0)
(18 | (Ib) | X | @D | (u
18 | M) | X [ @h | 3BV
(19 | (b)) | X | @) | Ge)
M-91 | o) | X | @O | Gee)
192 | do) | X | @2h) -
193 | o) | X | @2k | (3nn)
M9 | (o) | X | @n)| (3kk)
M9 | o) | X | @) | 3I)
M9 | (dc) | X | 20 | 3mm)
(197 | dc) | X | (2h) | (3nn)
198 | (o) | X | @b) | (Boo)
199 | (o) | X - (3kK)
(1)-100 | (Ic) X 2hH { (3mm)
(M-101 | (lc) | X | 2h) | (3nn)
M-102 | (o) | X | a) | (3D
(D-103 | (c) | X | @b) | Gk
1-104 | (o) | X | 20
D105 | (o) | X | @h) | @k
D-106 | (Ic) | X | @k | @Gu)
D107 | (o) | X | @) | @BV
(1108 | (o) | X | @b) | (3e)
M-109 | Qv | X | @D | G
(1)-110 | (o) | X | (2h) | (3mm)
M-111 | (o) | X | 2b) | Gnn)
(O-112 | Qo) | X | @h | @3
(D113 | (Jc) | X | (2h) | 3mm)
(O-114 | (Jo) | X | (2k) | (3nn)
(D-115 | (dc) | X | 2n) | (300)
(1)-116 | (o) | X | (2a) | (3ii)

PCT/US2018/038308
() n R? R’

1)-117 | (Io) X | (2b) (3i))
(1)-118 | (Ic) X @2f) | (3kk)
1)-119 | (Io) X | (2h) (3e)
(1)-120 | (o) | X - (39
M-121 | 1 | X | en | @Y
H-122 | 1d) | X | 2O | (u
(1)-123 | (Id) X | (2h) (3k)
(1)-124 | (Id) X | (2K (Bu)
W-125 | 4 | X | @en | @v
(1)-126 | (1d) X | @k (Be)
1)-127 | (Id) X | @2n) -
(1)-128 | (Id) X (26 (3e)
(1)-129 | (1d) X | (2h) (39
(1)-130 | (Id) X - (k)
(1)-131 | (1d) X | (@n) (3u)
M-132 | () | X | Qo) | Gi)
1)-133 | 1d) | X - | Gk
M-134 | (1) | X | @ -
1)-135 | (Id) X | (2h) | (Bnn)
M-136 | (1d) | X | (2k) | (i)
M-137 | () | X | @n) | (B3kk)
1138 | (1) | X | @a) | (3k)
M-139 | (1d | X | @) | u
(H-140 | 1d) | X | @D | Gv)
(1)-141 | (Id) X (3e)
(1)-142 | (Id) X 1 @2k)| ee)
(1)=143 | (Id) X (Z2n) | Cmm)
(D-144 | ad) | X | (2a) | (3on)
(1)-145 | (1d) X | (@b) (3¢)
D)-146 | (0 | X - | Gkk)
(1)-147 | (1d) X | @ | @G
(1)-148 | (1d) X | 2k) | (3mum)
(1-149 | (1d) X | 2n) | (3nn)
(1-150 | (1d) X | @n)
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D-151 | (Te) | X X (3v)
W)-152 | (le) | X X (3e)
(1)-153 | (Te) X X (3ee)
D-154 | (o) | X X (3e)
1-155 | (fe) | X X (36)
(1)-156 | (Ie) | X X (3k)
D157 | o) | X | X (3u)
1)-158 | (fe) | X X | (3kk)
MW159 | de) | X | X (311
@)-160 | o) | X | X | 3mm)
(1161 | o) | X | X | (3mn)
(M-162 | (Je) | X | X -
(1)-163 | (Je) | X X (3ii)
(1-164 | (Jle) | X | X i)
(1-165 | (le) | X X | (3kk)
()-166 | (te) | X | X | Gmm)
(D167 | o) | X | X | (3nn)
(1-168 | (Je) | X X (3i1)
1-169 | (Te) | X X Gij)
M-170 | (o) | X X | (3kk)
Q)-171 | (le) X X (3mm)
1)-172 | (le) X X (3nn)
M-173 | o) | X X (3l
@174 | Ie | X | X

M-175 | ) | X | X | (3nn)
(1176 | de) | X | X | (300)
M-1717 | o) | X | X (3¢)
M-178 | o) | X | X | (3ee)
MW179 | o) | X | X | 3mm)
(-180 | (Ie) | X | X

(-181 | aH | X | Qa | P
-182 | aH | X | @) | Gk
(1)-183 | (1) | X - (3u)
(D184 | (1) | X | @) | @)

PCT/US2018/038508
10 n R? R’

(1)-185 | (If) X | (2k) | (3mm)
(1)-186 | (IH X | @2n) -
(NH-187 | (1D X @2f) | (oo)
(1)-188 | (H X - (3kk)
(1)-189 | (If) X 12k (3e)
(1)-190 | (if) X | (@n) (3e)
(1191 | df) | X | (2a) | (39)
(1)-192 | (1f) X (2b) (3k)
(1)-193 | 1f) | X 2H) Bu)
(1)-194 | (If) X (2h) (Bv)
(1)-195 | (If) X (k) (Bo)
(1)-196 | (IH) X 2n) | Gee)
(1)-197 | (D) X 2y | (3kk)
(1)-198 | (If) X (2h) G
(1)-199 | (IfH) X 1 2k | (3mm)
(1)-200 In X (2n) | (3un)
(1)-201 I X 2f) | (300)
(1)-202 | (If) X | (2h) | (3mm)
(1)-203 | (1D X | (2k) | (3nn)
(nH-204 | (aH X 1 (@n) (3ii)
H-205 | aH | X | (2a) | (i)
(1-206 | (1D X | @2b) | (Bkk)
(1)-207 | (1D X 29)
(1)-208 | (1) X | 2h) | (Bon)
(1)-209 | (1) X | 2k) (3e)
(1)-210 | (If) X - (3kk)
m-211 | (I X X 31
(D-212 | (Ig) X X (3mm)
Mm-213 | (g X X (3nn)
(1)-214 | (lg) X X (3uv)
(1)-215 | (lg) X X (3mm)
(1-216 | (lg) X X (3an)
1)-217 | (lg) X X (3k)
(1H-218 | (g X X
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(1)-219 | (Ig) X X (3v)
(1)-220 | (Ig) X X (3e)
1)-221 | (Ig) X X (3ee)
1)-222 | (g X X (3kk)
1)-223 | (Ig) X X (€11
(1)-224 | (g X X (3mm)
1)-225 | (Ig) X X (3nn)
(1)-226 | (1g) X X (300)
1-227 | (Ig) | X X (3ij)
(1)-228 | (Ig) X X -
(1)-229 | (Ig) X X (3e)
(1)-230 | (g) X X (3e)
1)-231 | (Ig) X X (3kk)
(1)-232 | (Ig) X X (31H
(1)-233 | (Ig) X X (3mm)
(1234 | (0g) | X X | (3nm)
(1)-235 | (Ig) X X (300)
(1)-236 | (Ig) X X (3kk)
(1)-237 | (lg) X X (Be)
(D238 | (g | X X (31)
(1)-239 | (g) X X (3k)
(1)-240 | (lg) X X (3u)
(1)-241 | (ih) X | (2b) (3u)
(1)-242 | (Ih) X - 3v)
(1)-243 | (lh) X | (2h) -
(1)-244 | (th) X | (2k) | (3ee)
(1)-248 | (I X | 2w (3ii)
(M-246 | () | X | @D | (i)
(1)-247 | (Ib) X | 2h) | (Bkk)
(1)-248 | (Ih) X | (2k) (3e)
(1)-249 | (Ib) X - (36)
(1)-250 | (Ib) X (2a) (3k)
(1)-251 | (Ih) X | (@2b) | Gmm)
(1)-252 | (Th) X 2fH | (3nn)

PCT/US2018/038508

44 n | R? R’
(1)-253 | (th) | X | (2h) | (300)
1284 | () | X | @ | e
1255 | (th)y | X | @n)| 3k
125 | (h) | X | @H | (v
1257 | () | X | @) | (3v)
(1258 | (th) | X | @k | (e)
(1259 | (h) | X | @n) | (ee)
(1)-260 | (th) | X | @2f | (i)
(1)-261 | (Ih) | X | (k) -
(1)-262 | (h) | X | @k | (3kk)
(1263 | (h) | X | @n)| (e
(1)-264 | (h) | X - (39
(1265 | (th)y | X | @) | Gk
(1)-266 | (thy | X | @2f | (3kk)
1267 | (th) | X | @ | 3o
(1268 | (th) | X | @2K) | @36
1)-269 | (th) | X | @n) | (3k)
M-270 | (h) | X - (3u)
271 | @) | X X (31)
M-272 | @) | X X | (3mm)
M-273 | @) | X X | (3m)
M-274 | (1) | X X | (300)
(=275 | () | X X (3v)
1-276 | (1) | X X (3e)
1)-277 | () | X X | Qee)
1278 | (1) | X X (3e)
M-279 | @) | X X 3D
(1)-280 | (I) | X X (3k)
(1)-281 | () | X X (3u)
(1)-282 (i) X X (3mm)
1)-283 | 1) | X X | (3nn)
1)-284 | (1) X X Gk)
1-285 | (L) | X X (3u)
(1-286 | () | X X (3v)
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@® n R? R ) n R? R’
(1)-287 | (I X X (Be) (1)-302 | (la) X X (3000)
(1)-288 | (1) X X (3ee) (1)-303 | (Ia) X X (Bprp)
(1)-289 | (1) X X (3ii) (1)-304 | (Ia) X X (3qqq)
1)-290 | (I) X X Gin 1)-305 | (la) X X (B
(1)-291 | (I) X X (3kk) (1)-306 | (la) X X (3sss)
1)-292 | (1) X X (3e) (1)-307 | (la) X X (3ttt)
1)-293 | (L) X X - (1)-308 | (la) X | X (Buun)
1)-294 | (L) X X 3k) (1)-309 | (la) X X (Bvvy)
(1)-295 | () X X € (1)-310 | (la) X X | Bwww)
(1)-296 (1) X X (3mm) (1)-311 | (la) X X (3xxx)
1)-297 | (h) X X (3nn) (1-312 | (1a) X X BGyyy)
(1)-298 | (h) X X (300) (1)-313 | (fa) X X (3zzz)
(1)-299 | (IH) X X | Gmm) 1)-314 | (Ia) X X | (3aaaa)
(1)-300 | (L) X X (Bnn) (1-315 | (Ia) X X | (3bbbb)
(1)-301 | (la) X X | (3nnn) (1)-316 | (Ia) X X | (Bceceee)
{31] In an embodiment, the invention comprises compounds of Formula (11},

which is a compound of Formula (I) wherein

n

ring B is as defined above for formula (1);

mis0,1,2,30r4,

each R" is independently oxo, halogen, cyano, nitro, Cy_galkyl, -C, ¢haloalkyl, C; salkyl-
cyano, -OR, -NR,, -SR, -C(O)OR, -C(O)N(R),, -C(O)R, -N(R)C(O)R, -S(O)R,
-S(O)OR, -S(O)N(R)z, -S(O)R, -5(0):0R, -S(0):N(R),, -P(O)R,, -OC(O)R,
-OC(O)OR, -OC(OIN(R),, -N(R)C(O)R, -N(R)C(O)OR or -N(R)C(OIN(R)z;

pisl,2or3;

nis0,1,2,3or 4;

each R? is independently halogen, cyano, Cy.salkyl, Cscycloalkyl, -Cy.ghaloalkyl, -OR,
-NR; or -SR; and

each R is independently hydrogen, Ci.¢alkyl, C.shaloalkyl, Cisalkyl-O-C,galkyl,
-Cy.6alkyl-NHC(O)H, optionally substituted Cs.¢cycloalkyl, optionally substituted
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4-10 membered heterocycloalkyl, optionally substituted -C; galkyl-(4-10
membered heterocycloalkyl), optionally substituted heteroaryl, optionally
substituted -C.salkyl-heteroaryl.
{32] In one embodiment, the invention comprises compounds of Formula (IT) wherein p is
1. In other embodiments, p is 2 and n is 0. In other embodiments, mis | and n is 0.
[33] The invention further comprises subgenera of formula (IT) in which the substituents
are selected as any and all combinations of one or more of structural formula (II), RZ, R* m, n, p,
R and ring B, as defined herein, including without limitation, the following:

{34] Structural Formula I is one of formulae (11a) - (1Ip):
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[35]
(4a)
(4b)
(40)
(4d)
(de)
@“n
(4g)
(4h)
(4i)

49
(4%)
(4D
(4m)
(4n)
(40)
(4p)

(4q)
(dr)
(4s)
C1y)
(4u)

¢ B SCE:
N OH FN OH
N/) N/)
(IIm) (In)
O e (Ra)m O ) .G Ra
/ S OH / S OH
N N
(11o) (Iip)

Ring B is selected from one of the following groups (42a) - (4ss):

Ring B is 3-8 membered heterocyclyl.

Ring B is 4 & membored heteroeyolyl or Cyneyoloallcyl.

Ring B is 5-8 membered heterocyclyl.

Ring B is 6-8 membered heterocyclyl or Cygcycloalkyl.

Ring B is 4-7 membered heterocyclyl.

Ring B is 4-6 membered heterocyclyl or Ca.scycloalkyl.

Ring B is 5-8 membered heterocyclyl.

Ring B is 5-6 membered heterocyclyl.

Ring B is piperidinyl, pyrrolidinyl, 8-azabicyclof3.2.1}octane, cyclopentyl or tetrahydro-
2H-thiopyran 1,1-dioxide.

Ring B is piperidinyl, pyrrolidinyl or 8-azabicyclo[3.2.1]octane.

Ring B is pyrrolidinyl or 8-azabicyclo[3.2.1]octane.

Ring B is piperidinyl, cyclopentyl or 8-azabicyclo[3.2.1]octane..

Ring B is piperidiny! or 'pyrrolidinyl.

Ring B is piperidinyl, pyrrolidiny] or tetrahydro-2H-thiopyran 1,1-dioxide.

Ring B is pyrrolidinyl, 8-azabicyclo[3.2.1]octane or tetrahydro-2H-thiopyran 1,1-dioxide.
Ring B is piperidinyl, cyclopentyl, 8-azabicyclo[3.2.1]octane or tetrahydro-2H-thiopyran
1,1-dioxide.

Ring B is piperidinyl.

Ring B is pyrrolidinyl.

Ring B is 8-azabicyclo{3.2.1]octane.

Ring B is cyclopentyl.

Any of groups (4a) - (4t), wherein Ring B is substituted by one, two, three, or four R”
groups, wherein each R" is independently oxo, halogen, cyano, nitro, C;.¢alkyl,
-C,.shaloalkyl, Ci¢alkyl-cyano, -OR, -NR3, -SR, -C(O)OR, -C(O)N(R),, -C(O)R,



WO 2019/005559 PCT/US2018/038508

(4v)

(4w)

(4x)

@y)

(42)

25

-N(R)C(O)R, -S(O)R, -S(O)OR, -S(O)N(R),. -S(O):R, -S(0)20R, -S(0);N(R),, -P(O)Rz,
-OC(O)R, -OC(O)OR, -OC(O)N(R),, -N(R)C(O)R, ~-N(R)YC(O)OR or -N(R)C(O)N(R),.
Any of groups (4a) - (4t), wherein Ring B is substituted by one, two or three R® groups,
wherein each R* is independently oxo, halogen, cyano, nitro, C, salkyl, -C, ghaloalkyl, C;.
salkyl-cyano, -OR, -NR;, -SR, -C(O)OR, -C(O)N(R),, -C(O)R, -N(R)C(O)R, -S(O)R,
-S(O)OR, -S(O)N(R)z, -S(O):R, -S(O),0R, -S(0):N(R)2, -P(O)R,, -OC(O)R, -OC(O)OR,
-OC(O)N(R)2, -N(R)YC(O)R, -N(R)YC(O)OR or -N(R)C(O)N(R),.

Any of groups (4a) - (4t), wherein Ring B is substituted by one or two R? groups, wherein
each R" is independently oxo, halogen, cyano, nitro, Cy.alkyl, -C).¢haloalkyl, C; ¢alkyl-
cyano, -OR, -NRjy, -SR, -C(O)OR, -C(O)N(R),, -C(O)R, -N(R)C(O)R, -S(O)R, -S(O)OR,
-S(OIN(R)z, -S(O):R, -S(O),0R, -S(0):N(R)3, -P(O)R,, -OC(O)R, -OC(O)OR,
“OC(OYN(R),, -N(R)C(O)R, -N(R)C(O)YOR ui -N(RYC(ONN(R),.

Any of groups (4a) - (4t), wherein Ring B is substituted by one R® groups, wherein each
R? is independently oxo, halogen, cyano, nitro, C,.¢alkyl, -C,.shaloalkyl, Cysalkyl-cyano,
-OR, -NR;, -8R, -C(O)OR, -C(O)N(R),, -C(O)R, -N(R)C(O)R, -S(O)R, -S(O)OR,
-S(OIN(R)2, -S(O)2R, -S(0)0R, -S(0)2N(R)z, -P(O)R, -OC(O)R, -OC(O)OR,
-OC(O)N(R)2, -N(R)C(O)R, -N(RYC(O)OR or -N(R)C(O)N(R).

Ring B is

b ’ s or % .

Group (4y), wherein R? is Cy_galkyl, -Cghaloalkyl, C_salkyl-cyano, -C(O)OR,
-C(OIN(R)z, -C(O)R, -N(R)C(O)R, -S(O)R, -S(O)OR, -S(O)N(R)z, -S(O):R, -S(0);0R,
-S(0):N(R); or -P(O)R,.

(d4aa) Group (4y), wherein R® is C4alkyl, -C(O)OR, -C(O)N(R),, -C(O)R, -N(R)C(O)R,

-S(O)R, -S(O)OR, -S(O)N(R),, -S(O)2R, -S(0):0R, -S(O);N(R), or -P(O)R,.

(4bb) Group (4y), wherein R" is -C.¢haloalkyl, Cyalkyl-cyano, -C(O)OR, -C(O)N(R),,

-C(O)R, -N(R)C(O)R, -S(O)R, -S(O)OR, -S(O)N(R)z, -S(O):R, -S(O):0R, -S(O)N(R);
or -P(O)R,.

(4cc) Group (dy), wherein R? is -C(O)OR, -C(OIN(R)z, -C(O)R, -N(R)C(O)R, -S(O)R,

~S(OIOR, -S(OYN(R), -S(OX:R, -S(O)0R, -S(O)»N(R), or -P(O)R..

(4dd) Group (dy), wherein R? is C, galkyl, -C(O)OR, -C(O)R, -N(R)C(O)R, -S(O)R, -S(O)OR,

-S(O)N(R),, -S(O)2R, -S(0):0R, -S(0):N(R); or -P(O)R;.

(dee) Group (4y), wherein R" is C.galkyl, -Cj.¢haloalkyl, C;.salkyl-cyano, -C(O)OR,

-C(ON(R)3, -C(O)R, -N(R)C(O)R, or -P(O)R.
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(4ff) Group (4y), wherein R" is Cy_galkyl, -C(O)OR, -C(O)R, -N(R)C(O)R, -S(O)R, -S(O)OR,
-S(O)N(R)3, -S(O):R, -S(0),0R, or -S(O);N(R),.

(4gg) Group (4y), wherein R* is -C(O)OR, -C(O)R, -N(R)C(O)R, -S(O)R, -S(O)OR,
-S(OIN(R), -S(0)R, -S(O)0R, or -S(0)N(R)2.

(4hh) Group (4y), wherein R? is -C(O)OR, -C(O)R, -N(R)C(O)R, -S(O),R, -S(0);N(R), or
-P(O)R,.

(4ii) Group (4y), wherein R" is -C(O)OR, -C(O)R -N(R)C(O)R, or -P(O)R,.

(4jj) Group (4y), wherein R is -S(O);R, -S(0).N(R); or -P(O)R,.

(4kK) Group (4y), wherein R* is -C(O)OR -N(R)C(O)R, or -C(O)R.

(411) Group (4y), wherein R” is -S(0),R or -S(0),N(R)..

e B
o R
? R
N~C(O)OR \/?CN—C(O)R éCN S-R é<:N S-NR,
o o)

3

(4mm)Ring B is

88

O

Q OR o
N—C(O)OR N~S—-R NH sZ
or o .

where each R is independently hydrogen, C,.¢alkyl, C; ¢haloalkyl, Cjalkyl-O-C;.galkyl

@

O=(I)

or Cygcycloalkyl.

(4nn) Any of groups (4u) - (4dmm), where each R is independently hydrogen, C,.¢alkyl,
C,ghaloalkyl, C;.salkyl-O-C;.salkyl, optionally substituted Cs.scycloalkyl, optionally
substituted 4-10 membered heterocycloalkyl or optionally substituted -C,.qalkyl-(4-10
membered heterocycloalkyl.

(400) Any of groups (4u) - (4mm), where cach R is independently hydrogen, C¢alkyl,
Ci.ghaloalkyl, C,.¢alkyl-Q-C, ¢alkyl, -C;.¢alkyl-NHC(O)H, -Cj.salkyl-C{(O)NMe2,
-C1.¢alkyl-CN, optionally substituted C;_scycloalkyl, optionally substituted heteroaryl or
optionally subsﬁtuted -C.¢alkyl-heteroaryl.

(4pp) Any of groups (4u) - (dmm), where each R is independently hydrogen, Cy_¢alkyl,
C.¢haloalkyl, optionally substituted Cs.gcycloatkyl, optionally substituted 4-1U
membered heterocycloalkyl, optionally substituted -C,.salkyl-(4-10 membered
heterocycloalkyl), optionally substituted hetecroaryl or optionally substituted -C,_gqalkyl-

heteroaryl.
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(4q9q) Any of groups (4u) - (4mm), where each R is independently hydrogen, methyl, ethyl,

(4rr)

(4ss)

isopropyl, tert-butyl, fluoromethyl, difluoromethyl, -CH,CHF,, -(CH;),-O-CH3,
-CH(CH3)NHC(O)H, -(CH),-C(O)NMe,, -CH,CN, cyclopropyl, difluorocyclopropyl,
cyclopropane-1-carbonitrile, cyclobutyl, pyrazolyl, imidazolyl, isoxazolyl, pyridinyl,
phenyl, piperidinyl, indolin-2-one, 6,7-dihydro-5H-pyrazolo[S,1-b][1,3Joxazinyl, -CH,-
piperidin-2-one, piperidin-2-one, 1-methylpiperidin-2-one, triazolyl, -CH(CHzs)-triazolyl,
pyrazolyl, tetrahydro-2H-pyranyl, tetrahydrofuranyl, tetrahydro-2H-pyranyl, -CH,-
tetrahydro-2H-pyranyl, pyrrolidinone, -CH,-pyrrolidinone, -1-methylpyrrolidinone,
-CH,-1-methylpyrrolidinone, -methylisoxazolyl, -CH,-methylisoxazolyl, 1-methyl-1H-
pyrazolyl, -(CHz),-(1-methyl-1H-pyrazolyl), 1H-imidazolyl, 1H-tetrazolyl, -CH,-1H-
tetrazolyl, methylisoxazolyl, -CHa-3-methylisoxazolyl, piperidine-}-carboxamide, 1,1-
dioxidotetrahydrothiophenyl or 5,6,7,8-tetrahydro-[1,2,4}triazolo[4,3-a]pyridinyl.

Any of groups (4u) - (dmm), where each R is independently hydrogen, methyl,
cyclopropyl, difluorocyclopropyl, cyclopropane-1-carbonitrile, cyclobutyl, 1-
methylpyrazol-4-yl, 1-methyl-1H-pyrazol-3-yl, 1,3,5-trimethylpyrazol-4-yl, 1,3,5-
trimethyl-1H-pyrazol-4-yl, 1,2-dimethyl-1H-imidazol-4-yl, 3,5-dimethylisoxazol-4-yl, 4-
methylpyridin-3-yl, -(CHy),-pyridin-3-yl, phenyl-N-methylacetamide, -CH,.piperidin-1-
yl, 1-methylindolin-2-one, 6,7-dihydro-5H-pyrazolo[5,1-b][1,3]Joxazinyl, -CH,-pipenidin-
2-one, 1-methylpiperidin-2-one, -CH(CH3)-(1H-1,2,4-triazol-1-yl), 1-methyl-1H-pyrazol-
3-yl, tetrahydro-2H-pyran-4-yl, tetrahydrofuran-3-yl, -CH,-(tetrahydro-2H-pyran-4-y!),
-CH,-(pyrrolidin-2-one), -CH,-(1-methylpyrrolidin-2-one), -CHp-(5-methylisoxazol-3-y1),
-(CHy)»-(1-methyl-1H-pyrazol-4-yl), 1H-imidazol-4-yl, -CH,-(1H-tetrazol-5-yl), -CH,-
(3-methylisoxazol-5-y1), piperidine-1-carboxamide, 1,1-dioxidotetrahydrothiophen-3-yl
or 5,6,7 8-tetrahydro-{1,2,4]triazolo[4,3-a}pyridin-6-yl.

Ring B is
------ O
/\\ it
N-Boc N—Boc _\/QQ/N—BOC /EX N—-S—NH,
— — \ N
3 * OH ? >
‘__WN g N ('S?__/F “——Q<ﬁN (‘S? NH /QC i
- - TOTINGR N—S—
] / [} e
W LIS 4 R S o) \ 1]
OH OH OH
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OH , OH , OH :
0O ) o
N 1 =N IV N
\/QC ‘/ﬁ>(,: HOX N5 i N-ﬁ,-(N\J\
OH o /
F , OH , OH ,
O
S N—(IS? - ('s?
N—ﬁ 6 \ |\f N é') N\
OH Y ? b}
F

, , OH or
O R
N—4 —>—-F
O
OH
[36}) In another embodiment, the invention comprises compounds of Formula (IT),

which is a compound of Formula (T) wherein

R is Cygalkyl, -C ghaloalkyl, Cigalkyl-cyano, -C(O)OR, -C(O)N(R),, -C(O)R,
-N(R)C(O)R, -S(O)R, -S(O)OR, -S(OIN(R)2, -S(O)2R, -S(O),0R, -S(0):N(R); or
-P(O)R;

pisl,2or3;

qisl,2or3;

risl,2or3;

nis0, 1,2,3 or4,

each R? is independently halogen, cyano, Csalkyl, Cscycloalkyl, -Cy.ghaloalkyl, -OR,
-NR; or -SR; and

each R is independently hydrogen, C.salkyl, C,_¢haloalkyl, C,_salkyl-O-C,salkyl,
-Cy.6alkyl-NHC(O)H, optionally substituted C;.¢cycloalkyl, optionally substituted
4-10 membered heterocycloalkyl, optionally substituted -C;.galkyl-(4-10
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membered heterocycloalkyl), optionally substituted heteroaryl, optionally
substituted -C;.galkyl-heteroaryl.
{1371 In one embodiment, the invention comprises compounds of Formula (11I) wherein n is
0. In other embodiments, n is 1.
{38] In one embodiment, the invention comprises compounds of Formula (1II) wherein p is
1,20r3,qist,20r3,andris1,20r3;orpislor2,qisl,2or3,andris1,2or3;orpis 1 or
2,qislor2,andrislor2;orpislor2,qislor2,andrislor2;orpis2,qislor2,andris
lor2;orpisl,qis2,andris2;orpis2,qis2,andris2;orpisl,qisl,andris 1;orpis2,
qis !,andris 1.
139} The invention further comprises subgenera of formula (I11) in which the substituents
are selected as any and all combinations of one or more of structural formula (III), Rz, R* n, m, p,

q or r, a8 defined herein, including without limitation, the following:

[40] Structural Formula 1 is one of formulae (111a) - (11Ip):
R2 | RZ
& N-R? & N-R?

(11T

(IlIm) ‘ (IIn) i)
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30

(D

N—-R®

OH
N

(IIp)

[41]
(6a)
(6b)
(6¢)
(6d)
(6€)
(69
(62)
(6h)
(6i)
(6§

(6k)

(6D
(6m)
(6n)

(60)

R’ is selected from one of the following groups (6a) - (6r):
R* is Cy.¢alkyl, -Cj.¢haloalkyl, Cy¢alkyl-cyano, -C(O)OR, -C(O)N(R),, -C(O)R,
-NR)C(O)R, -S(O)R, -S(O)OR, -S(O)N(R)2, -S(O)R, -S(0),0R, -S(O):N(R): or
-P(O)R,.
R* is C.alkyl, -C(O)OR, -C(O)N(R)2, -C(O)R, -N(R)C(O)R, -S(O)R, -S(O)OR,
-S(OYN(R)z2, -S(O)zR, -S(0),0R, -S(O);N(R): or -P(O)R..
R? is -Cy.ghaloalkyl, C,¢alkyl-cyano, -C(O)OR, -C(O)N(R),, -C(O)R, -N(R)C(O)R,
-S(O)R, -S(O)OR, -S(O)N(R),, -S(0)2R, -S(0),;0R, -S(O):N(R); or -P(O)R..
R is -C(O)OR, -C(O)N(R),, -C(O)R, -N(R)C(O)R, -S(O)R, -S(O)OR, -S(O)N(R)3,
-S(O):R, -S(0);0R, -S(0):N(R), or -P(O)R..
R® is Cy¢alkyl, -C(O)OR, -C(O)R, -N(R)C(O)R, -S(O)R, -S(O)OR, -S(O)N(R),, -S(O):R,
-S(0)0R, -S(0):N(R); or -P(O)R..
R? is C6alkyl, -Cy_ghaloalkyl, Cy.salkyl-cyano, -C(O)OR, -C{(O)N(R),, -C(O)R,
-N(R)C(O)R, or -P(O)R:.
R" is Cj.galkyl, -C{O)OR, -C(O)R, -N(R)C(O)R, -S(O)R, -S(O)OR, -S(O)N(R),, -S(O)2R,
-S(0):0R, or -S(O):N(R).
R?is -C(O)OR, -C(O)R, -N(R)C(O)R, -S(O)R, -S(O)OR, -S(O)N(R)2, -S(O):R,
-S(0),0R, or -S(0);N(R),.
R* is -C(O)OR, -C(O)R, -N(R)C(O)R, -S(0):R, -S(0);N(R), or -P(O)R,.
R? is -C(O)OR, -C(O)R, -N(R)C(O)R or -P(O)R..
R? is -S(O)R, ~S(0)N(R), or -P(O)R,.
R" is -C(O)OR, -N(R)C(O)R or -C(O)R.
R" Is -S(O),R or -S(0):N(R),.
Any of groups (6a) - (6m), where each R is independently hydrogen, Ci¢alkyl,
Cj.shaloalkyl, Cealkyl-O-C,_galkyl, -C;.¢alkyl-NHC(O)H, ~C; salkyl-CN, -C,_¢alkyl-
C(O)NMe,, optionally substituted Cs_¢cycloalkyl, optionally substituted 4-10 membered

heterocycloalkyl, optionally substituted -C.¢alkyl-(4-10 membered heterocycloalkyl) or
optionally substituted heteroaryl or optionally substituted -C; ¢alkyl-heteroaryl.

Any of groups (6a) - (6m), where each R is independently hydrogen, C,.¢alkyl,
C,.¢haloalkyl, Cyalkyl-O-C,.galkyl, -Csalkyl-NHC(O)H, -C,¢alkyl-C{(O)NMe,,
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6p)

(69)

(6r)
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-C1.alkyl-CN, Ci4cycloalkyl, 4-10 membered heterocycloalkyl, -C;salkyl-(4-10
membered heterocycloalkyl), heteroaryl or -Cy.salkyl-heteroaryl.

Any of groups (6a) - (6m), where each R is independently hydrogen, methyl, ethyl,
isopropyl, tert-butyl, fluoromethyl, difluoromethyl, -CH,CHF;, -(CH2),-0O-CHj,
-CH(CH:)NHC(O)H, -(CH,),-C(O)NMe:, -CH,CN, cyclopropyl, difluorocyclopropyl,
cyclopropane-1-carbonitrile, cyclobutyl, pyrazolyl, imidazolyl, isoxazolyl, pyridinyl,
phenyl, piperidinyl, indolin-2-one, 6,7-dihydro-SH-pyrazolo[5,1-b][1,3Joxazinyl, -CH,-
piperidin-2-one, piperidin-2-one, 1 -methylpiperidin-2-one, triazolyl, -CH(CHj3)-triazolyl,
pyrazolyl, tetrahydro-2H-pyranyl, tetrahydrofuranyl, tetrahydro-2H-pyranyl, -CH,-
tetrahydro-2H-pyranyl, pyrrolidinone, -CH,-pyrrolidinone, -1-methylpyrrolidinone,
-CH,-1-methylpyrrolidinone, -methylisoxazolyl, -CH,-methylisoxazolyl, 1-methyl-1R-
pyrazolyl, (CH;)-(1-methyl-1H-pyrazolyl), 1H-imidazolyl, 1H-tetrazolyl, -CH,-1H-
tetrazolyl, methylisoxazolyl, -CH,-3-methylisoxazolyl, piperidine-1-carboxamide, 1,1-
dioxidotetrahydrothiophenyl or 5,6,7,8-tetrahydro-[ 1,2,4]triazolo{4,3-a]pyridinyl.

Any of groups (6a) - (6my), where each R is independently hydrogen, methyl, ethyl,
isopropyl, tert-butyl, fluoromethyl, difluoromethyl, -CH,CHF;, -(CH;),-0-CHs,
-CH(CH;)NHC(O)H, -(CH,),-C(O)NMe,, ~-CH,CN, cyclopropyl, difluorocyclopropyl,
cyclopropane-1-carbonitrile, cyclobutyl, l—methylpyrazol-4-);l, 1-methyl-1H-pyrazol-3-yl,
1,3,5-trimethylpyrazol-4-yl, 1,3,5-trimethyl-1H-pyrazol-4-yl, 1,2-dimethyl- ! H-imidazol-
4-yl, 3,5-dimethylisoxazol-4-yl, 4-methylpyridin-3-yl, -(CH,).-pyridin-3-yl, phenyl-N-
methylacetamide, -CH.piperidin-1-yl, 1-methylindolin-2-one, 6,7-dihydro-5H-
pyrazolo[5,1-b][1,3]Joxazinyl, -CH,-piperidin-2-one, 1-methylpiperidin-2-one, -CH(CH;)-
(1H-1,2 4-triazol-1-yl), 1-methyl-1H-pyrazol-3-yl, tetrahydro-2H-pyran-4-yl,
tetrahydrofuran-3-yl, ~CHy-(tetrahydro-2H-pyran-4-yl), -CHa-(pyrrolidin-2-one), -CH;-
(1-methylpyrrolidin-2-one), -CH,-(5-methylisoxazol-3-yl), -(CHz),-(1-methyl-1H-
pyrazol-4-y1), 1H-imidazol-4-yl, -CH,-(1 H-tetrazol-5-y1), -CH.-(3-methylisoxazol-5-yl),
piperidine- 1 -carboxamide, 1,1-dioxidotetrahydrothiophen-3-yl or §,6,7,8-tetrahydro-
[1,2,4]triazolo[4,3-a]pyridin-6-yl.

Any of groups (6a) - (6m), where each R is independently hydrogen, methyl, ethyl,
isopropyl, tert-butyl, fluoromethyl, difluoromethyl, -CH>CHF3, -(CH;)2-O-CH;,
-CH(CH3)NHC(O)H, -(CH,),-C(O)NMe;, -CH,CN, cyclopropyl, difluorocyclopropyl,
cyclopropane-1-carbonitrile, cyclobutyl, 1-methylpyrazol-4-yl, 1-methyl-1H-pyrazol-3-yl,
1,3,5-trimethylpyrazol-4-yi, 1,3,5-trimethyl-1H-pyrazol-4-yl, 1,2-dimethyl- I H-imidazol-
4-yl, 3,5-dimethylisoxazol-4-yl, 4-methylpyridin-3-yl, -(CHz),-pyridin-3-yl, phenyl-N-
methylacetamide, -CHj piperidin-1-yl, 1-methylindolin-2-one, 6,7-dihydro-SH-
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piperidine-1-carboxamide, 1,1-dioxidotetrahydrothiophen-3-yl or 5,6,7,8-tetrahydro-

{42

of the formulae (II), (IIa) — (113}, (IIT) and (11Ia) — (I1Ip), each as defined in each of the following
rows, wherein each entry is a group number as defined above (e.g., (6m) refers to R" is -S(O):R

or -S(0)N(R),), an "X" indicates that the variable is defined by another group in the

Particular embodiments of this aspect of the invention include compounds of any one

{1,2,4]triazolo[4,3-a]pyridin-6-yl.
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(1H-1.2 4-triazol-1-yl), 1-methyl-1H-pyrazol-3-yl, tetrahydro-2H-pyran-4-yl,

pyrazolo[5,1-b][1,3]Joxazinyl, -CH,-piperidin-2-one, 1-methylpiperidin-2-one, -CH(CHj;)-

tetrahydrofuran-3-yl, -CH,-(tetrahydro-2H-pyran-4-yl), -CH,-(pyrrolidin-2-one), -CHa-
(1-methylpyrrolidin-2-one), ~-CH-(5-methylisoxazol-3-y1), -(CHa).-(1-methyl-1H-
pyrazol-4-yl), 1H-imidazol-4-yl, -CH,-(1 H-tetrazol-5-yl1), -CH,-(3-methylisoxazol-5-yl),

embodiment (e.g., in embodiment (2)-11 below, R* is defined in group (4z)) and a dash "-"

indicates that the variable is as defined for Formula (II) — (IIlp) or defined according to any one

of the applicable variable definitions (5a)-(6r) [e.g., when the entry for R? is a dash, it can be

either as detined for Formula (I} ~ (lIp) or any one of definitions (6a)-(6r)]:

(l(gl‘;r RingB | R
()1 (Ila) (4b) -
(2)-2 | (Ia) (4f) -
2)-3 (11a) (41) -
(24 | (Ua) (4)) -
2)-5 (Ua) (4n -
2)-6 (Ha) (4m) -
(2)-7 | (lla) (49 -
(2)-8 | (lla) (49) -
)9 (Ia) (4x) X
(2)-10 | (Il) (4y) -
211 | () (42) X
(2)-12 | (fa) (4aa) X
(2)-13 | (lia) (4ff) X
2)-14 | (Il) (41:hy) X
(2)-15 | (lla) G)) X
2)-16 | (1la) (4mm) X
2)-17 (11a) (4nn) X
(2)-18 | (lla) (4pp) X

(iﬁﬁr RingB | R
2)-19 | (la) (4qq X
(2)-20 | (lla) (4ss) X
(2)-21 | (lid) (4b) -
(2)-22 | (Iid) (4f) -
(2)-23 | (1id) (41) -
(2)-24 | (lid) (43) -
2)-25 | (lid) (a1 .
(2)-26 | (lid) (4m) -
(2)-27 | (lid) (49) -
(2)-28 | (lid) (4q) -
(2)-29 | (1) (4x) X
(2)-30 | (d) (4y) -
(2)-31 | (IId) (4z) X
2)-32 | (1Y) (dua)
(2)-33 | (1d) (4£%) X
(2)-34 | (d) (4hh) X
(2)-35 | (ld) (4ij) X
(2)-36 | (lid) | (4mm) X




WO 2019/005559

(l(-][';;;r Ring B R*
)37 | (1Id) (4nn) X
(2)-38 | (Ild) (4pp) X
(2)-39 | (id) (499) X
(2)-40 | (11d) (4ss) X
(2)-41 | (lle) (4b)
(2)-42 | (He) (49 .
(2)43 | (Ile) (4i) -
(2)-44 | (lle) (43) -
(2)-45 (Ite) 4h -
(2)-46 (Ite) (4m) -
(2)-47 | (llg) (4q) -
(2)-48 | (lle) (4q) -
(2)-49 (IIe) (4x) X
(2)-50 | (IIe) (4y)
(2)-51 (le) (42) X
(2)-52 (Ife) (4aa) X
(2)-53 (ile) (4thH X
(2)-54 (ile) (4hh) X
(2)-55 | (lle) (43)) X
(2-56 | (le) | (4mm) X
(2)-57 | (lle) (4nn) X
(2)-58 | (lle) (4pp) X
2)-59 | (Ue) (4q9) X
(2)-60 | (Tle) (4ss) X
(2)-61 | (Ilh) (4b) -
(2)-62 (Ilh) (41) -
(263 | (llb) (4i) -
(2)-64 | (Ilh) (41) -
(2)-65 | (Il (4 -
(2)-66 | (I1h) (4m) -
(2)-67 | (1) (49) -
(2)-68 | (1Ih) (4q) -
(2)-69 (ITh) (4x) X
(2)-70 | (M) (4y) -
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(g};;r RingB | R
(2-71 | (i) (4z) X
2-72 | ) | (4aa) X
(2)»-73 | (i) (41) X
(2-74 | (Ih) | (4hh) X
(2)-75 | (b (4ii) X
(2-76 | (Ih) | (4mm) X
(2)-77 | (h) | (4nn) X
(2)-78 | (1Ih) (4pp) X
(2)-79 | (h) | (4q9) X
(2)-80 | (iIh) (4ss) X
(2)-81 | (1) (4b) -
(2)-82 | (1) (49) -
(2)-83 | 5) (4i) -
(2)-84 | (Ih) (4)) -
)85 | (n) (a1 -
(2)-86 | (L) (4m) -
(2)-87 | (I (4q) -
(2)-88 | (L) (49)
(2)-89 | (1) (4x) X
-90 | (dn) (4y) -
()91 | (1) (42) X
(292 | 1) (4aa) X
2)-93 | (1) (4ff) X
(294 | 1) (4hh) X
(2)-95 | (1) 4ij) X
(2)-96 (11 (4mm) X
2)-97 | 1) (4nn) X
(2)-98 | (1)) (4pp) X
299 | (1) (4qq) X
(2)-100 | (1) (4s8) X
(2)-101 | (IIn) (4b) -
(2)-102 | (1n) (49) .
(2)-103 | (IIn) (4i) .
(2)-104 | (1In) eh ;
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{(ID or

ain Ring B R?
(2)-105 | (IIn) (41) -
(2)-106 | (IIn) (4m) -
(2)-107 | (IIn) (49) -
(2)-108 | (1In) (49) -
(2)-109 | (1ln) (4x) X
(2)-110 | (1In) (4y) -
2)-111 | (lln) (42) X
)-112 | (n) (4aa) X
2)-113 | (1ln) (4ff) X
(2)-114 | (Iln) (4hh) X
2)-115 | (lln) 4i) X
2)-116 | (Iln) (4mm) X
(-117 | (M) | (4nn) X
(2)-118 | (Iln) (4pp) X
2)-119 | (IIn) (4q9) X
(2)-120 | (IlIn) (4ss) X
(2)-121 | (Ip) (4b) -
2)-122 | (lp) 41
(2)-123 | (llp) (4i) -
(2)-124 | (Ilp) (4)) -
(2)-125 | (lp) 40 -
(2)-126 | (1Ip) (4m) .
(2)-127 | (p) (49) -
(2)-128 | (lip) (49) -
(2)-129 | (1p) (4x) X
(2)-130 | (llp) (4y) -
(2)-131 | (ilp) (42) X
(2)-132 | (llp) (4aa) X
(2)-133 | (lIp) (4ff) X
(2)-134 | (IlIp) (4hh) X
(2)-135 | (llp) (4ij) X
2)-136 | (Ip) | (4mm) X
(2)-137 | (llp) (4nn) X
(2)-138 | (IIp) (4pp) X
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(g%;;r RingB | R
(2)-139 | (lip) (4q9) X
(2)-140 | (1lp) | (4ss) X
(2)-141 | (llla) X (6a)
(2)-142 | (IMa) X (6b)
(2)-143 | (Ila) X (6¢)
(2)-144 | (Illa) X (6d)
(2)-145 | (Illa) X (6e)
(2)-146 | (IlIa) X (6£)
(2)-147 | (1lIa) X (68)
(2)-148 | (Illa) X (6h)
(2)-149 | (Illa) X (60)
(2)-150 | (Illa) X (6)
(2)-151 | (1l1a) X (6k)
(2)-152 | (1Ha) X (61)
(2)-153 | (Illa) X (6m)
(2)-154 | (illa) X (6n)
(2)-155 | (Ilia) X (60)
(2)-156 | (illa) X (6p)
(2)-157 | (llla) X (69)
(2)-158 | (Illa) X (61)
(2)-159 | (llIb) X (6a)
(2)-160 | (IlIb) X (6b)
(2)-161 | (IIIb) X (6¢)
(2)-162 | (Illb) X (6d)
(2)-163 | (IIIb) X (6e)
(2)-164 | (IIb) X (6f)
(2)-165 | (IIlb) X (62)
(2)-166 | (IIib) X (6h)
(2)-167 | (1) X (6i)
(2)-168 | (IIIb) X (6))
(2)-169 | (11Ib) X (6k)
(2)-170 | (ITb) X (61)
(2)-171 | (1ITb) X (6m)
(2)-172 | (1ITb) X (6n)
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(1'31‘;' RingB | R’ (g%;;r RingB | R’
()-173 | (lib) X (60) (2)-207 | (Ilte) X (6m)
(2)-174 | (ilb) X (6p) (2)-208 | (Ilte) X (6n)
(2)-175 | (1lib) X (69) (2)-209 | (Ilte) X (60)
(2)-176 | (lilb) X (61) (2)-210 | (Ille) X (6p)
()-177 | (ltic) X (62) ()-211 | (llke) X (6)
()-178 | (Iic) X (6b) (2)-212 | (Ille) X (61)
@)-179 | (ifkc) X (6¢) (2)-213 | (Ilth) X (6a)
2)-180 | (Illc) X (6d) (2)-214 | (IIIh) X (6b)
(2)-181 | (lilc) X (6¢) (2)-215 | (IlIh) X (6¢)
(2)-182 | (Ifc) X (69) (2)-216 | (IiTh) X (6d)
(2)-183 | (likc) X (62) (2)-217 | (IlTh) X (6¢)
(2)-184 | (illc) X (6h) (2)-218 | (11Ih) X (6f)
(2)-185 | (iIkc) X (69) (2)-219 | (111h) X (68)
(2)-186 | (illc) X (6)) (2)-220 | (1) X (6h)
(2)-187 | (llic) X (6k) (2)-221 | (11h) X (61)
(2)-188 | (lllc) X (6 (2)-222 | (1l1h) X (6)
(2)-189 | (llic) X (6m) (2)-223 | (111h) X (6k)
(2)-190 | () | X (6n) (2)-224 | (11ih) X (61)
(2)-191 | (lllc) X (60) (2)-225 | (lith) X (6m)
(2)-192 | (llc) X (6p) (2)-226 | (lith) X (6n)
(2)-193 | (llic) X (6Q) (2)-227 | (TTIh) X (60)
(2)-194 | (1lc) X (61) (2)-228 | (Ilth) X (6p)
(2)-195 | (Ille) X (62) (2)-229 | (IlTh) X (69)
(2)-196 | (Ille) X (6b) (2)-230 | (Ilih) X (6r)
()-197 | (llle) X (6¢) (2)-231 | (Ilk) X (6a)
(2)-198 | (llle) X (6d) (2)-232 | (k) X (6b)
(2)-199 | (lile) X (6¢) (2)-233 | (1K) X (6¢)
(2)-200 | (Iile) X (69) (2)-234 | (IIIk) X (6d)
(2)-201 | (ifle) X (6g) (2)-235 | (1K) X (6e)
(2)-202 | (lIke) X (6h) (2)-236 | (111K X (66)
(2)-203 | (llle) X (61) (2)-237 | (1K) X (68)
(2)-204 | (llle) X (6i) (2)-238 | (1K) X (6h)
(2)-205 | (lile) X (6k) (2)-239 | (1K) X (6)
(2)-206 | (llle) X (6 (2)-240 | (111K X (6))
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(l(gl‘;r RingB | R (ﬁ%l‘;r RingB | R’
(2)-241 | (IlIk) X (6k) (2)-272 | (Ilm) X (65)
(2)-242 | (ITk) X (61) (2)-273 | (Ilim) X (62)
(2)-243 | (llk) X (6m) (2)-274 | (Ilim) X (6h)
(2)-244 | (IlIk) X (6n) (2)-275 | (Ilm) X (61)
(2)-245 | (I1Ik) X (60) (2)-276 | (IlIm) X (6)
(2)-246 | (I11k) X (6p) (2)-277 | (IIm) X (6k)
(2)-247 | (k) X (69) (2)-278 | (Illm) X (61)
(2)-248 | (T1Ik) X (61) (2-279 | (Illm) X (6m)
(2)-249 | (M) X (6a) (2-280 | (Ilm) | ~ X (6n)
(2)-250 | (III) X (6b) (2)-281 | (IlIm) X (60)
(2)-251 | (1) X (6¢) (2)-282 | (Ilim) X (6p)
@)-252 | am) X (6d) (2)-283 | (Ilim) X (6q)
(2)-253 | Q1 X (6¢) (2)-284 | (I1Tm) X (61)
(2)-254 | (1) X (66) (2)-285 | (Illo) X (6a)
(2)-255 | (1) X (6g) (2)-286 | (ITo) X (6b)
(2)-256 | (11) X (6h) (2)-287 | (1lo) X (6¢)
(2)-257 | (1) X (61) (2)-288 | (1llo) X (6d)
(2)-258 | (1m) X (6)) (2)-289 | (Itio) X (6¢)
(2)-259 | (Im) X (6k) (2)-290 | (Itio) X (65)
(2)-260 | (1) X (61) (2)-291 | (illo) X (6g)
(2)-261 | (M) X (6m) (2)-292 | (ITlo) X (6h)
(2)-262 | (Im) X (6n) (2)-293 | (1Tlo) X (61)
(2)-263 | (Il X (60) (2)-294 | (Illo) X (6))
(2)-264 | (1II) X (6p) (2)-295 | (Illo) X (6k)
(2)-265 | (110 X (69) (2)-296 | (Illo) X (61)
(2)-266 | (111D X (6r) (2)-297 | (1lo) X (6m)
(2)-267 | (Ilim) X (62) (2)-298 | (Ilfo) X (6n)
(2)-268 | (Ilim) X (6b) (2)-299 | (1Ilo) X (60)
(2)-269 | (Ilfm) X (6¢) (2)-300 | (1lio) X (6p)
(2)-270 | (Ilim) X (6d) (2)-301 | (1lo) X (69)
(2)-271 | (1lIm) X (6¢) (2)-302 | (illo) X (6r)

[43] In another aspect, the present disclosure provides compounds that are:
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Ex# Chemical Structurc Chemical Name
n-Boc tert-butyl 1-hydroxy-2-(SH-imidazo[5,1-
1 alisoindol-5-yl)-7-azaspiro[3.5]nonane-7-
7 S OH carboxylate
N/
tert-butyl 1-hydroxy-2-(SH-imidazo{5,1-
2 /\r\\l alisoindol-5-yl)-8-azaspiro[4.5]decane-8-
4 "{ HO “Boc carboxylate
\Nf/
tert-butyl 5-hydroxy-6-(5H-imidazo[4,3-
3 N O/ alisoindol-5-yl)-2-azaspiro[3.4Joctane-2-
N ho T/ carboxylate
2 o
N
AN
s & 1-hydroxy-2-(SH-imidazo[4,3-a]isoindol-5-y1)-8-
N azaspiro[4.5]decane-8-sulfonamide
4 ) HO N
Nig 57 NH,
W\ /,O
N-S\ i .
5 6-(5H-imidazo[1,5-blisoindol-5-y1)-2-
/ B O methylsulfonyl-2-azaspiro[3.3]heptan-7-ol
N/
6 2-(5H-imidazo[4,3-a]isoindol-5-yl)-7-
methanesulfonyl-7-azaspiro[3.5]nonan-1-ol
" 2-(5H-imidazo[5,1-alisoindol-5-yl)-8-
(methylsulfonyl)-8-azaspiro[4.5]decan-1-ol
8 7-fluoromethanesulfonyl-2-(SH-imidazo[4,3-
alisoindol-5-yl)-7-azaspiro[3.5]nonan-1-ol
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N \ methyl 1-hydroxy-2-(5SH-imidazo[4,3-a]isoindol-
' / N N\‘(O S-yl)-8-azaspiro{4.5])decane-8-carboxylate
HO
N/) o
10 1-(1-hydroxy-2-(SH-imidazo[4,3-a]isoindol-5-yl)-
N N\ﬂ/ 8-azaspiro{4.5]decan-8-yl)ethan-1-one
| HO
N’) o
< o
AN
| Nf\é'NHZ
1 Z 0 1-hydroxy-2-(5H-imidazo[4,3-alisoindol-5-yl)-7-
; N - azaspiro[3.5nonane-7-sulfonamide
N/)
I N
= tert-butyl 2"-hydroxy-3'-(5H-imidazof5,1-
12 N—Boc alisoindol-5-yl)-8-azaspiro[bicyclo[3.2.1]octane-
j‘ 3,1'-cyclobutane]-8-carboxylate
NT OH
13 e} 1-hydroxy-2-(SH-imidazo[5,1-a}isoindol-5-yl)-8-
) N O N\ thiaspiro[4.5]decane §,8-dioxide
2
2 [
N-S ., . . _—
14 A F 7-((difluoromethyl)sulfonyl)-2-(5SH-imidazo[5,1-
' N alisoindol-5-yl)-7-azaspiro[3.5}nonan-1-ol
/ /) OoH
N
Q
15 “'T’" (1-hydroxy-2-(SH-imidazo{5,1-a]isoindol-5-yl)-7-
/N azaspiro[3.5]nonan-~7-yl)dimethylphosphine oxide
_ OH
N )
| RN
16 & YQC o 6-(5H-imidazo[$,1-alisoindol-5-yl)-2-
) Vi N d N~ ’\ (methylsulfonyl)-2-azaspiro{3.4]octan-5-ol
N ,/3 O//
N/
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17 /QC 1-(5-hydroxy-6~(5H-imidazo{5, | -a}isoindol-5-yl)-
' N N © 2-azaspiro[3.4]Joctan-2-yl)ethan-1-one
/ J HO \f :
W
o 5-hydroxy-6-(5H-imidazo[5,1-a}isoindol-5-yl)-2-
18 N 123 ot .
N ~g. azaspiro[3.4Joctane-2-sulfonamide
/ ,) HO o’l NH2
N
O/
H 2-methoxyethyl 1-hydroxy-2-(SH-imidazo[5,1-
19 o alisoindol-5-yl)-8-azaspiro[4.5]decane-8-
y g OH N\Kg carboxylate
o
N
' cyclopropyl(l-hydroxy-2-(SH-imidazo{S5,1-
20 alisoindol-5-yl)-8-azaspiro[4.5]decan-8-
N N
A ) HO yl)methanone
N” 0
21 N-57° 2-[[3-hydroxy-2-(5H-imidaze[1,5-blisoindol-5-
/) S o =N yl)-7-azaspiro[3.5]nonan-7-y!Jsulfonyl]acetonitrile
N

tert-butyl 2'-hydroxy-3'-(SH-imidazo[5,1-
22 N—Boc alisoindol-5-y1)-3-azaspiro[bicyclo[3.2.1Joctane-

/N 8,1'-¢yclobutane}-3-carboxylate
&  OH
23 N—a7© 2-(SH-imidazo[1,5-blisoindol-5-y1)-7-(oxetan-3-
) rxi on 2» ylsulfonyl)-7-azaspiro[3.5]nonan-3-ol
N? o
»
24 o NH tert-butyl (1-hydroxy-2-(5SH-imidazo[5,1-
/N g ON aJisoindol-5-yl)spiro[3.5]nonan-~7-yl)carbamate
— OH
N
RS
| / N (2,2-difluorocyclopropyl)(1-hydroxy-2-(SH-
25 N imidazo[5,1-alisoindol-5-yl)-8-
A S HO azaspiro[4.5]decan-8-yl)methanone
2
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— N"- 7
/ N 7 N
. = 2-(5H-imidazo[!,5-b]isoindol-5-y1)-7~(1-
26 N-S=0 methylpyrazol-4-yl)sulfonyl-7-
J /r‘q o azaspiro[3.5]nonan-3-ol
= OH
N
Nen”
y N ‘
’% 2-(5H-imidazo[1,5-bisoindol-5-y1)-7-(1,3,5-
27 N—-S= trimethylpyrazol-4-yl)sulfonyl-7-
770 :
Vi JN o) azaspiro[3.5]nonan-3-ol
= OH
N
N
'S&\ 7-(2,3-dimethylimidazol-4-yl)sul fonyl-2-(SH-
28 N—S= imidazo[1,5-bl}isoindol-5-yl)-7-
770 R
Vi JN o azaspiro[3.5]nonan-3-ol
= OH
N
2-(5H-imidazo[1,5-b}isoindol-5-yl)-7-
29 N-S=g . - v .
/N g isopropylsulfonyl-7-azaspirof3.5]nonan-3-ol
= OH
NG
g
N __ 7-(3,5-dimethylisoxazol-4-yl)sultonyl-2-(SH-
30 _d- imidazof{1,5-blisoindol-5-y1)-7-
/N N 'g‘o azaspiro[3.5]nonan-3-ol
= OH
N
- O~
[N — 0l s .
/ N\ 7-(1,2-dimethylimmdazol-4-ysulfonyl-2-(5H-
31 N-S=o imidazo[l',5-b]isoindol-5-yl)-7-
/ /rl\l i) azaspiro[3.5]nonan-3-o0l
= OH
N
® @N |
32 == = 2-(SH-imidazo{1,5-b]isoindol-5-y1)-7-{(4-methyl-
N N=8=0 3-pyridyl)sulfonyl]-7-azaspiro[3.5nonan-3-0l
o
= OH
N
N
. 2\
/A ==/ |1-[3-hydroxy-2-(5H-imidazo[1,5-b}isoindol-5-yl)-
33 = 7-azaspiro{3.5]nonan-7-yl}-3-(3-pyridyl)propan-1-
N Y one
Z  oH
N
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34

N-[4-[[3-hydroxy-2-(SH-imidazo{1,5-b]isoindol-
5-yl)-7-azaspiro[3.5]nonan-7-yl}sulfonyljphenyl]-
N-methyl-acetamide

»
A

1-[4-{[3-hydroxy-2-(5H-imidazo[1,5-blisoindol-5-
yl)-7-azaspiro[3.5]nonan-7-yl}sutfonyl]-1-
piperidyl]ethanone

36

7-cyclobutylsuifonyl-2-(SH-imidazo{1,5-
blisoindol-5-y1)-7-azaspiro[3.5]jnonan-3-o0l

37

HO

5-[[3-hydroxy-2-(5H-~imidazo[1,5-b}isoindol-5-
y1)-7-azaspiro[3.5]nonan-7-yl]sulfonyl}-1-methyl-
indolin-2-one

38

6,7-dihydro-5SH-pyrazolo[5,1-b][1,3]oxazin-3-yl-
[3-hydroxy-2-(SH-imidazo[1,5-b]isoindol-5-yl)-7-
azaspiro[3.5]nonan-7-ylimethanone

39

N
= OH

1-[2-[3-hydroxy-2-(5SH-imidazo[1,5-b]isoindol-5-
yl)-7-azaspiro[3.5]nonan-7-vl]-2-0x0-
ethylipiperidin-2-one

40

4-{ 3-hydroxy-2-(5H-nmdazo| 1,5-bjisoindol-5-yl)-
7-azaspiro[3.5]nonane-7-carbonyl]-1-methyl-
piperidin-2-one

41

= OH

1-[3-hydroxy-2-(5H-imidazo[1,5-blisoindol-5-yl)-
7-azaspiro[3.5]nonan-7-yl}-2-(1,2,4-triazol-1-
yDpropan-1-one
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N/,,.,: ° N-[2-[3-hydroxy-2-(5H-imidazo[ 1,5-b]isoindol-5-
4?2 ~Q<:/\N yl)-7-azaspiro[3.5]nonan-7-yl}-1-methyl-2-oxo-
/N 0 ethyl}formamide
N OH
cyclopropyl-[3-hydroxy-2-(SH-imidazo{1,5-
43 N blisoindol-5-yl)-7-azaspiro{3.5}nonan-7-
/"N 0 yijmethanone
= OH
yN |
=N 2-(5H-imidazo[1,5-b]isoindol-5-y1)-7-(1-
44 N-S=g methylpyrazol-3-yl)sulfonyl-7-
/ /y‘q o azaspiro[3.5]nonan-3-ol
= OH
N
0]
TN . .
_ [3-hydroxy-2-(5H-imidazo{1,5-b]isoindol-5-yl)-7-
45 N azaspiro[3.5]nonan-7-yl]-tetrahydropyran-4-yi-
/N 0. methanone
o
O
[3-hydroxy-2-(SH-imidazo[1,5-blisoindol-5-y1)-7-
46 N azaspiro[3.5]nonan-7-yl}-tetrahydrofuran-3-yl-
/N o) methanone
= oH
©7  |1-[3-hydroxy-2-(SH-imidazo[1,5-b}isoindol-5-y1)-
47 N—<—J 7-azaspiro{3.5]nonan-7-yl}-3-methoxy-propan-1-
/j’ b o one
N/
cyclobutyl-{3-hydroxy-2-(SH-imidazo{1,5-
48 N blisoindol-5-yl)-7-azaspiro[3.5]nonan-7-
/N 0 yljmethanone
= OH
1-[3-hydroxy-2-(5H-imidazo[ 1,5-b}isoindol-5-yl)-
49 /N N—<O— 7-azaspiro[3.5]nonan-7-yl}propan-1-one
& OH '
O 7
N 4-[3-hydroxy-2-(5H-imidazo[ 1,5-blisoindol-5-yl)-
50 _\N 7-azaspiro[3.5]nonan-7-yl}-N,N-dimethyl-4-oxo-
Vi /I’\l e} butanamide
= OH
N
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1-[3-hydroxy-2-(SH-imidazo[1,5-blisoindol-5-yl)-
7-azaspiro[3.5]nonan-7-yl}-2-tetrahydropyran-4-
yl-ethanone

51

1-[2-[3-hydroxy-2-(SH-imidazo{ 1,5-blisoindol-5-
yl)-7-azaspiro{3.5Jnonan-7-yl}-2-oxo-
ethyl}pyrrolidin-2-one

52

5 OH

N.__O
I 4-[3-hydroxy-2-(5H-imidazo[ 1,5-blisoindol-5-yl)-
53 = N 7-azaspiro[3.5nonane-7-carbonyl]-1-methyl-

N o pyrrolidin-2-one
= oH

1-[3-hydroxy-2-(SH-imidazo[1,5-blisoindol-5-yl)-
7-azaspiro{3.5]nonan-7-y1}-2-(5-methylisoxazol-
3-yl)ethanone

54

1-{3-hydroxy-2-(5H-imidazo{ 1,5-b]isoindol-5-y1)-
7-azaspiro[3.5]nonan-7-yl}-3-(1-methylpyrazol-4-
yl)propan-1-one

55

Z7N
\
bz

OH

N~< 1-[3-hydroxy-2-(5H-imidazo[1,5-blisoindol-5-yl)-

56 7-azaspiro[3.5]nonan-7-yl]ethanone

o 2,2-difluoroethyl (2S5,3R)-3-hydroxy-2-[(5S)-SH-
57 . A imidazo[1,5-bJisoindol-5-y1]-7-
/ S o \ azaspiro[3.5]nonane-7-carboxylate

N-(2,2-difluoroethyl)-3-hydroxy-2-(5H-
o} 2 )
5% 7 “/\(\/—\\,”'"/\/N/\/F immdazo| {,5-bjisomdol-5-yl)-7-
azaspiro{3.5]}nonane-7-carboxamide

PN A X8 . 8-((1H-imidazol-4-yDsulfonyl)-2-(SH-
59 T S VAN \(/JNH imidazo[ 5,1-a}isoindol-5-y1)-8-
j ’ azaspiro[4.5]decan-1-ol
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2,2-difluoroethyl 1-hydroxy-2-(SH-imidazo{5,1-
alisoindol-5-yl)-8-azaspiro[4.5)decane-8-
carboxylate

61

1-[3-hydroxy-2-(5H-imidazo[1,5-blisoindol-5-yl)-
7-azaspiro[3.5]nonane-7-
carbonyl]jcyclopropanecarbonitrile

62

1-[3-hydroxy-2-(SH-imidazo[ 1,5-bJisoindol-S-yl)-
7-azaspiro{3.5]nonan-7-yi}-2-(1 H-tetrazol-5-
yl)ethanone

63

1-[3-hydroxy-2-(5SH-imidazo[1,5-b}isoindol-5-yl)-
7-azaspiro[3.5]nonan-7-yl1}-2-(3-methylisoxazol-
5-yl)ethanone

64

3-[3-bydroxy-2-(5H-imidazo[1,5-b]isoindol-5-yl)-
7-azaspiro[3.5]nonane-7-carbonyl]piperidine-1-
carboxamide

65

=l OH

(1,1-dioxothiolan-3-yl)-[3-hydroxy-2-(5H-
imidazo[1,5-b]isoindol-5-y)-7-
azaspiro[3.5]nonan-7-yl}methanone

66

4-[3-hydroxy-2-(SH-imidazo[1,5-b}isoindol-5-yl)-
7-azaspiro[3.5]nonane-7-carbonyl]piperidine-1-
carboxamide

67

[3-hydroxy-2-(SH-imidazo[1,5-b]isoindol-5-yl)-7-
azaspiro[ 3.5]nonan-7-yl}-(5,6,7 ,8-tetrahydro-
{1,2,4]triazolo[4,3-a]pyridin-6-y)methanone
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-
_ 1-[4-[3-hydroxy-2-(5H-imidazo[ 1,5-b]isoindol-5-
68 N N ’J*o yl)-7-azaspiro[3.5]nonane-7-carbonyl]-1-
nd N\H/O piperidyljethanone
e}
F . - ;.
E 2,2-difluoro-1-[3-hydroxy-2-(5H-imidazo[1,5-
69 N blisoindol-5-yl)-7-azaspiro{3.5]nonan-7-
7 N o) yllethanone
= o
, 3'-(5H-imidazo[5,1-a}isoindol-5-y1)-3-
70 N—S\(—- {(methylsulfonyl)-3-azaspiro[bicyclo[3.2.1]octane-
7 N 8,1'-cyclobutan]-2"-ol
W& oM

or a pharmaceutically acceptable salt thereof, or an enantiomer or diastereoisomer thereof, or a

racemic mixture thereof.

[44]

In one embodiment, the compounds of the invention are

Ex#

Chemical Structure

Chemical Name

1a

NfBOC

tert-butyl (15,2R)-1-hydroxy-2-((R)-5H-
imidazo[$,1-glisoindol~5-y1)-7-
azaspiro[3.5]nonane-7-carboxylate

1b

tert~butyl (1R,25)-1-hydroxy-2-((S)-5H-
imidazo[ 5, [-alisoindol-5-y1)-7-
azaspiro{3.5]nonane-7-carboxylate

2a

tert-butyl (15,25)-1-hydroxy-2-((R)-5SH-
imidazo[$,1-alisoindol-5-y1)-8-
azaspiro[4.5]decane-8-carboxylate

2b

tert-butyl (1R,2R)-1-hydroxy-2-((S)-5H-
imidazo[5,1-a}isoindol-5-y1)-8-
azaspiro[4.5]decane-8-carboxylate

2¢

tert-butyl (1.R,25)-1-hydroxy-2-((S)-SH-
imidazo[5,1-alisoindol-5-yl)-8-
azaspiro[4.5]decane-8-carboxylate
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2d

tert-butyl (15,2R)-1-hydroxy-2-((R)-5H-
imidazo[5, ! -a]isoindol-5-yl)-8-
azaspiro[4.5]decane-8-carboxylate

3a

tert-butyl (5R,65)-5-hydroxy-6-[(55)-SH-
imidazo[1,5-blisoindol-5-yl]-2-
azaspiro[3.4}octane-2-carboxylate

. 3b

1

tert-butyl (55,6R)-5-hydroxy-6-[(5R)-5H
imidazo{1,5-b}isoindol-5-yl]-2-
azaspiro[3.4Joctane-2-carboxylate

3c

tert-butyl (55,65)-5-hydroxy-6-[(5R)-
SHimidazo{1,5-b}isoindol-5-yl}-2-
azaspirof3.4joctane-2-carboxylate

tert-butyl (SR,6R)-5-hydroxy-6-[(55)-
SHimidazo{1,5-b}isoindol-5-yl1}-2-
azaspiro[3.4Joctane-2-carboxylate

3e

tert-butyl (55,65)-5-hydroxy-6-[(55)-
5Himidazo{!,5-b}isoindol-5-yl1]-2-
azaspiro[3.4]octane-2-carboxylate

3f

tert-butyl (5R,6R)-5-hydroxy-6-[(5R)-
SHimidazo{1,5-b}isoindol-5-yl]-2-
azaspiro[3.4]octane-2-carboxylate

3g

tert-butyl (SR,65)-5-hydroxy-6-[(SR)-
SHimidazo[1,5-b}isoindol-5-yl}-2-
azaspiro[3.4]octane-2-carboxylate

3h

tert-butyl (55,6R)-5-hydroxy-6-[(55)-
SHimidazo[1,5-b]isoindol-5-yl}-2-
azaspiro[3.4]octane-2-carboxylate

4a

(15,25)-1-hydroxy-2-[(5R)-5H-imidazo{4,3-
alisoindol-5-y1}-8-azaspiro{4.5]decane-8-
sulfonamide
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(1R,2R)-1-hydroxy-2-[(55)-5H-imidazo[4,3-
4b / alisoindol-5-yl]-8-azaspiro{4.5]decane-8-
/ N N N 0 .
J Ho g7 - sulfonamide
N 0” 2
L f (15,28)-1-hydroxy-2-[(5R)-5H-imidazo[4,3-
4¢ Ni’q:) alisoindol-5-yl]-8-azaspiro[4.5]decane-8-
/N ) Ho N:IS"‘ - sulfonamide
fo) 2
(1R,2R)-1-hydroxy-2-[(55)-5H-imidazo[4,3-
4d - alisoindol-5-yl]-8-azaspirof4.5]decane-8-
4 J HO N sulfonamide
N & NH,
Q\S/,O
s ™ 6-(SH-imidazo[1,5-blisoindol-5-y1
N methylsulfonyl-2-azaspire[3.3]heptan-7-ol
/4 /) OH
N
Q
-8—
6a N o (15,2R)-2-[(5R)-5H~imidazo[4,3-alisoindol-5-yl]-
N " 7-methanesulfonyl-7-azaspiro[3.5]nonan-1-0l
2
N
N 3
6b /«../,QCN iy (1R,25)-2-[(55)-5H-imidazo[4,3-a]isoindol-5-yl}-
N '-b " 7-methanesulfonyl-7-azaspiro[3.5}nonan-1-ol
N/
Q
-8
o) (1R,2R)-2-[(5R)-5H-imidazo{4,3-alisoindol-5-yl]-
6c ! 7-methanesulfonyl-7-azaspiro[3.5Jnonan-1-ol
i S " methanesulfonyl-7-azaspiro[3.5]nonan-1-0
N/
6d (15,28)-2-[(55)-5H-imidazo[4,3-a]isoindol-5-yl}-
7-methanesulfonyl-7-azaspiro{3.5]nonan-1-ol
6 (1R,25)-2-[(5R)-5H-imidazo[4,3-alisoindol-5-yl]-
¢ 7-methanesulfonyl-7-azaspiro{3.5]nonan-1-ol
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6f

o) (18,2R)-2-{(55)-5H-imidazo[4,3-a]isoindol-5-yl]}-
7-methanesulfonyl-7-azaspiro[3.5]nonan-1-ol

(1R,25)-2-[(SR)-5H-imidazo[4,3-alisoindol-5-yl]-
7-methanesulfonyl-7-azaspiro[3.5]nonan-1-ol

6h

(18,2R)-2-[(55)-5H-imidazo{4,3-alisoindol-5-yl]-
7-methanesulfonyl-7-azaspiro[3.5Jnonan-1-0l

7a

(18,285)-8-(methylsulfonyl)-2-((R)-SH-
imidazo[5,1-alisoindol-5-y1)-8-
azaspiro[4.5}decan-1-ol

b

(1R,2R)-8-(methylsulfonyl)-2-((S)-5H-
imidazo[$,1-alisoindol-5-y1)-8-
azaspiro[4.5]decan-1-o0}

Tc

(1R,25)-8-(mmethylsulfonyl)-2-((S5)-5H-
imidazo[5,1-a]isoindol-5-yl)-8-
azaspiro[4.5]decan-1-ol

7d

(15,2R)-8-(methylsulfonyl)-2-((R)-5H-
imidazo{$5,1-a]isoindol-5-y1)-8-
azaspiro{4.5}decan-1-ol

8a

(1S,2R)-7-fluoromethanesulfonyl-2-[(5R)-5H-
imidazo[4,3-a]isoindol-5-y1]-7-
azaspiro[3.5]nonan-1-ol

8b

(1R,28)-7-fluoromethanesulfonyl-2-[(55)-5H-
0 imidazo[4,3-alisoindoi-5-y1]-7-
azaspiro[3.5]nonan-1-o!l
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L, methyl (1R,28)-1-hydroxy-2-[(55)-5H-
9a 7N Vs imidazo[4,3-alisoindol-5-yl]-8-
/ /N HO g azaspiro{4.5]decane-8-carboxylate
N (0]
methyl (15,2R)-1-hydroxy-2-{(SR)-5H-
9b | S imidazo[4,3-alisoindol-5-yl]-8-
/ j HO g azaspiro[4.5]decane-8-carboxylate
N O
s 1-[(1R,25)-1-hydroxy-2-[(5S)-5H-imidazo[4,3-
10a N alisoindol-5-yl]-8-azaspiro[4.5]decan-8-yl]ethan-
/ S HO N\n/ 1-one
N O
l = 1-[(18,2R)- I-hydroxy-2-[(5R)-5H-imidazo[4,3-
10b N A alisoindol-5-yl]-8-azaspiro[4.5)decan-8-yl]ethan-
\/ J Ho \0“/ 1-one
n-§~NHz (15,2R)-1-hydroxy-2-[(5R)-5H-imidazo[4,3-
11a N /o alisoindol-5-yl}-7-azaspiro[3.5]nonane-7-
/ /'j OH sulfonamide
N
9 v
VAR R (1R,25)-1-hydroxy-2-[(5S)-SH-imidazo[4,3~
11b 7 / alisoindol-3-yl]-7-azaspiro[3.5]nonane-7-
/ S OH sulfonamide
N
Q
‘\N,§‘—NH2 (1R,2R)-1-hydroxy-2-[(SR)-5H-imidazo[4,3-
11c © alisoindol-5-yl}-7-azaspiro[3.5]nonane-7-
4 S OH sulfonamide
N
Q
L n-SNH2 (18,25)-1-hydroxy-2-[(55)-5SH-imidazo[4,3-
11d 7 © alisoindol-5-yl}-7-azaspiro[3.5]nonane-7-
4 '\i OH sulfonamide
N{
A v
| P NS NH (1R.25)-1-hydroxy-2-[(5R)-SH-imidazo[4,3-
1le L -/ © a}isoindol-S-yl}-7-azaspiro[3.5]nonane-7-
Iy on sulfonamide
N
3 n-SNH2 (15,2R)-1-hydroxy-2-[(55)-5H-imidazo[4,3-
11f 7 © alisoindol-5-yl}-7-azaspiro[3.5]nonane-7-
4 i{ OH sulfonamide
N
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(o]
| -k
e, b

(1R,2R)-1-hydroxy-2-[(55)-5H-imidazo[4,3-
alisoindol-5-yl]-7-azaspiro[3.5jnonane-7-
sulfonamide

11h

(18,28)-1-hydroxy-2-[(5R)-5SH-imidazo[4,3-
alisoindol-5-yl}-7-azaspiro[3.5]Jnonane-7-
sulfonamide

12a

tert-butyl (1R,2'S,37,3'R,5S)-2"-hydroxy-3'-((R)-
5H-imidazo{$,1-alisoindol-5-yl)-8-
azaspiro[bicyclo{3.2.1]octane-3,1'-cyclobutane]-8-
carboxylate

12b

tert-butyl (1R,2'R,35,3'S,55)-2'-hydroxy-3'-((S)-
5H-imidazo[5, }-a)isoindol-5-y1)-8-
azaspiro[bicyclo[3.2.1]octane-3,1"-cyclobutane]-8-
carboxylate

12¢

tert-butyl (1R,2'S,3r,3'R,55)-2'-hydroxy-3'-({(S)-
5H-imidazo{5,1-alisoindol-5-yl)-8-
azaspirof{bicyclof3.2.1]octane-3,1"-cyclobutane]-8-
carboxylate

12d

tert-butyl (1R,2'R,35,3'S,58)-2"-hydroxy-3"-((R)-
S5H-imidazo[5,1-a)isoindol-5-y1)-8-
azaspiro[bicyclo{3.2.1]octane-3,1'-cyclobutane]-8-
carboxylate

12e

tert-butyl (1R,2'S,3r,3'S,55)-2"-hydroxy-3"-((R)-
SH-imidazo[$,1-aJisoindol-5-y1)-8-
azaspiro[bicyclo{3.2.1]octane-3,1'-cyclobutane]-8-
carboxylate

12f

tert-butyl (1R,2'R,35,3'R,55)-2"-hydroxy-3'-((S)-
SH-imidazo[$,1-a]isoindol-5-yl)-8-
azaspiro[bicyclo[3.2.1]octane-3,1'-cyclobutane]-8-
carboxylate

12g

tert-butyl (1R,2'R,35,3'R,55)-2"-hydroxy-3'-((R)-
SH-imidazo[5,1-a}isoindol-5-yl)-8-
azaspiro[bicyclo[3.2.1]octane-3,1'-cyclobutane]-8-
carboxylate
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12h

tert-butyl (1R,2'S,35,3'S,55)-2'-hydrox y-3'-((S)-
SH-imidazo[5, -a]isoindol-5-yl)-8-
azaspiro[bicyclo[3.2.1]octane-3,1'-cyclobutane]-8-
carboxylate

12i

tert-butyl (1R,2'S,35,3'R,55)-2"-hydroxy-3'-((R)-
5H-imidazo{5,1-ajisoindol-5-yl)-8-
azaspiro[bicyclo[3.2.1]octane-3,1'-cyclobutane]-8-
carboxylate

12j

tert-butyl (1R,2'R,3r,3'S,55)-2"-hydroxy-3'-((S)-
5H-imidazo{$,1-alisoindol-5-yl)-8-
azaspiro[bicyclo[3.2.1]octane-3,1'-cyclobutane]-8-
carboxylate

12k

tert-butyl (1R,2'S,35,3'R,55)-2'-hydroxy-3'-((S)-
5H-imidazo{5,1-a}isoindol-5-yl)-8-
azaspiro[bicyclo[3.2.1]octane-3,1'-cyclobutane]-8-
carboxylate

121

tert-butyl (LR,2'R,3,3'S,58)-2"-hydroxy-3'-((R)-
5H-imidazo[5,1-a}isoindol-5-yl)-8-
azaspiro[bicyclo[3.2.1]octane-3,1'-cyclobutane]-8-
carboxylate

12m

tert-butyl (1R,2'S,35,3'S,5.5)-2"-hydroxy-3"-((R)-
5H-imidazo[5,1-a}isoindol-5-y1)-8-
azaspiro{bicyclo[3.2.1]octane-3,1'-cyclobutane]-8-
catboxylate

13a

(1R,28)-1-hydroxy-2-((S)-5H-imidazo[5,1-
alisoindol-5-yl)-8-thiaspiro[4.5]decane 8,8-
dioxide

13b

(18,2R)-1-hydroxy-2-((R)-5H-imidazo}3,1-
alisoindol-5-yl)-8-thiaspiro[4.5]decane 8,8-
dioxide

14a

(1§,2R)-7-difluoromethanesulfonyl-2-[(5R)-5H-
imidazo(4,3-ajisoindol-5-yl]-7-
azaspiro[3.5]nonan-1-ol
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14b

(1R,28)-7-difluoromethanesulfonyl-2-[(5S)-5H-
imidazo[4,3-a}isoindol-5-y1]-7-
azaspiro[3.5]nonan-1-ol

152

(25,3R)-7-dimethylphosphoryl-2-[(55)-5H-
imidazo[1,5-blisoindol-5-yl1]-7-
azaspiro[3.5]nonan-3-o!l

15b

(2R,35)-7-dimethylphosphoryl-2-[(5R)-5H-
imidazo[1,5-b}isoindol-5-yi]-7-
azaspiro[3.5]nonan-3-o0l

16

(5R,6R)-6-[(5R)-SH-imidazo[4,3-alisoindol-5-y1}-
2-methanesulfonyl-2-azaspiro[3.4]octan-5-ol

17a

1-((5R,6R)-5-hydroxy-6-((R)-5H-imidazo[5,1-
alisoindol-5-yl)-2-azaspiro[3.4Joctan-2-yl)ethan-
1-one

18a

(5R,6R)-5-hydroxy-6-((R)-SH-imidazo[5,1-
ajisoindol-5-yl)-2-azaspiro[3.4]octane-2-
sulfonamide

19a

2-methoxyethyl (35,4R)-4-hydroxy-3-[(55)-5H-
imidazo[1,5-b}isoindol-5-y1]-8-
azaspiro[4.5]decane-8-carboxylate

20a

cyclopropyl-[(3S,4R)-4-hydroxy-3-[(55)-5H-
imidazol[1,5-b]isoindol-5-yl]-8-
azaspiro{4.5]decan-8-yl}methanone

21a

2-[[3-hydroxy-2-(5H-imidazo[1,5-b]isoindol-5-
yl)-7-azaspiro[3.5]nonan-7-yl}sulfonyl]acetonitrile

21b

(2S,3R)- 2-{[3-hydroxy-2-((5S)-SH-imidazo[1,5-
blisoindot-5-yl)-7-azaspiro[3.5]nonan-7-
yllsulfonyl]acetonitrile
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21c¢

(2R,3S)- 2-[[3-hydroxy-2-((5R)-5H-imidazo[1,5-
blisoindol-5-yl)-7-azaspiro[3.5]nonan-7-
yllsulfonyl]acetonitrile

22a

N-Boc

= OH

tert-butyl (2'S,3'R)-2'-hydroxy-3'-((R)-5H-
imidazol5,1-a]isoindol-5-y1)-3-
azaspiro{bicyclo[3.2.1]octane-8,1'-cyclobutane]-3-
carboxylate

22b

tert-butyl (2'R,3'S)-2'-hydroxy-3'-((S)-5H-
imidazo($5,1-alisoindol-3-yl)-3-
azaspiro[bicyclo[3.2.1]octane-8,1'-cyclobutane]-3-
carboxylate

22¢

tert-butyl (2'S,3'R)-2'-hydroxy-3'-((S)-5SH-
imidazo[5,1-a}isoindol-5-y1)-3-
azaspiro[bicyclo[3.2.1]octane-8,1'-cyclobutane]-3-
carboxylate

22d

tert-butyl (2'R,3'$)-2'-hydroxy-3'-((R)-5H-
imidazo[5,1-a}isoindol-5-yl)-3-
azaspiro[bicyclo{3.2.1]octane-8,1'-cyclobutane]-3-
carboxylate

22e

tert-butyl (2'S,3'S)-2'-hydroxy-3'-((R)-5H-
imidazo[5,1-a}isoindol-5-y1)-3-
azaspirofbicyclo[3.2.1]octane-8,1'-cyclobutane}-3-
carboxylate

22f

tert-butyl (2'R,3'R)-2'-hydroxy-3'-((S)-5H-
imidazo[5,1-a}isoindol-5-yi)-3-
azaspiro[bicyclo[3.2.1]octane-8,1 -cyclobutane]-3-
carboxylate

22g

tert-butyl (2'R,3'R)-2'-hydroxy-3'-((R)-5H-
imidazo[5,1-alisoindol-5-y1)-3-
azaspiro[bicyclo[3.2.1]octane-8,1'-cyclobutane]-3-
carboxylate

22h

tert-butyl (2'S,3'S)~2'-hydroxy-3'-((S)-5SH-
imidazo[5,1-a}isoindol-5 yl) 3
azaspiro[bicyclo[3.2.1]octane-8,1'-cyclobutane]-3-
carboxylate

78 /) OH 0

2-(SH-imidazo[1,5-bJisoindo!-5-y1)-7-(oxetan-3-
ylsulfonyl)-7-azaspiro{3.5]nonan-3-ol




WO 2019/005559

PCT/US2018/038508

23b

(2R, 3S)-2-((5S)5H-imidazo[ 1,5-b}isoindol-5-yl)-
7-(oxetan-3-ylsulfonyl)-7-azaspiro[3.5]nonan-3-0l

23¢

(28,3R)-2-[(5S)-5H-imidazo[1,5-blisoindol-5-yl]-
7-(oxetan-3-ylsulfonyl)-7-azaspiro[3.5]nonan-3-ol

24a

tert-butyl ((/R, 2R, 4s,75)-1-hydroxy-2-((R)-5H-
imidazo($5,1-a]isoindol-5-yl)spiro[3.5]nonan-7-
yl)carbamate

24b

tert-butyl ((1S,2S,4s,7R)-1-hydroxy-2-((S)-5H-
imidazo(5,1-a}isoindol-5-yl)spiro{3.5]nonan-7-
yl)carbamate

24c¢

tert-butyl ((/R, 2R, 4r, 7R)-1-hydroxy-2-((S)-3H-
imidazo[5,1-a]isoindol-5-yi)spiro{3.5nonan-7-
yl)carbamate

24d

tert-butyl ((/R, 28,45, 75)-1-hydroxy-2-((R)-SH-
imidazo[$,1-a}isoindol-5-yl)spiro[3.5]nonan-7-
yDcarbamate

24e

tert-butyl ((1S,2R,4s,7R)-1-hydroxy-2-((S)-5H-
imidazo[5,1-a]isoindol-5-yl)spiro[3.5]nonan-7-
yDcarbamate

241

tert-butyl ((1R,2S,4r, 7R)-1-hydroxy-2-((R)-5H-
imidazo($5,1-a]isoindol-5-yl)spiro{3.5]nonan-7-
yl)carbamate

24¢g

tert-butyl ((1S,2R,4r,7S)-1-hydroxy-2-((S)-5H-
imidazo[$,1-a)isoindol-5-yl)spiro{3.5nonan-7-
yDcarbamate
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tert-butyl ((1S,28,4r,7S)-1-hydroxy-2-((R)-SH-
imidazo[S,1-a)isoindol-5-yl)spiro[3.5]nonan-7-
yl)carbamate

24h

., NH tert-butyl ((1R,2R 4r,7R)-1-hydroxy-2-((S)-5H-
24j ﬂQQ‘ o imidazo[$5,1-a)isoindol-5-yl)spiro{3.5]nonan-7-
/N . ,\\1 & J )T yl)carbamate

24j an imidazo[$,1-alisoindol-5-yl)spiro[3.5]nonan-7-

A, \(<;>_NH tert-butyl ((18,28,4s,7R)-1-hydroxy-2-((S)-5H-
4 '} OH 0/>_ 7? yhcarbamate

tert-butyl ((18.,28,4s, 7R)-1-hydroxy-2-((S)-5H-
‘QO N imidazol[$5,1-a]isoindol-5-yl)spiro[3.5]nonan-7-

/N 3 om o X ylcarbamate

24k

tert-butyl ((1R,2S, 4s,75)-1-hydroxy-2-((S)-5H-
imidazo[5,1-a]isoindol-5-yl)spiro{3.5]nonan-7-
yDcarbamate

241

tert-butyl ((1R,28S,4r,7R)-1-hydroxy-2-((R)-5H-
imidazo[$,1-alisoindol-S-y1)spiro[3.5]nonan-7-
yl)carbamate

24m

tert-butyl ((/S,2R,4r, 75)-1-hydroxy-2-((S)-SH-
imidazo(5,1-a)isoindol-5-yl)spiro[3.5]nonan-7-
yhcarbamate

24n

A tert-butyl ((18,25,41,75)-1-hydroxy-2-((S)-SH-
240 e ' o imidazo[5,1-alisoindol-5-yl)spiro[3.5]nonan-7-

/N o) yl)carbamate
= OH
e N

tert-butyl ((1S,2R,4s,7R)-1-hydroxy-2-((R)-5H-
imidazo[5,1-a)isoindol-5-yl)spiro{3.5]nonan-7-

N e arbamate
7 B o é K— yl)carbamate
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X
I P> .., ; F F
25a N' . Nj}
/i 5~
/) HO i}

(($)-2,2-diftuorocyclopropyl)((1R,25)-1 -hydroxy-
2-((S)-5H-imidazo[5,1-a}isoindol-5-y1)-8-
azaspiro{4.5]decan-8-yl)methanone

25b m;
) HO

((R)-2,2-difluorocyclopropyl)((1R,2S5)-1-hydroxy-
2-((S)-SH-1midazo[S,1-alisoindol-5-y1)-8-
azaspiro[4.5]decan-8-yl)methanone

26
/ S OH T\,\N

2-(SH-imidazo[ {,5-blisoindol-5-y1)-7-(1-
methylpyrazol-4-yl)sulfonyl-7-
azaspiro[3.5nonan-3-ol

27

2-(5SH-imidazo[1,5-bJisoindol-5-y1)-7-(1,3,5-
trimethylpyrazol-4-yl)sulfonyl-7-
azaspiro[3.5]nonan-3-ol

28

(1R,28)-2-((S)-5H-imidazo[$,1-a]isoindol-5-y1)-7-
((1,3,5-trimethyl-1H-pyrazol-4-yl)sulfonyl)-7-
azaspiro[3.5]nonan-1-ol

29

(1R,28)-2-((S)-5H-imidazo[5,1-a)isoindol-5-yl)-7-
(isopropylsulfonyl)-7-azaspiro[3.5]nonan-1-ol

30

(1R,28)-7-((1,2-dimethyl-1 H-imidazol-4-
yDsulfonyl)-2-((S)-5H-imidazo[5,1-a}isoindol-5-
y1)-7-azaspiro[3.5]nonan-1-o0}l

31

(1R,28)-7-((3,5-dimethylisoxazol-4-yl)sulfonyl)-
2-((S)-SH-imidazo{$,1-a}isoindol-5-y1)-7-
azaspiro[3.5]nonan-1-ol

32 ¥ "\\><DN—S=
VAR £o

(1R,28)-2~((S)-5H-imidazo[5,-aJisoindol-5-y1)-7-
((4-methylpyridin-3-yl)sulfonyl)-7-
azaspiro[3.5]nonan-1-ol

T O

1-((1R,2S)-1-hydroxy-2-((S)-5H-imidazo[5,1-
ajisoindol-5-yl)-7-azaspirof3.5]nonan-7-y1)-3-
(pyridin-3-yl)propan-1-one
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34

N-(4-(((1R,2S)-1-hydroxy-2-({S)-SH-imidazo(5,1-
aJisoindol-5-yl)~7-azaspirof3.5]nonan-7-
yl)sulfonyl)phenyl)-N-methylacetamide

35

1-(4-(((1R,2S)-1-hydroxy-2-((S)-5H-imidazo[5,1-
alisoindol-5-yl1)-7-azaspiro{3.5]nonan-7-
yDsulfonyl)piperidin-1-yl)ethan-1-one

36

(1R,28)-7-(cyclobutylsulfonyl)-2-((S)-5H-
imidazo[5,1-a}isoindol-5-y})-7-
azaspiro[3.5]nonan-1-ol

37

5-(((1R,28)-1-hydroxy-2-((S)-5H-imidazo{5,1-
ajisoindol-5-yl)-7-azaspiro{3.5]nonan-7-
yhsulfonyl)- I-methylindolin-2-one

38

(6,7-dihydro-5H-pyrazolof5,1-b][1,3]oxazin-3-
yD((1R,2S)-1-hydroxy-2-((S)-SH-imidazo[5,1-
a)isoindol-5-yl)-7-azaspiro[3.5]nonan-7-
yDmcthanonc

39

1-(2-((1R,2S)-1-hydroxy-2-((S)-5H-imidazo{5,1-
a}isoindol-5-yl)-7-azaspiro[3.5]nonan-7-yl)-2-
oxoethylpiperidin-2-one

40

4-((1R,2S)-1-hydroxy-2-((S)-5H-imidazo[5,1-
a}isoindol-5-yl)-7-azaspiro[3.5]nonane-7-
carbonyl)-1-methylpiperidin-2-one

41

1-((1R,28)-1-hydroxy-2-((S)-5SH-imidazo[5.1-
a}isoindol-5-yl)-7-azaspiro[3.5]nonan-7-yl)-2-
(1H-1,2,4~triazol-1-yl)propan-1-one

42 o

N-(1-((1R,28)-1-hydroxy-2-((S)-5H-imidazo[5,1-
alisoindol-S-yl)-7-azaspiro[3.5]nonan-7-yl)-1-
oxopropan-2-yl)formamide

43

cyclopropyl((1R,2S)-1-hydroxy-2-((S)-5H-
imidazo(5,1-a}isoindol-5-yt)-7-
azaspiro[3.5]nonan-7-yl)methanone
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44

(1R,2S)-2-((S)-5H-imidazo(5, 1 -a}isoindol-5-yl)-7-
((1-methyl-1H-pyrazol-3-ylsulfonyl)-7-
azaspiro[3.5jnonan-1-ol

45

((1R,2S)-1-hydroxy-2-((S)-SH-imidazo{5,1-
aisoindol-5-y1)-7-azaspirof3.5]nonan-7-
yl)(tetrahydro-2H-pyran-4-yl)methanone

46

((1R,28)-1-hydroxy-2-((S)-5SH-imidazo{5,1-
a)isoindol-5-yl)-7-azaspiro{3.5nonan-7-
yl)(tetrahydrofuran-3-yl)methanone

47

1-((1R,2S)-1-hydroxy-2-((S)-5H-imidazo(5,1-
a)isoindol-S-yl)-7-azaspiro[3.5]nonan-7-yl)-3-
methoxypropan-1-one

48

cyclobutyl((1R,2S)-1-hydroxy-2-((S)-5H-
imidazo[5,1-ajisoindol-5-y})-7-
azaspiro[3.5]nonan-7-yl)methanone

49

1-((1R,2S)-1-hydroxy-2-((S)-5SH-imidazo{5,1-
a)isoindol-5-yl)-7-azaspiro{3.5]nonan-7-
ylpropan-1-one

50

4-((1R,28)-1-hydroxy-2-((S)-5H-imidazo{5,1-
a}isoindol-5-yl)-7-azaspiro[3.5]nonan-7-y1)-N,N-
dimethyl-4-oxobutanamide

51

1-((1R,2S)-1-hydroxy-2-((S)-5H-imidazo{5,1-
ajisoindol-5-yl)-7-azaspiro[3.5]nonan-7-yl)-2-
(tetrahydro-2H-pyran-4-ylethan-1-one

52

1-(2-((1R,28)-1-hydroxy-2-({S)-5H-1mdazo| 5,1 -
a)isoindol-5-yl1)-7-azaspiro[3.5]nonan-7-yl)-2-
oxoethyl)pyrrolidin-2-one

53

4-((1R,28)-1-hydroxy-2-((S)-5H-imidazo(5,1-
ajisoindol-5-yl1)-7-azaspiro{3.5}nonane-7-
carbonyl)-1-methylpyrrolidin-2-one
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1-((1R,2S)-1-hydroxy-2-((S)-SH-imidazo[5,1-
alisoindol-5-yl)-7-azaspiro[3.5]nonan-7-yl)-2-(5-
methylisoxazol-3-yl)ethan-1-one

54

1-((1R,2S)-1-hydroxy-2-((S)-SH-imidazo{5,1-
alisoindol-5-yl)-7-azaspiro[3.5]nonan-7-yl)-3-(1-
methyl-1H-pyrazol-4-yl)propan-1-one

1-((1R,2S)-1-hydroxy-2-((S)-5H-imidazo(5,1-
alisoindol-5-y1)-7-azaspiro[3.5]nonan-7-yl)ethan-
1-one

56

2,2-difluoroethyl (1R,28)-1-hydroxy-2-((S)-5H-
imidazo($5,1-a}isoindol-5-y1)-7-
azaspiro[3.5]nonane-7-carboxylate

57

(1R,25)-N-(2,2-difluoroethyl)- 1 -hydroxy-2-((S)-
5H-imidazo[5.1-a]isoindol-5-y1)-7-
azaspiro[3.5]nonane-7-carboxamide

(1R,2S)-8-((1H-imidazol-4-yl)sulfonyl)-2-((S)-
5H-imidazo[5,1-a}isoindol-5-y1)-8-
azaspiro{4.5]decan-1-o0}

59

2,2-difluoroethy! (35,4R)-4-hydroxy-3-[(55)-SH-
imidazo[1,5-b}isoindol-5-yl]-8-
azaspiro[4.5]decane-8-carboxylate

60

1-((1R,2S)-1-hydroxy-2-((S)-5H-imidazo{5,1-
alisoindol-5-yl)-7-azaspiro{3.5]nonane-7-
carbonyl)cyclopropane-1-carbonitrile

61

1-((1R,2S)-1-hydroxy-2-((S)-SH-imidazo{5,1-
a}isoindol-5-yl)-7-azaspirof3.5]nonan-7-yl)-2-
(1H-tetrazol-5-yl)ethan-1-one

62

1-((1R,2S)-1-hydroxy-2-((S)-5H-imidazo{5,1-
a]isoindol-5-yl)-7-azaspiro[3.5}nonan-7-yl)-2-(3-
methylisoxazol-5-yl)ethan-1-one

63

3-((1R,2S)-1-hydroxy-2-((S)-5SH-imidazo{5,1-
alisoindol-5-yl)-7-azaspiro[3.5]nonane-7-
carbonyl)piperidine-1-carboxamide

64
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(1,1-dioxidotetrahydrothiophen-3-y1)((1R,28)-1-

65 hydroxy-2-((S)-5H-imidazo[5,1-a]isoindol-5-yl)-
7-azaspiro[3.5Inonan-7-yl)methanone
4-((1R,2S)-1-hydroxy-2-((S)-SH-imidazo[5,1-
66 a}isoindol-5-yl)-7-azaspiro[3.5]nonane-7-
carbonyl)piperidine-1-carboxamide
((1R,28)-1-hydroxy-2-((S)-SH-imidazo[5,1-
67 alisoindol-5-yl)-7-azaspiro[3.5]nonan-7-
y1)(5,6,7,8-tetrahydro-[ 1,2 4]triazolo[4,3-
a]pyridin-6-yl)methanone
1-(4-((1R,2S)-1-hydroxy-2-(( S)-5H-imidazo[5,1-
68 a}isoindol-5-yl)-7-azaspiro[3.5]nonane-7-
carbonyl)piperidin-1-yl)ethan-1-one
2 2-difluoro-1-((1R,2S)-1-hydroxy-2-((S)-5H-
69 imidazo{5,1-a}isoindol-5-y)-7-
azaspiro[3.5]nonan-7-yl)ethan-1-one
(2'R,3'R)-3'-((R)-5H-imidazo[ 5, 1-alisoindol-5-yl)-
70 3-(methylsulfonyl)-3-
azaspiro[bicyclo[3.2.1]octane-8,1"-cyclobutan]-2'-
ol
or a pharmaceutically acceptable salt thereof.
{45} In another embodiment, the compounds of the invention are

tert-butyl (1R,25)-1 -hydrox)/-2-((53-5H—imidazo[5,1-a]isoindol-S-y'l)—7-azaspiro[3.5]nonane-7-

carboxylate

tert-butyl (1R,25)-1-hydroxy-2-((S)-5H-imidazo[5,1-a}isoindol-5-yl)-8-azaspiro[4. 5]decane-8-

carboxylate

tert-butyl (55,6R)-5-hydroxy-6-[(SR)-5SH-imidazo[ ,5-blisoindol-5-yl]-2-azaspiro{3.4]Joctane-2

carboxylate

(1R 2R)-1-hydroxy-2-[(5S)-SH-imidazo[4,3-alisoindol-5-yl]-8-azaspiro [4.5]decane-8-

sulfonamide

(1 S,2R)-2-[(55)-5H-imidazo[4,3-a]isoindol-5-yl]—7-methanesul.fonyl—7-azaspiro[3.S]nonan-l -ol
(1R,28)-7-fluoromethanesulfonyl-2-[(5S5)-5H-imidazo[4,3 -alisoindol-5-yl]-7-

azaspiro[3.5]nonan-1-ol

(18,2R)-1-hydroxy-2-[(5S)-5H-imidazo[4,3-a}isoindol-5-y1] ~7-azaspiro[3.5Jnonane-7-

sulfonamide
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(5R,6R)-6-[(5R)-5H-imidazo[4,3-dlisoindol-5-yl]-2-methanesulfonyl-2-azaspiro[3.4]octan-5-ol
2-methoxyethyl (3S,4R)-4-hydroxy-3-[(55)-5H-imidazo[1,5-b]isoindol-5-y1]-8-
azaspiro[4.5]decane-8-carboxylate

cyclopr.opyl-[(38,4R)—4-hydroxy—3-[(5S)—5H~imidazo[1,S*b]isoindo]~5~yl]-8—azasp.iro[4.5]dccan~
8-ylJmethanone

(2S,3R)- 2-{[3-hydroxy-2-((5S)-5H-imidazo[1,5-b]isoindol-5-y1)-7-azaspiro[3.5]nonan-7-
yl]sulfonyl]acetonitrile

tert-butyl (2'R,3'R)-2"-hydroxy-3'-((S)-5H-imidazo{5, 1 -aJisoindol-5-y1)-3-
azaspiro[bicyclo[3.2.1]octane-8,1'-cyclobutane]-3-carboxylale

tert-butyl (2'R,3'R)-2'-hydroxy-3'-((R)-5H-imidazo[5,1-a)isoindol-5-y1)-3-
azaspiro[bicyclo[3.2.1]Joctane-8,1'-cyclobutane]-3-carboxylate

(2S,3R)-2-[(5S)-5H-imidazo[ 1,5-b]isoindol-5-yl]-7-(oxetan-3-ylsulfonyl)-7-azaspiro[3.5]nonan-
3-ol

tert-butyl ((1R,28,4r,7R)-1-hydroxy-2-((R)-5H-imidazo[5,1-a}isoindol-5-yl)spiro[3 .5}nonan-7-
ylcarbamate

((8)-2,2-difluorocyclopropyl)((1R,25)-1-hydroxy-2-((S)-SH-imidazo(5,1-a] isoindol-5-y1)-8-
azaspiro{4.5 |decan-8-yl)methanone

2-(5H-imidazo[1,5-blisoindol-5-y1)-7-(1,3,5-trimethylpyrazol-4-yhsulfonyl-7-
azaspiro[3.5]nonan-3-o}

(1R,28)-2-((S)-5H-imidazo[$,1-a)isoindol-5-y1)-7-((1,3 ,3-trimethyl-1H-pyrazol-4-yl)sulfonyl)-
7-azaspiro[3.5]nonan-1-ol

(1R,2S)-2-((S)-5H-imidazo(5,1 -a)isoindol-5-yl)-7-(isopropylsulfonyl)-7-azaspiro[3.5]nonan-1-ol

(1R,2S)-2-((S)-SH-imidazo[5,1 -a}isoindol-5-y1)-7-((4-methylpyridin-3-yhsulfonyl)-7-
azaspiro[3.5]nonan-1-ol

N-(4-(((1R,28)-1-hydroxy-2-((S)-5H-imidazo[5,1 -a}isoindol-5-yl)-7-azaspiro{3.5]nonan-7-
yDsulfonyl)phenyl)-N-methylacetamide

(1R,28)-7-(cyclobutylsutfonyl)-2-((S)-5H-imidazo{5,1 -a}isoindol-5-yl)-7-azaspiro[3.5]nonan-1-
ol 4

(1R,'2S)-2-((S)—5H—imidazo[5,1-a]isoindol-S-yl)—?-((l -methyl-1H-pyrazol-3-yl)sulfonyl)-7-
azaspiro[3.5]nonan-1-ol

2,2-difluoroethyl (1R,2S)-1-hydroxy-2-((S)-5H-imidazo[5,1-alisoindol-5-y1)-7-
azaspiro[3.5]nonane-7-carboxylate

2,2 diftuoroethyl (35,4R)-4-bydroxy-3-[(5S5)-5H-imidazo[1,5-b]isoindol-5-yl}-8~
azaspiro[4.5]decane-8-carboxylate

or a pharmaceutically acceptable salt thereof.

[46] In another embodiment, the compounds of the invention arc

“tert-butyl (1R,28)-1-hydroxy-2-((S)-5H-imidazo{5,1 -alisoindol-5-yl)-7-azaspiro[3.5|nonane-7-

carboxylate

(15,2R)-2-[(55)-5H-imidazo[4,3-alisoindol-5-yl]-7-methanesulfonyl-7 -azaspiro[3.5]nonan-1-ol

(1R,28)-7-fluoromethanesulfonyl-2-[(5S)-5H-imidazo[4,3 -alisoindol-5-yl]-7-
azaspiro[3.5]nonan-1-ol
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tert-butyl (2'R,3'R)-2'-hydroxy-3'-((R)-5H-imidazo[ 5,1 -a]isoindol-5-y1)-3-
azaspiro[bicyclo[3.2.1]octane-8,1'-cyclobutane]-3-carboxylate

(2S,3R)-2-[(5S)-5H-imidazo[1 ,5-b]isoindol-S-'yl]-7-(oxetan-3-ylsultbnyl)—7-azaspiro[3.S]nonan-
3-ol

tert-butyl ((1R,2S,4r,7R)-1-hydroxy-2-((R)-5H-imidazo[5,1-a}isoindol-5-yl)spiro[3.5Jnonan-7-
yl)carbamate '

((8)-2,2-diftuorocyclopropyl)((1R,2S)-1-hydroxy-2-((S)-5H-imidazo[ 5,1 -a}isoindol-5-yl)-8-
azaspiro[4.5}decan-8-yl)methanone

2-(SH-imidazo[1,5-blisoindol-5-y1)-7-(1,3,5-trimethylpyrazol-4-yl)sulfonyl-7-
azaspiro[3.5]nonan-3-ol

(1R,28)-2-((S)-5H-imidazo[5,1-a]isoindol-5-yl)-7-((4-methylpyridin-3-yl)sulfonyl)-7-
azaspiro[3.5]nonan-1-o0l

N-(4-(((1R,2S)-1-hydroxy-2-((S)-SH-imidazo[5,1-a}isoindol-5-yl)-7-azaspiro[3.5]nonan-7-
yl)sulfonyl)phenyl)-N-methylacetamide

(1R,2S)-7-(cyclobutylsul fonyl)-2-((S)-5H-imidazo[5, 1-a]isoindol-5-yl)-7-azaspiro[3.5]nonan-1-
ol

2,2-difluoroethyl (38,4K)-4-hydroxy-3-[(55)-5H-imidazo{1,5-b]isoindol-5-yl}-8-
azaspiro[4.5]decane-8-carboxylate ‘ :

or a pharmaceutically acceptable salt thereof.

{47} In another embodiment, the compounds of the invention are
48] In another embodiment, the compounds of the invention are
[49] The invention further comprises subgenera of formula (I}, in which the structure of

any of formulae (1), (Ia) - (Ii), (), (11a) - (p), (111), (I[fa) - ({IIp) comprising the structural

element
(R, —

b

a ¢

I wd
N 2
having the stereoisomeric configuration of any of configurations 1 - 27 below, wherein the
stereochemistry of chiral center (labeled “a,” “b,” and *c” above) is designated as racemic (“-”),
“S,” or “R™:

[50] Structural Formula [ is one of stercoisomeric configurations (1) - (27):
Configuration Configuration Configuration Configuration
Number Structure Number Structure

(R3), (R?), o
1 2 N a 3
/ J HO
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Configuration Configuration Coufiguration Configuration
Number Structure Number Structure
3 11
4 12
(Rz)n b (Rz)n b
5 13
6 14
(R?),
7 15
(R3), (R,
8 16
(R?), b;"% (R?),
9 - 17
(R,
10 18
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Configuration Configuration Configuration Configuration
Number Structure Number Structure
Rt ), b)*
19 ) NW 24
HO
N/) N
2 \/3% 2 o~
(R%)n 2 b;‘s (R)n P b
20 ) Nm 25
3 HO
(R?),
21 26
(R3),
22 27
(R?),
23
151] In one embodiment, the compounds of the disclosure have a stereoconfiguration of
configuration 1,7, §, 15, 16 or 19-22.
{52} In another embodiment, the compounds of the disclosure have a stereoconfiguration
of configuration 2, 9, 10, 17, 18 or 23-26.
[53] In another embodiment, the compounds of the disclosure are in the

stereoconfiguration uf cuitfiguation 19 or configuration 20.

154] In one embodiment, the compounds of the disclosure are in the stereoconfiguration of
configuration 20.

{55] In another embodiment, the compounds of the disclosure are in the
stereoconfiguration of configuration 19.

[56] In another aspect, the present disclosure provides each of compounds 1-70 in each of

stereoisomeric configurations 1-27. For example:

No. |Con. No. [Con. No. {Con. No. {Con. No. {Con. No. |Con.

1 1 1 2 i 3 1 4 1 S 1 6
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No. {Con. No. |Con. No. {Con. No. {Con. No. {Con. No. {Cen.
1 7 3 2 4 24 6 19 8 14 10 9
1 8 3 3 4 25 6 20 8 15 10 | 10
1 9 3 4 4 26 6 21 8 16 10 | 11
1 10 3 5 4 27 6 22 8 17 10 | 12
1 11 3 6 5 1 6 23 8 18 10 | 13
1 12 3 7 5 2 6 24 8 19 10 | 14
1 13 3 8 5 3 6 25 8 20 10 | 15
1 14 3 9 5 4 6 26 8 21 10 | 16
1 15 3 10 5 5 6 27 8 22 10 | 17
1 16 3 11 5 6 7 1 8 23 10 | 18
1 17 3 12 5 7 7 2 8 24 10 | 19
1 18 3 13 5 8 7 3 8 25 10 | 20
1 19 3 14 5 9 7 4 8 26 10 | 21
1 20 3 15 5 10 7 5 8 27 10 | 22
1 21 3 16 5 11 7 6 9 1 10 | 23
1 22 3 17 5 12 7 7 9 2 10 | 24
1 23 3 18 5 13 7 8 9 3 10 | 25
1 24 3 19 5 14 7 9 9 4 10 | 26
1 25 3 20 5 15 7 10 9 5 10 | 27
1 26 3 21 5 16 7 11 9 6 11 1
1 27 3 22 5 17 7 12 9 7 11 2
2 1 3 23 5 18 7 13 9 8 | §1 3
2 2 3 24 5 19 7 14 9 9 11 4
2 3 3 25 5 20 7 15 9 10 11 5
2 4 3 26 5 21 7 16 9 11 11 6
2 5 3 27 5 22 7 17 9 12 11 7
2 6 4 1 5 23 7 18 9 13 11 8
2 7 4 2 5 24 7 19 9 14 11 9
2 8 4 3 5 25 7 20 9 15 i1 10
2 9 4 4 5 26 7 21 9 16 11 | 11
2 10 4 5 5 27 7 22 9 17 11 12
2 11 4 6 6 1 7 23 9 18 11 |13
2 12 4 7 6 2 7 24 9 19 11 14
2 13 4 8 6 3 7 25 9 20 11 15
2 14 4 9 6 4 7 26 9 21 11 | 16
2 15: 4 10 6 5 7 27 9 22 11 17
2 16 4 11 6 6 8 1 9 23 11 | 18
2 17 4 12 6 7 8 2 9 24 11 | 19
2 18 4 13 6 8 8 3 9 25 11 | 20
2 19 4 14 6 9 8 4 9 26 11 | 21
2 20 4 15 6 10 8 5 9 27 11 | 22
2 21 4 16 6 11 8 6 10 1 11 | 23
2 22 4 17 6 12 8 7 10 2 11 | 24
2 23 4 I8 6 13 8 8 10 3 11 | 25
2 24 4 19 6 14 8 9 10 4 11 | 26
2 25 4 20 6 15 8 10 10 5 11 | 27
2 26 4 21 6 16 8 11 10 6 12 1
2 27 4 22 6 17 8 12 10 7 12 2
3 1 4 23 6 18 8 13 10 8 12 3
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No. |Con. No. |Con No. {Con. No. {Con. No. |Con. No. |Con.
2 | 4 13 [ 26 15 | 21 17 | 16 19 [ 11 21 | 5

1215 13 |27 15 | 22 17 [ 17 19 [12 21 | 6

2 |6 14 | 1 15 | 23 17 [ 18 19 |13 21 | 7

2 |7 14 |2 15 [ 24 17 [ 19 19 |14 21 | 8

12 | 8 14 | 3 15 | 25 17 | 20 19 [ 15 21 | 9

2 |9 14 | 4 15 | 26 17 | 21 19 [ 16 21 [ 10
12 [ 10 14 | 5 15 | 27 17 | 22 19 [ 17 51 111
12 |11 14 | 6 16 | 1 17 | 23 19 |18 TREY
2 |12 14 | 7 16 | 2 17 | 24 19 [ 19 THEE
2 [ 13 14 | 8 16 | 3 17 | 25 19 |20 1T 1a
12 | 14 14 | 9 16 | 4 17 | 26 19 | 21 THBG
12 |15 14 | 10 16 | 5 17 [ 27 19 |22 5T T 16
12 | 16 14 | 11 16 | 6 18 | 1 19 |23 TRRE
12 | 17 14 [ 12 16 | 7 18 | 2 19 | 24 TRBE
12 | 18 14 | 13 6 | 8 18 [ 3 19 | 25 TRBT
12 |19 14 | 14 16 | 9 18 | 4 19 | 26 5155
12 | 20 14 | 15 16 | 10 18 | 5 19 [ 27 TRET
12 | 21 14 | 16 6 | 11 18 | 6 20 | 1 RS
2 | 22 14 |17 16 | 12 18 | 7 20 | 2 S5
12 | 23 14 |18 16 | 13 18 | 8 20 | 3

12 | 24 14 | 19 16 | 14 18 | 9 50 [ 4 2l | 24
12 | 25 14 | 20 16 |15 18 | 10 20 135 21 |25
12 | 26 14 | 21 16 | 16 18 | 11 20 1 6 21 | 26
12 | 27 14 | 22 16 | 17 18 | 12 50 177 21 | 27
1311 14 |23 16 | 18 18 | 13 20 18 22 | 1

13 | 2 14 | 24 16 | 19 18 | 14 50 1T o 22 12

1313 14 |25 16 | 20 18 [ 15 50 110 22 | 3

13 ] 4 14 | 26 16 | 21 18 | 16 20 111 22 | 4

13 ]5 14 |27 16 | 22 18 | 17 TEED 22 | S

13 16 15 [ 1 16 | 23 18 | 18 50 113 22 | 6

13 | 7 15 | 2 16 | 24 18 [ 19 50 T4 22 | 7

13 |8 15 | 3 16 | 25 18 | 20 TREE 22 | 8

13 [ 9 15 | 4 16 | 26 18| 21 TRET: 22 |9

13 |10 15 | 5 16 | 27 18 [ 22 o T 17 22 | 10
13 | 11 1516 17 | 1 18 | 23 S0 T8 22 | 11
13 | 12 15 | 7 7 | 2 13 | 24 T 22 | 12
13 | 13 15 | 8 17 | 3 18 | 25 2 22 |13
13 | 14 159 7 | 4 18 | 26 20 | 20 2 114
13 | 15 15 | 10 s 18 | 27 20 | 21 57 115
13 | 16 15 | 11 716 19 | 1 20 | 22 55 T16
13 | 17 15 [ 12 17 | 7 19 [ 2 20 | 23 2 117
13 |18 15 | 13 17 | 8 19 [ 3 20 | 24 55 T3
13 |19 15 | 14 17 [ 9 19 [ 4 20 | 25 72 119
i3 120 1515 17 110 19 |5 20 | 26 > 150
13 121 15 [ 16 17 |1 1916 20 | 27 25 131
13 | 22 15 |17 17 | 12 19 | 7 21 | 1 55 T35
13 | 23 15 |18 17 |13 19 [ 8 21 | 2 REE
13 | 24 15 [ 19 17 | 14 19 |9 21 | 3 57 o4
13 | 25 15 | 20 17 | 15 19 [ 10 21 | 4 53




WO 2019/005559 PCT/US2018/038508
67

No. {Con. No. |Con. No. {Con. No. {Con. No. {Con. No. {Con.
22 | 26 24 | 20 26 | 14 28 8 30 2 31 | 23
22 | 27 24 | 21 26 | 15 28 9 30 3 31 | 24
23 | 24 | 22 26 | 16 28 | 10 30 4 31 | 25
23 2 24 | 23 26 | 17 28 | 11 30 5 31 | 26
23 3 24 | 24 26 | 18 28 | 12 30 6 31 |27
23 4 24 | 25 26 | 19 28 | 13 30 7 32 1
23 5 24 | 26 26 | 20 28 | 14 30 8 32 2
23 6 24 | 27 26 | 21 28 | 15 30 9 32 3
23 7 25 1 20 | 22 28 | 16 30 | 10 32 4
23 8 25 2 26 | 23 28 | 17 30 | 11 32 5
23 9 25 3 26 | 24 28 | 18 30 | 12 32 6
23 110 25 4 26 | 25 28 | 19 30 | 13 32 7
23 | 11 25 5 26 | 26 28 | 20 30 | 14 32 8
23 | 12 25 6 26 | 27 28 | 21 30 [ 15 32 9
23 | 13 25 7 27 1 28 | 22 30 | 16 32 110
23 | 14 25 8 27 2 28 | 23 30 | 17 32 |11
23 | 15 25 9 27 3 28 | 24 30 | 18 32 |12
23 | 16 25 |10 27 4 28 | 25 30 | 19 32 113
23 | 17 25 [ 11 27 5 28 | 26 30 | 20 32 | 14
23 | 18 25 | 12 27 6 28 | 27 30 | 21 32 | 15
23 | 19 25 113 27 7 29 1 30 | 22 32 | 16
23 | 20 25 | 14 27 8 29 2 30 | 23 32 | 17
23 | 21 25 | 15 27 9 29 3 30 | 24 32 | 18
23 | 22 25 | 16 27 | 10 29 4 30 | 25 32 119
23 |23 25 | 17 27 {11 29 5 30 | 26 32 | 20
23 | 24 25 1 18 27 | 12 29 6 30 | 27 32 | 21
23 | 25 25 | 19 27 |13 29 7 31 1 32 | 22
23 | 26 25 | 20 27 | 14 29 8 31 2 32 123
23 | 27 25 | 21 27 | 15 29 9 31 3 32 | 24
24 i 25 | 22 27 | 16 29 1 10 31 4 32 |25
24 2 25 | 23 27 | 17 29 | 11 31 5 32 | 26
24 3 25 | 24 27 | 18 20 |12 31 6 32 | 27
24 4 25 | 25 27 {19 29 | 13 31 7 33 1
24 5 25 | 26 27 120 29 | 14 31 8 33 2
24 6 25 | 27 27 | 21 29 | 15 31 9 33 3
24 7 26 1 27 | 22 29 | 16 31 10 33 4
24 R 26 2 27 | 23 29 | 17 31 |11 33 5
24 9 26 3 27 | 24 29 | 18 31 12 33 6
24 {10 26 4 27 1 25 29 | 19 31 13 33 7
24 | 11 26 5 27 1 26 29 | 20 31 14 33 8
24 | 12 26 6 27 | 27 29 | 21 31 15 33 9
24 | 13 26 7 28 1 29 |22 31 | 16 33 |1 10
24 | 14 26 8 28 2 29 | 23 31 17 33 | 11
24 {15 26 9 28 3 29 | 24 31 18 33 112
24 | 16 26 | 10 28 4 29 | 25 31 19 33 113
24 | 17 26 | 11 28 S 29 | 26 31 | 20 33 | 14
24 | 18 26 | 12 28 6 29 | 27 31 | 21 33 | 15
24 119 26 | 13 28 7 30 1 31 | 22 33 116
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No. |Con. No. [Con. No. {Con. No. {Con. No. {Con. Neo. [Con.
33 | 17 35 | 11 37 | 5 38 | 26 40 | 20 42 | 14
33 | 18 35 | 12 37 | 6 38 | 27 40 | 21 42 |15
33 | 19 35 | 13 37 | 7 39 | 1 40 | 22 42 | 16
33 | 20 35 | 14 37 | 8 39 | 2 40 | 23 42 |17
33 | 21 35 | 15 37 | 9 39 | 3 40 | 24 42 | 18
33 | 22 35 | 16 37 | 10 39 | 4 40 | 25 42 | 19
33 | 23 35 | 17 37 | 11 39 | 5 40 | 26 42 | 20
33 | 24 35 | 18 37 | 12 39 | 6 40 | 27 42 | 21
33 | 25 35 | 19 37 | 13 39 | 7 4l | 1 42 | 22
33 | 26 35 | 20 37 | 14 39 | 8 41 | 2 42 | 23
33 [ 27 35 | 21 37 | 15 39 | 9 41 | 3 42 | 24
34 | 1 35 | 22 37 | 16 39 | 10 41 | 4 42 | 25
34 | 2 35 | 23 37 | 17 39 | 11 41 | 5 42 | 26
34 | 3 35 | 24 37 | 18 39 | 12 41 | 6 42 | 27
34 | 4 35 | 25 37 | 19 39 | 13 41 | 7 43 | 1
34 | 5 35 | 26 37 | 20 39 | 14 41 | 8 a3 | 5
34 | 6 35 | 27 37 | 21 39 | 15 a1 | 9 B3
34 | 7 36 | 1 37 | 22 39 | 16 41 | 10 e
34 | 8 36 | 2 37 | 23 39 | 17 41 | 11
34 |9 36 | 3 37 | 24 39 |18 A 12 315
34 |10 36 | 4 37 |25 39 | 19 41 |13 4316
34 | 11 36 | S 37 | 26 39 | 20 41 | 14 43 | 7
34 | 12 36 | 6 37 | 27 39 | 21 41 | 15 43 | 8
34 | 13 36 | 7 38 | 1 39 | 22 41 | 16 39
34 | 14 36 | 8 38 | 2 39 | 23 41 | 17 10
34 [ 15 36 | 9 38 | 3 39 | 24 41 | 18 AT
34 | 16 36 | 10 38 | 4 39 | 25 41 | 19
34 | 17 36 | 11 38 | 5 39 | 26 41 | 20 43 |12
34 |18 36 | 12 38 | 6 39 | 27 a1 | 21 43 |13
34 | 19 36 | 13 38 | 7 40 | 1 a1 | 22 43 | 14
34 | 20 36 | 14 38 | 8 40 | 2 41 | 23 43 |15
34 | 21 36 | 15 38 | 9 40 | 3 41 | 24 rERET:
34 | 22 36 | 16 38 | 10 40 | 4 41 | 25 R
34 | 23 36 | 17 38 | 11 40 | 5 41 | 26 :
34 | 24 36 | 18 38 | 12 40 | 6 a1 |27 43 118
34 | 25 36 | 19 38 | 13 40 | 7 42 | 1 43 119
34 | 26 36 | 20 38 | 14 40 | 8 42 | 2 43 120
34 | 27 36 | 21 38 | 15 40 | 9 42 | 3 43 | 21
35 | 1 36 | 22 38 | 16 40 | 10 42 | 4 3
35 | 2 36 | 23 38 | 17 40 | 11 42 | s B s
35 | 3 36 | 24 38 | 18 40 | 12 2| 6 ERET
35 | 4 36 | 25 38 | 19 40 | 13 42 | 7
35 | 5 36 | 26 38 | 20 20 | 14 47 | 8 43 125
35 16 36 | 27 38 | 21 40 | 15 4219 43 | 26
35 | 7 37 | 1 38 | 22 40 | 16 42 |10 43 | 27
35 | 8 37 | 2 38 | 23 40 | 17 42 | 11 a4 11
35 | 9 37 | 3 38 | 24 40 | 18 42 | 12 YRR
35 | 10 37 | 4 38. | 25 40 | 19 42 | 13
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No. {Con. No. |[Con. No. {Con. No. {Con No. {Con. No. |Con.
44 3 45 | 18 47 6 48 | 21 50 9 51 124
44 | 4 45 {19 47 7 48 | 22 50 | 10 51 | 25
44 5 45 | 20 47 8 48 | 23 50 | 11 51 | 26
44 6 45 | 21 47 9 48 | 24 50 | 12 51 | 27
44 7 45 | 22 47 | 10 48 | 25 50 | 13 52 1
44 8 45 | 23 47 | 11 48 | 26 50 | 14 52 2
44 9 45 | 24 47 | 12 48 | 27 50 | 15 52 3
44 | 10 45 | 25 47 | 13 49 1 50 | 16 52 { 4
44 | 11 45 | 26 47 | 14 49 2 50 | 17 52 5
44 | 12 45 | 27 47 | 15 49 3 50 | 18 52 6
44 | 13 46 1 47 | 16 49 4 50 [ 19 52 7
44 | 14 46 2 47 | 17 49 5 50 | 20 52 8
44 1 15 46 3 47 | 18 49 6 50 | 21 52 9
44 | 16 46 4 47 | 19 49 7 50 | 22 52 | 10
44 | 17 46 5 47 | 20 49 8 50 | 23 52 | 11
44 | 18 46 6 47 | 21 49 9 50 | 24 52 |12
44 {19 46 7 47 | 22 49 | 10 50 | 25 52 [ 13
44 | 20 46 8 47 | 23 49 | 11 50 | 26 52 | 14
44 | 21 46 9 47 | 24 49 | 12 50 | 27 52 | 1S
44 | 22 46 | 10 47 | 25 49 | 13 51 1 52 | 16
44 | 23 46 | 11 47 | 26 49 | 14 51 2 52 | 17
44 | 24 46 | 12 47 | 27 49 | 15 51 3 52 | 18
44 | 25 46 | 13 438 i 49 | 16 51 4 52 | 19
44 | 26 46 | 14 48 2 49 | 17 51 S 52 | 20
44 | 27 46 | 15 48 3 49 | 18 51 6 52 | 21
45 1 46 | 16 48 4 49 {19 51 7 52 | 22
45 2 46 | 17 48 5 49 | 20 51 8 52 |23
45 3 46 | 18 48 6 49 | 21 51 9 52 {24
45 4 46 | 19 48 7 49 | 22 51 | 10 52 | 25
45 5 46 | 20 48 8 49 | 23 51 11 52 | 26
45 6 46 | 21 48 9 49 | 24 51 712 52 | 27
45 7 46 | 22 48 | 10 49 | 25 51 | 13 53 1
45 8 46 | 23 48 | 11 49 | 26 51 14 53 2
45 9 46 | 24 48 | 12 49 | 27 51 15 53 3
45 | 10 46 | 25 48 | 13 50 1 51 | 16 53 4
45 | 11 a6 | 26 48 | 14 50 2 51 | 17 53 S
45 | 12 46 | 27 48 | 13 50 3 51 | 18 53 6
45 | 13 47 1 48 | 16 50 4 51 | 19 53 7
45 | 14 47 2 48 | 17 SO 5 51 120 53 8
45 115 47 3 48 | 18 50 6 51 | 21 53 9
45 | 16 47 4 48 | 19 50 7 51 | 22 53 | 10
45 { 17 47 5 48 | 20 S0 8 51 |23 53 | 11




WO 2019/005559 PCT/US2018/0383508
70
No, {Con. No. {Con. No. {Con. No. {Con. No. {Con. Neo. |Con.
53 |12 54 | 27 56 | 1S5 58 3 59 | 18 61 6
53 | 13 55 1 56 | 16 58 4 59 | 19 61 7
53 | 14 55 2 56 |17 58 5 59 | 20 61 8
53 | 15 55 3 56 | 18 58 6 59 | 21 61 9
53 | 16 55 | 4 56 | 19 58 7 59 | 22 61 | 10
53 {17 55 5 56 | 20 58 8 59 | 23 61 | 11
53 {18 55 6 56 | 21 58 9 59 | 24 61 | 12
53 {19 55 7 56 | 22 58 | 10 39 | 25 61 | 13
53 |20 55 8 56 | 23 58 | 11 59 | 26 61 | 14
53 | 21 55 9 56 | 24 58 | 12 59 | 27 61 | 15
53 | 22 55 110 56 | 25 58 | 13 60 1 61 | 16
53 |23 55 | 11 56 | 26 58 | 14 60 | 2 61 | 17
53 | 24 55 | 12 56 | 27 S8 | 15 60 3 61 | 18
53 | 25 55 | 13 57 1 58 | 16 60 | 4 61 | 19
53 | 26 55 | 14 57 2 58 | 17 60 | 5 61 | 20
53 | 27 55 } 15 57 3 58 | I8 60 | 6 61 | 21
54 1 55 | 16 57 | 4 58 | 19 60 | 7 61 | 22
54 | 2 55 |17 57 5 58 | 20 60 8 61 |23
54 3 55 | 18 57 6 58 | 21 60 1 9 61 | 24
54 | 4 55 [ 19 57 7 58 | 22 60 | 10 61 | 25
54 | 5 55 | 20 57 8 58 | 23 60 | 11 61 | 26
54 1 6 55 | 21 57 9 58 | 24 60 | 12 61 | 27
54 7 55 | 22 57 | 10 58 | 25 60 | 13 62 1
54 8 55 | 23 57 |11 58 | 26 60 | 14 62 | 2
54 {9 55 124 57 | 12 58 | 27 60 | 15 62 | 3
54 {10 55 | 25 57 |13 59 1 60 | 16 62 | 4
54 | 11 55 | 26 57 {14 59 2 60 | 17 62 | S
54 | 12 55 | 27 57 {15 59 3 60 | 18 62 | 6
54 | 13 56 1 57 | 16 59 | 4 60 | 19 62 | 7
54 {14 56 | 2 57 117 59 5 60 ] 20 62 8
54 {15 56 | 3 57 | 18 59 6 60 | 21 62 { 9
54 | 16 56 | 4 57 | 19 59 7 60 | 22 62 | 10
54 | 17 56 5 57 | 20 59 8 60 | 23 62 | 11
54 | 18 56 | 6 57 | 21 59 9 60 | 24 62 | 12
54 | 19 56 7 57 |22 59 | 10 60 | 25 62 | 13
54 | 20 56 B 57 {23 59 |11 60 | 26 62 | 14
54 | 21 56 | 9 57 | 24 50 | 12 60 | 27 62 | 15
54 | 22 56 | 10 57 |25 59 | 13 61 1 62 | 16
54 | 23 56 | 11 57 | 26 59 {14 61 2 62 | 17
54 | 24 56 | 12 57 | 27 59 | IS 61 3 62 | 18
54 | 25 56 {13 58 1 59 | 16 61 4 62 | 19
54 | 26 56 | 14 58 2 59 {17 61 5 62 | 20
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No. |Con. No. |Con. No. |Con. No. {Con. No. |Con. No. |Con.
62 | 21 64 | 5 65 | 16 66 | 27 68 | 11 69 | 22
62 | 22 64 | 6 65 | 17 67 | | 68 | 12 69 | 23
62 | 23 64 | 7 65 | 18 67 | 2 68 | 13 69 | 24
62 | 24 64 | 8 65 | 19 67 | 3 68 | 14 69 | 25
62 | 25 64 | 9 65 | 20 67 | 4 68 | 15 69 | 26
62 | 26 64 | 10 65 | 21 67 | S 68 | 16 69 | 27
62 | 27 64 | 11 65 | 22 67 { 6 68 | 17 70 | 1
63 | 1 64 | 12 65 | 23 67 | 7 68 | 18 70 | 2
63 | 2 64 | 13 65 | 24 67 | 8 68 | 19 70 | 3
63 | 3 64 | 14 65 | 25 67 | 9 68 | 20 70 | 4
63 | 4 64 | 15 65 | 26 67 | 10 68 | 21 70 | S
63 | S 64 | 16 65 | 27 67 | 11 68 | 22 70 | 6
63 | 6 64 | 17 66 | 1 67 | 12 68 | 23 70 | 7
63 | 7 64 | 18 66 | 2 67 | 13 68 | 24 70 | 8
63 | 8 64 |19 66 | 3 67 | 14 68 | 25 70 | 9
63 | 9 64 | 20 66 | 4 67 | IS 68 | 26 70 | 10
63 |10 64 | 21 66 | 5 67 | 16 68 | 27 70 | 11
63 | 11 64 | 22 66 | 6 67 | 17 69 | 1 70 | 12
63 | 12 64 |23 66 | 7 67 | 18 69 | 2 70 1 13
63 | 13 64 | 24 66 | 8 67 | 19 69 | 3 70 | 14
63 | 14 64 | 25 66 | 9 67 | 20 69 | 4 70 | 15
63 {15 64 | 26 66 | 10 67 | 21 69 | 5 70 | 16
63 | 16 64 | 27 66 | 11 67 | 22 69 | 6 70 | 17
63 | 17 65 1 66 | 12 67 | 23 69 | 7 70 | 18
63 | 18 65 | 2 66 | 13 67 | 24 69 | 8 70 | 19
63 |19 65 | 3 66 | 14 67 | 25 69 | 9 70 | 20
63 | 20 65 | 4 66 | 15 67 | 26 69 | 10 70 | 21
63 | 21 65 | S 66 | 16 67 | 27 69 | 11 70 | 22
63 | 22 65 | 6 66 | 17 68 1 69 | 12 70 | 23
63 |23 65 | 7 66 | 18 68 | 2 69 | 13 70 | 24
63 | 24 65 | 8 66 | 19 68 | 3 69 | 14 70 | 25
63 125 65 1 9 66 | 20 68 | 4 69 | 15 70 | 26
63 | 26 65 | 10 66 | 21 68 | S 69 | 16 70 | 27
63 | 27 65 | 11 66 | 22 68 | 6 69 | 17
64 1 65 | 12 66 | 23 68 | 7 69 | 18
64 | 2 65 | 13 66 | 24 68 | 8 69 | 19
04 | 3 65 | 14 66 | 25 68 | 9 69 | 20
64 | 4 65 |. 15 66 | 26 68 | 10 69 | 21

[57] In another aspect, the present disclosure provides a compound according to any one '

of the preceding aspects includes onc or more stable isotopes. The stable isotope may replace any

atom, for example, hydrogen, and may include any stable isotope, for example, deuterium.
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[58] In another aspect, the present disclosure provides compounds and pharmaceutical
compositions comprising the compounds according to any one of the preceding aspects of the
invention or any embodiment thereof, together with a pharmaceutically acceptable excipient,
diluent, or carrier.

[59] In another aspect, the invention provides methods for treating tryptophan 2,3-
dioxygenase (TDO2) mediated immunosuppression in a subject in need thercof, comprising
administering an effective tryptophan 2,3-dioxygenase inhibiting amount of a compound or a

pharmaceutical composition according to any of the preceding aspects of the invention or any

embodiment thereof.
160] In one embodiment, the immunosuppression is associated with cancer.
{61} In an embodiment, the immunosuppression is tumor-specific immunosuppression

associated with cancer.

[62] In another embodiment, the immunosuppression is associated with a cancer, wherein
the cancer is colon, pancreas, breast, prostate, lung, brain, ovary, cervix, testes, renal, head, or
Aneck’ cancer, or lymphoma, leukemia, or melanoma.

[63] In another aspect, the invention provides the use of compounds described by any one
of the preceding aspects (and any embodiment thereof), as defined above, for the preparation of a
medicament for the treatment of medical conditions that benefit from the inhibition of enzymatic
activity of IDO1 and/or TDO2. Medical conditions contemplated in this aspect include 2ll the
conditions described herein.

[64]} In another aspect, the invention provides a use of compounds described by any one of
the preceding aspects (and any embodiment thereof), as defined above, for the preparation of a
medicament to stimulate T cell proliferation or to reverse an immunologic state of anergy or
immunosuppression.

165] In another aspect, the invention provides the use of compounds described by any one
of the preceding aspects (and any embodiment thereof), as defined above, for the preparation of a
medicament for the treatment of immunosuppression associated with cancer or viral infections.
[66} In one embodiment, the invention provides the use of compounds described in to any
one of the preceding aspects (and any embodiment thereof), as defined above, for the preparation
ofa medicament for the treatment of tumor-specific immunosuppression associated with cancer.
Preferably, the cancer is cancer of the colon, pancreas, breast, prostate, lung, brain, ovary, cervix,

testes, renal, or head and neck, lymphoma, leukemia, melanoma, and the like.

Definitions
{67} Terms used herein may be preceded and/or followed by a single dash, “-”, or a double

dash, “=%, to indicate the bond order of the bond between the named substituent and its parent
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moiety; a single dash indicates a single bond and a double dash indicates a double bond or a pair
of single bonds in the case of a spiro-substituent. In the absence of a single or double dash it is
understood that a single bond kis formed between the substituent and its parent moiety; further,
substituents are intended to be read “left to right” unless a dash indicates otherwise. For example,
C:-Cgalkoxycarbonyloxy and -OC(O)C;-Cealkyl indicate the same functionality; similarly
arylalkyl, arylalkyl-, and -alkylaryl indicate the same functionality.

[68] Further, certain terms herein may be used as both monovalent and divalent linking
radicals as would be familiar to those skilled in the art, and by their presentation linking between
two other moieties. For example, an alkyl group can be both a monovalent radical or divalent
radical; in the latter case, it would be apparent to one skilled in the art that an additional
hydrogen atom is removed from a monovalent alkyl radical to provide a suitable divalent moiety.
[69] The term “alkyl” as used herein, means a straight or branched chain hydrocarbon
containing from 1 to 10 carbon atoms, unless otherwise specified. Representative examples of
alkyl include, but are not limited to, methyl, ethyl, n-propyl, iso-propyl, n-butyl, sec-butyl, iso-
butyl, tert-butyl, n-pentyl, isopentyl, neopentyl, n-hexyl, 3-methylhexyl, 2,2-dimethylpentyl, 2,3-
dimethylpentyl, n-heptyl, n-octyl, n-nonyl, and n-decyl. When an “alkyl” group is a linking
group between two other moieties, then it may also be a straight or branched chain; examples
include, but are not limited to -CHo-, -CH;CHZ-, -CH,CH,CHC(CHs)-, -CH,CH(CH,CH3)CH;-.
A C,-C, alkyl or cycloalkyl (as defined below) represents a Markush group of alkyl or cycloalkyl
groups, respectively, with a backbone of X, x+1, x+2...y-1, or y carbon atoms. So, for example, a
C,-Csalkyl represents a Marksuh group consisting of Cjalkyl (i.e., methyl). Cralkyl (i.e., cthyl),
and Csalkyl (i.e., n-propyl and i-propyl).

{70} The term “alkenyl” as used herein, means a straight or branched chain hydrocarbon
containing from 2 to 10 carbons, unless otherwise specified, and containing at least one carbon-
carbon double bond. Representative examples of alkenyl include, but are not limited to, ethenyl,
2-propenyl, 2-methyl-2-propenyl, 3-butenyl, 4-pentenyl, 5-hexenyl, 2-heptenyl, 2-methyl-1-
heptenyl, 3-decenyl, and 3,7-dimethylocta-2,6-dienyl.

[71} The term “alkoxy” as used herein, means an alkyl group, as defined herein, appended
to the parent molecular moiety through an oxygen atom. Representative examples of alkoxy
include, but are not limited to, methoxy, ethoxy, propoxy, 2-propoxy, butoxy, tert-butoxy,
pentyloxy, and hexyloxy.

{72} The term “aryl,” as used herein, means a phenyl (i.e., monocyclic aryl), or a bicyclic
ring system containing at least one phenyl ring or an aromatic bicyclic ring containing only
carbon atoms in the aromatic bicyclic ring system. The bicyclic ary! can be azulenyl, naphthyl, or

a phenyl fused to a monocyclic cycloalkyl, a monocyclic cycloalkenyl, or a monocyclic
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heterocyclyl. The bicyclic aryl is attached to the parent molecular moiety through any carbon
atom contained within the phenyl portion of the bicyclic system, or any carbon atom with the
napthyl or azulenyl ring. The fused monocyclic cycloalkyl or monocyclic heterocyclyl portions
of the bicyclic aryl are optionally substituted with one or two oxo and/or thia groups.
Representative examples of the bicyclic aryls include, but are not limited to, azulenyl, naphthyt,
dihydroinden-1-yl, dihydroinden-2-yl, dihydroinden-3-yl, dihydroinden-4-yl, 2,3-dihydroindol-
4-yl, 2,3-dihydroindol-5-yl, 2,3-dihydroindol-6-yl, 2,3-dihydroindol-7-yl, inden-1-yl, inden-2-yl,
inden-3-yl, inden-4-yl, dihydronaphthalen-2-yl, dihydronaphthalen-3-yl, dihydronaphthalen-4-yl,
dihydronaphthalen-1-yl, 5,6,7,8-tetrahydronaphthalen-1-yl, 5,6,7,8-tetrahydronaphthalen-2-yi,
2,3-dihydrobenzoﬁzran—4-yl, 2,3-dihydrobenzofuran-5-yl, 2,3-dihydrobenzoturan-6-yl, 2,3-
dihydrobenzofuran-7-yl, benzo{d][1,3]dioxol-4-yl, benzo[d]{!,3]dioxol-5-yl, 2H-chromen-2-on-
5-yl, 2H-chromen-2-on-6-yl, 2H-chromen-2-on-7-yl, 2H-chromen-2-on-8-yl, isoindoline-1,3-
dion-4-yl, isoindoline-1,3-dion-5-yl, inden-1-on-4-yl, inden-1-on-5-yl, inden-1-on-6-yl, inden-1-
on-7-yl, 2,3-dihydrobenzo[b]{1,4]dioxan-5-yl, 2,3-dihydrobenzo[b][1,4]dioxan-6-yl, 2H-
benzo[b][1,4]oxazin3(4H)-on-5-yl, 2H-benzo[b]{1,4]oxazin3(4H)-on-6-yl, 2H-
benzo[b][1,4]oxazin3(4H)-on-7-yl, 2H-benzo[b][1,4]Joxazin3(4H)-on-8-yl, benzo[d]oxazin-
2(3H)-on-5-yl, benzo[d}oxazin-2(3H)-on-6-yl, benzo[d]Joxazin-2(3H)-on-7-yl, benzo[d]oxazin-
2(3H)-on-8-yl, quinazolin-4(3H)-on-5-yl, quinazolin-4(3H)-on-6-yl, quinazolin-4(3H);on-7~yl,
quinazolin-4(3H)-on-8-yl, quinoxalin-2(1H)-on-5-yl, quinoxalin-2(1H)-on-6-yl, quinoxalin-
2(1H)-on-7-yl, quinoxalin-2( L H)-on-8-yl, benzo[d]thiazol-2(3H)-on-4-yl, benzo[d]thiazol-
2(3H)-on-5-yl, benzo[d]thiazol-2(3H)-on-6-yl, and, benzo[d]thiazol-2(3H)-on-7-yl. In certain
embodiments, the bicyclic aryl is (i) naphthyl or (ii) a phenyl ring fused to eithera S or 6
membered monocyclic cycloalkyl, a 5 or 6 membered monocyclic cycloalkenyl, ora 5 or 6
membered monocyclic heterocyclyl, wherein the fused cycloalkyl, cycloalkenyl, and
heterocyclyl groups are optionally substituted with one or two groups which are independently
oxo or thia.

[73] The term “arylalkyl,” “-alkylaryl,” and “arylalkyl-" as used herein, means an aryl
group, as defined herein, appended to the parent molecular moiety through an alkyl group, as
defined herein. Representative examples of arylalkyl include, but are not limited to, benzyl, 2-
phenylethyl, 3-phenylpropyl, and 2-naphth-2-ylethyl.

174} The terms “cyano” and “nitrile” as used herein, mean a ~CN group.

{75} The term “cycloatkyl” as used herein, means a monocyclic or a bicyclic cycloalkyl
ring system. Monocyclic ring systems are cyclic hydrocarbon groups containing from 3 to 10
carbon atoms, where such groups can be saturated or unsaturated, but not aromatic. In certain

embodiments, cycloalkyl groups are fully saturated. Examples of monocyclic cycloalkyls include
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cyclopropyl, cyclobutyl, cyclopentyl, cyclopentenyl, cyclohexyl, cyclohexenyl, cycloheptyl, and
cyclooctyl. Bicyclic cycloalkyl ring systems are bridged monocyclic rings or fused bicyclic rings.
Bridged monocyclic rings contain a monocyclic cycloalkyl ring where two non-adjacent carbon
atoms of the monocyclic ring are linked by an alkylene bridge of between one and three
additional carbon atoms (i.e., a bridging group of the form -(CHz)w-, where wis 1, 2, 3 or 4).
Representative examples of bicyclic ring systems include, but are not limited to,
bicyclo[3.1.1]heptane, bicyclo[2.2.1]heptane, bicyclo[2.2.2]octane, bicyclof3.2.2]nonane,
bicyclo[3.3.1]nonane, bicyclo[4.2.1]nonane and adamantane. Fused bicyclic cycloalky! ring
systems contain a monocyclic cycloalkyl ring fused to either a phenyl, a monocyclic cycloalkyl,
a monocyclic cycloalkenyl, a monocyclic heterocyclyl, or a monocyclic heteroaryl. The bridged
or fused bicyclic cycloalkyl is attached to the parent molecular moiety through any carbon atom
contained within the monocyclic cycloalkyl ring. Cycloalkyl groups are optionally substituted
with one or two groups which are independently oxo or thia. In certain embodiments, the fused
bicyclic cycloalkyl is a 5 or 6 membered monocyclic cycloalkyl ring fused to either a phenyl ring,
a S or 6 membered monocyclic cycloalkyl, a 5 or 6 membered monocyclic cycloalkenyl, a 5 or 6
membered monocyclic heterocyclyl, or a § or 6 membered monocyclic heteroaryl, wherein the
fused bicyclic cycloalkyl is optionally substituted by one or two groups which are independently
oxo or thia.

[76] “Cycloalkenyl” as used herein refers to a monocyclic or a bicyclic cycloalkenyl ring
system. Monocyclic ring systems are cyclic hydrocarbon groups containing from 3 to 10 carbon
atoms, where such groups are unsaturated (i.e., containing at least one annular carbon-carbon
double bond), but not aromatic. Examples of monocyclic ring systems include cyclopentenyl and
cyclohexenyl. Bicyclic cycloalkenyl! rings are bridged monocyclic rings or a fused bicyclic rings.
Bridged monocyclic rings contain a monocyclic cycloalkeny! ring where two non-adjacent
carbon atoms of the monocyclic ring are linked by an alkylene bridge of between one and three
additional carbon atoms (i.e., a bridging group of the form -(CH;)y~, where wis 1,2, 3 or 4).
Representative examples of bicyclic cycloalkenyls include, but are not limited to, norbornenyl
and bicyclo[2.2.2]oct-2-enyl. Fused bicyclic cycloatkenyl ring systems contain a nionocyclic
cycloalkenyl ring fused to either a phenyl, a monocyclic cycloalkyl, a monocyclic cycloalkenyl,
a monocyélic heterocyclyl, or a monocyclic heteroaryl. The bridged or fused bicyclic
cycloalkenyl is attached to the parent molecular moiety through any carbon atom contained
within the monocyclic cycloalkenyl ring. Cycloalkenyl groups are optionally substituted with
one or two groups which are independently oxo or thia.

{77} The term “halo” or “halogen” as used herein, means -Cl, -Br, -l or -F.
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{78} The term “haloalkyl” as used herein, means at least one halogen, as defined herein,
appended to the parent molecular moiety through an alkyl group, as defined herein.
Representative examples of haloalky! include, but are not limited to, chloromethyl, 2-fluoroethyl,
trifluoromethyl, pentafluoroethyl, and 2-chloro-3-fluoropentyl.

{79} The term “heteroaryl,” as used herein, means a monocyclic heteroaryl or a bicyclic
ring system containing at least one heteroaromatic ring. The monocyclic heteroaryl can be a 5 or
6 membered ring. The 5 membered ring consists of two double bonds and one, two, three or four
nitrogen atoms and optionally one oxygen or sulfur atom. The 6 membered ring consists of three
double bonds and one, two, three or four nitrogen atoms. The 5 or 6 membered heteroaryl is
connected to the parent molecular moiety through any carbon atom or any nitrogen atom
contained within the heteroaryl. Representative examples of monocyclic heteroaryl include, but
are not limited to, furyl, imidazolyl, isoxazolyl, isothiazolyl, oxadiazolyl, oxazolyl, pyridinyl,
pyridazinyl, pyrimidinyl, pyrazinyl, pyrazolyl, pyrrolyl, tetrazolyl, thiadiazolyl, thiazolyl, thienyl,
triazolyl, and triazinyl. The bicyclic heteroaryl consists of a monocyclic heteroaryl fused to a
phenyl, a monocyclic cycloalkyl, a monocyclic cycloalkenyl, a monocyclic heterocyclyl, or a
monocyclic heteroaryl. The fused cycloalkyl or heterocyclyl portion of the bicyclic heteroaryl
group is optionally substituted with one or two groups which are independently oxo or thia.
When the bicyclic heteroaryl contains a fused cycloalkyl, cycloalkenyl, or heterocyclyl ring, then
the bicyclic heteroaryl group is connected to the parent molecular moiety through any carbon or
nitrogen atom contained within the monocyclic heteroaryl portion of the bicyclic ring systen.
When the bicyclic heteroaryl is a monocyclic heteroaryl fused to a phenyl ring or 2 monocyclic
heteroaryl, then the bicyclic heteroaryl group is connected to the parent molecular moiety
through any carbon atom or nitrogen atom within the bicyclic ring system. Representative
examples of bicyclic heteroaryl include, but are not limited to, benzimidazolyl, benzofuranyl,
benzothienyl, benzoxadiazolyl, benzoxathiadiazolyl, benzothiazolyl, cinnolinyl, 5,6-
dihydroquinolin-2-yl, 5,6-dihydroisoquinolin-1-yl, furopyridinyl, indazolyl, indolyl,
isoquinolinyl, naphthyridinyl, quinolinyl, purinyl, 5,6,7,8-tetrahydroquinolin-2-yl, 5,6,7,8-
tetrahydroquinolin-3-yl, 5,6,7,8-tetrahydroquinolin-4-yl, 5,6,7 8-tetrahydroisoquinolin-1-yl,
thienopyridinyl, 4,5,6,7-tetrahydrobenzo[c][1,2,5]oxadiazolyl, and 6,7-
dihydrobenzo[c}[1,2,5]oxadiazol-4(5H)-onyl. In certain embodiments, the fused bicyclic
heteroaryl is a 5 or 6 membered monocyclic heteroaryl ring fused to either a phenyl ring, a 5 or 6
membered monocyclic cycloalkyl, a 5 or 6 membered monocyclic cycloalkenyl, a S or 6
membered monocyclic heterocyclyl, or a 5 or 6 membered monocyclic heteroaryl, wherein the
fused cycloalkyl, cycloalkenyl, and heterocyclyl groups are optionally substituted with one or

two groups which are independently oxo or thia.
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[80] The term “heteroarylalky!” and “-alkylheteroaryl” as used herein, means a heteroaryl,
as defined herein, appended to the parent molecular moiety through an alkyl group, as defined
herein. Representative examples of heteroarylalkyl include, but are not limited to, fur-3-ylmethyl,
1H-imidazol-2-ylmethyl, 1H-imidazol-4-ylmethyl, 1-(pyridin-4-ylethyl, pyridin-3-ylmethyl,
pyridin-4-ylmethyl, pyrimidin-5-ylmethyl, 2-(pyrimidin-2-ylpropyl, thien-2-ylmethyl, and

- thien-3-ylmethyl.
[81] The term “heterocyclyl” as used herein, means a monocyclic heterocycle,a bicyclic
heterocycle or a bridged heterocycle. The monocyclic heterocycle is a 3, 4, 5, 6 or 7 membered
ring containing at least one heteroatom independently selected from the group consisting of O, N,
and S where the ring is saturated or unsaturated, but not aromatic. The 3 or 4 membered ring
contains 1 heteroatom selected from the group consisting of O, N and S. The 5 membered ring
can contain zero or one double bond and one, two or three heteroatoms selected from the group
consisting of O, N and S. The 6 or 7 membered ring contains zero, one or two double bonds and
one, two or three heteroatoms sclected from the group consisting of O, N and S. The monocyclic
heterocycle is connected to the parent molecular moiety through any carbon atom or any nitrogen
atom contained within the monocyclic heterocycle. Representative examples of monocyclic
heterocycle include, but are not limited to, azetidinyl, azepanyl, aziridinyl, diazepanyl, 1,3-
dioxanyl, 1,3-dioxolanyl, 1,3-dithiolanyl, 1,3-dithianyl, imidazolinyl, imidazolidinyl,
isothiazolinyl, isothiazolidinyl, isoxazolinyl, isoxazolidinyl, morpholinyl, oxadiazolinyl,
oxadiazolidinyl, oxazolinyl, oxazolidinyl, piperazinyl, piperidinyl, pyranyl, pyrazolinyl,
pyrazolidinyl, pyrrolinyl, pyrrolidinyl, tetrahydrofuranyl, tetrahydrothienyl, thiadiazolinyl,
thiadiazolidinyl, thiazolinyl, thiazolidinyl, thiomorpholinyl, 1,1-dioxidothiomorpholinyl
(thiomorpholine sulfone), thiopyranyl, and trithianyl. The bicyclic heterocycle is a monocyclic
heterocycle fused to either a phenyl, a monocyclic cycloalkyl, a monocyclic cycloalkenyl, a
monocyclic heterocycle, or a monocyclic heteroaryl. The bicyclic heterocycle is connected to the
parent molecular moiety through any carbon atom or any nitrogen atom contained within the
monocyclic heterocycle portion of the bicyclic ring system. Representative examples of bicyclic
heterocyclyls include, but are not limited to, 2,3-dihydrobenzofuran-2-yl, 2,3-
dihydrobenzofuran-3-yl, indolin-1-yl, indolin-2-yl, indolin-3-yl, 2,3-dihydrobenzothien-2-yl,
decahydroquinolinyl, decahydroisoquinolinyl, octahydro-1H-indolyl, and octahydrobenzofuranyl.
Heterocyclyl groups are optionally substituted with one or two groups which are independently
oxo or thia. In certain embodiments, the bicyclic heterocyclyl is a S or 6 membered monocyclic
heterocyclyl ring fused to phenyl ring, a 5 or 6 membered monocyclic cycloalkyl, a 5 or 6
membered monocyclic cycloalkenyl, a 5 or 6 membered monocyclic heterocyclyl, ora 5 or 6

membered monocyclic heteroaryl, wherein the bicyclic heterocyclyl is optionally substituted by
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one or two groups which are independently oxo or thia. The bridged heterocycleisa 5,6 or 7
membered monocyclic heterocycle where two non-adjacent atoms of the monocyclic ring are
linked by an alkylene bridge between one and four carbon atoms (i.e., a bridging group of the
form -(CH2)y-, where wis 1, 2, 3 or 4). The monocyclic heterocycle can one, two or three
heteroatoms selected from the group consisting of O, N and S. Representative examples of

bridged heterocycles include, but are not limited to, 8-azabicyclo[3.2.1]Joctanyl.

[82] The term “hydroxy” as used herein, means an -OH group.

[83] The term “nitro” as used herein, means a -NO; group.

[84] The term “o0x0” as used herein means a =0 group.

185] The term “saturated™ as qsed herein means the referenced chemical structure docs not

contain any multiple carbon-carbon bonds. For example, a saturated cycloalkyl group as defined
herein includes cyclohesyl, cyclopropyl, and e like.
[86] The term “spiro™ as used herein refers to a cyclic moiety formed by the subsituted

atom and two available substitutable postions on that same atom. For example, moiety such as

o P,
. where R is a spiro-cycloalkyl= group includes compounds such as , where

the spiro-cyclopentyl group is the R group attached to the parent cyclohexyl ring by two single

O
CFe

bonds. Similarly, where R is a spiro-heterocyclyl group, such compounds include
where the spiro-1,3-dioxolanyl ring is the R group attached to the parent cyclohexyl ring by two
single bonds,
(87) The term “thia” as used herein means a =S group.
[88] The term “unsaturated” as used herein means the referenced chemical structure
contains at least one multiple carbon-carbon bond, but is not aromatic. For example, a
unsaturated cycloalkyl group as defined herein includes cyclohexenyl, cyclopentenyl,
cyclohexadienyl, and the like.
{89] As used herein, the term “optionally substituted” means that the referenced chemical
structure is unsubstituted or contains at least one substituent selected from the list consisting of
halogen, cyano, nitro, Cy.¢alkyl, C,.¢alkenyl, C,.salkynyl, Cghaloalkyl, -O-¢alkyl, -O-C,.
calkenyl, -O-Cy_qalkynyl, -O-C, ghaloalkyl, C,alkyl-cyano, -OH, -OMe, -NH_,-N(H)Me,
~NHC(O)Me, -SH and -SMe.
[90] As used herein, the term “cell” is meant to refer to a cell that is in vitro, ex vivo or in

vivo. In some embodiments, an ex vivo cell can be part of a tissue sample excised from an.
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organism such as a mammal. In some embodiments, an in vitro cell can be a cell in a cell culture.
In some embodiments, an in vivo cell is a cell living in an organism such as a mammal.

191] As used herein, the term “contacting” refers to the bringing together of indicated
moieties in an in vitro system or an in vivo system. For example, “contacting” the TDO2 enzyme
with a compound includes the administration of a compound described herein to an individual or
patient, such as a human, having TDO2, as well as, for example, introducing a compound into a
sample containing a cellular or purified preparation containing the TDO2 enzyme.

[92] As used herein, the term “individual” or “patient,” used interchangeably, refers to any
animal, including mammals, preferably mice, rats, other rodents, rabbits, dogs, cats, swine, cattle,
sheep, horses, or primates, and most preferably humans.

193] As used herein, the phrase “therapeutically eftective amount” refers to the amount of
active compound or pharmaceutical agent that elicits the biological or medicinal response that is

being sought in a tissue, system, animal, individual or human by a researcher, veterinarian,

medical doctor or other clinician.
[94] In certain embodiments, a therapeutically effective amount can be an amount suitable
for

(1)  preventing the disease; for example, preventing a disease, condition or disorder in
an individual who may be predisposed to the disease, condition or disorder but
does not yet experience or display the pathology or symptomatology of the
disease;

(2) inhibiting the disease; for example, inhibiting a disease, condition or disorder in
an individual who is experiencing or displaying the pathology or symptomatology
of the disease, condition or disorder; or

3 ameliorating the discase; for example, ameliorating a disease, condition or
disorder in an individual who is experiencing or displaying the pathology or
symptomatology of the disease, condition or disorder (i.e., reversing the
pathology and/or symptomatology) such as decreasing the severity of disease.

[95] As used here, the terms “treatment” and “treating” means (i) ameliorating the
referenced disease state, for example, ameliorating a disease, condition or disorder in an
individual who is experiencing or displaying the pathology or symptomatology of the disease,
condition or disorder (i.e., reversing or improving the pathology and/or symptomatology) such as
decreasing the severity of disease; or (ii) eliciting the referenced biological effect (e.g., TDO2
modulation or tryptophan degradation inhibition).

[96] Manifestation of amelioration of a disease condition with underlying TDO2-mediated

immunosuppression may require the concomitant or sequential administration of additional
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therapeutic agents, such as antineoplastic agents in the case of cancer, or antivetroviral agents in
the case of viral diseases. For example, administration of TDO2 inhibitors for the treatment of
cancer does not always produce a direct antitumor effect when used as a single agent. However,
when combined with chemotherapeutic drugs (antineoplastic) the antitumor effect observed is
higher than the sum of effects of each agent alone.

[97] As used herein, the terms “catalytic pocket”, “catalytic site”, “active site” collectively
and indistinctly refer to a region of the enzyme that contains amino acid residues responsible for
the substrate binding (charge, hydrophobicity, steric hindrance) and catalytic amino acid residues
which act as proton donors or acceptors or are responsible for binding a cofactor and participate
in the catalysis of a chemical reaction.

[98] As used herein, the phrase “pharmaceutically acceptable salt” refers to both
pharmaceutically acceptable acid and base addition salts and solvates. Such pharmaceutically
acceptable salts include salts of acids such as hydrochloric, phosphoric, hydrobromic, sulfuric,
sulfinic, formic, toluenesulfonic, methanesulfonic, nitric, benzoic, citric, tartaric, maleic,
hydroiodic, alkanoic such as acetic, HOOC-(CH,),-COOH where n is 0-4, and the like. Non-
toxic pharmaceutical base addition salts include salts of bases such as sodium, potassium,
calcium, ammonium, and the like. Those skilled in the art will recognize a wide variety of non-

toxic pharmaceutically acceptable addition salts.

Methods of Use

{99} The compounds and pharmaceutical compositions described herein can modulate
activity of the enzyme tryptophan 2,3-dioxygenase (TDO2). The term “modulate™ is meant to
refer to an ability to decrease activity of an enzyme or receptor, Accordingly, compounds
described herein can be used in methods of modulating TDO2 by contacting the enzyme with
any one or more of the compounds or compositions described herein. In some embodiments, the
compounds described herein can act as inhibitors of TDO2. In further embodiments, the
compounds described herein can be used to modulate activity of TDO2 in cell or in an individual
in need of modulation of the enzyme by administering a modulating (e.g., inhibiting) amount of
compound described herein.

[100] Further provided are methods of inhibiting the degradation of tryptophan and
preventing the production of N-formylkynurenine in a system containing cells expressing TDO2
such as a tissue, living organism, or cell culture. In some embodiments methods of altering (e.g.,
increasing) extracellular tryptophan levels in a mammal comprise administering an effective
amount of a compound or pharmaceutical composition provided herein. Methods of measuring

tryptophan levels and tryptophan degradation are routine in the art.
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[101} Further provided arc methods of inhibiting immunosuppression such as TDO2-
mediated immunosuppression in a patient by administering to the patient an effective amount of
a compound or composition recited herein. TDO2-mediated immunosuppression has been
associated with, for example, cancers, tumor growth, metastasis, infectious diseases (e.g., viral
infection), viral replication, efc.

[102] Further provided are methods for treating tumor-specific immunosuppression
associated with cancer in a patient by administering to the patient an effective amount of a
compound or composition recited herein. Example tumor-specific immunosuppression
associated with cancers treatable by the methods herein include immunosuppression associated
with cancer of the colon, pancreas, breast, prostate, lung, brain, ovary, cervix, testes, renal, head
and neck, lymphoma, leukemia, melanoma, and the like.

[103] For example, a patient undergoing or having completed a course of chemotherapy
and/or radiation therapy for the treatment of a disease state, such as a cancer, can benefit from
administering to the patient a therapeutically effective amount of a compound or composition
recited herein for inhibiting immunosuppression resulting from the disease state and/or treatment
thereof.

[104] Further provided are methods of treating diseases associated with activity or
expression, including abnormal activity and/or overexpression, of TDO2 in an individual (e.g.,
patient) by administering to the individual in need of such treatment a therapeutically effective
amount or dose of a compound described herein or a pharmaceutical composition thereof.
Example discases can include any discase, disorder or condition that is directly or indirectly
linked to expression or activity of the TDO2 enzyme, such as over expression or abnormal
activity. An TDO2-associated disease can also include any disease, disorder or condition that can
be prevented, ameliorated, or cured by modulating enzyne activity.

1105] Examples of TDO2-associated diseases include cancer, viral infection such as HIV
infection, depression, neurodegenerative disorders such as Alzheimer's disease and Huntington's
disease, trauma, age-related cataracts, organ transplantation (e.g., organ transplant rejection), and
autoimmune diseases including asthma, rheumatoid arthritis, multiple sclerosis, inflammatory
bowel disease, psoriasis and systemic lupus erythematosusor. Example cancers treatable by the
methods herein include cancer of the colon, pancreas, breast, prostate, lung, brain, ovary, cervix,

testes, renal, head and neck, lymphoma, leukemia, melanoma, and the like,

Combination Therapy

{106] One or more additional pharmaceutical agents for treatment methods such as, for
example, anti-viral agents, chemotherapeutics or other anti-cancer agents, immune enhancers,

immunosuappressants, radiation, anti-tumor and anti-viral vaccines, cytokine therapy (e.g., IL2,
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GM-CSF, etc.), and/or indoleamine 2,3-dioxygenase (IDO) inhibitors can be uscd in
combination with the compounds and pharmaceutical compositions described herein for
treatment of TDO2-associated diseases, disorders or conditions (as noted above) or for
enhancing the effectiveness of the treatment of a disease state or condition, such as cancer. The
agents can be combined with the present compounds in a single dosage form, or the agents can
be administered simultancously or sequentially as separate dosage forms.

[107] Therapeutic agents that constitute the standard of care for a particular cancer type or
infectious disease are expected to benefit when combined with TDO2 inhibitors of the present
invention. For example, for the case of tumors, is it preferable that the tumor is sensitive to the
cytotoxic effects of the chemotherapeutic agent in order to stimulate the release of antigens that
will eventually mediate an immune response that will be enhanced by addition of TDO2
inhibitors to the combination treatment. A person of skill in the art will know how to select such
chemotherapeutic agent based on the clinical characteristics and known sensititivity of each
tumor to different antineoplastic agenls.

[108] Suitable antiviral agents contemplated for use in combination with the compounds
described herein can comprise nucleoside and nucleotide reverse transcriptase inhibitors (NRTIs),
non-nucleoside reverse transcriptase inhibitors (NNRTIs), protease inhibitors and other antiviral
drugs.

1109} Example suitable NRTIs include zidovadine (AZT); didanosine (ddI); zalcitabine
(ddC); stavudine (d4T); lamivudine (3TC); abacavir (1592U89); adefovir dipivoxil [bis(POM)-
PMEA]; lobucavir (BMS-180194); BCH-10652; emitricitabine [(-)-FTC]; beta-L-FD4 (also
called beta-L-D4C and named beta-L-2',3'-dicleoxy-5-fluoro-cytidene); DAPD, ((-)-beta-D-2,6,-
diamino-purine dioxolane); and lodenosine (FddA). Typical suitable NNRTIs include nevirapine
(BL-RG-587); delaviradine (BHAP, U-90152); efavirenz (DMP-266); PNU-142721; AG-1549;
MKC-442 (1-(ethoxy-methyl)-5-(1-methylethyl)-6-(phenylmethyl)-(2,4(1H,3H)-pyrimid- i
nedione); and (+)-calanolide A (NSC-675451) and B. Typical suitable protease inhibitors include
saquinavir (Ro 31-8959); ritonavir (ABT-538); indinavir (MK-639); nelfnavir (AG-1343);
amprenavir (141W94); lasinavir (BMS-234475); DMP-450; BMS-2322623; ABT-378; and AG-
1549. Other antiviral agents include hydroxyurea, ribavirin, IL-2, IL-12, pentafuside and Yissum
Project No. 11607.

1110} Suitable chemotherapeutic or other anti-cancer agents include, for example,
alkylating agents (including, without limitation, nitrogen mustards, ethylenimine derivatives,
alkyl sulfonates, nitrosoureas and triazenes) such as uracil mustard, chlormethine,

cyclophosphamide (Cytoxan™), ifosfamide, melphalan, chlorambucil, pipobroman, triethylene-
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mclaminge, tricthylencthiophosphoraming, busulfan, carmustine, lomustine, streptozocin,
dacarbazine, and temozolomide.

{111} Suitable chemotherapeutic or other anti-cancer agents include, for example,
antimetabolites (including, without limitation, folic acid antagonists, pyrimidine analogs, purine
analogs and adenosine deaminase inhibitors) such as methotrexate, S-fluorouracil, floxuridine,
cytarabine, 6-mercaptopurine, 6-thioguanine, fludarabine phosphate, pentostatine, and

gexnci tabine.

(112} Suitable chemotherapeutic or other anti-cancer agents further include, for example,
certain natural products and their derivatives (for example, vinca alkaloids, antitumor antibiotics,
enzymes, lymphokines and epipodophyllotoxins) such as vinblastine, vincristine, vindesine,
bleomycin, dactinomycin, daunorubicin, doxorubicin, epirubicin, idarubicin, ara-C, paclitaxel
(Taxol™), docetaxel, mithramycin, deoxyco-formycin, mitomycin-C, L-asparaginase,
interferons (especially IFN-a), etoposide, and teniposide.

[113] Other cytotoxic agents include navelbene, CPT-11, anastrazole, letrazole,
capecitabine, reloxafine, cyclophosphamide, ifosamide, and droloxafine.

[114] Also suitable are cytotoxic agents such as epidophyllotoxin; an antineoplastic enzyme;
a topoisomerase inhibitor; procarbazine; mitoxantrone; platinum coordination complexes such as
cis-platin and carboplatin; biological response modifiers; growth inhibitors; antihormonal
therapeutic agents; leucovorin; tegafur; and haematopoietic growth factors.

[115] Other anti-cancer agent(s) include antibody therapeutics such as trastuzumab
(Herceptin), antibodies to costimulatory molecules such as CTLA-4,4-1BB, or antibodics to
cytokines (IL-10, TGF-B, efc.).

{116} Other anti-cancer agents also include those that block immune cell migration such as
antagonists to chemokine receptors, including CCR2, CCR4 and CCR6.

{117] Other anti-cancer agents also include those that augment the immune system such
adoptive T cell transfer.

[118] Anti-cancer vaccines include dendritic cells, synthetic peptides, DNA vaccines and
recombinant viruses.

[119] The compounds of the present application can also be used in combination therapy
with therapeutic treatments suppressing or inhibiting biologic pathways modulated by PD-1
(programmed cell death protein 1) or its ligand PD-L1. Such therapeutic treatments include those
that suppress or inhibit the expression of PD-1 or PD-L1 as well as those that suppress or inhibit
the activity of the PD-1 or PD-L1 proteins themselves. Examples of anti-PD-1 compounds
include, for example, pembrolizumab, nivolumab, pidilizumab, and BMS 936559. Examples of

anti-PD-L1 include, for example, atezolizumab and avelumab.
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{120} Methods for the safe and effective administration of most of these chemotherapeutic
agents are known to those skilled in the art. In addition, their administration is described in the
standard literature, For example, the administration of many of the chemotherapeutic agents is
described in the “Physicians' Desk Reference” (PDR, e.g., 1996 edition, Medical Economics
Company, Montvale, N.1.), the disclosure of which is incorporated herein by reference as if set

forth in its entirety.

Pharmaceutical Formulations and Dosage Forms

{121 The pharmaceutical compositions described herein generally comprise a combination
of a compound described herein and a pharmaceutically acceptable carrier, diluent, or excipient.
Such compositions are substantially free of non-pharmaceutically acceptable components, i.e.,
contain amounts of non-pharmaceutically acceptable components lower than permitted by US
regulatory requirements at the time of filing this application. In some embodiments of this aspect,
if the compound is dissolved or suspended in water, the composition further optionally
comprises an additional pharmaceutically acceptable carrier, diluent, or excipient. In other
embodiments, the pharmaceutical compositions described herein are solid pharmaceutical
compositions (e.g., tablct, capsulces, ere.).

[122] These compositions can be prepared in a manner well known in the pharmaceutical
art, and can be administered by a variety of routes, depending upon whether local or systemic
treatment is desired and upon the area to be treated. Administration may be topical (including
ophthalmic and to mucous membranes including intranasal, vaginal and rectal delivery),
pulmonary (e.g., by inhalation or insufflation of powders or acrosols, including by nebulizer;
intratracheal, intranasal, epidermal and transdermal), ocular, oral or parenteral, Methods for
ocular delivery can include topical administration (eye drops), subconjunctival, periocular or
intravitreal injection or introduction by balloon catheter or ophthalmic inserts surgically placed
in the conjunctival sac. Parenteral administration includes intravenous, intraarterial,
subcutaneous, intraperitoneal or intramuscular injection or infusion; or intracranial, e.g.,
intrathecal or intraventricular, administration. Parenteral administration can be in the form of a
single bolus dose, or may be, for example, by a continuous perfusion pump. Pharmaceutical
compositions and formulations for topical administration may include transdermal patches,
ointments, lotions, creams, gels, drops, suppositories, sprays, liquids and powders. Conventional
pharmaceutical carriers, aqueous, powder or oily bases, thickeners and the like may be necessary
or desirable.

1123] Also, pharmaceutical compositions can contain, as the active ingredient, one or more
of the compounds described herein above in combination with one or more pharmaceutically

acceptable carriers. In making the compositions described herein, the active ingredient is
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typically mixed with an excipient, diluted by an excipient or enclosed within such a carrier in the

form of, for example, a capsule, sachet, paper, or other container. When the excipient serves as a

~ diluent, it can be a solid, semi-solid, or liquid material, which acts as a vehicle, carrier or
medium for the active ingredient. Thus, the compositions can be in the form of tablets, pills,
powders, lozenges, sachets, cachets, elixirs, suspensions, emulsions, solutions, syrups, aerosols
(as a solid or in a liquid medium), ointments containing, for example, up to 10% by weight of the
active compound, soft and hard gelatin capsules, suppositories, sterile injectable solutions, and
sterile packaged powders.
[124] In preparing a formulation, the active compound can be milled to provide the
appropriate particle size prior to combining with the other ingredients. If the active compound is
substantially insoluble, it can be milled to a particle size of less than 200 mesh. If the active
compound is substantially water soluble, the particle size can be adjusted by milling (o provide a
substantially uniform distribution in the formulation, e.g. about 40 mesh.
[125] Some examples of suitable excipients include lactose, dextrose, sucrose, sorbitol,
mannitol, starches, gum acacia, calcium phosphate, alginates, tragacanth, gelatin, calcium silicate,
microcrystalline cellulose, polyvinylpyrrolidone, cellulose, water, syrup, and methyl cellulose.
The formulations can additionally include: lubricating agents such as talc, magnesium stearate,
and mineral oil; wetting agents; emulsifying and suspending agents; preserving agents such as
methyl- and propylhydroxy-benzoates; sweetening agents; and flavoring agents. The
compositions descr.ibed herein can be formulated so as to provide quick, sustained or delayed
release of the active ingredient after administration to the patient by employing procedures
known in the art.
[126] The compositions can be formulated in a unit dosage form, each dosage containing
from about 5 to about 100 mg, more usually about 10 to about 30 mg, of the active ingredient.
The term “unit dosage forms” refers to physically discrete units suitable as unitary dosages for

~ human subjects and other mammals, each unit containing a predetermined quantity of active
material calculated to produce the desired therapeutic effect, in association with a suitable
pharmaccutical excipient.
[127] The active compound can be effective over a wide dosage range and is generally
administered in a pharmaceutically effective amount. It will be understood, however, that the
amount of the compound actually administered will usually be determined by a physician,
according to the relevant circumstances, including the condition to be treated, the chosen route of
administration, the actual compound administered, the age, weight, and response of the

individual patient, the severity of the patient's symptoms, and the like.
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[128] For preparing solid compositions such as tablets, the principal active ingredient is
mixed with a pharmaceutical excipient to form a solid preformulation. composition containing a
homogeneous mixture of a compound described herein. When referring to these preformulation
compositions as homogeneous, the active ingredient is typically dispersed evenly throughout the
composition so that the composition can be readily subdivided into equally effective unit dosage
forms such as tablets, pills and capsules. This solid prefonmulation is then subdivided into unit
dosage forms of the type described above containing from, for example, 0.1 to about 500 mg of
the active ingredient of a compound described herein.

[129] The tablets or pills can be coated or otherwise compounded to provide a dosage form
affording the advantage of prolonged action. For example, the tablet or pill can comprise an
inner dosage and an outer dosage component, the latter being in the form of an envelope over the
former. The two components can be separated by an enteric layer which serves to resist
disintegration in the stomach and permit the inner component to pass intact into the duodenum or
to be delayed in release. A variety of materials can be used for such enteric layers or coatings,
such materials including a number of polymeric acids and mixtures of polymeric acids with such
materials as shellac, cetyl alcohol, and cellulose acetate.

{130} The liquid forms in which the compounds and compositions can be incorporated for
administration orally or by injection include aqueous solutions, suitably flavored syrups, aqueous
or oil suspensions, and flavored emulsions with edible oils such as cottonseed oil, sesame oil,
coconut oil, or peanut oil, as well as elixirs and similar pharmaceutical vehicles.

{131} Compositions for inhalation or insufflation include solutions and suspensions in
pharmaceutically acceptable, aqueous or organic solvents, or mixtures thereof, and powders. The
liquid or solid compositions may contain suitable pharmaceutically acceptable excipients as
described supra. In some embodiments, the compositions are administered by the oral or nasal
respiratory route for local or systemic effect. Compositions in can be nebulized by use of inert
gases. Nebulized solutions may be breathed directly from the nebulizing device or the nebulizing
device can be attached to a face masks tent, or intermittent positive pressure breathing machine.
Solution, suspensien, or powder compositions can be administered orally or nasally from devices
which deliver the formulation in an appropriate manner.

{132} The amount of compound or composition administered to a patient will vary
depending upon what is being administered, the purpose of the administration, such as
prophylaxis or therapy, the state of the patient, the manner of administration, and the like. In
therapeutic applications, compositions can be administered to a patient already suffering from a
disease in an amount sufficient to cure or at least partially arrest the symptoms of the disease and

its complications. Effective doses will depend on the discase condition being treated as well as
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by the judgment of the attending clinician depending upon factors such as the severity of the
discase, the age, weight and general condition of the patient, and the like.

{133] The compositions administered to a patient can be in the form of pharmaceutical
compositions described above. These compositions can be sterilized by conventional sterilization
techniques, or may be sterile filtered. Aqueous solutions can be packaged for use as is, or
lyophilized, the lyophilized preparation being combined with a sterile aqueous carrier prior to
administration. The pH of the compound preparations typically will be between 3 and 11, more
preferably from 5 to 9 and most preferably from 7 to 8. It will be understood that use of certain
of the foregoing excipients, carriers, or stabilizers will result in the formation of pharmaceutical
salts.

{134} The therapeutic dosage of the compounds can vary according to, for example, the
particular use for which the treatment is made, the manner of administration of the compound,
the health and condition of the patient, and the judgment of the prescribing physician. The
proportion or concentration of a compound described herein in a pharmaceutical composition can
vary depending upon a number of factors including dosage, chemical characteristics (e.g.,
hydrophobicity), and the route of administration. For example, the compounds described herein
can be provided in an aqueous physiological buffer solution containing about 0.1 to about 10%
w/v of the compound for parenteral administration. Some typical dose ranges are from about 1
ug/kg to about 1 g/kg of body weight per day. In some embodiments, the dose range is from
about 0.01 mg/kg to about 100 mg/kg of body weight per day. The dosage is likely to depend on
such variables as the type and extent of progression of the discase or disorder, the overall health
status of the particular patient, the relative biological efficacy of the compound selected,
formulation of the excipient, and its route of administration. Effective doses can be extrapolated
from dose-response curves derived from in vitro or animal model test systems.

{135] The compounds described herein can also be tormulated in combination with one or
more additional active ingredients which can include any pharmaceutical agent such as anti-viral
agents, vaccines, antibodies, immune enhancers, immune suppressants, anti-inflammatory agents
and the like.

[136] The following examples are offered for illustrative purposes, and are not intended to
limit the disclosure in any manner. Those of skill in the art will readily recognize a variety of
noncritical parameters which can be changed or modified to yield essentially the same results.
The example compounds below were found to be inhibitors of TDO2 according to one or more

of the assays described herein.
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{137} Also included are pharmaceutical kits useful, for example, in the treatment or
prevention of TDO2-associated diseases or disorders, obesity, diabetes and other diseases
referred to herein which include one or more containers containing a pharmaceutical composition
comprising a therapeutically effective amount of a compound described herein. Such kits can
further include, if desired, one or more of various conventional pharmaceutical kit components,
such as, for example, containers with one or more pharmaceutically acceptable carriers,
additional containers, efc., as will be readily apparent to those skilled in the art. Instructions,
either as inserts or as labels, indicating quantities of the components to be administered,
guidelines for administration, and/or guidelines for mixing the components, can also be included
in the kit.

[138] The following examples are offered for illustrative purposes, and are not intended to
limit the disclosure in any manner. Those of skill in the art will readily recognize a variety of
noncritical parameters which can be changed or modified to yield essentially the same results.
The example compounds below were found to be inhibitors of TDO2 according to one or more

of the assays described herein.

EXAMPLES

1139] All reagents and solvents were purchased from commercial sources. All commercial
reagents and solvents were used as received without further purification. The reactions were
monitored using analytical thin 1ayér chromatography (TLC) with 0.25 mm EM Science silica
gel plates (60F-254). The developed TLC plates were visualized by short wave UV light (254 nm)
or immersion in potassium permanganate solution followed by heating on a hot plate. Flash
chromatography was performed with Selecto Scientific silica gel, 32-63 um particle sizes. All
reactions were performed in flame or oven-dried glassware under a nitrogen atmosphere. All
reactions were stirred magnetically at ambient temperature unless otherwise indicated. 'H NMR
spectra were obtained with a Bruker DRX400, Varian VXR400 or VXR300. "H NMR spectra
were reported in parts per million (8) relative to TMS (0.0), DMSO-d6 (2.50) or CD;0D (4.80)
as an internal reference. All "H NMR spectra were taken in CDCI3 unless otherwise indicated.
The phosphonates were prepared according to the literature procedure: (Patent: US5807892 Al,
1998; Patent: US2012/033245; Patent: US2008/306084 A1, 2008). 1-(azidomethyl)-2,4-
dimethoxybenzene was synthesized according to ChemMedChem, 2011, vol. 6, #5, 840 - 847.

Example 1: tert-butyl 1-hydroxy-2-(5SH-imidazo[5.1-alisoindol-5-yi)-7-azaspiro[3.5Inonane-7-

carboxylate
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'/\N/Boc

7/ OH
Nx)

[140] tert-butyl (15,2R)-1-hydroxy-2-((R)-5H-imidazo{5, 1 -a}isoindol-5-yl)-7-
azaspiro[3.5nonane-7-carboxylate

{141] tert-butyl (1R,2S)-1-hydroxy-2-((S)-5H-imidazo[5, 1 -a}isoindol-5-yl)-7-
azaspiro[3.5]nonane-7-carboxylate

Step 1:

[142] tert-butyl(2£)-1-0x0-2-({2-[ 1 -(triphenylmethyl)- 1H-imidazol-4-
yllphenyl}methylidene)-7-azaspiro[3.5]nonane-7-carboxylate

Z "N

Trt’
[143] A sharry of tert-butyl1-oxo-7-azaspiro [3.5]nonane-7-carboxylate (2.27 g, 9.49 mmol),
2-[1-(triphenylmethyl)-1H-imidazol-4-yl]benzaldehyde (4.04 g, 9.74 mmol) and Ca(OH), (2.10
g, 28.33 mmol) in EtOH (100 mL) were mixed and stirred overnight at 80 °C. The solids were
filtered out. The resulting mixture was concentrated under vacuum. This resulted in 7.4 g (crude)
of tert-butyl(2£)-1-ox0-2-([2-[ I -(triphenylmethyl)-1H-imidazol-4-yl] phenyl]methylidene)-7-
azaspiro{3.5]nonane-7-carboxylate as a yellow solid. LCMS (ESI) m/z = 636.2 [M+H]"
Step 2:
{144] tert-butyl2-[5H-imidazo{4,3-a]isoindol-5-yl}-1-oxo0-7-azaspiro{3.5 Jnonane-7-

carboxylate

N—Boc
/ 5 0
N

[145] To a solution of tert-butyl(2E)-1-oxo-2-([2-[ 1 -(triphenylmethyl)- 1 H- imidazol-4-
yl]phenyl]methylidene)-7-azaspiro[3.5]nonane-7-carboxylate (7.4 g, 11.64 mmol) in MeOH. (150
mL) was added acetic acid (8 mL). The resulting solution was stirred overnight at 70 °C. The
resulting mixture was concentrated under vacuum. The residue was purified by a silica gel

column eluting with DCM/MeOH (97:3) to afford 4 g (87%) of tert-butyl2-[SH-imidazo[4,3-
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alisoindol-5-yi]- 1-0x0-7-azaspiro[3.5]nonane-7-carboxylate as a yellow solid. LCMS (EST) m/z
= 3942 [M+H]}+.

Step 3:

{146] tert-butyl (15,2R)-1-hydroxy-2-((R)-SH-imidazo{5,1-alisoindol-5-y1)-7-
azaspiro[3.5]nonane-7-carboxylate

[147] tert-butyl (1R,25)-1-hydroxy-2-((S)-5H-imidazo[$, ! -a}isoindol-5-y1)-7-

azaspiro[3.5}nonane-7-carboxylate
N~ Boc ,, KOC/N -Boc

N yN OH
74 OH
N/) N/)
1a 1b

[148] To a solution of tert-butyl2-[ SH-imidazo[4,3-a]isoindol-5-yl}-1ox0-7-
azaspiro[3.5]nonane-7-carboxylate (8.4 g, 21.35 mmol) in MeOH (150 mL) was added NaBH,
(2.43 g, 64.23 mmol) in portions at 0 °C. The resulting solution was stirred for 1 h at room
temperature. The reaction was quenched with water (200 mL). The resulting solution was
extracted with EtOAc (3 x 200 mL) and the organic layers combined. The residue was purified
by silica gel column eluting with DCM/MeOH (96:4). This resulted in 6.7 g (79%) of tert-
butyl1-hydroxy-2-[SH-imidazo(4,3-alisoindol-5-y1]-7-azaspiro [3.5]nonane-7-carboxylate as a
white solid. LCMS (ESI) m/z = 396.3 [M+H]".

[149] The crude product was purified by Combi-Flash and further isolated by chiral
separation to afford 2 isomers as white solid.

[150] The absolute configuration of 1a and 1b was assigned arbitrarily.

{151] Example 1a: tert-butyl (15,2R)-1-hydroxy-2-((R)-5H-imidazo[5,1-alisoindol-5-y1)-7-
azaspiro[3.5]nonane-7-carboxylate. LCMS (ESI) m/z = 396.3 [M+HT". "THNMR (300 MHz,
MeOH-d,) 6 8.00 (s, 1H), 7.65 (d, J = 7.2 Hz, 1H), 7.59 (d, J= 7.5 Hz, 1H), 7.41-7.27 (m, 2H),
7.15 (s, 1H), 5.54 (d, J = 7.8 Hz, 1H), 4.26-4.23 (m, 1H), 3.60-3.50 (m, 2H), 3.32-3.27 (m, 2H),
2.76-2.71 (m, 1H), 1.88-1.86 (m, 2H), 1.74-1.70 (m, 1H), 1.55-1.50 (m, 3H), 1.47 (s, 9H). {R =
2.859 min (CHIRALPAK IA-3, 0.46x5cm;3um, Hex(8mMNH3):EtOH=90:10, 1.0 mL/min). 1a
and 1b are enantiomers.

1152] Example 1b: tert-butyl (1R,25)-1-hydroxy-2-((S)-5SH-imidazo[35,1-alisoindol-5-y1)-7-
azaspiro[3.5]nonane-7-carboxylate. LCMS (ESI) m/z = 396.3 [M+H]". tR = 4.930 min '
(CHIRALPAK IA-3, 0.46x5cm;3um, Hex(8mMNH3):EtOH=90:10, 1.0 mL/min). 1a and 1b are

enantiomers.
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Example 2: tert-butyl 1-hydroxy-2-(5H-imidazo{5.1-alisoindol-5-y1)-8-azaspiro[4.5]decane-8-

carboxylate

/4 S HO N-Boc
N

[153] tert-butyl (15,25)-1-hydroxy-2-((R)-5H-imidazo[5,1-a}isoindol-5-yl)-8-
azaspiro[4.5]decane-8-carboxylate
[154] tert-butyl (1R,2R)-1-hydroxy-2-((S)-5H-imidazo[5,1-a]isoindol-5-y1)-8-
azaspiro[4.5])decane-8-carboxylate
[155] tert-butyl (15,25)-1-hydroxy-2-((R)-5H-imidazo[5,1-a}isoindol-5-yl)-8-
azaspiro[4.5]decano $ carboxylate
[156] tert-butyl (1R,2R)-1-hydroxy-2-((S)-5H-imidazo[5,1-alisoindol-5-yl)-8-
azaspiro[4.5]decane-8-carboxylate
Step 1:
[157] tert-butyl (2£)-1-0x0-2-([2-[1-(triphenylmethyl)-1H-imidazol-4-
yl]phenyl]methylidene)-8-azaspiro[4.5]decane-8-carboxylate

N—Boc
V%
O
2 IN
IN'—J
Trt
[158] A mixture of tert-butyl 1-oxo-8-azaspiro[4.5]decane-8-carboxylate (3.0 g, 11.84

mmol) and 2-[1-(triphenylmethyl)-1H-imidazol-4-yl]benzaldehyde (5.8 g, 13.99 mmol) in EtOH
(100 mL) was added Ca(OH), (2.7 g, 36.44 mmol). The resulting solution was stirred for 4 h at
80 °C. The resulting mixture was concentrated under vacuum. The resulting solution was diluted
with DCM (600 mL). The solid were filtered out. The filtration was concentrated under vacuum.
The residue was purified by a silica gel column with EtOAc /PE (30%-80%). This resulted in 7.5
g (97%) of tert-butyl (2E)-1-ox0-2-({2-[ 1-(triphenylmethyl)-1H-imidazol-4-
yllphenyljmethylidene)-8-azaspiro[4.5]decane-8-carboxylate as a light yellow solid. LCMS (ESI)
wfz —650.3 [M+H]".

Step 2:

{159] tert-butyl 2-[SH-imidazo{4,3-a]isoindol-5-ylidenc]-8-azaspiro[4.5]decane-8-

carboxylate
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{160] To a solution of tert-butyl (2E)-1-0x0-2-([2-{1-(triphenylmethyl)- 1H-imidazol-4-
yl]phenyllmethylidene)-8-azaspiro[4.5]decane-8-carboxylate (7.5 g, 11.54 mmol) in MeOH (120
mL) was added AcOH (24 mL). The resulting solution was stirred for 16 h at 80 °C. The
resulting mixture was concentrated under vacuum. The resulting residue was diluted with EtOAc
(600 mL) and then washed with aq. Na,CO; (2 x 100 mL). The organic layers were combined
and dried over anhydrous sodium sulfate and concentrated under vacuum. The residue was
purified by a silica gel column eluting with DCM/MeOH (0-10%) to give 5.0 g (95%) of tert-
butyl 2-[5H-imidazo[4,3-a}isoindol-5-yl]-1-0x0-8-azaspiro[4.5]decane-8-carboxylate as a yellow
solid. LCMS (ESI) m/z = 408.3 [M+H]".

Step 3:

{161] tert-butyl (18,25)-1-hydroxy-2-((R)-5H-imidazo[5,1-a}isoindol-5-y1)-8-
azaspiro{4.5]decane-§-carboxylate

[162] tert-butyl (1R,2R)-1-hydroxy-2-((S)-5H-imidazo[5, 1-alisoindol-5-yl)-8-
azaspiro[4.5]decane-8-carboxylate

[163] tert-butyl (1R,25)-1-hydroxy-2-((S)-5H-imidazo{$5,1-alisoindol-5-yl)-8-
azaspiro[4.5]decane-8-carboxylate

{164] tert-butyl (18,2R)-1-hydroxy-2-((R)-5H-imidazo[5,1-a}isoindol-5-yl)-8-

azaspiro[4.5]decane-8-carboxylate

Q. O o

.': = “. == .. .?\ i

Yo, FYo. Yo, B

. /N) HO N‘Boc /N/) HO N‘Boc «/N//\ HO l\“Boc /N/) HO N‘Boc
2b 2c d

2a 2

[165] To a solution of tert-butyl 2-{SH-imidazo[4,3-a]isoindo!-5-yl]-1-0x0-8-
azaspiro{4.5]decane-8-carboxylate (5.0 g, 12.270 mmol) in MeOH (100 mL) was added NaBHj
(2.8 g, 74.01 mmol). The resulting solution was stirred for 20 min at 0°C. The reaction was then
quenched by the addition of water (50 mL). The MeOH was removed under vacuum. The
resulting solution was extracted with DCM (3 x 200 mL) and the organic layers combined. The
solution was dried over sodium sulfate and concentrated under vacuum. The residue was applied
onto a silica gel column with DCM/MeOH (0-10%)). This resulted in 4.0 g (80%) of tert-butyl 1-
hydroxy-2-[SH-imidazo[4,3-a}isoindol-5-yl]-8-azaspiro[4.5]decane-8-carboxylate as an off-
white solid. LCMS (ESI) m/z = 410.1 [M+H]".
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[166] The crude product was purified by Prep-HPLC and further isolated by chiral
separation to afford 4 isomers as white solids.

[167] 1. Column: XBridge Prep C18 OBD Column 19x150mm Sum;Mobile Phase
A:Water(10MMOL/L NH4HCO3), Mobile Phase B: ACN; Flow rate: 20 mL/min; Gradient: 20%
B 10 40% B in 10 min; 254220 nm; Rt: 8.9, 9.65 min

{168} 2. Column: Phenomenex Lux 5u Cellulose-4, AXIA Packed,
2.12x25¢m,Sum;Mobile Phase A:, Mobile Phase B: MeOH--HPLC; Flow rate: 20 ml/min;
Gradient: 100 B to 100 B in 20 min; 254/220 nm; RT1:7.201; RT2:15.478

{169] 3. Column: CHIRALPAK IA, 2.12x15cm,5um;Mobile Phase A:Hex--HPLC, Mobile
Phase B: E{OH--HPLC; Flow rate: 20 mL/min; Gradient: 30 B to 30 B in 30 min; 254/220 nm;
RT1:4917;, RT2:16.96

{170 The absolute contiguration ot 2a-2d was assigned arbitrarily.

[171] Example 2a: tert-butyl (15,25)-I-hydroxy-2-((R)-SH-imidazo(5,1-alisoindol-5-y1)-8-
azaspiro[4.5]decane-8-carboxylate as a white solid. LCMS (EST) m/z = 410.2 [M+H]"; "HNMR
(400 MHz, DMSO-dg) 3 8.02 (s, 1H), 7.61 (d,J = 7.6 Hz, 1H), 7.53(d, J = 7.6 Hz, 1H), 7.41-
7.37 (m, 1H), 7.29-7.25 (m, 1H), 7.15 (s, 1H), 5.47 (d, J = 4.0 Hz, 1H), 5.00 (d, J = 5.6 Hz, 1H),
3.83-3.63 (m, 2H), 3.56-3.52(m, 1H), 2.90-2.51(m, 3H), 1.63-1.49(m, 3H), 1.39(s, 9H), 1.35-
1.03 (m, 4H), 0.87-0.86(m, 1H). tR = 1.054 min (CHIRALPAK [A-3, 0.46x5cm;3um,
Hex(8mMNH3):EtOH=50:50, 1.0 mL/min). 2a and 2b are enantiomers.

[172] Example 2b: tert-butyl (1R,2R)-1-hydroxy-2-((S)-5H-imidazo[5,1-alisoindol-5-y1)-8-
azaspiro[4.5]decane-8-carboxylate. LCMS (EST) m/z = 410.2 [M+H]". tR = 1.572 min
(CHIRALPAK 1A-3, 0.46x5cm;3um, Hex(8mMNH3):EtOH=50:50, 1.0 mL/min). 2a and 2b are
enantiomers.

{173} Example 2¢: tert-butyl (1R,25)-1-hydroxy-2-((§)-5H-imidazo[5,1-a}isoindol-5-yl)-8-
azaspiro[4.5]decane-8-carboxylate as a white solid. LCMS (ESI) m/z = 410.2 [M+H]"; "HNMR
(400 MHz, DMSO-dy) § 7.94 (s, 1H), 7.67 (d, J = 7.6 Hz, 1H), 7.59(d, J = 7.6 Hz, 1H), 7.40-
7.36 (m, 1H), 7.29-7.25 (m, llﬁH), 7.14 (s, 1H), 5.41 (d, /= 4.0 Hz, 1H), 533 (d, J = 5.6 Hz, 1H),
3.91-3.88 (m, 1H), 3.62-3.58(m, 1H), 3.47-3.43(m, 1H), 3.04-2.93(m, 2H), 2.33-2.28(m, 1H),
1.73-1.43(m, 6H), 1.39(s, 9H), 1.24-1.18(m, 2H). tR = 1.534 min (CHIRALPAK 1A-3,
0.46x5cm;3um, Hex(8mMNH3):EtOH=80:20, 1.0 mL/min). 2¢ and 2d are enantiomers.

{174] Example 2d: tert-butyl (15,2R)-1-hydroxy-2-((R)-5H-imidazo[5,1-a}isoindol-5-y1)-8-
azaspiro[4.5]decane-8-carboxylate. LCMS (ESI) m/z = 410.2 [M+H]". {R = 1.921 min
(CHIRALPAK IA-3, 0.46x5cm;3um, Hex(8mMNH3):EtOH=80:20, 1.0 mL/min). 2¢ and 2d are

enantiomers.
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Example 3: tert-butyl S-hydroxy-6-(SH-imidazo{4.3-alisoindol-5-yl1)-2-azaspiro{3.4]octane-2-

carboxylate

N ‘O
/ N HO \‘( 74
A 5

{175} tert-butyl (5R,6S)-5-hydroxy-6-[(5S)-5H-imidazo[1,5-b]isoindol-5-yl]-2-
azaspiro[3.4]octane-2-carboxylate

[176] tert-butyl (55,6R)-5-hydroxy-6-[(5R)-5H-imidazo[1,5-b]isoindol-5-y1]-2-
azaspiro[3.4]Joctane-2-carboxylate '

177 tert-butyl (55,65)-5-hydroxy-6-[(5R)-5H-imidazo{1,5-b]isoindol-5-y1]-2-
azagpiro[3.4Joctane-2-carboxylate

[178]) tert-butyl (5R,6R)-5-hydroxy-6-[(5S)-5H-imidazo[1,5-b]isoindol-5-yl}-2-
azaspiro[3.4]octane-~2-~carboxylate

[179] tert-butyl (55.65)-5-hydroxy-6-[{(5S5)-5H-imidazo[ 1,5-blisoindol-5-yl}-2-
azaspiro[3.4]octane-2-carboxylate

{180} tert-butyl (SR,6R)-5-hydroxy-6-[(5R)-5H-imidazo[1,5-b}isoindol-5-yl]-2-
azaspiro[3.4]Joctane-2-carboxylate

{181} tert-butyl (SR,65)-5-hydroxy-6-{(5R)-5H-imidazo[1,5-b}isoindol-5-yi}-2-
azaspiro[3.4Joctane-2-carboxylate

{182] tert-butyl (55,6R)-5-hydroxy-6-[(55)-5H-imidazo[1,5-b}isoindol-5-y1]-2-
azaspiro[3.4]Joctane-2-carboxylate '

Step 1:

{183} tert-butyl (6E)-5-0x0-6-([2-[1- (triphenylmethyl)- 1 H-imidazol-4-
yl]phenylmethylidene)-2-azaspiro[3.4]octane-2-carboxylate

CLC
P » "N-Bo¢
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[184] To a solution of tert-butyl 5-oxo-2-azaspiro{3.4]Joctane-2-carboxylate (2 g, 8.89
mmol), 2-[ [-(triphenylmethyl)-1 H-imidazol-4-yl]benzaldehyde (5.53 g, 13.34 mmol) and
Ca(OH), (1.64 g, 22.13 mmol) in EtOH (250 mL) was stirred for 6 h at 80 °C. The solids were
filtered out. The solids were filtered out. The solvent was concentrated under vacuum. The
residue was purified by silica gel column eluting with EtOAc /PE (1:2). This resulted in 5.24 g
(95%) of tert-butyl (6E)-5-0x0-6-([2-[ 1-(triphenylmethyl)-1H-imidazol-4-
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yllphenylimethylidene)-2-azaspiro[3.4]octane-2-carboxylate as a light yellow solid. LCMS (ESI)
m/z = 622.8 [M+H]".

Step 2:

[185] tert-butyl 6-[ SH-imidazo[4,3-a}isoindol-5-yl]-5-ox0-2-azaspiro[3.4]octane-2-

carboxylate

|186] A solution of tert-butyl(2£)-1-ox0-2-([2-[ I-(triphenylmethyl)- 1H- imidazol-4-
yl]phenyl]methylidene)-7-azaspiro[3.5]nonane-7-carboxylate (7.4 g, 11.64 mmol) in MeOH (150
mL) was added AcOH (8 mL). The resulting solution was stirred for 1 overnight at 70 °C. The
resulting mixture was concentrated under vacuum. The residue was purified by a silica gel
column eluting with DCM/MeOH (97:3). This resulted in 4 g (87%) of tert-butyl 6-[SH-
imidazo[4,3-alisoindol-5-yl]-5-0x0-2-azaspiro[3.4]octane-2-carboxylate as a yellow solid.
LCMS (ESI) m/z = 380.2 [M+H]+.

Step 3: . .

{187} tert-butyl (SR,6S)-5-hydroxy-6-[(5S)-SH-imidazo[1,5-b]isoindol-5-y1]-2-
azaspiro{3.4]octane-2-carboxylate

[188] tert-butyl (55,6R)-5-hydroxy-6-[(5R)-SH-imidazo[1,5-b}isoindol-5-y1]-2-
azaspiro[3.4]octane-2-carboxylate

[189] tert-butyl (55,65)-5-hydroxy-6-[(SR)-5Himidazo[1,5-b}isoindol-5-yl]-2-
azaspiro[3.4]octane-2-carboxylate ’

{190] tert-butyl (SR,6R)-5-hydroxy-6-[(5S)-5Himidazo[1,5-b]isoindol-5-yl]-2-
azaspiro[3.4]octane-2-carboxylate

[191} tert-butyl (55,65)-5-hydroxy-6-{(55)-5Himidazo{1,5-blisoindol-5-yl}-2-
azaspiro[3.4Joctane-2-carboxylate

[192] tert-butyl (5R,6R)-5-hydroxy-6-[{(5R)-5Himidazo[1,5-b}isoindol-5-yl}-2-
azaspiro[3.4]Joctane-2-carboxylate

1193] tert-butyl (5R,65)-5-hydroxy-6-{(5R)-5Himidazo[1,5-blisoindol-5-yl}-2-
azaspiro[3.4]Joctane-2-carboxylate

1194} tert-butyl (58,6R)-5-hydroxy-6-[(55)-SHimidazo[1,5-blisoindol-5-y1]-2-

azaspiro[3.4]Joctane-2-carboxylate
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{195] To a solution of tert-butyl 6-[ SH-imidazo[4,3-alisoindol-5-yl}-5-0x0-2-
azaspiro[3.4}Joctane-2-carboxylate (2.7 g, 7.12 mmol) in MeOH (100 mL) was added NaBH4
(2.16 g, 57.10 mmol) at 0 °C. The resulting solution was stirred for 30 min at rt. The reaction
was then quenched by the addition of water (50 mL). The resulting solution was extracted with
EtOAc (3 x 100 mL) and the organic layers combined. The resulting mixture was washed with
brine (1 x 50 mL). The mixture was dried over anhydrous sodium sulfate and concentrated under
vacuum. The residue was further isolated by Prep-HPLC and chiral separation with the following
conditions:

{196] 1. Column: XBridge Prep C18 OBD Column 19x150mum Sum; Mobile Phase
A:Water (10MMOL/L NH4HCO3), Mobile Phase B: ACN; Flow rate: 20 mL/min; Gradient: 20%
B t0 65% B in 40 min; 254/220 nm; Rt: 25, 27,29,31 min.

[197] 2. Column: Chiralpak IC, 2x25cm, Sum; Mobile Phase A:Hex--HPLC, Mobile Phase
B: EtOH--HPLC; Flow rate: 16 mL/min; Gradient: 50 B to SO B in 14.5 min; 220/254 nm;
RT1:7.71; RT2:11.843.

[198] 3. Column: Phenomenex Lux Su Cellulose-4, AXIA Packed,
2.12x25cm,Sum;Mobile Phase A:Hex (0.1%DEA) --HPLC, Mobile Phase B: EtOH--HPLC;
Flow rate: 20 mL/min; Gradient: 30 B to 30 B in 14.5 min; 220/254 nm; RT1:9.38; RT2:12.11.
[199] 4. Column: CHIRALPAK IC, 2x25cm,5um;Mobile Phase A:Hex (0.1%DEA) --
HPLC, Mobile Phase B: IPA--HPLC; Flow rate: 16 mL/min; Gradient: 50 B to 50 B in 16 min;
220/254 nm; R1'1:8.58%; R12:11.281. ,

[200] 5. Column: CHIRALPAK IC, 2x25cm,5um;Mobile Phase A:Hex--HPLC, Mobile
Phase B: EtOH--HPLC; Flow rate: 20 mL/min; Gradient: 40 B to 40 B in 16 min; 254/220 nm;
RT1:7.772; RT2:12.877.

[201] The absolute configuration of 3a-3h was assigned arbitrarily.

[202] Example 3a: tert-butyl (SR,6S5)-5-hydroxy-6-[(55)-5H-imidazo[1,5-b]isoindol-5-yl]-
2-azaspiro[3.4]octane-2-carboxylate (18.7 mg, 0.7%) as a light yellow solid. LCMS (ESI) m/z =
382.5 [M+H]". "H NMR (300 MHz, DMSO-ds) § 7.92 (s, 1H), 7.61(d, J = 7.8 Hz, 1H), 7.53(d, J
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=7.8 Hz, 1H), 7.42-7.37 (m, 1H), 7.30-7.24 (m, 1H), 7.13 (s, 1H), 5.44 (d, J = 4.2 Hz, 1H), 5.32
(d, J = 5.4 Hz, 1H), 4.01-3.99 (m, 1H), 3.66-3.40(m, 4H), 2.47-2.44 (m, 1H), 1.80-1.73 (m, 1H),
1.60-1.42 (m, 2H), 1.36 (s, 9H), 1.09-0.90 (m, 1H). tR = 1.137 min (CHIRALPAK 1A-3,
0.46x5cm;3um, Hex(0.1%DEA):EtOH=70:30, 1.0 mL/min). 3a and 3b are enantiomers.

[203] Example 3b: teri-butyl (55,6R)-5-hydroxy-6-[(5R)-SH-imidazo[1,5-b}isoindol-5-y1}-
2-azaspiro[3.4]Joctane-2-carboxylate (20.7 mg, 0.7%) as a light yellow solid. LCMS (ESI) m/z =
382.5 [M+H]". tR = 1.137 min (CHIRALPAK IA-3, 0.46x5cm;3um,
Hex(0.1%DEA):EtOH=70:30, 1.0 mL/min). 3a and 3b are enantiomers.

[204] Example 3c: tert-butyl (55,65)-5-hydroxy-6-[(SR)-5Himidazo[1,5-b]isoindo}-5-yl]-2-
azaspiro[3.4]octane-2-carboxylate (4 mg, 0.2%) as a light yellow solid. LCMS (ESI) m/z =

382.5 [M+H]". '"H NMR (300 MHz, DMSO-dq) § 7.95 (s, 1H), 7.59 (d, J = 7.2 Hz, 1H), 7.48 (d,
J=7.2Hz, 1H), 7.44-7.22 (m, 2H), 7.18 (s, 1H), 5.65 (d, J = 5.5 Hz, 1H), 549 (d, ] = 2.8 Hz,
1H), 4.15-4.05 (m, 1H), 3.94-3.81 (m, 2H), 3.59-3.36 (m, 2H), 2.39-2.28 (m, [H), 1.75-1.72 (m,
1H), 1.50-1.40(m, 1H), 2.39(s, 9H), 1.09-1.00 (m, 1H), 0.61-0.36 (m, I'H). tR = 2.411 min (Lux
Cellulose-4, 0.46x5cm;3um, Hex(0.1%DEA):EtOH=70:30, 1.0 mL/min). 3¢ and 3d are
enantiomers.

{205] Example 3d: tert-butyl (SR,6R)-5-hydroxy-6-[(5S)- SHimidazo{1,5-b]isoindol-5-yl]-
2-azaspiro[3.4]octane-2-carboxylate (2 mg, 0.1%) as a light yellow solid. LCMS (ESI) m/z =
382.5 [M+H]". tR = 3.356 min (Lux Cellulose-4, 0.46x5cm;3um, Hex(0.1%DEA).EtOH=70:30,
1.0 mL/min). 3c and 3d are enantiomers.

[206] Example 3e: tert-butyl (55,6S)-5-hydroxy-6-[(5S)-5Himidazo[1,5-b}isoindol-5-yl}-2-
azaspiro{3.4]octane-2-carboxylate (63.6 mg, 2.9%) as a light yellow solid, LCMS (ESI) m/z =
382.5[M+H]". 'H NMR (300 MHz, 'DMSO—&%) 87.92 (s, 1H), 7.66 (d, J= 7.2 Hz, 1H), 7.59 (d,J
=7.2 Hz, 1H), 7.41-7.24 (m, 2H), 7.15 (s, 1H), 5.72 (d, J = 4.8 Hz, 1H), 5.41 (d, /= 7.2 Hz, 1H),
4.19-4.06 (m, 2H), 3.61-3.26 (m, 3H), 2.18-2.14 (m, 1H), 1.94-1.44 (m, 4H), 1.36 (s, 9H) IR =
1.784 min (CHIRALPAK IC-3, 0.46x5cm;3um, Hex(0.1%DEA):IPA=50:50, 1.0 mL/min). 3e
and 3f are enantiomers. ‘

[207] Example 3f: tert-butyl (3R,6R)-5-hydroxy-6-[(SR)-SHimidazo[1,5-b}isoindol-5-yl]-
2-azaspiro[3.4]octane-2-carboxylate (60.7 mg, 2.7%) as a light yellow solid. LCMS (ESI) m/z =
382.5 [M+H]". R = 2.574 min (CHIRALPAK IC-3, 0.46x5cm;3um, Hex(0.1%DEA):IPA=50:50,
1.0 mY./min). 3e and 3f are enantiomers.

[208] Example 3g: tert-butyl (5R,65)-5-hydroxy-6-[(SR)-5Himidazo[1,5-b]isoindol-5-yl}-
2-azaspiro[3.4]octane-2-carboxylate (18 mg, 0.7%) as a light yellow solid. LCMS (ESI) m/z =
382.5[M+H]J". "H NMR (300 MHz, DMSO-ds) § 7.95 (s, 1H), 7.61 (d, /= 7.2Hz, 1H), 748 (d,J
=7.8 Hz, 1H), 7.41-7.36 (m, 1H), 7.27-7.22 (m, 1H), 7.15 (s, 1H), 5.61 (d, /= 5.1 Hz, 1H), 5.28
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(d, J=5.1 Hz, 1H), 4.16-4.06 (m, 2H), 3.64-3.62 (m, 1H), 3.50-3.37 (m, 2H), 2.14-1.79 (m, 5H),
1.36 (s, 9H). tR = 2.332 min (CHIRALPAK IC-3, 0.46x5c¢m;3um, Hex(8mMNH3):EtOH=70:30,
1.0 mL/min). 3g and 3h are enantiomers.

{209] Example 3h: tert-buty! (55,6R)-5-hydroxy-6-[(55)-5Himidazo[1,5-blisoindol-5-y1]-
2-azaspiro[3.4Joctane-2-carboxylate (20 mg, 0.7%) as a light yellow solid. LCMS (ESI) m/z =
382.5 [M+H]". tR = 2.914 min (CHIRALPAK IC-3, 0.46x5cm;3um,
Hex(8mMNH3):EtOH=70:30, 1.0 mL/min). 3g and 3h are enantiomers.

Example 4: 1-hydroxv-2-(5H-imidazo[4,3-alisoindol-5-y1)-8-azaspiro[4.5]decane-8-

N
/ N/ (;\\/’L //()
N/) HO ~s

o” \NHZ

sulfonamide

{210} (18,25)-1-hydroxy-2-{(5R)-5H-imidazo[4,3-a}isoindol-5-yl]-8-azaspiro{4.5]decane-8-
sulfonamide

[211] (1R,2R)-1-hydroxy-2-[(5S)-5H-imidazo[4,3-a}isoindol-5-yl]-8-azaspiro[4.5]decane-
8-sulfonamide

[212} (1R,25)-1-hydroxy-2-[(5S)-5H-imidazo[4,3-alisoindol-5-yl]-8-azaspiro[4.5}decane-8-
sulfonamide

[213] (18,2R)-1-hydroxy-2-[(5R)-5H-imidazo[4,3-a]isoindol-5-y1}-8-azaspiro{4.5]decane-
8-sulfonamide |

Step 1:

214] 2-(5H-imidazo{4,3-a}isoindol-5-yl)-8-azaspiro[4.5]decan-1-ol

sE
Int-2

[215] To a solution of tert-butyl 1-hydroxy-2-[SH-imidazo[4,3-a}isoindol-5-yl}-8-
azaspiro[4.5)decane-8-carboxylate (200 mg, 0.488 mmol) in DCM (5 mL) was added TFA (2
mL). The solution was stirred for 30 min at room temperature. The resulting mixture was
concentrated under vacuum to give 206 mg (crude) of 2-(5H-imidazo{4,3-a}isoindol-5-y1)-8-
azaspiro[4.5]decan-1-ol TFA salt as light yellow oil.
Step 2:
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[216] (15,28)-1-hydroxy-2-[(5R)-5H-imidazo[4,3-alisoindol-5-y1]-8-azaspiro[4.5]decane-8-
sulfonamide

12171 (1R,2R)-1-hydroxy-2-[(55)-5H-imidazo[4,3-a]isoindol-5-yl]-8-azaspiro{4.5]decane-

8-sulfonamide
O N N l l 0
/) N \s// / /) HO - N &

d’ \NHZ N

4a 4b

[218] To a solution of [(chlorosulfonyl)imino]methanone (162 mg, 1.15 mmol) in DCM (§
mL) was added tert-butanol (130 mg, 1.75 mmol) at 0 °C. The resulting solution was stirred for
30 min at 0 °C. The resulting solution was added into a solution of 2-[SH-imidazo{4,3-a]isoindol-
5-yl]-8-azaspiro[4.5]decan-1-o0l (310 mg, 0.90 mmol) and TEA (0.5 mL, 3.60 mmol) in DCM
(10 mL) . The resulting solution was stirried for an additional 1 h at rt. The reaction was then
quenched by the addition of water (50 mL). The reaction mixture was extracted with DCM (3 x
30 mL) and the organic layers were combined. The organics were dried over anhydrous sodium
sulfate and concentrated under vacuum. The residue was purified by a silica gel column eluting
with DCM/MeOH (0-7%). This resulted in 350 mg (80%) of tert-butyl N-(1-hydroxy-2-{5H-
imidazo[4,3-alisoindol-5-yl]-8-azaspiro[4.5]decane-8-sulfonyl)carbamate as an off-white solid.
LCMS (ESD mv/z = 489.3 [M+H]".

[219] A solution of tert-buty! N~(1 -hydroxy-2-[5SH-imidazo{4,3-a}isoindol-5-yl]-8-
azaspiro[4.5]decane-8-sulfonyl)carbamate (350 mg, 0.716 mmol) in DCM (15 mL) was added
TFA (5 mL). The resulting solution was stirred for 30 min at room temperature. The resulting
mixture was concentrated under vacuum. The crude product was purified by Prep-HPLC and
further separated with Chiral-HPLC.

1220} The absolute configuration of 4a-4b was assigned arbitrarily.

1221] Example 4a: (15,25)—1-hycfroxy-2-[(5R)—5H—imidazo[4,3-a]isoindol-S-y]]-S-
azaspiro[4.5]decane-8-sulfonamide (11.3 mg, 14%) as a white solid. LCMS (ESI) m/z = 389.3
[M+H]". "H NMR. (400 MHz, 1)M.SOLd5) 58.03 (s, 1H), 7.62(d, J = 7.6 Hz, 1H), 7.54(d, J = 7.6
Hz, 1H), 7.42-7.30 (m, 1H), 7.29-7.25 (m, 1H), 7.16 (s, 1H), 6.63(s, 2H), 5.47 (d, J = 4.0 Hz,
1H), 5.07 (d, J = 5.6 Hz, 1H), 3.60-3.55 (m, 1H), 3.28-3.25 (m, 2H), 2.68-2.51 (m, 2H), 2.49-
2.45 (m, 1H), 1.74-1.68 (m, 2H), 1.55-1.54 (m, 1H), 1.33-1.01 (m, 4H), 0.86-0.85(m, IH). tR =
1.342 min (CHIRALPAK [A-3, 0.46x5cm; 3um, Hex(8mMNH3): EtOH = 50:50, 1.0 mL/min).

4a and 4b are enantiomers.
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[222] Example 4b: (1R,2R)-1-hydroxy-2-[(55)-5SH-imidazo[4,3-a]isoindol-5-y1}-8-
azaspiro[4.5]decane-8-sulfonamide (11.0 mg, 14%) as a white solid . LCMS (ESI) nvz = 389.3
[M+H]". (R = 2.876 min (CHIRALPAK 1A-3, 0.46x5cm; 3um, Hex(8mMNH3): EtOH = 50:50,
1.0 mL/min). 4a and 4b are enantiomers.

[223] (1R,28)-1-hydroxy-2-[(55)-5H-imidazo{4,3-alisoindol-5-yl]-8-azaspiro{4.5]decane-8-
sulfonamide

[224] (1S,2R)-1-hydroxy-2-{(5R)-5H-imidazo[4,3-a]isoindol-5-yl}-8-azaspiro{4.5]decane-

8-sulfonamide
4 ‘/) HO N S/I 4 HO N S//\

N & NHy N7 &7 NH,

4c 4d
[225] The title compounds were synthesized by the same method of example 4a and 4b.
[226] The absolute configuration of 4c-4d was assigned arbitrarily.
227 Example 4c¢: (15,25)-1-hydroxy-2-[(5R)-5H-imidazo[4,3-alisoindol-5-y1]-8-
azaspiro[4.5]decane-8-sulfonamide (104.4 mg, 37%) as a white solid. LCMS (ESI) m/z = 389.3
[M+H]" "HNMR (400 MHz, DMSO-dg) & 8.03 (s, 1H), 7.69(d, J = 7.6 Hz, 1H), 7.61(d,J = 7.6
Hz, 1H), 7.42-7.38 (m, 1H), 7.31-7.28(m, 1H), 7.18 (s, 1H), 6.68(s, 2H), 5.40 (d, / = 4.0 Hz, 1H),
5.38(d, J = 5.6 Hz, 1H), 3.90-3.88(m, 1H), 3.23-3.20(m, 1H), 3.08-3.05(m, 1H), 2.76-2.67(m,
2H), 2.32-2.29 (m, 1H), 1.78-1.34(m, 8H). tR = 3.132 min (Lux Cellulose-4, 0.46x5cm; 3um,
Hex(8mM NH3): EtOH = 50:50, 1.0 mL/min). 4¢ and 4d are enantiomers.
1228] Example 4d: ('IR,ZR)-I -hydroxy-2-[(5S)-5H-imidazo{4,3-aliscindol-5-yl}-8-
azaspiro[4.5]decane-8-sulfonamide (102.0 mg, 37%) as a white solid. LCMS (ESI) m/z = 389.3
[M+H]". tR = 2.128 min (Lux Cellulose-4, 0.46x5cm; 3um, Hex(8mM NH3): EtOH = 50:50, 1.0

mL/min). 4¢ and 4d are enantiomers.

Example 5: 6-( SH-imidazo[1,5-blisoindol-5-y1)-2-methylsulfonyl-2-azaspiro[3.3theptan-7-o}

X 0, Pe
! N’S\
yZ
J "j OH
P
N

Step 1:
{229] tert-butyl (E)-5-0x0-6-(2-(1-trityl-1H-imidazol-4-yl)benzylidene)-2-

azaspiro[3.3]heptane-2-carboxylate
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[230] To a mixture of tert-butyl 5-oxo0-2-azaspiro{3.3}heptane-2-carboxylate (250 mg, 1.2
mmol) and 2-[ I-(triphenylmethyl)-1H-imidazol-4-yl]benzaldehyde (580 mg, 1.4 mmot) in EtOH
(10 mL) was added Ca(OH), (270 mg, 3.6 mmol). The resulting solution was stirred for 1 h at
room temperature. The resulting mixture was concentrated under vacuum. The resulting solution
was diluted with DCM (600 mL). The solid were filtered out. The filtration was concentrated
under vacuum. The residue was purified by a silica gel column with EtOAc /PE (30%-80%).
This resulted in 700 mg (97%) of the title compound as a light yellow solid. LCMS (ESI) m/z =
608.2[M+H]".

Step 2:
[231] tert-butyl-6-(SH-imidazo{5,1-a}isoindo}-5-yl)-5-0x0-2-azaspiro[ 3.3 Jheptane-2-
carboxylate

| A

P \/N,Boc

N

{232] To a solution of tert-butyl (E)-5-0x0-6-(2-(1-trityl-1H-imidazol-4-yD)benzylidene)-2-
azaspiro[3.3]heptane-2-carboxylate (720 mg, 1.15 mmol) in MeOH (12 mL) was added AcOH
(2.4 mL). The resulting solution was stirred for 16 h at 80 °C. The resulting mixture was
concentrated under vacuum. The resulting solution was diluted with EtOAc (60 mL). The
resulting mixture was washed with aq. Na;COs (2 x 10 mL). Tﬁe organic layers were combined
and dried over anhydrous sodium sulfate and concentrated under vacuum, The residue was
purified by a silica gel column eluting with DCM/MeOH {0-10%). This resulted in 480 mg (95%)
of tert-butyl 2-[SH-imidazo[4,3-a]isoindol-5-yl]-1-oxo-8-azaspiro[4.5]decane-8-carboxylate as a
yellow solid. LCMS (ESI) m/z = 366.2 [M+H]".
Step 3:
[233] tert-butyl (5R,68)-5-hydroxy-6-((S)-5H-inidazo[5,1-a}isoindol-5-y1)-2-

azaspiro[3.3]heptane-2-carboxylate
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, K{\)Q«Boc
/ /'j OH
N

[234] To a solution of tert-butyl-6-(5H-imidazo[5,1-a}isoindo}-5-yl)-5-0x0-2-
azaspiro[3.3]heptane-2-carboxylate (480 mg, 1.22 mmol) in MeOH (10 mL) was added NaBH,4
(280 mg, 7.4 mmol). The resulting solution was stirred for 20 min at 0°C. The reaction was then
guenched by the addition of water (50 mL). The MeOH was removed under vacuum. The
resulting solution was extracted with DCM (3 x 20 mL) and the organic layers combined. The
solution was dried over sodium sulfate and concentrated under vacuum. The residue was applied
onto a silica gel column with DCM/MeOH (0-10%). This resulted in 400 mg (80%) of tert-butyl-
5-hydroxy-6-(5H-imidazo[5, 1-a]isoindol-5-yl)-2-azaspiro[3.3]heptane-2-carboxylate as an off-
white solid.

1235] The crude product was purified by Prep-HPLC and further isolated by chiral
separation to afford the title compound (75 mg) as a white solid.

1236} 1. Column: XBridge Prep C18 OBD Column 19x150mm Sum;Mobile Phase
A:Water(10MMOL/L. NH4HCO3), Mobile Phase B: ACN; Flow rate: 20 mL/min; Gradient: 20%
B to 40% B in 10 min; 254220 nm; Rt: 8.9, 9.65 min

[237] 2. Column: CHIRALPAK IA, 2.12x15cm,5um;Mobile Phase A:Hex--HPLC, Mobile
Phase B: EtOH--HPLC; Flow rate: 20 mL/min; Gradient: 30 B to 30 B in 30 min; 254/220 nm;
RT1:4.917; RT2:16.96

1238} LCMS (BSI) m/z = 368.1 [M+H]"; 'H NMR (400 MHz, DMSO-d6) 6 7.88 (s, 1H),
7.62 — 7.54 (m, 2H), 7.37 (1, J = 7.3, 0.9 Hz, 1}), 7.26 (td, ] = 7.6, 1.1 Hz, 1H), 7.14 (s, 1H),
6.25 (d, ] = 4.8 Hz, 1H), 5.40 (d, J = 7.8 Hz, 1H), 4.42 (dd, J = 7.0, 4.8 Hz, 1H), 4.15 - 4.04 (m,
1H), 3.86 — 3.74 (m, 2H), 3.45 — 3.26 (m, 2H), 3.17 (d, J = 5.2 Hz, 1H), 2.95 (s, 3H), 2.67 - 2.54
(m, 1H), 1.15 (s, 9H). tR = 1.054 min (CHIRALPAK IA-3, 0.46x5cm;3um,
Hex(8mMNH3):EtOH=50:50, (.0 mL/min).

Step 4:

[239] (5R,68)-6-((S)-5H-imidazo[5, 1-a]isoindol-5-y1)-2-(methylsulfonyl)-2-
azaspiro[3.3]heptan-5-ol

L{\ /,O

'\
| /r\\7C N
N b3
/4 /) OH

[240] A solution of tert-butyl (5R,6S)-5-hydroxy-6-((S)-5H-imidazo[5,1-a]isoindol-5-yl)-2-
azaspiro[3.3 Jheptane-2-carboxylate (50 mg, 0.14 mmol) in 1 mL of DCM was charged with 200



WO 2019/005559 PCT/US2018/038508
103

ul. of TFA and stirred at room temperature for one hour. The mixture was then concentrated in
vacuo and azeotroped twice with MeOH and twice with DCM. The residue was then dissolved
in 5 mL of MeOH and charged with 1 g of macroprorous polymer supported Ammoniwn
Carbonate resin and sonicated. The resin was then filtered off by vacuum filtration and the
solution was concentrated in vacuo. The residue was then dissolved in 1 mL of
dimethylacetamide and charged with methane sulfonyl chloride (16 mg, 0.14 mmol) and TEA
(42 mg, 0.52 mmol). The crude mixture was then purified by reverse-phase HPLC (0.1 %
NH;,OH/ACN) to afford the title compound (20 mg, 0.06 mmol, 42% yield) as a white solid.
[241] LCMS (EST) m/z = 346.1 [M+H]"; '"H NMR (400 MHz, DMSO-d6) 5 7.88 (s, 1H),
7.62 — 7.54 (m, 2H), 7.37 (1t, } = 7.3, 0.9 Hz, 1H), 7.26 (td, ] = 7.6, 1.1 Hz, 1H), 7.14 (s, 1H),
6.25 (d, ) =4.8 Hz, 1H), 5.40 (d, J = 7.8 Hz, 1H), 4.42 (dd, J = 7.0, 4.8 Hz, 1H), 4.15 ~ 4.04 (m,
1H), 3.86 — 3.74 (m, 2H), 3.45 - 3.26 (m, 2H), 3.17 (d, J = 5.2 Hz, 1H), 2.95 (s, 3H), 2.67 - 2.54
(m, 1H).

Example 6: 2-(SH-imidazo[4,3-alisoindol-5-yl)-7-methanesulfonyl-7-azaspiro[3.5nonan-1-ol

[242] (1S,2R)-2-[(5R)-5H-imidazo[4,3-alisoindol-5-y1]-7-methanesulfonyl-7-
azaspiro[3.5]nonan-1-ol

[243] (1R,25)-2-[(5S)-5H-imidazo[4,3-alisoindol-5-y1]-7 -methanesqlfony’l -7-

azaspiro{3.5}nonan-1-0l

[244] (1R,2R)—2-{(5R.)~5H.-imidaz.o[4,3‘a]isoindo]'.-S-yl]J—methanesulfon yl-7-
azaspiro[3.5]nonan-1-o0l

{245] (18,28)-2-[(58)-5H-imidazo[4,3-a}isoindol-5-yl]-7-methanesultonyl-7-

azaspiro[3.5]nonan-1-ol

[246} (1R,25)-2-[(5R)-5H-imidazo{4,3-a}isoindol-5-yl]-7-methanesulfonyl-7-
azaspiro[3.5]nonan-1-ol

[247] (18,2R)-2-[(5S)-5H-imidazo[4,3-alisoindol-5-y1]-7-methanesulfonyl-7-

azaspiro[3.5]nonan-1-ol

[248] (1R,2R)-2-[(5S)-5H-imidazo[4,3-a}isoindol-5-yl]-7-methanesulfonyl-7-
azaspiro[3.5]nonan-1-ol

[249] (18,285)-2-[(5R)-5H-imidazo[4,3-a}isoindol-5-yl}-7-methanesulfonyl-7-

azaspiro[3.5]nonan-1-ol

Step 1:
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[250] 2-(5H-imidazo[4,3-a]isoindol—5-y1)-7-'azaspir0[3 .5]nonan-1-ol
NH
N
/N/) lnt-o1 "
{251] To a solution of tert-butyl 1-hydroxy-2-[SH-imidazo[4,3-a}isoindol-5-y1]-8-
azaspiro[4.5]decane-8-carboxylate (200 mg, 0.488 mmol) in DCM (5 mL) was added TFA (2
mL). The resulting solution was stirred for 30 min at room temperature. The resulting mixture
was concentrated under vacuum. This resulted in 206 mg (crude) of 2-(5H-imidazo[4,3-
ajisoindol-5-yl)-7-azaspirof3.5]nonan-1-ol as light yellow oil.
Step 2: \
[2582] (18,2R)-2-[(5R)-5H-imidazo{4,3-alisoindol-5-yl]-7-methanesulfonyl-7-
azaspiro[3.5]nonan-1-ol (1R,28)-2-[(5S)-5H-imidazo[4,3-a]isoindol-5-yl]-7-methanesulfonyl-7-

azaspiro[3.5]nonan-1-ol

6a N 6b

[253] A solution of 2-(SH-imidazo[4,3-a]isoindol-5-yl)-7-azaspiro[3.5]nonan-1-ol (112 mg,
" 0.38 mmol) in DCM (8 mL) added TEA (0.42 mL, 3.03 mmol). Then MsCl (43 mg, 0.375 mmol)
was added at 0 °C. The mixture was stirred for 1 h at room temperature. The solution was diluted
with DCM (50 mL) and washed with water (50 mL), dried over sodium sulfate and concentrated
under vacuum. The residue was applied onto a silica gel column with DCM/MeOH (97:3). The
crude product was further isolated by Prep-HPLC and Chiral-HPLC.

[254] The absolute configuration of 6a-6b was assigned arbitrarily.

[255]) Example 6a: (15,2R)-2-[(5R)-5H-imidazo[4,3-alisoindol-5-yl]-7-methanesulfonyl-7-
azaspiro[3.5]nonan-1-o0l (21.7mg, 31%) as a white solid. LCMS (ESI) m/z = 374.2 [M+HT". 'H
NMR (400 MHz, DMSO-ds) 8 7.86 (s, 1H), 7.63-7.57 (m, 2H), 7.40-7.24 (m, 2H), 7.15 (s, 1H),
5.43(d, J= 6.9 Hz, 1H), 5.32 (d, /= 6.3 Hz, 1H), 4.08 (dd, /= 7.9, 6.2 Hz, 111), 3.37-3.31 (m,
1H), 3.28-3.24 (m, 1H), 2.95-2.69 (m, 5H), 2.52-2.47 (m, 1H), 1.74-1.54 (m, 4H), 1.45-1.41 (m,
1H), 0.95 (t,J = 10.4 Hz, I'H). {tR = 2.862 min (CHIRALPAK IF-3, 0.46x5cm; 3um,
Hex(0.1%DEA):EtOH=50:50, | mL/min). 6a and 6b are enantiomers.

[256] Example 6b: (1R,25)-2-[(55)-5H-imidazo[4,3-a]isoindol-5-y1}-7-methanesulfonyl-7-
azaspiro[3.5]nonan-1-o0l (24.1mg, 34%) as a white solid . LCMS (ESI) m/z = 374.2 [M+H]". (R
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= 4.22 min (CHIRALPAK IA-3, 0.46x5cm; 3um, Hex(8mMNH3): EtOH = 50:50, 1.0 mL/min).
6a and 6b are enantiomers.

1257] (1R,2R)-2-[(5R)-5H-imidazo[4,3-é]isoindol—S—yl]-7-methanesulfony’l—7~
azaspiro[3.5]nonan-1-ol

[258] (18,28)-2-[(55)-5H-imidazo[4,3-a}isoindol-5-yl}-7-methanesulfonyl-7-

azaspiro[3.5]nonan-1-ol

O 0O
r . u o
NS L SNR
O y o
/ S oH / B OH
NG N 6d
{259] The title compounds were synthesized by the same method of example 6a and 6b The

absolute configuration of 6c-6d was assigned arbitrarily.

1260] Example 6¢: (1R,2R)-2-[(5R)-5H-imidazo[4,3-alisoindol-5-yl]-7-methanesulfonyl-7-
azaspirof3.5]nonan-1-ol (43.8mg, 31%) as a white solid. LCMS (ESI) m/z = 374.2 [M+H]" 'H
NMR (400 MHz, DMSO-dg) 8 7.95 (s, 1H), 7.61 (dd, /= 7.2, 1.5 Hz, 1H), 7.39 (t, /= 7.5 Hz,
2H), 7.28-7.23 (m, 1H),7.14 (s, 1H), 5.41 (d, J=8.6 Hz, 1H), 5.26 (d, J=6.7 Hz, 1H), 3.98 (, J
= 7.2 Hz, 1H), 3.37-3.27 (m, 2H), 2.94-2.77 (m, 5H), 2.36-2.30 (m, 1H), 1.86 (dd, /= 11.0,9.5
Hz, 1H), 1.72-1.45 (m, 5H). (R = 2.964min (CHIRALPAK IA-3, 0.46x5cm;3um,
(Hex:DCM=5:1):EtOH=50:50,1.0 mL/min). 6¢ and 6d are enantiomers.

|261] Example 6d: (15,25)-2-[(55)-5H-imidazo[4,3-a]isoindol-5-yl]-7-methanesulfonyl-7-
azaspiro[3.5]nonan-1-ol (49.5mg, 35%) as a white solid . LCMS (ESI) m/z = 374.2 [M+H] " tR
= 1.119min (CHIRALPAK IA-3, 0.46x5cm;3um, (Hex:DCM=5:1):EtOH=50:50,1.0 mL/min).
6¢ and 6d are enantiomers.

[262] (1R,25)-2-[(5R)-5H-imidazo[4,3-alisoindol-5-yl}-7-methanesulfonyl-7-
azaspiro[3.5]nonan-1-ol

{263] (18,2R)-2-[(55)-5H-imidazo[4,3-a]isoindol-5-yl]-7-methanesulfonyl-7-

azaspiro[3.5]nonan-1-ol

[264] The title compounds were synthesized by the same method of example 6a and 6b.
The absolute configuration of 6e-6f was assigned arbitrarily.

[265] Example 6¢: (1R,25)-2-[(5R)-5H-imidazo[4,3-a]isoindol-5-yl]-7-methanesulfonyl-7-
azaspiro[3.5]nonan-1-0l (19.1mg, 6.2%) as a white solid. LCMS (ESD) m/z = 374.2 [M+H]". 'H



WO 2019/005559 PCT/US2018/038508
106

NMR (400 MHz, DMSO-ds) 87.86 (s, 1H), 7.70 - 7.58 (m, 2H), 7.48 - 7.24 (m, 2H), 7.14 (d, /=
2.9 Hz, 1H), 5.76 (d, J = 5.5 Hz, 1H), 5.47 (d, J = 8.7 Hz, 1H), 4.12 (dd, J = 9.0, 4.8 Hz, 1H),
3.32-2.92 (i, 4H), 2.83 (s, 3H), 2.67 - 2.52 (in, 1H), 1.94 - 1.79 (m, 3H), 1.60 (t, J = 5.8 Hz, 3H).
tR = 1.836min (CHIRALPAK IC-3, 0.46x5cm;3um, Hex(0.1%DEA):IPA=70:30, 1.0 mL/min).
6e and 6f are enantiomers.

[266] Example 6f: (15,2R)-2-[(55)-5H-imidazo{4,3-a]isoindol-5-yl]-7-methanesulfonyl-7-
azaspiro[3.5]nonan-1-ol (21.3mg, 7.0%) as a white solid . LCMS (ESI) m/z = 374.2 | M+H]". tR
=2.94 min (CHIRALPAK IC-3, 0.46x5cm;3um, Hex(0.1%DEA):IPA=70:30, 1.0 mL/min). 6¢
and 6f are enantiomers.

1267} (1R,2R)-2-{(58)-5H-imidazo|4,3-alisoindol-5-yl]-7-methanesulfonyl-7-
azaspiro[3.5]nonan-1-ol

[268] (18,285)-2-[(3R)-SH-irniduzo[4,3-a]isvindol-5-y1}-7-methanesulfonyl-7-

azaspiro[3.5]nonan-1-ol

[269] The title compounds were synthesized by the same method of example 6a and 6b.
The absolute configuration of 6g-6h was assigned arbitrarily.

{270] Example 6g: (1R,25)-2-[(5R)-5H-imidazo[4,3-a]isoindol-5-yl]-7-methanesulfonyl-7-
azaspiro[3.5]nonan-1-01 (24.2mg, 52%) as a white solid. LCMS (ESI) m/z= 3742 [M+H]". 'H
NMR (400 MHz, DMSO-ds) 87.85 (s, 1H), 7.63-7.60 (m, 1H), 7.41-7.36 (m, 2H), 7.26-7.20 (i,
1H), 7.13 (s, 1H), 5.79 (d, J = 6.0 Hz, 1H), 5.42 (d, J= 10.6 Hz, 1H), 4.08 (td, /= 5.9, 2.9 Hz,
1H), 3.20-2.98 (m, 4H), 2.85 (s, 3H), 2.35-2.19 (m, 2H), 1.95-1.61 (m, SH). tR =2.279min (Lux
Cellulose-4, 0.46x 5cm;3um,Hex(0.1%DEA):EtOH =50:50,1.0 mL/min). 6g and 6h are
enantiomers.

12711 Example 6h: (15.2R)-2-{(55)-5H-imidazo[4.3-a)isoindol-5-y1]-7-methanesulfonyl-7-
azaspiro[3.5]nonan-1-o0l (22.7mg, 48%) as a white solid . LCMS (ESI) m/z = 374.2 [M+H]". tR
=13.761 min (Lux Cellulose-4, 0.46x5cm;3um,Hex(0.1%DEA):EtOH =50:50,1.0 mL/min). 6g

and 6h are enantiomers.

Example 7: 2-(5H-imidazo[5.1-alisoindol-5-y})-8-( methylsulfonyl)-8-azaspiro[4.51decan-1-0l
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[272] (18,25)-8-(methylsulfonyl)-2-((R)-5H-imidazo[5, 1-a}isoindol-5-y1)-8-
azaspiro[4.5]decan-1-ol

{273} (1R,2R)-8-(methylsulfonyl)-2-((S)-5H-imidazo[ 5,1 -a}isoindol-5-yl)-8-

azaspiro[4.5]decan-1-o}
O N N O
N/ /) HG t :N\S//

220 N/ 7280

Ta 7b

Y
[274] To a solution of 2-(5H-imidazo[4,3-a}isoindol-5-yl)-8-azaspiro[4.5]decan-1-01 (173
mg, 0.056 mmol) in DCM (20 mL) was added TEA (0.4 mL, 2.90 mmol). Then MsC] (62 mg,
-0.54 mmol) was added at 0 °C. The mixture was stirred for 1 h at room temperature. The solution
was diluted with DCM (50 mL) then washed with water (50 mL), dried over sodium sulfate and
concentrated under vacuum. The residue was purified by silica gel column with DCM/MeOH
(0%-10%). The residue was further separated with Chiral-HPLC.

{275} The absolute configuration of 7a-7b was assigned arbitrarily.

[276] Example 7a: (15,25)-8-(methylsulfonyl)-2-((R)-SH-imidazo[5,1-a}isoindol-5-y1)-8-
azaspiro{4.5]decan-1-ol (4.8 mg, 5%) as a white solid. LCMS (ESI) nv/z = 388.2 [M+H]". 'H
NMR (400 MHz, DMSO-dy) 8 7.93 (s, 1H), 7.60 (d, J = 7.6 Hz, 1H), 7.54(d, J = 7.6 Hz, 1H),
7.41-7.37 (m, 1H), 7.29-7.25 (m, 1H), 7.11 (s, 1H), 5.45 (d, J = 4.0 Hz, 1H), 5.08 (d, / = 5.6 Hz,
1H), 3.60-3.57 (m, 1H), 3.44-3.35(m, 2H), 2.82(s, 3H), 2.81-2.64 (m, 3H), 1.73-1.58(m, 3H),
1.35-1.04(m, 4H), 0.88-0.85(m, 1H). tR = 4.843 min (CHIRALPAK [A-3, 0.46x5cm; 3um,
Hex(0.1%DEA):EtOH=50:50, 1.0 mL/min). 7a and 7b are enantiomers.

277} Example 7b: (1R,2R)-8-(methylsulfonyl)-2-((S)-5H-imidazo[5,1-a}isoindol-5-y1)-8-
azaspiro[4.5]decan-1-ol (8.3 mg, 8%) as a white solid . LCMS (EST) m/z = 388.2 [M+H]". IR =
1.690 min (CHIRALPAK IA-3, 0.46x5cm; 3um, Hex(0.1%DEA).EtOH=50:50, 1.0 ml/min). 7a
and 7b are enantiomers.

|278] (1R,25)-8-(methylsulfonyl)-2-((S)-SH-imidazo{5,1-a}isoindol-5-y1)-8-
azaspiro{4.5}decan-1-ol

[279] (15,2R)-8-(methylsulfonyl)-2-((R)-5H-imidazo[$5,1-a}isoindol-5-yl)-8-

azaspiro[4.5]decan-1-ol
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7c 7d
[280] The title compounds were synthesized by the same method of example 7a and 7b.
[281] The absolute configuration of 7¢-7d was assigned arbitrarily.
{2824 Example 7¢: (1R,25)-8-(methylsulfonyl)-2-((8)-SH-imidazo[$,1-alisoindol-5-yl)-&-
azaspiro[4.5]decan-1-0l (56.1 mg, 24%) as a white solid. LCMS (ESI) m/z = 388.2 [M+H]". 'H
NMR (400 MHz, DMSO-d5) 8 7.90 (s, 1H), 7.67 (d, J = 7.6 Hz, 1H), 7.59 (d, J = 7.6 Hz, 1H),
7.41-7.36 (m, 1H), 7.30-7.25 (m, 1H), 7.13 (s, 1H), 5.40 (4, J = 4.0 Hz, 1H), 5.38 (d, / = 5.6 Hz,
1H), 3.92-3.89 (m, IH), 3.39-3.35 (m, 1H), 3.22-3.17 (m, 1H), 2.93-2.86 (m, 1H), 2.84(s, 3H),
2.83-2.80 (m, 1H), 2.35-2.28 (m, 1H), 1.75-1.52 (m, 6H), 1.35-1.24 (m, 2H). tR = 2.258 min
(CHIRALPAK IA-3, 0.46x5cm; 3um, Hex(8mMNH3): EtOH = 50:50, 1.0 mL/min). 7¢ and 7d
are enantiomers.
[283] Example 7d: (15,2R)-8-(methylsulfonyl)-2-((R)-5H-imidazo[5,1-alisoindol-5-yl1)-8-
azaspiro[4.5]decan-1-ol (8.3 mg, 8%) as a white solid. LCMS (ESI) m/z = 388.2 [M+HT" . (R =
3.351 min (CHIRALPAK IA-3, 0.46x5cm; 3um, Hex(8mMNH;): EtOH = 50:50, 1.0 mL/min).

7¢ and 7d are enantiomers.

Example 8: 7-fluoromethanesulfonyl-2-(5H-imidazo{4,3-alisoindol-5-yl)-7-azaspiro[3.5]nonan-

E

N
/N /) OH
{284] (18,2R)-7-fluoromethanesulfonyl-2-[(SR)-5H-imidazo{4,3-a}isoindol-5-y1]-7-
azaspiro[3.5]nonan-1-0l

[285] (1R,2S)-7-fluoromethanesulfonyl-2-[(55)-5H-imidazo[4,3-alisoindol-5-yl}-7-

azaspiro[3.5]nonan-1-ol

- F -
X (\)\ X (RJF
| = NS l Pl S -9
(o] Y (o]
N N :
/N /) OH /N /) OH

8b
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[286] To a mixture of 2-(SH-imidazo[1,5-b]isoindol-5-yl)-7-azaspiro{3.5]nonan- 3-o0l (200
mg, 0.680 mmol) and TEA (342.58 mg, 3.39 mmol) in DCM (30mL) was added
fluoromethanesulfonyl chloride (358.97 mg, 2.71 mmol). The mixture was stirred at 25 °C for 1h.
The reaction was quenched with water (50 mL). The resulting solution was extracted with
EtOAc (3 x 50 mL) and the organic layers combined. The residue was purified by flash
chromatography on silica gel eluting with DCM/MeOH (97:3). The crude product was further
isolated by Prep-HPLC and Chiral-HPLC. '

[287] The absolute configuration of 8a-8b was assigned arbitrarily.

[288] Example 8a: (15,2R)-7-fluoromethanesulfonyl-2-[(SR)-SH-imidazo[4,3-a]isoindol-5-
yl}-7-azaspiro[3.5)nonan-1-ol (14.1mg, 5.1%) as a white solid. LCMS (ESI) m/z = 392.2
[M+H]". "H NMR (400 MHz, DMSO-d5) § 7.86 (s, 1H), 7.65-7.58 (m, 2H), 7.40-7.35 (m, 1H),
7.29-7.24 (m, 1H), 7.14 (s, 1H), 5.80-5.79 (m, 1H), 5.59 (s, 1H), 5.47-5.44 (m, 2H), 4.13 (5, 1H),
3.39-3.36 (m, 1H), 3.29-3.17 (m, 3H), 2.59-2.51 (m, 1H), 1.97-1.93 (m, 1H), 1.90-1.73 (m, 2H),
1.60-1.52 (m, 3H). tR = 5.050 min (CHIRALPAK IG-3, 0.46x5cm; 3um,
Hex(0.1%DEA):EtOH=50:50, | mL/min). 8a and 8b are enantiomers.

[289] Example 8b: (1R,2S)-7-fluoromethanesulfonyl-2-[(58)-5H-imidazo[4,3-a]isoindo}-5-
yl}-7-azaspiro[3.5]nonan-1-o0l (21.5mg, 7.8%) as a white solid . LCMS (ESD) nvz = 392.2
[M+H]". tR = 9.010 min (CHIRALPAK 1G-3, 0.46x5cm; 3um, Hex(0.1%DEA).EtOH=50:50, 1

mL/min). 8a and 8b are enantiomers.

Example 9: methyl 1-hydroxy-2-(SH-imidazo[4.3-alisoindol-5-y1)-8-azaspiro[4.S]decane-8-

carboxylate

-~

S
I/ \
N O
/S HO il
N O

{290] methyl (1R,2S5)-1-hydroxy-2-[(55)-5H-imidazo{4,3-a]isoindol-5-y1}-8-
azaspiro[4 S]decane-R-carhnxylate
1291} methyl (1S,2R)-1-hydroxy-2-[(5R)-5H-imidazo[4,3-a]isoindol-5-y1]-8-

azaspiro[4.5]decane-8-carboxylate

PSS XN

(T -
oS SRS G
/S HO N\{( //N HO il
N O N o)
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{292} To a solution of 2-(SH-imidazo[4,3-a]isoindol-5-y1)-8-azaspiro[4.5]decan-1-o0l (139
mg, 0.450 mmol) in DCM (10 mL) was added TEA (2.0 mL, 14.43mmol) at rt. The mixture was
cooled to -65 °C. 20 min later, methy! chloroformate (50.49mg, 0.530 mmol) was added at -

65 °C. The mixture was stirred at -65 °C for 1 h. The reaction was quenched with water (20 mL).
The mixture was extracted with DCM (3 x 20 mL). The combined solution was dried over
sodium sulfate and concentrated under vacuum. The crude product was purified by Prep-HPLC
and further separated with Chiral-HPLC.

[293] The absolute configuration of 9a-9b was assigned arbitrarily.

[294] Example 9a: methyl (1R,25)-1-hydroxy-2-[(55)-5H-imidazo[4,3-alisoindo}-5-yl]-8-
azaspiro[4.5]decane-8-carboxylate (42.9 mg, 26%) as a white solid. LCMS (ESI) m/z = 368.8
[M+H]". '"H NMR (400 MHz, DMSO-dy) & 8.03 (s, 1H), 7.68(d, J = 7.5 Hz, 1H), 7.61(d,J = 7.5
Hz, 1H), 7.42-7.26 (m, 2H), 7.20 (s, 1H), 5.44 (d, J = 4.5 Hz, 1H), 5.38(d, J = 4.5 Hz, 1H), 3.93-
3.89 (m, 1H), 3.66-3.60(m, 1H), 3.57(s, 3H), 3.51-3.46(m, 1H), 3.12-3.06 (m, 2H), 2.33-2.32 (m,
1H), 1.79-1.30 (m, 6H), 1.23-1.20(m, 2H); tR = 1.597 min (CHIRALPAK IF-3, 0.46x5cm; 3um,
Hex(0.1%DEA): EtOH = 50:50, 1.0 mL/min). 9a and 9b are enantiomers.

[295] Example 9b: methyl (1S,2R)-1-hydroxy-2-[(5R)-SH-imidazo[4,3-a]isoindol-5-y1]-8-
azaspiro[4.5]decane-8-carboxylate (46.1 mg, 28%) as a white solid . LCMS (ESI) m/z = 368.8
[M+H]". {R = 2.822 min (CHIRALPAK IF-3, 0.46x5cm; 3um, Hex(0.1%DEA): EtOH = 50:50,

1.0 mL/min). 9a and 9b are enantiomers.

Example 10: 1-( 1-hvdroxy-2-(5H-imidazo[4,3-alisoindol-5-vl)-8-azaspirof4.S]decan-8-ylethan-

1-one

S

=
N N

/ 24 HO Y

N 0]

§296] 1-[(1R,25)-1-hydroxy-2- [(5S)-5H-imidazo[4,3-a)isoindol-5-y1]-8-azaspiro[4.5}decan-

R-ylJethan-1-one
[297] 1-[(18,2R)-1-hydroxy-2-[(5R)-5H-imidazo[4,3-a}isoindol-5-yl]-8-azaspiro[4.5 ]decan-
8-yllethan-1-one
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[298] To a solution of 2-(SH-imidazo[4,3-a]isoindol-5-y1)-8-azaspiro[4.5]decan-1-0l (154
mg, 0.50 mmol) in DCM (10 mL) was added TEA (2.0 mL, 14.43mmol) at rt. Then acetyl
chloride (39.58 mg, 0.50 mmol) was added at -60 °C. The solution was stirred for 1 h. The
reaction was quenched with water (20 mL). Then the mixture was extracted with DCM (3 x 20
mL). The combined solution was dried over sodium sulfate and concentrated under vacuum. The
crude product was purified by Prep-HPLC and further separated with Chiral-HPLC.

[299] The absolute configuration of 10a-10b was assigned arbitrarily.

[300] Example 10a: 1-[(1R,25)-1-hydroxy-2-[(5S)-SH-imidazo[4,3-a]isoindol-5-yl]-8-
azaspiro[4.5]decan-8-ylJethan-1-one (23.9 mg, 14%) as a white solid. LCMS (ESI) m/z= 352.2
[M+H]"; 'H NMR (300 MHz, DMSO-d) § 7.92 (s, 1H), 7.68(d, J = 7.5 Hz, 1H), 7.59(d, J = 7.5
Hz, 1H), 7.42-7.26 (m, 2H), 7.12 (s, 1H), 5.40 (d, J = 4.5 Hz, 1H), 5.37(d, J = 4.5 Hz, 1H), 3.95-
3.89 (m, 1H), 3.86-3.37(m, 2H), 3.21-2.94(m, 2H), 2.31-2.21 (m, 1H), 1.97(d, J = 8.7 Hz, 3H),
1.75-1.45 (m, 6H), 1.28-1.18(m, 2H); tR = 1.468 min :CHIRALPAK [A-3, 0.46x5¢m; 3um,
Hex(0.1%DEA): EtOH = 50:50, 1.0 mL/min). 10a and 10b are enantiomers.

(301} Example 10b: 1-[(15,2R)-1-hydroxy-2-[(5R)-5H-imidazo[4,3-a]isoindol-5-yl1]-&-
azaspiro[4.5]decan-8-yl]ethan-1-one (22.1 mg, 12.5%) as a white solid . LCMS (ESI) m/z =
368.8 [M+H]". tR = 3.037 min (CHIRALPAK IA-3, 0.46x5cm; 3um, Hex(0.1%DEA): EtOH =
50:50, 1.0 mL/min). 10a and 10b are enantiomers.

Example 11: 1-hydroxv-Z-(SH-imidazo[tLB-a]isoindol—S—Vl)~7-azaspirof3.5]n0nane-7—

L \lrQC 5
¢ o)
o

N

[302] (1S,2R)-1-hydroxy-2-[(5R)-SH-imidazo[4,3-a}isoindol-5-yl]-7-azaspiro{ 3.5 Jnonane-

sulfonamide

7-sulfonamide

{303] (1R,2S5)-1-hydroxy-2-[(5S)-5H-imidazo[4,3-alisoindol-5-yl]-7-azaspiro[3.5]nonane-

e Q o)
~NH X \
ﬂ P N’% 2 I ), o Mz\%’NHZ
o f,,//*\ J O
4 N OH /J F
2
N 11a N

7-sulfonamide

N :
OH
/) 11b

[304] The title compounds were synthesized by the same method of example 4a and 4b.
[305] The absolute configuration of 11a-11b was assigned arbitrarily.
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[306} Example 11a: (15,2R)-1-hydroxy-2-[(5R)-SH-imidazo[4,3-alisoindol-5-yl}-7-
azaspiro[3.5]nonane-7-sulfonamide (38.0mg, 19%) as a white solid. LCMS (ESI) m/z = 375.2
[M+H]". '"H NMR (400 MHz, DMSO-dy) § 7.93 (s, 1H), 7.61-7.58 (m, 2H), 7.41-7.25 (m,
2H),7.18 (s, 1H), 6.64 (s, 2H), 5.43 (d, /=73 Hz, 1H), 5.29(d, J= 6.7 Hz, 1H),4.06 (t, /= 7.2
Hz, 1H), 3.32-3.15 (m, 2H), 2.73-2.51 (m, 2H), 2.50-2.43 (m, 1H), 1.73-1.39 (m, 5H), 1.04 (t, J
= 10.4 Hz, 1H). tR = 8.881 min (CHIRALPAK IG-3, 0.46x5cm; 3um,
Hex(0.1%DEA):IPA=70:30, 1 mL/min). 11a and 11b are enantiomers.

[307] Example 11b: (1R,25)-1-hydroxy-2-[(55)-5H-imidazo{4,3-alisoindol-5-yl}-7-
azaspiro[3.5]nonane-7-sulfonamide (33.8mg, 17%) as a white solid . LCMS (ESI) m/z= 375.2
[M+H]". 1R = 11.091 min (CHIRALPAK 1G-3, 0.46x5cm; 3um, Hex(0.1%DEA):IPA=70:30, 1
mL/min). 11a and 11b are enantiomers.

[308] (1R,2R)-1-hydroxy-2-[(5R)-3H-imidazo[4,3-a]isoindol-5-yl]-7-azaspiro[3.5 Jnonane-
7-sulfonamide

[309] (18,28)-1-hydroxy-2-[(55)-5H-imidazo{4,3-a]isoindol-5-yl}-7-azaspiro[ 3.5 Jnonane-7-

sulfonamide

~ NH N
N- N2 BV R
N z N
4 OH 4 OH
N/) 11c N/) 11d
{310] The title compounds were synthesized by the same method of example 4a and 4b.

[311] The absolute configuration of 11¢-11d was assigned arbitrarily.

{312] Example 11c: (1R,2R)-1-hydroxy-2-[(5R)-5H-imidazo[4,3-alisoindol-5-yl]-7-
azaspiro[3.5]nonane-7-sulfonamide (74.9mg, 34%) as a white solid. LCMS (ESI) m/z = 375.2
[M+H]". "H NMR (400 MHz, DMSO-de) 8 8.05 (s, 1H), 7.62 (d, /= 7.5 Hz, 1H), 7.43 - 7.38 (m,
2H), 7.30 - 7.24 (m, 1H),7.20 (s, 1H), 6.67 (s, 2H), 5.43 (d, /= 8.7 Hz, 1H), 5.24 (d, /= 6.9 Hz,
1H), 3.97 (t, J = 7.1 Hz, 1H), 3.26-3.18 (m, 2H), 2.75-2.60 (m, 2H), 2.35-2.29 (m, 1H), 1.86-1.64
(m, 3H), 1.58-1.47 (m, 3H). tR = 1.297min (Lux Cellulose-4, 0.46x5cm;3um,
Hex(0.1%DEA):EtOH=50:50,1.0 mL/min). 11c and 11d are enantiomers.

[313] Example 11d: (15,25)-1-hydroxy-2-[(5S)-5H-imidazo[4,3-a]isoindol-5-y1]-7-
azaspiro[3.5]nonane-7-sulfonamide (66.8mg, 31%) as a white solid . LCMS (ESI) m/z= 375.2
[M+H]". tR = 3.276 min (Lux Cellulose-4, 0.46x5cm;3um, Hex(0.1%DEA):EtOH=50:50,1.0
mL/min). 11¢ and 11d are enantiomers.

1314] (1R,25)- 1-hydroxy-2-{(5R)-5H-imidazo[4,3-a}isoindol-5-yl]-7-azaspiro[3.5]nonane-

7-sulfonamide
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[315] (1S,2R)-1-hydroxy-2-[(5S)-5H-imidazo{4,3-alisoindol-5-yl])-7-azaspiro[3.5]nonane-

7-sulfonamide

/N/) OH
1le 11f
{316} The title compounds were synthesized by the same method of example 4a and 4b.
{317} The absolute configuration of 11e-11f was assigned arbitrarily.

[318] Example 11e: (1R,25)-1-hydroxy-2-[(5R)-SH-imidazo[4,3-alisoindol-5-yl]-7-
azaspiro[3.5]nonane-7-sulfonamide (76.3mg, 31%) as a white solid. LCMS (ESI) m/z = 375.2
[M+H]". '"H NMR (400 MHz, DMSO-dy) 8 7.86 (s, 1H), 7.65-7.58 (i, 2H), 7.40-7.35 (m, 1H),
7.29-7.24 (m, 1H), 7.14 (s, 1H), 6.69 (s, 2H), 5.76 (d, J = 5.7 Hz, 1H), 5.46 (d, J = 8.9 Hz, 1H),
4.09 (td, J = 6.2, 2.9 Hz, 1H), 3.08-2.98 (m, 2H), 2.88-2.76 (m, 2H), 2.63-2.50 (m, 1H), 1.93 (t,/
= 10.4 Hz, 1H), 1.79-1.73 (m, 2H), 1.60 (t, J = 5.5 Hz, 3H). R = 3.997min (CHIRALPAK IF-3,
0.46x5cm;3um, Hex(8mMNH3):EtOH=80:20, 1.0 mL/min). 11¢ and 11f are enantiomers.

[319] Example 11f: (15,2R)-1-hydroxy-2-[(55)-5H-imidazo[4,3-alisoindol-5-yl}-7-
azaspiro[3.5]nonane-7-sulfonamide (72.2mg, 29%) as a white solid . LCMS (ESI) m/z = 375.2
[M+H]". tR = 5.326min (CHIRALPAK IF-3, 0.46x5cm;3um, Hex(8mMNH3):EtOH=80:20, 1.0
ml/min). 11e and 11f are enantiomers.

[320] (1R,2R)-1-hydroxy-2-[(5S)-5H-imidazo[4,3-a]isoindol-5-y1}-7-azaspiro[ 3.5 Jnonane-
7-sulfonamide

[321] (15,25)-1-hydroxy-2-[(5R)-5H-imidazo[4,3-alisoindol-5-yl]-7-azaspiro[3.5[nonane-

7-sulfonamide

//)'fJ OH

11g

{322] The title compounds were synthesized by the same method of example 42 and 4b.
[323] The absolute configuration of 11g-11h was assigned arbitrarily.

[324] Example 11g: (1R,2R)-1-hydroxy-2-[(5S)-5H-imidazo[4,3-alisoindol-5-yl]-7-
azaspiro[3.5]nonane-7-sulfonamide (17.0mg, 29%) as a white solid. LCMS (ESI) m/z = 375.2
[M+H]". '"H NMR (400 MHz, DMSO-dy) 5 7.89 (s, 1H), 7.62 (d, /= 7.6 Hz, 1H), 7.42-7.36 (m,
2H), 7.26-7.21 (m, 1H), 7.15 (s, 1H), 6.71 (s, 2H), 5.79 (d, /= 6.1 Hz, 1H), 5.42 (d, /= 10.7 Hz,
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1H), 4.06 (td, J= 6.4, 3.2 Hz, 1H), 3.20 - 2.98 (m, 2H),2.89-2.85 (m, 2H), 2.41-2.28 (m, 1H),
2.22(t,J=10.3 Hz, 1H), 1.92-1.76 (m, 2H), 1.68-1.61 (m, 3H). tR = 2.075min (Lux Cellulose-4,
0.46x5cm;3um,Hex(0.1%DEA):EtOH=50:50, 1.0 mL/min). 11g and 11h are enantiomers.

{325] Example 11h: (15,25)-1-hydroxy-2-[(5R)-SH-imidazo[4,3-a]isoindol-5-yl1]-7-
azaspiro[3.5]nonane-7-sulfonamide (17.4mg, 29%) as a white solid. LCMS (ESI) m/z = 375.2
[M+H]". R = 3.203min (Lux Cellulose-4,0.46x5cm;3um,Hex(0.1%DEA).EtOH=50:50, 1.0

mL/min). 11g and 11h are enantiomers.

Example 12: tert-butyl 2'-hydroxy-3'-(5H-imidazo[5.1-alisoindol-5-y1}-8-

azaspiro[bicyclof3.2.1]octane-3, '-cyclobutane]-8-carbox vlate

N—Boc
74 N
= OH

{326} tert-butyl (1R,2'S,3r,3'R,55)-2"-hydroxy-3'-((R)-SH-imidazo[ 5, 1-a]isoindol-5-y1)-8-
azaspiro{bicyclo[3.2.1]octane-3,1'-cyclobutane}-8-carboxylate

[327] tert-butyl (1R,2'R,3s,3'S,55)-2"-hydroxy-3'-((S)-SH-imidazo[ 5, 1-a]isoindol-5-yl)-8-
azaspiro[bicyclo[3.2.1]octane-3,1'-cyclobutane]-8-carboxylate

[328] tert-butyl (1R,2'S,37,3'R,55)-2'-hydroxy-3'-((S)-SH-imidazo[ 5, 1-alisoindol-5-y1)-8-

azaspiro[bicyclo[3.2.1]octane-3,1'-cyclobutane]-8-carbox ylate

1329} tert-butyl (1R,2'R,3s,3'S,55)-2'-hydroxy-3'-((R)-5H-imidazo[5,1-a]isoindol-5-y1)-8-
azaspiro[bicyclo[3.2. 1Joctane-3,1'-cyclobutane]-8-carboxylate

{330} tert-butyl (1R,2'S,3r,3'S,55)-2"-hydroxy-3'-((R)-SH-imidazo[$5, 1 -alisoindol-5-yl)-8-
azaspiro[bicyclo[3.2.1]octane-3,1'-cyclobutane]-8-carboxylate

[331] tert-butyl (1R,2'R,35,3'R,55)-2'-hydroxy-3'-((S)-5H-imidazo[5, 1-alisoindol-5-y1)-8-
azaspiro[bicyclo[3.2.1]octane-3,1'-cyclobutane]-8-carboxylate

{332] tert-butyl (1R,2'R,3s,3'R,55)-2'-hydroxy-3"-((R)-5H-imidazo[ 5,1 -a}isoindol-5-yl)-8-
azaspira[hicyclo[3.2.1]octane-3,1'-cyclobutane]-8-carboxylate

{333} tert-butyl (1R,2'S,3s,3'S,55)-2"-hydroxy-3'-((S)-5H-imidazo[ 5, 1-alisoindol-5-y1)-8-

azaspiro[bicyclo[3.2.1]octane-3,1'-cyclobutane]-8-carboxylate

{334} tert-butyl. (1R,2'S,3s,3'R,55)-2"-hydroxy-3'-((R)-5H-imidazo[5, 1 -alisoindol-5-y1)-8-
azaspiro[bicyclo[3.2.1]Joctane-3,1'-cyclobutane}-8-carboxylate

{335} tert-butyl (1R,2'R,3r,3'S,55)-2"-hydroxy-3'-((S)-5 H-imidazo[ 5,1-a]isoindol-5-yl)-8-
azaspiro[bicyclo[3.2.1]Joctane-3,1'-cyclobutane]-8-carboxylate

1336} tert-butyl (1R,2'S,3s,3'R,5S)-2'-hydroxy-3'-((S)-SH-imidazo[5,1-a]isoindol-5-y1)-8-

azaspiro[bicyclo[3.2.1]octane-3,1'-cyclobutane]-8-carboxylate
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[337] tert-butyl (1R,2'R,3r,3'S,58)-2'-hydroxy-3'-((R)-5H-imidazo[5, 1 -alisoindo}-5-yl)-8-
azaspiro[bicyclo[3.2.1]octane-3,1'-cyclobutane]-8-carbox ylate

{338] tert-butyl (1R,2'S,35,3'S,55)-2'-hydroxy-3'-((R)-5H-imidazo[5,1-a}isoindol-5-yl)-8-
azaspiro[bicyclo][3.2.1]octane-3,1'-cyclobutane]-8-carboxylate

Step 1:

[339] tert-butyl 2'-oxo-8-azaspiro[bicyclo[3.2.1]octane-3,1'-cyclobutane]-8-carboxylate

O
1340} Potassium hydroxide (85 mass%, 609 mg, 9.23 mmol) was added to a stirred
dimethy! sulfoxide (9.2 mL) solution of tert-buty! 3-oxo-8-azabicyclo[3.2.1]octane-&-carboxylate
(1.04 g, 4.62 mmol) and cyclopropyldiphenylsulfonium tetrafluoroborate
[341] (1.60 g, 4.85 mmol) at room temperature. After 20 h, the reaction was quenched by
dropwise addition of saturated aqueous sodium bicarbonate solution (25 mL). The quenched
reaction was extracted with isopropyl acetate (3 x 25 mL). The organic extracts were combined,
washed with brine (25 ml.), dried over sodium sulfate, and concentrated. The residue thereby
obtained was dissolved in toluene (46 mL). p-Toluenesulfonic acid monchydrate (46 mg, 0.23 -
mmol) was added to the stirred solution at room temperature. The reaction vessel was fixed with
a reflux condenser and warmed to 110 °C. After 2 h, the reaction was cooled to room
temperature and concentrated. The residue was purified by a silica gel column eluting with
heptane/isopropy! acetate (40:60) to afford 483 mg (39%, 79:21 d.r.) tert-butyl 2'-oxospiro[8-
azabicyclo[3.2.1]octane-3,1'-cyclobutane]-8-carboxylate as a colorless solid. LCMS (ESI) m/z =
266.2 [M+HT".
Step 2:
{342] tert-butyl (E)-2'-0x0-3'-(2-(1-trityl-1H-imidazol-4-yl)benzylidene)-8-

azaspiro[bicyclo[3.2.1]Joctane-3,1'-cyclobutane]-8-carboxylate

Z N
N—/
Trt'

{343] A slurry of tert-butyl 2'-oxospiro[8-azabicyclo[3.2.1]octane-3,1'-cyclobutane]-8-
carboxylate (2.65 g, 9.98 mmol), 2-[ 1-(triphenylmethyl)-1H-imidazol-4-yl}benzaldehyde (4.55 g,
11.0 mmo}) and Ca(OH), (1.48 g, 20.0 mmol) in EtOH (33 mL) was stirred for 24 h at 80 °C.

The reaction was cooled to room temperature and insoluble material was removed by filtration.
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The filtrate was concentrated. The residue was purified by a silica gel column eluting with
DCM/methanol (90:10) to afford 5.60 g (85%) tert-butyl (£)-2'-0x0-3'-(2-(1-trityl-1H-imidazol-
4-yl)benzylidene)-8-azaspiro{bicyclo[3.2.1]octane-3,1'-cyclobutane]-8-carboxylate

344} as a pale yellow solid. LCMS (ESI) m/z = 662.3 [M+H]".

Step 3: ‘

[345] tert-butyl 3'-(5H-imidazo[3,1-alisoindol-5-yl)-2'-0x0-3-

azaspiro[bicyclof3.2.1]octane-8,1'-cyclobutane]-3-carboxylate

N—Boc

/N
= o

1346} Acetic acid (5.5 mL) was added to a stirred MeOI (55 mL) suspension of tert-butyl
(3'E)-2"-0x0-3"-[[2-(1-tritylimidazol-4-yl)phenyl}methylene]spiro[8-azabicyclo[3.2.1 Joctane-3,1'-
cyclobutane]-8-carboxylate (5.50 g, 8.31 mmol) at room temperature. The reaction flask was
fixed with a reflux condenser and warmed to 70 °C. After 6 h, the reaction was cooled to room
temperature and concentrated. The residue was suspended in DCM (100 mL) and saturated
aqueous sodium bicarbonate sotution (100 mL) was added with stirring. The consequent layers
were separated. The aqueous layer was extracted with additional DCM (2 X 50 mL). The organic
layers were combined, dried over sodium sulfate, and concentrated. The residue was purified by
a silica gel column eluting with DCM/MeOH (95:5) to afford 1.60 g (46%) tert-butyl 3'-(SH-
imidazo[1,5-b}isoindol-5-yl)-2'-0x0-spiro[8-azabicyclo[3.2.1Joctane-3,1 '-cyclobutane]-8-
carboxylate as a pale yellow solid. LCMS (ESI) m/z = 420.5 [M+H]".

Step 4:

[347] tert-butyl (1R,2'S,37,3'R,55)-2'-hydroxy-3'-((R)-5H-imidazo(5,1 -alisoindol-5-y1)-8-
azaspiro[bicyclo[3.2.1]octane-3,1'-cyclobutane]-8-carboxylate

1348] tert-butyl (1R,2'R,3s,3'S,55)-2'-hydroxy-3"-((S)-5H-imidazo[$5,1-a}isoindol-5-y1)-8-
azaspiro[bicyclo[3.2.1]octane-3,1'-cyclobutane]-8-carboxylate

{349] tert-butyl (1R,2'S,3r,3'R,55)-2'-hydroxy-3'-((S)-SH-imidazo[5, 1 -alisoindol-5-y1)-8-
azaspiro{bicyclo[3.2.1]octane-3;1 '-cyclobutane]-8-carboxylate

[350} tert-butyl (1R,2'R,3s,3'S,55)-2'-hydroxy-3"-((R)-5H-imidazo[$5,1-a]isoindol-5-y1)-8-
azaspiro[bicyclo[3.2.1]octane-3,1'-cyclobutane]-8-carboxylate

{351} tert-butyl (1R,2'S,37,3'S,55)-2'-hydroxy-3"-((R)-SH-imidazo[5,1 -alisoindol-5-y1)-8-
azaspiro[bicyclo[3.2.1]Joctane-3,1'-cyclobutane]-8-carbox ylate

1352] tert-butyl (1R,2'R,3s,3'R,55)-2"-hydroxy-3'-((S)-5H-imidazo[$5,1-a]isoindol-5-yl)-8-

azaspiro[bicyclo[3.2.1]octane-3,1 '.cyclobutane]-8-carboxylate
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[353] tert-butyl (1R,2'R,35,3'R,58)-2'-hydroxy-3'-((R)-5H-imidazo[5,1-alisoindol-5-yl)-8-
azaspiro[bicyclo[3.2.1]octane-3,1'-cyclobutane]-8-carbox ylate

354] tert-butyl (1R,2'S,3s,3'S,5S5)-2'-hydroxy-3'-((S)-5H-imidazo[5,1-a}isoindol-5-y1)-8-

azaspiro[bicyclof3.2.1]octane-3,1"-cyclobutane}-8-carboxylate

[355] tert-butyl (1R,2'S,35,3'R,55)-2"-hydroxy-3'-((R)-5H-imidazo 5,1 -a]isoindol-5-yi)-8-
azaspiro[bicyclo[3.2.1]octane-3,1'-cyclobutane]-8-carboxylate

[356} tert-butyl (1R,2'R,3r,3'S,55)-2'-hydroxy-3'-((S)-SH-imidazo[ 5, 1-a]isoindol-5-yl)-8-
azaspiro[bicyclo[3.2.1]octane-3,1'-cyclobutane}-8-carboxylate

{357} tert-butyl (1R,2'S,3s,3'R,5S)-2'-hydroxy-3'~((S)-SH-imidazo[ 5, 1-a]isoindol-5-yl)-&-
azas_piro[biéyclo[3 .2.1]Joctane-3,1'-cyclobutane}-8-carboxylate

{358] tert-butyl (1R,2'R,3r,3'S,55)-2"-hydroxy-3'-((R)-5SH-imidazo[5,1-a]isoindol-5-y1)-8-
azaspiro[bicyclo[3.2.1]Joctane-3,1"-cyclobutane]-8-carboxylate

[359] tert-butyl (1R,2'S,35,3'S,58)-2"-hydroxy-3'-((R)-SH-imidazo[5, 1 -a}isoindol-5-y1)-8-

azaspiro[bicyclo[3.2.1]octane-3,1'-cyclobutane]-8-carboxylate

12m

[360] Sodium borohydride (289 mg, 7.63 mmol) was added to a stirred MeOH (38 mL)
solution of tert-butyl 3'-(SH-imidazo[ 1,5-b]isoindol-S-y1)-2'-oxo0-spiro[ 8-
azabicyclo[3.2.1]octane-3,1'-cyclobutane]-8-carboxylate (1.60 g, 3.81 mmol) at 0 °C. The
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resulting solution was stirred for 2 h at 0 °C. The reaction was concentrated and suspended in
brine (200 mL). The reaction was quenched by dropwise addition of brine (100 mL) at 0 °C. The
mixture was extracted with DCM (3 x 100 mL). The residue was purified by silica gel column
eluting with DCM/MeOH (90:10) to afford 1.26 g (78%) of tert-butyl 2'-hydroxy-3'-(SH-
imidazo(5,1-alisoindol-5-yl)-8-azaspiro[bicyclo[3.2.1]octane-3,1'-cyclobutane]-8-carboxylate as
a colorless solid. LCMS (ESI) m/z = 422.2 [M+H]J".

[361] The product was further isolated by chiral separation to afford 13 of 16 possible
stereoisomers as colorless solids.

[362] The absolute configuration of 12a, 12b, 12¢, 12d, 12¢, 12f, 12g, 12h, 12i, 12j, 12k,
121, and 12m was assigned arbitrarily.

[363] Example 12a: tert-butyl (1R,2'S,3r,3'R,55)-2"-hydroxy-3'-((R)-5H-imidazo[5,1-
alisoindol-5-y1)-8-azaspiro[bicyclo[3.2.1]Joctane-3,1"-cyclobutane]-8-carboxylate. LCMS (ESI)
m/z = 422.2 [M+H]". "H NMR (400 MHz, DMSO-d,) § 7.82 (s, 1H), 7.57 (t, J = 7.4 Hz, 2H),
7.36 (td, J = 7.5, 1.1 Hz, 1H), 7.25 (td, J = 7.6, 1.2 Hz, 1H), 7.12 (s, 1H), 5.67 (d, /= 8.3 Hz,
1H), 5.34 (d,J=7.3 Hz, 1H), 4.08 (t, /= 8.1 Hz, 1H), 3.92 (d, /= 5.9 Hz, 2H), 2.27 (s, 2H),
2.15 (s, 1H), 1.80 (s, 2H), 1.70 (s, 2H), 1.62 (s, 2H), 1.48 (s, 1H), 1.37 (s, 9H), 1.04 (s, I1H). tR =
0.784 min (CHIRALCEL OX, MeOH:NH,OH:H,0=24.9:0.1:75, 1.0 mL/min). 12a and 12b are
enantiomers.

[364] Example 12b: tert-butyl (1R,2'R,35,3'S,55)-2'-hydroxy-3'-((S)-5SH-imidazo[5,1-
alisoindol-5-y1)-8-azaspiro[bicyclo[3.2.1]octane-3,1'-cyclobutane]-8-carboxylate. LCMS (ESD
n1/z =422.2 [M+H]". tR = 1.086 min (CHIRALCEL OX, MeOH:NH,OH:H20=24.9:0.1:75, 1.0
mL/min). 12a and 12b are enantiomers,

[365] Example 12c: tert-butyl (1R,2'S,3r,3'R,55)-2"-hydroxy-3'-((S)-SH-imidazo(5,1-
alisoindol-5-y1)-8-azaspiro[bicyclo[3.2.1]octane-3,1'-cyclobutane}-8-carboxylate. LCMS (ESD)
m/z = 422.2 [M+H]". "H NMR (400 MHz, DMSO-ds) 8 7.85 (s, 1H), 7.57 (dd, J= 7.7, 6.2 Hz,
2H), 7.46 - 7.31 (m, 1H), 7.24 (td, J = 7.6, 1.2 Hz, 1H), 7.12 (s, 1H), 5.68 (d, /= 5.0 Hz, 1H),
5.44 (d, J=9.2 Hz, 1H), 4.09 (d, J= 6.5 Hz, 1H), 4.01 (s, 1H), 3.86 (s, 1H), 2.32(d, J= 11.5 Hz,
2H), 1.81 (s, SH), 1.74 — 1.58 (m, 3H), 1.40 (s, 10H). tR = 0.756 min (Cellulose-3,
MeOH:NH,OH:H,0=9.9:0.1:90, 1.0 mL/min). 12¢ and 12d are enantiomers.

[366} Example 12d: tert-butyl (1R,2'R,35,3'S,5S)-2"-hydroxy-3'-((R)-5H-imidazo[5,1-
alisoindol-5-yl)-8-azaspiro[bicyclo[3.2.1]octane-3,1'-cyclobutane]-8-carboxylate. LCMS (ESDH
m/z = 422.2 [M+H]". tR = 1.080 min (Cellulose-3, MeOH:NH,OH:H,0=9.9:0.1:90, 1.0
mL/min). 12¢ and 12d are enantiomers.

[367] Example 12e: tert-butyl (1R,2'S,37,3'S,55)-2"-hydroxy-3'-((R)-5SH-imidazo[5,1-
alisoindol-5-y1)-8-azaspiro{bicyclo[3.2.1]octane-3,1"-cyclobutane]-8-carboxylate. LCMS (ESD
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m/z = 422.2 [M+H]". "H NMR (400 MHz, DMSO-ds) § 7.82 (s, 1H), 7.61 —7.53 (m, 2H), 7.36 (t,
J=17.5Hz, 1H), 7.29 - 7.20 (m, 1H), 7.12 (s, 1H), 5.35 (d, J = 7.6 Hz, 1H), 5.28 (s, 1H), 4.08 (s,
1H), 3.97 (s, 1H), 3.79 (t, J = 7.8 Hz, 1H), 2.41 (d, J= 12.0 Hz, 1H), 2.15 - 2.05 (m, 1H), 1.89
(dd, J=13.9,3.3 Hz, 1H), 1.78 (s, SH), 1.57 (t,/ = 10.3 Hz, 1H), 1.39 (s, 9H), 1.37 - 1.34 (m,
2H). tR = 0.927 min (CHIRALCEL OX, MeOH:NH,OH:H,0=24.9:0.1:75, 1.0 mL/min). 12¢
and 12f are enantiomers.

[368] Example 12f; tert-butyl (1R,2'R,3s,3'R,58)-2"-hydroxy-3"-((S)-SH-imidazo(5,1-
alisoindol-5-y1)-8-azaspiro[bicyclo{3.2.1]octane-3,1'-cyclobutane]-8-carboxylate. LCMS (ESI)
m/z = 422.2 [M+HT". R = 1.029 min (CHIRALCEL OX, MeOH:NH,OH:H,0=24.9:0.1:75, 1.0
mL/min). 12e and 12f are enantiomers. ‘

{369] Example 12g: tert-butyl (1R,2'R,35,3'R,55)-2"-hydroxy-3'-((R)-SH-imidazo[5,1-
alisoindol-5-yl)-8-azaspiro[bicyclo[3.2.1]octane-3,1'-cyclobutane]-8-carboxylate. LCMS (ESI)
m/z = 422.2 [M+H]". "H NMR (400 MHz, DMSO-ds) 8 7.89 (s, 1H), 7.59 (d, J= 7.7 Hz, 1H),
7.42 - 7.26 (m, 2H), 7.19 (td, J= 7.5, 1.2 Hz, 1H), 7.11 (s, 1H), 6.02 (d, J = 7.5 Hz, 1H), 5.30 (d,
J=10.7 Hz, 1H), 4.28 (s, 1H), 3.97 (s, 2H), 3.31 = 3.20 (m, 1H), 2.37 - 2.21 (m, 1H), 2.17 (t, J =
10.7 Hz, 1H), 1.90 (s, 1H), 1.84 (s, 1H), 1.78 (s, 3H), 1.69 (td, J= 10.6, 9.9, 3.7 Hz, 2H), 1.39 (s,
10H). tR = 0.600 min (Cellulose-3, MeOH:NH;OH:H,0=9.9:0.1:90, 1.0 mL/min). 12g and 12h
are enantiomers.

{370} Example 12h: tert-butyl (1R,2'S,35,3'S,55)-2"-hydroxy-3'-((S)-5H-imidazo{5,1-
alisoindol-5-y1)-8-azaspiro[bicyclo[3.2.1Joctane-3,1'-cyclobutane]-8-carboxylate. LCMS (ESI)
m/z =422.2 [M+H]*. tR = 1.100 min (Cellulose-3, MeOH:NH4OH:H,0=9.9:0.1:90, 1.0
ml./min). 12g and 12h are enantiomers,

[371] Example 12i: tert-butyl (1R,2'S,35,3'R,55)-2"-hydroxy-3"-((R)-5H-imidazo($,1-
alisoindol-5-y1)-8-azaspiro[bicyclo[3.2.1]octane-3,1'-cyclobutane]-8-carboxylate. LCMS (ESI)
m/z = 422.2 [M+H]". 'H NMR (400 MHz, DMSO-ds) § 7.74 (s, 1H), 7.61 (dd, J = 27.2, 7.5 Hz,
2H), 7.37 (td, J = 7.5, 1.0 Hz, 1H), 7.26 (td, J=7.6, 1.2 Hz, 1H), 7.11 (s, 1H), 6.01 (d, /=72
Hz, 1H), 5.36 (d, J = 9.6 Hz, 1H), 4.30 (d, J= 8.5 Hz, 1H), 4.01 —3.93 (m, 2H), 2.42 (s, 2H),
2.25 (s, 1H), 2.03 (s, 1H), 1.93 (s, 1H), 1.76 (s, 3H), 1.66 (s, 2H), 1.39 (s, 9H), 1.29 (s, 1H). tR =
0.928 min (Cellulose-3, MeOH:NH,OH:H,0=9.9:0.1:90, 1.0 mL/min). 12i and 12j are
enantiomers.

1372} Example 12j: tert-buty! (1R,2'R,3r,3'S,55)-2"-hydroxy-3'-((S)-SH-imidazo(5,1-
alisoindol-5-yl)-8-azaspiro[bicyclo[3.2.1]octane-3,1 "cyclobutane]-8-carboxylate. LCMS (ESI)
m/z = 422.2 [M+H]". t{R = 1.627 min (Cellulose-3, MeOH:NH,OH:H,0=9.9:0.1:90, 1.0

mL/min). 12i and 12j are enantiomers.
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[373] Example 12k: tert-butyl (1R,2'S,3s,3'R,5S5)-2"-hydroxy-3'-((S)-5H-imidazo[5,1-
alisoindol-5-y1)-8-azaspiro[bicyclo[3.2.1]octane-3,1'-cyclobutane}-8-carboxylate. LCMS (ESI)
m/z = 422.2 [M+H]". "H NMR (400 MHz, DMSO-ds) 8 7.92 (s, 1H), 7.58 (dd, J=7.5, 1.1 He,
1H), 7.41 - 7.31 (m, 2H), 7.22 (td, /= 7.5, 1.2 Hz, 1H), 5.65 (d, ./ = 8.5 Hz, 1H), 5.32 (d, /=8.8
Hz, 1H), 3.93 (s, 3H), 2.18 (d, J = 9.6 Hz, 1H), 2.14 (s, 2H), 1.82 (s, 2H), 1.69 ~ 1.60 (m, 3H),
1.52 (p, J = 10.7 Hz, 4H), 1.40 (s, 9H). tR = 1.569 min (CHIRALCEL OX, MeOH:NH,OH:H:0
=24.9:0.1:75, 1.0 mL/min). 12k and 121 are enantiomers.

{374} Example 121: tert-butyl (1R,2'R,3r,3'S,55)-2-hydroxy-3"-((R)-5H-imidazo[5,1-
alisoindol-5-yl)-8-azaspiro[bicyclo[3.2.1]octane-3,1'-cyclobutane]-8-carboxylate. LCMS (ESI)
m/z = 422.2 [M+H]". tR = 1.033 min (CHIRALCEL OX, MeOH:NH,OH:H,0 =24.9:0.1:75, 1.0
mL/min). 12k and 121 are enantiomers.

[375] Example 12m: tert-butyl (1R,2'S,35,3'S,58)-2'-hydroxy-3'-((R)-5H-imidazo(5,1-
alisoindol-5-y1)-8-azaspiro[bicyclo[3.2.1Joctane-3,1'-cyclobutane]-8-carboxylate. LCMS (ESDH
m/z = 422.2 [M+H]". 'H NMR (400 MHz, DMSO-d;) § 7.89 (s, 1H), 7.58 (d, /= 7.5 Hz, 1H),
7.42 - 7.33 (m, 2H), 7.24 (td, J=17.5, 1.2 Hz, 1H), 7.09 (s, 1H), 5.34 (d, J = 7.9 Hz, 1H), 5.26 (s,
1H), 4.09 (s, 1H), 4.01 (s, 1H), 3.73 (s, 1H), 3.49 - 3.36 (m, 1H), 3.31 (s, 1H), 2.27(q, /= 8.2
Hz, 2H), 1.92 — 1.63 (m, 4H), 1.52 (d, /= 13.3 Hz, 1H), 1.47 - 1.32 (m, 1H), 1.40 (s, 10H). R =
0.992 min (CHIRALCEL OX, MeOH:NH;OH:H;0=24.9:0.1:75, 1.0 mL/min).

Example 13: 1-hvdroxy-2-(SH-imidazo[5,1-alisoindol-5-y|)-8-thiaspiro{4.5]decane 8.8-dioxide

3 OH ‘/S‘\o
Vi

N

[376] (1R,25)-1-hydroxy-2-((S)-5H-imidazo{5,1 -alisoindol-5-y1)-8-thiaspiro{4.5]decane
8,8-dioxide

{377} (1S,2R)-1-hydroxy-2-((R)-SH-imidazo[5,1-alisoindol-5-yl)-8-thiaspiro[4.5]decane
] R-dinxide

Step 1:
1378} methyl 4-(3-chloropropyl)thiane-4-carboxylate
.S,
/
O
Cl 3

[379] To a solution of methyl thiane-4-carboxylate (500.00 mg, 3.12 mmol) in THF was
added LiHMDS (626.56 mg, 3.75 mmol) under nitrogen at -60 °C. The resulting solution was
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stirred for | h at -60 °C. Then 1-bromo-3-chloropropane was added at -60°C and stirred for 2 h at
room temperature. The reaction was quenched with water (50 mL). The resulting solution was
extracted with EtOAc (3 x 50 mL) and the organic layers combined. The organic layer was dried
over anhydrous sodium sulfate and concentrated in vacuo. The residue was purified by flash
chromatography on silica gel column eluting with PE/EtOAc (5/1). This resulting in 740 mg
(100%) of methyl 4-(3-chloropropyl)thiane- 4-carboxylate as a yellow oil. GCMS: m/z = +236.
Step 2:
[380] methyl 4-(3-iodopropyl)thiane-4-carboxylate

S

/
o

! o

{381} To a solution of methyl 4-(3-chloropropyl)thiane-4-carboxylate (5.56 g, 17 mmol) in
DMEF (50 mL) was added KI (5.66 g, 34.0 mmol) at 25 °C. The resulting solution was stirred for
16 h at 80 °C. The resulting mixture was washed with Na;S;0; (aq). The resulting solution was
extracted with ether and the organic layers combined and dried over anhydrous sodium sulfate
and concentrated under vacuam. The residue was purified by a silica gel column with PE/EtOAc
(5/1). The collected fractions were combined and concentrated under vacuum. This resulied in
2.8 g (50%) ot methy! 4-(3-iodopropyl)thiane-4-carboxylate as yellow oil. GCMS: m/z=328.
Step 3:

[382] 8-thiaspirof4.5]decan-1-one

[383] To a solution of methyl 4-(3-iodopropyl)thiane-4-carboxylate (500 mg, 1.52 mmol)
in THF was added t-BuLi (146.37 mg, 2.26 mmol) at -78 °C under nitrogen. The resulting
solution was stirred for 1 h at -78 °C. The reaction was quenched with water (20 mL). The
resulting solution was extracted with EtOAc¢ (3 x 20 mL) and the organic layers combined. The
organic layer was dried over anhydrous sodium sulfate and concentrated in vacuum. The residue
was purified by flash chromatography on silica gel column eluting with PE/ EtOAc (5/1). This
resulted in 155mg (60%) of 8-thiaspirof4.5]decan-1-one as yellow oil. LCMS (ESI) m/z= 171.0
[M+H]".

Step 4:

[384] (2E)-2-([2-[1-(triphenylmethyl)-1H-imidazol-4-yl]phenyl]methylidene)-8-

thiaspiro[4.5]decan-1-one
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[385] A solution of 8-thiaspiro[4.5]decan-1-one (700 mg, 4.11 mmol) and 2-[1-
(triphenylmethyl)-1H-imidazol-4-yl}benzaldehyde (2.6 g, 6.27 mmol) in EtOH (10 mL) was
added Ca(OH), (762 mg, 10.28 mmol). The resulting solution was stirred for 16 h at 80 °C. The
mixture was concentrated under vacuum. The residue was purified by silica gel column eluting
with PE/ EtOAc (1/1). This resulted in 2.3g (crude) of (2E)-2-([2-[ 1-(triphenylmethyl)-1H-
imidazol-4-yl]phenyl Jmethylidene)-8-thiaspiro[4.5}decan-1-one as a yellow solid. LCMS (ESI)
m/z= 567.2 [M+H]".
Step S:
[386] 2-[5SH-imidazo[4,3-a}isoindol-5-yl]-8-thiaspiro[4.5]decan-1-one

[387) A solution of (2E)-2-([2-[1-(triphenylmethyl)-1H-imidazol-4-
yl]phenyl]methylidene)-8- thiaspiro[4.5]decan-1-one (2 g, 3.53 mmol) in MeOH (50 mL) and
AcOH (10 mL) was stirred for 10 h at 70 °C. The resulting mixture was concentrated under
vacuum. The residue was purified by silica gel column eluting with DCM/MeOH (10:1). This
resulted in 1 g (86%) of 2-[5SH-imidazo[4,3-a}isoindol-5-y1]-8-thiaspiro[4.5]decan-1-one as a
yellow solid. LCMS (ESI) m/z = 325.2 [M+H]".

Step 6:

[388] 2-[SH-imidazo[4,3-alisoindol-5-y1]-8-lambda-6-thiaspiro[4,5]decane-1,8,8-trione

O\ ’HC“’

[389] To a solution of 2-[5H-imidazo[4.3-a]isoindol-S-_vl]-8-thiaSpiro[4.5]dccan-l-One (300
mg, 0.924 mmol) in DCM (15 mL) was added m-CPBA (321 mg, 1.86 mmol) at 25 °C. The
resulting solution was stirred for 3 h at 25 °C. The resulting mixture was washed with Na,S,0;
(aq.). The resulting solution was extracted with EtOAc and the organic layers combined and
dried over anhydrous sodium sulfate and concentrated under vacuum. The residue was purified

by a silica gel column with ethyl DCM/MeOH(10/1). This resulted in 300 mg (crude) of 2-[5H-
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imidazo[4,3-a]isoindol-5-yl}-8-lambda-6-thiaspiro{4,5]decane-1,8,8-trione as yellow solid.
LCMS (ESI) m/z = 357.2 [M+H]".

Step 7:

1390} (1R,25)-1-hydroxy-2-((S)-5H-imidazo[5,1-a]isoindol-5-y1)-8-thiaspiro[4.5]decane
8.,8-dioxide

[391] (18,2R)-1-hydroxy-2-((R)-5H-imidazo[5,1-a]isoindol-5-yl)-8-thiaspiro[4.5]dccane
8,8-dioxide

[392] Under nitrogen, a solution of 2-[SH-imidazo[4,3-a}isoindol-5-y!]-8-lambda-6-
thiaspiro[4,5]decane-1,8,8-trione (300.00 mg, 0.84 mmol) in THF was added L-Selectride (0.6
mL, 2.5 mmol) at -60 °C. The resulting solution was stirred for 2 h at -60 °C. The reaction was
quenched with ethanol (5 mL) and diluted with water (100 mL). The resulting solution was
extracted with EtOAc (3 x 200 mL) and the organic layers combined. The organic layer was
dried over anhydrous sodium sulfate and concentrated in vacuum. The residue was purified by
flash chromatography on silica gel colunmn eluting with DCM/MeOH (10/1). The crude product
was further isolated by Prep-HPLC and Chiral-HPLC.

[393] The absolute configuration of 13a-13b was assigned arbitrarily.

1394] Example 13a: (1R,25)-1-hydroxy-2-(($)-5H-imidazo[$, ! -alisoindol-5-y})-8-
thiaspiro[4.5]decane 8,8-dioxide (16 mg, 2%) as a white solid. LCMS (ESI) mv/z = 359.2 [M+H]".
'"H NMR (300 MHz, DMSO-d6) 5 7.89 (s, 1H), 7.68 (d, J=7.6 Hz, 1H), 7.59 (d, J= 7.5 Hz, 1H),
7.38 (1,.J=7.2 Hz, 1H), 7.28 (t, J = 6.8 Hz, 1H), 7.12 (s, 1H), 5.57 (d, /= 5.8 Hz, 1H), 5.41 (d, J
= 6.9 Hz, 1H), 4.10 (t, J = 5.4 Hz, 1H), 3.23-3.08 (m, 1H), 2.99 (d, J = 8.0 Hz, 3H), 2.51-2.43 (m,
1H), 2.20-2.01 (m, 1H), 2.01-1.86 (m, 1H), 1.74 (m, 3H), 1.66-1.46 (m, 3H). tR = 2.960 min
(CHIRALPAK IC-3, 0.46xScm; 3um, Hex(0.1%DEA):EtOH=50:50, 1 mL/min). 13a and 13b

are enantiomers.

{395] Example 13b: (15,2R)-1-hydroxy-2-((R)-5H-imidazo[5,1-alisoindol-5-y1)-8-
thiaspiro[4.5]decane 8,8-dioxide (13.6 mg, 2%) as a white solid . LCMS (ESH m/z = 359.2
[M+H]". tR = 3,724 min (CHIRALPAK IC-3, 0.46x5cm; 3um, Hex(0.1%DEA):EtOH=50:50, 1

mL/min). 13a and 13b are enantiomers.

Example 14: 7-((difluoromethyl)sulfonyl)-2-(SH-imidazof5.1-alisoindol-5-y)-7-

azaspiro[3.5]nonan-1-ol
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{396] (18,2R)-7-difluoromethanesulfonyl-2-[(5R)-5H-imidazo[4,3-alisoindol-5-yl]-7-
azaspirof3.5}nonan-1-ol
[397] (1R,25)-7-difluoromethanesulfonyl-2-[(55)-5H-imidazo{4,3-a}isoindol-5-yl]-7-

azaspiro[3.S]nonan-1-ol

A @C
%C ye
(398 14b

[399] A mixture of 2-(5H-imidazo[1,5-b]isoindol-5-yl)-7-azaspiro[3.5]nonan- 3-ol
(300.0mg, 1.02mmol) and Na,CO; (323mg, 3.05 mmol) in DCM (10 mL) and Water (10 mL)
was added difluoromethanesulfony! chloride (1.5 g, 10.16mmol) and the mixture was stirred at
25 °C for overnight. The reaction was quenched with water (50 mL). The resulting solution was
extracted with EtOAc (3 x 50 mL) and the organic layers combined. The residue was purified by
flash chromatography on silica gel eluting with DCM/MeOH (97:3). The crude product was
further isolated by Prep-HPLC and Chiral-HPLC.

[400] The absolute configuration of 14a-14b was assigned arbitrarily.

[401] Example 14a: (18,2R)-7-difluoromethanesulfonyl-2-[(SR)-5H-imidazo[4.3-
alisoindol-5-yl]-7-azaspiro[3.5]nonan-1-ol (8 mg, 3.9%) as a white solid. LCMS (ESI) m/z =
410.1 [M+H]". "H NMR (300 MHz, DMSO-46) § 7.87 (s, 1H), 7.61 (dd, J = 11.3,7.5 Hz, 2H),
7.40-7.37 (m, 1H), 7.35-6.92 (m, 3H), 5.81 (d, J = 5.4 Hz, 1H), 5.46 (d, /= 8.8 Hz, 1H), 4.16-
4.12 (m, 1H), 3.48-3.30 (m, 4H), 2.73-2.50 (m, 1H), 1.97-1.62 (m, 3H), 1.60-1.48 (m, 3H). iR =
1.886 min (CHIRALPAK 1A-3, 0.46x5cm; 3um, Hex(0.1%DEA):EtOH=70:30, 1 mL/min). 14a
and 14b are enantiviness.

[402] Example 14b: (1R 2S)-7-difluoromethanesulfonyl-2-[(55)-5H-imidazo[4,3-
aisoindol-5-yl]-7-azaspiro[3.5]nonan-1-o0l (2.2 mg, 1.0%) as a white solid . LCMS (ESD nvz =
410.1 {M+H]". tR = 2.871 min (CHIRALPAK IA-3, 0.46x5cm; 3um,

. Hex(0.1%DEA):EtOH=70:30, 1 mL/min). 14a and 14b are ecnantiomers.

Example 15: ( 1-hvdroxy-2-(5H-imidazo[5,1-alisoindol-3-y1)-7-azaspiro{3.5Inonan-7-
yldimethylphosphine oxide
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[403] (28 3R)-7-dimethylphosphoryl-2-[(55)-5H-imidazo[ 1 ,5-b]isoindol-5-y1]-7-
azaspiro[3.5]nonan-3-o!l
[404] (2R,35)-7-dimethylphosphoryl-2-[(5R)-5H-imidazo[ 1,5-b]isoindol-5-y1}-7-

azaspiro[3.5nonan-3-ol

) 0
} T
T "rQCN’P”
. :
N :
/ /) OH / /)N OH
N™  4sa N 15b

1405] The title compound was prepared by the procedure described in Example 6, by
substituting MsCl with dimethylphosphinic chloride in Step 2.

[406] The absolute configuration of 15a-15b was assigned arbitrarily.

[407] Example 15a: (25,3R)-7-dimethylphosphory!-2-[(5S)-SH-imidazo[1,5 -blisoindol-5-
y1]-7-azaspiro[3.5]nonan-3-ol (40.6 mg, 20%) as a white solid. LCMS (ESI) m/z= 372.2
[M+H]". 'H NMR (400 MHz, DMSO-ds) 6 7.86 (s, 1H), 7.68-7.54 (m, 2H), 7.43-7.20 (m, 2H),
7.13 (s, 1H), 5.68 (d, J = 5.5 Hz, 1H), 5.45 (d, J = 8.9 Hz, 1H), 4.15-4.03 (m, 1H), 3.01-2.74 (m,
4H), 2.56-2.53 (m, 1H), 1.97-1.59 (m, 3H), 1.48-1.41 (m, 3H), 1.34 (s, 3H), 1.29 (s, 3H).tR =
3.765 min (CHIRALPAK 1G-3,0.46x10cm;3um, Hex(0.1%DEA):EtOH =50:50,1.0 mL/min).
15a and 15b arc cnantiomers.

[408] Example 15b: (2R 3S)-7-dimethylphosphoryl-2-[(5R)-5H-imidazo{ 1,5-blisoindol-5-
yi]-7-azaspiro[3.5]nonan-3-0l (41.1 mg, 20%) as a white solid . LCMS (ESD) m/z = 372.2
[M+H]". tR = 6.771 min (CHIRALPAK IG-3,0.46x 1 0cm;3um,Hex(0.1%DEA):EtOH =50:50,1.0

mL/min). 15a and 15b are enantiomers.

Example 16: 6-(5SH-imidazo[5,1-glisoindol-5-yD-2-( methylsulfonvi)-2-azaspiro{3.4]octan-5-0l

l AN
2
N\ o
N N~g'
(H e &

[409] (5R,6R)-6-[(5R)-5H-imidazo[4,3-alisoindol-5-y1]-2-methanesulfonyl-2-
azaspiro[3.4]octan-5-ol

[410] Step 1:

1411] 6-(5H-imidazo[5,1-alisoindol-5-yl)-2-azaspiro[3.4]octan-5-o0l
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[412] To a solution of tert-butyl tert-butyl 5-hydroxy-6-(5H-imidazo($5,1-alisoindol-5-yl)-2-
azaspiro{3.4]octane-2-carboxylate (100.0mg, 0.260 mmol) in DCM (3mL) was added a solution
of 4N HCl in dioxane(12mL). The mixture was stirred for 0.5 h at room temperature. The
resulting mixture was concentrated under vacuum to give 74 mg of 6-(SH-imidazo(5,1-
alisoindol-5-yt)-2-azaspiro[3.4]Joctan-5-ol as a yellow oil. The crude product was used in the
next step without purification.

4 1A3] tert-butyl 5-hydroxy-6-(5H-imidazo[5, | -alisoindol-5-yl)-2-azaspiro[3.4]Joctane-2-
carboxylate is a single isomer. The absolute configuration is unknown.

Step 2:

1414} (5R,6R)-6-[(5R)-5H-imidazo[4,3-a]isoindol-5-yl]-2-methanesulfonyl-2-
azaspiro[3.4]octan-5-ol

A

~

Pz

N :

/)HO

N 16a

/

[415] To a A solution of (5R,6R)-6-{(5R)-5H-imidazo[4,3-alisoindol-5-yl1}-2-
azaspiro[3.4Joctan-5-0l (91 mg, 0.327 mmol) in DCM (35 mL) and stirred added TEA (371.8 mg,
3.67 mmol) and MsCl (120.5 mg, 1.05 mmol) at 0 °C. The resulting solution was stirred for 2 h
at room temperature. The reaction was then quenched by the addition of water (20 ml). The
resulting solution was extracted with DCM (3 x 50 mL) and the organic layers combined. The
resulting mixture was washed with brine (20 mL). The organic layer was dried over anhydrous
sodium sulfate and concentrated under vacuum. The crude product was further isolated by Prep-
11PLC and Chiral HPLC.

[416] The absolute configuration of 16a was assigned arbitrarily.

{417} Example 16a: (5R.6R)-6-[(5R)-SH-imidazo[4,3-a]isoindol-5-yl]-2-methanesulfony!-
2-azaspiro[3.4]Joctan-5-0l (4.2 mg, 4%) as a white solid. LCMS (ESI) m/z = 360.4 [M+H]". 'H
NMR (300 MHz, DMSO-ds)  7.88 (s, LH). 7.67 (d, J= 7.6 Hz, 1H), 7.61 (d, /= 7.5 Hz, 1H),
7.40(t,J= 7..3 Hz, 1H), 7.31 (td, J=7.5, 1.0 Hz, 1H), 7.13 (s, 1H), 5.82 (d, /= 4.9 Hz, 1H),
5.40 (d, J = 7.3 Hz, 1H), 4.25 (t, J= 4.8 Hz, 1H), 4.08 (d, J= 8.2 Hz, 1H), 3.65 (d, /= 8.2 Hz,
1H), 3.59-3.45 (m, 2H), 3.00 (s, 3H), 2.18-2.25 (m, 1H), 2.02-1.79 (m, 2H), 1.74-1.54 (m, 1H).
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Example 17; 1-(5-hydroxy-6-(SH-imidazo[$,1-alisoindol-5-y1)-2-azaspiro[3.4]octan-2-yl)ethan-

1-one

N N~ °
/N/) HO \f

[418] 1-((5R,6R)-5-hydroxy-6-((R)-5H-imidazo[5,1-a}isoindol-5-yl)-2-azaspiro[3.4]octan-

2-yl)ethan-1-one
> N_O
N =
i/N S Ho \f

17a

|419] The title compound was prepared by the procedure described in Example 10, by
substituting Int-2 with Int-3.

[420] The absolute configuration of 17a was assigned arbitrarily.

{421} Example 17a: 1-((5R,6R)-5-hydroxy-6-((R)-5H-imidazo[5,1-a]isoindol-5-yl)-2-
azaspiro[3.4]octan-2-yl)ethan-1-one (13.1 mg, 33%) as a white solid. LCMS (ESI) m/z = 3244
[M+H]" 'H NMR (300 MHz, DMS0-d6) § 7.92-7.85 (m, 1H), 7.72-7.55 (m, 2H), 7.48-7.23 (m,
2H), 7.13 (s, 1H), 5.74 (s, 1H), 5.40 (d, J = 7.4 Hz, 1H), 4.31 (d, J = 8.6 Hz, 0.5H), 4.25-4.16 (m,
1H), 4.08 (d, J = 9.7 Hz, 0.5H), 3.86 (d, J = 8.6 Hz, 0.5H), 3.71 (s, 1H), 3.55 (d, /= 9.8 Hz,
0.5H), 3.45 (s, 1H), 2.28-1.53 (m, 8H).

Example 18: 5-hydroxy-6-(5H-imidazo[5.1-alisoindol-3-y)-2-azaspiro{3 4]octane-2-

sulfonamide
N N\S’p
/N 2 HO & NHe

(422} (5R,6R)-5-hydroxy-6-((R)-5H-imidazo(5,1-alisoindol-5-y1)-2-azaspiro(3.4]octane-2-

sulfonamide

1423] The title compound was prepared by the procedure described in Example 4, by
substituting Int-2 with Int-3.
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[424] The absoluie configuration of 18a was assigned arbitrarily.

1425} Example 18a: (5R,6R)-5-hydroxy-6-((R)-5H-imidazo[5,1-a)isoindol-5-yl)-2-
azaspiro[3.4]octane-2-sulfonamide (4.7 mg, 10%) as a light yellow. LCMS (ESI) m/z = 361.2
[M+H]" '"H NMR (300 MHz, DMSO-d¢) 8 7.88 (s, 1H), 7.68 (d, ./ = 7.6 Hz, 1H), 7.61 (d, /=74
Hz, 1H), 7.41 (t, J = 7.3 Hz, 1H), 7.35-7.26 (m, 1H), 7.13 (s, 1H), 6.85 (s, 2H), 5.73 (d, /= 4.9
Hz, 1H), 5.39 (d, J = 7.6 Hz, 1H), 4.22 (t,J = 4.6 Hz, 1H), 3.93 (d, /= 8.0 Hz, 1H), 3.50 (d, /=
8.0 Hz, 1H), 3.42-3.26 (m, 3H), 2.18-2.05 (m, 2H), 2.00-1.88 (m, 1H), 1.83-1.57 (m, 3H).

Example 19: 2-methoxyethyl 1-hydroxy-2-(SH-imidazo{5,1-alisoindol-5-y1)-8-

azaspiro[4.5)decane-8-carboxylate

oo

[426] 2-methoxyethyl (38,4R)-4-hydroxy-3-[(55)-5SH-imidazo[1,5-b]isoindol-5-yl]-8-

azaspiro[4.5]decane-8-carboxylate

o
KDC\N C")
/5 OH \‘g
N 19a

427} The title compound was prepared by the procedure described in Example 7, by

substituting MsCl with 2-methoxyethylchloroformate.

[428] The absolute configuration of 192 was assigned arbitrarily.

[429] Example 19a: 2-methoxyethyl (35,4R)-4-hydroxy-3-{(5S)-5H-imidazo[1,5-
blisoindol-5-yl]-8-azaspiro[4.5]decane-8-carboxylate (22.4mg, 22.1%) as a white solid. LCMS
(BSD m/z= 4122 [M+H]" '"H NMR (400 MHz, MeOH-dy) § 8.01 (s, 1H), 7.68-7.57 (m, 2H),
7.44-7.27 (m, 2H), 7.14 (s, 1H), 5.48 (d, J = 6.4 Hz, 1H), 4.24-4.17 (m, 2H), 405 (d, J = 4.9 Hz,
1H), 3.87-3.76 (s, 1H), 3.76-3.65 (s, 1H), 3.61 (t, J = 4.7 Hz, 2H), 3.45-3.32 (m, 3H), 3.25-3.15
(m, 2H), 2.53 (d, J = 8.1 Hz, 1H), 1.86-1.57 (m, 6H), 1.45-1.28 (m, 2H).

Example 20: cvelopropyl(1-hydroxy-2-(5H-imidazo|5.1-glisoindol-5-yl )-8-azaspiro[4.51decan-

8-yl)methanone




WO 2019/005559 PCT/US2018/038508

129
4 ) HO \(\/l

[430} cyclopropyl-[(3S,4R)-4-hydroxy-3-[(5S)-SH-imidazo[ |, 5-b}isoindol-5-yi]-8-

azaspiro[4.5]decan-8-ylJmethanone

HO
[ o

{431] A solution of (35,4R)-3-[(55)-5H-imidazo[1,5-b]isoindol-5-yl]-8-azaspiro[4.5]decan-
4-o0l (105.0 mg, 0.340 mmol) and TEA (343.39 mg, 3.39 mmol) in DCM (10mL) was stirred at -
60 °C. Then cyclopropanecarbonyl chloride (42.57 mg, 0.410 mmol) was added and stirred at )
60 °C for 2 h. The reaction was quenched by H20 (100 mL).The resulting solution was extracted
with DCM (3 x 100 mL) and the organic layers were concentrated under vacuum. The crude
product was further isolated by Prep-HPLC.

{432} The absolute configuration of 20a was assigned arbitrarily.

1433] Example 20a: cyclopropyl-{(35,4R)-4-hydroxy-3-[(55)-5H-imidazo[! ,5-b]isoindol-5-
yl]-8-azaspiro[4.5]decan-8-yl]methanone (58.4mg, 45.5%) as a white solid. LCMS (ESD) m/z =
378.2 [M+H]". "H NMR (400 MHz, MeOH-d,) & 8.04-7.98 (s, 1H), 7.69-7.57 (m, 2H), 7.45-7.27
(m, 2H), 7.14 (s, ]‘H), 5.51 (d, J= 6.6 Hz, 1H), 4.06 (t, J= 9.3 Hz, 2H), 3.93 (dt, /= 13.7, 4.8 Hz,
1H), 3.55-3.43 (s, 1H), 3.24-3.14 (s, 1H), 2,53 (br, 1H), 1.98-1.68 (m, 7H), 1.45-1.37 (m, 2H), -
0.92-0.76 (m, 4H).

Example 21: 2-[[3-hydroxy-2-(5H-imidazo[ 1.5-blisoindol-5-y1)-7-azaspiro[3.5lnonan-7-

yllsulfonvllacetonitrile

y O,
= W .0
U S OH
e
N

{434] (28,3R)- 2-[[3-hydroxy-2-((5S)-SH-imidazo[1,5-blisoindol-5-y})-7-

azaspiro[3.5]nonan-7-yl]sulfonyljacctonitrile

{435] (2R,38)- 2-[[3-hydroxy-2-((5R)-5H-imidazo{ 1,5-b)isoindol-5-y1)-7-
azaspiro[3.5]nonan-7-yl}sulfonyl]acetonitrile

[436] Example 21a: 2-[[3-hydroxy-2-(5H-imidazo{1,5-bJisoindol-5-y1)-7-

azaspiro[3.5]nonan-7-yl]sulfonyl]acetonitrile
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1437] A solution tert-butyl (15,2R)-1-hydroxy-2-((R)-5SH-imidazo[5,!-a]isoindol-5-y1)-7-
azaspiro[3.5]nonane-7-carboxylate and tert-butyl (1R,25)-1-hydroxy-2-((S)-5H-imidazo(5,1-
alisoindol-5-y1)-7-azaspiro[3.5]nonane-7-carboxylate ( Examples la and 1b, 50 mg, 0.13 mmol)
in 1 mL of DCM was charged with 200 uL of TFA and stirred at room temperature for one hour.
The mixture was then concentrated in vacuo and azeotroped twice with MeOH and twice with
DCM. The residue was then dissolved in 5 mL of McOH and charged with 1 g of macroprorous
polymer supported Ammonium Carbonate resin and sonicated. The resin was then filtered oft
by vacuum filtration and the solution was concentrated in vacuo. The residue was then dissolved
in 1 mL of dimethylacetamide and charged with cyanomethyl sulfonyl chloride (20 mg, 0.14
mmol) and TEA (42 mg, 0.52 mmol). The crude mixture was then purified by reverse-phase
HPLC (0.1 % NH,4OH/ACN) to afford the title compound (28 mg, 0.07 mmol, 50% yield) as a
white solid.

[438] LCMS (ESD) mvz =399.2 [M+H]".'"H NMR (400 MHz, DMSO-ds) § 7.89 (s, 1H),
7.66 - 7.52 (m, 2H), 7.41 — 7.32 (m, 1H), 7.30 ~ 7.20 (m, 1H), 7.15 (s, 1H), 5.72 (d, J= 5.5 Hz,
1H), 5.42 (d, J = 8.9 Hz, 1H), 4.10 - 3.96 (m, 1H), 3.70 (s, 3H), 3.02 - 2.71 (m, 4H), 2.38 (s,
3H), 2.23 (s, 3H), 1.91 — 1.75 (m, 2H), 1.74 — 1.64 (m, 1H), 1.64 — 1.50 (m, 3H).

{439] Example 21b: (2S,3R)- 2-[[3-hydroxy-2-((5S)-5H-imidazo[1,5-blisoindol-5-y1)-7-

azaspiro[3.5]nonan-7-yl}sulfonyl]acetonitrile
)
= N Q\ ,/0
\?NNC NS =n
/ 2 OH
N

{440] A solution tert-butyl (1R,25)-1-hydroxy-2-((S)-5H-imidazo[5,1-alisoindol-5-y1)-7-
azaspiro[3.5]nonane-7-carboxylate ( Example 1b, 50 mg, 0.13 mmol) in 1 mL of DCM was
charged with 200 uL of TFA and stirred at room temperature for one hour. The nmixture was
then concentrated in vacuo and azeotroped twice with MeOH and twice with DCM. The residue
was then dissolved in 5 mL of MeOH and charged with 1 g of macroprorous polymer supported
Ammonium Carbonate resin and sonicated. The resin was then filtered off by vacuum filtration
and the solution was concentrated in vacuo. The residue was then dissolved in 1 mL of
dimethylacetamide and. charged with cyanomethyl sulfony! chloride (20 mg, 0.14 mmol) and
TEA (42 mg, 0.52 mmot). The crude mixture was then purified by reverse-phase HPLC (0.1%
NH,OH/ACN) to afford the title compound (28 mg, 0.07 mmol, 50% yield) as a white solid.
[441] LCMS (ESI) m/z =399.2 [M+H]+.‘H NMR same as 21a.
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[442] Example 21c: (2R,3S)- 2-[[3-hydroxy-2-((SR)-5H-imidazo[1,5-b]isoindol-5-y1)-7-

azaspiro[3.5]nonan-7-yl]sulfonyljacetonitrile
Q\ -0 |
N QCN—S\—-—:N
4 /) OH
N

{443] The title compound was prepared by the procedure described in Example 21b by
replacing tert-butyl (1R,2S)-1-hydroxy-2-((S)-5H-imidazo[5,1-a}isoindol-5-y1)-7-
azaspiro[3.5]nonane-7-carboxylate with tert-butyl (15,2R)-1-hydroxy-2-((R)-5H-imidazo(5,1-
alisoindol-5-yl)-7-azaspiro[3.5]nonane-7-carbox ylate

[444] LCMS (ESI) m/z = 468.2 [M+H]".1H NMR is same as Example 21a.

Example 22: tert-butyl 2'-hydroxy-3'-(SH-imidazo[3, | -alisoindol-5-y)-3-

azaspirofbicyclof3.2.1]octane-8.1'-cyclobutane]-3-carboxylate

N-—-Boc

7 N
NJ OH

[445] tert-butyl (2'S,3'R)-2"-hydroxy-3'-((R)-5H-imidazo[ 5, 1-a]isoindol-5-yi)-3-
azaspiro[bicyclo[3.2.1]octane-8,1'-cyclobutane]-3-carboxylate
[446] tert-butyl (2'R,3'S)-2'-hydroxy-3'-((S)-5H-imidazo[5,1-a]isoindol-5-y1)-3-
azaspiro[bicyclo[3.2.1]octane-8,1'-cyclobutane]-3-carboxylate
[447] tert-butyl (2'S,3'R)-2'-hydroxy-3'-((S)-5H-imidazo[5,1-a}isoindol-5-yl)-3-
azaspiro[bicyclof3.2.1]Joctane-8,1'-cyclobutanc]-3-curbox ylate
|448] tert-butyl (2'R,3'S)-2"-hydroxy-3'-((R)-5H-imidazo{$5, 1 -a}isoindo}-5-yl)-3-
azaspiro[bicyclo[3.2.1]Joctane-8,1'-cyclobutane]-3-carboxylate
{449] tert-butyl (2'S,3'S)-2"-hydroxy-3'-((R)-5H-imidazo[$5,1-a]isoindol-5-y})-3-
azaspiro[bicyclo[3.2.1Joctane-8,1'-cyclobutane}-3-carboxylate

- {450} tert-butyl (2'R,3'R)-2-hydroxy-3'-((S)-5H-imidazo[5,1-alisoindol-5-y1)-3-
azaspiro[bicyclo[3.2.1]octane-8,1'-cyclobutane]-3-carboxylate
[451}] tert-buty! (2'R,3'R)-2"-hydroxy-3'-((R)-5H-imidazo[5,1-a}isoindol-5-yl)-3-
azaspiro[bicyclo[3.2.1]octane-8, 1'-cyclohutane]-3-carhaxylate
1452] tert-butyl (2'S,3'S)-2"-hydroxy-3'-((8)-5H-imidazo[5,1-a)isoindol-5-y1)-3-
azaspiro[bicyclo[3.2.1]Joctane-8,1'-cyclobutane]-3-carboxylate
Step 1:
[453] tert-butyl 2'-0x0-3-azaspiro[bicyclo[3.2.1Joctane-8,1'-cyclobutane]-3-carboxylate
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@N—Boc

O
[454] Potassium hydroxide (85 mass%, 3.37 g, 51.0 mmol) was added to a stirred dimethyl
sulfoxide (51 mL) solution of tert-butyl 8-0x0-3-azabicyclo[3.2.1]octane-3-carboxylate (5.75 g,
25.5 mmol) and cyclopropyldiphenylsulfonium tetrafluoroborate
[455] (8.86 g, 26.8 mmol) at room temperature. After 20 h, the reaction was quenched by
dropwise addition of brinc (150 mL). The quenched reaction was extracted with isopropyl
acetate (3 X 75 mL). The organic extracts were combined, dried over sodium sulfate, and
concentrated. The residue thereby obtained was dissolved in toluene (255 mL). p-
Toluenesulfonic acid monohydrate (245 mg, 1.28 mmol) was added to the stirred solution at
room temperature. The reaction vessel was fixed with a reflux condenser and warmed to 110 °C.
After 2 h, the reaction was cooled to room temperature and concentrated. The residue was
purified by a silica gel column eluting with heptane/isopropyl acetate (30:70) to afford 505 g
(75%) tert-butyl 2'-oxo-3-azaspiro[bicyclo[3.2.1]octane-8,1'-cyclobutane]-3-carboxylate as a
colorless solid. LCMS (ESI) m/z = 266.2 [M+H]"
Step 2:
{456] tert-butyl (E)-2'-0x0-3'-(2-(1-trityl-1H-imidazol-4-yl)benzylidene)-3-

azaspiro[bicyclo[3.2.1]octane-8,1'-cyclobutane]-3-carboxylate

Ao
N—
Trt’

[457] A slurry of tert-butyl 2'-oxospiro[3-azabicyclof3.2. 1]octane-8,1'-cyclobutane]-3-
carboxylate (3.00 g, {1.3 mmol), 2-[1 ~(triphenylmethyl)-1H-imidazol-4-yl]benzaldehyde (4.69 g,
11.3 mmol) and Ca(OH), (1.68 g, 22.6 mmol) in EtOH (57 mL) was stirred for 20 h at 80 °C.
The reaction was cooled to room temperature and insoluble material was removed by filtration.
The filtrate was concentrated. The residue was purified by a silica gel column eluting with
DCM/methanol (90:10) to afford 6.83 g (91%) tert-butyl (3'E)-2"-0x0-3'-[[2-( 1-tritylimidazol-4-
yl)phenyl]methylene]spiro[3-azabicyclo[3.2.1]octane-8,1"-cyclobutane|-3-carboxylate as a
colorless solid. LCMS (ESI) m/z = 662.3 [M+H]"

Step 3:

[458] tert-butyl 3'—(5H-imidazo[5,1-a]isoindol-S-yl)-Z'-oxo-3-
azaspiro[bicyclo[3.2.1]Joctane-8,1'-cyclobutane]-3-carboxylate
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{459] Acetic acid (9.2 mL) was added to a stirred MeOH (92 mL) suspension of teri-buty!
(3'E)-2'-0x0-3'"-[[2-(1-tritylimidazol-4-yl)phenyl]methylene]spiro[3-azabicyclo[3.2.1]octane-8,1'-
cyclobutane]-3-carboxylate (6.10 g, 9.22 mmol) at room temperature. The reaction flask was
fixed with a reflux condenser and warmed to 70 °C. After 20 h, the reaction was cooled to room
temperature and concentrated. The residue was suspended in DCM (300 mL) and saturated
aqueous sodium bicarbonate solution (100 mL) was added with stirring. The consequent layers
were separated and the organic was washed with brine (100 mL), dried over sodium sulfate, and
concentrated. The residue was purified by a silica gel column eluting with DCM/MeOH (97:3) to
afford 2.95 g (76%) tert-butyl 3'-(5SH-imidazo[1,5-b}isoindol-5-yl)-2'-ox0-spiro[3-
azabicyclo[3.2.1]octane-8,1'-cyclobutane]-3-carboxylate as a pale yellow solid. LCMS (ESD m/z
= 420.5 [M+H]+.

Step 4.

1460} tert-butyl (2'S,3'R)-2'-hydroxy-3'-((R)-5H-imidazo(5,1-a}isoindol-5-yl)-3-
azaspiro[bicyclo[3.2.1]octane-8,1'-cyclobutane]-3-carboxylate

{461} tert-butyl (2'R,3'S)-2'—hydroxy-3’-((S)-SH—imidazo[S,1-a]isoindol-5-yl)—3-
azaspiro[bicyclo[3.2.1]octane-8,1'-cyclobutane]-3-carboxylate

[462] tert-butyl (2'S,3'R)-2'-hydroxy-3'-((S)-5H-imidazo[$5, 1 -a]isoindol-5-y1)-3-
azaspiro[bicyclo[3.2.1]octane-8,1'-cyclobutane]-3-carboxylate

[463] tert-butyl (2'R,3'S)-2"-hydroxy-3'-((R)-5H-imidazo[$5, 1-a]isoindol-5-y1)-3-
azaspiro[bicyclo[3.2.1]octane-8,1'-cyclobutane]-3-carboxylate

{464] tert-butyl (2'S,3'S)-2'-hydroxy-3"-((R)-5SH-imidazo($,1-a}isoindol-5-y1)-3-
azaspiro[bicyclo[3.2.1]Joctane-8.1'-cyclobutane]-3-carboxylate

{465} tert-butyl (2'R,3'R)-2"-hydroxy-3'-((S)-5H-imidazo[5,1-a}isoindol-5-y1)-3-
azaspirofbicyclo[3.2.1]octane-8,1'-cyclobutane]-3-carboxylate

[466} tert-butyl. (2'R,3'R)-2"-hydroxy-3"-((R)-5H-imidazo[5,1-a}isoindo}-5-yl)-3-
azaspiro[bicyclo[3.2.1]octane-8,1'-cyclobutane]-3-carboxylate

[467] tert-butyl (2'S,3'S)-2"-hydroxy-3'-((S)-5H-imidazo[ 5,1 -a]isoindol-5-yl)-3-

azaspiro[bicyclo[3.2.1]octane-8,1'-cyclobutane]-3-carboxylate
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[468] Sodium borohydride (532 mg, 14.1 mmol) was added in five equal portions to a
stirred MeOH (70 mL) solution of tert-butyl 3'-(SH-imidazo[ 1,5-bJisoindol-5-y1)-2'-0x0-spiro3-
azabicyclo[3.2.1Joctane-8,1'-cyclobutane]-3-carboxylate (2.95 g, 7.03 mmol) at 0 °C. The

resulting solution was stirred for 2 h at 0 °C. The reaction was concentrated and suspended in
brine (200 mL). The resulting suspension was extracted with DCM (3 * 100 mL). The organic
extracts were combined, dried over sodium sulfate, and concentrated. The residue was purified
by silica gel column eluting with DCM/MeOH (85:15) to afford 2.75 g (93%) of tert-butyl 2'-
hydroxy-3'-(SH-imidazo[ 1 .5-blisoindol-S-yl)spiro[3-azabicyclo[3.2.1]octane-8,1'-cyclobutane]-
3-carboxylate as a colorless solid. LCMS (EST) m/z = 422.2 [M+H]"

[469] The product was further isolated by chiral separation to afford 8 stereoisomers as
colorless solids.

[470] The absolute configuration of 22a, 22b, 22¢, 22d, 22e¢, 22f, 22g, and 22h was
assigned arbitrarily. The relative configuration of C15 was assigned arbitrarily.

1471} Example 22a: tert-butyl (2'S,3'R)-2"-hydroxy-3'-((R)- SH-imidazo[5,1-a}isoindol-5-
y1)-3-azaspiro[bicyclo[3.2.1]octane-8,1'-cyclobutane]-3-carboxylate. LCMS (ESTy m/z = 422.2
[M+H]". '"H NMR (400 MHz, DMSO-dj) 6 7.85 (s, 1H), 7.66 ~ 7.54 (m, 2H), 7.41 — 7.32 (m,
1H), 7.26 (td, J = 7.6, 1.2 Hz, 1H), 7.14 (s, 1H), 5.50 (d, /= 7.2 Hz, 1H), 5.42 (4, J= 6.8 Hz,
1H), 4.55 (1, J = 7.0 Hz, 1H), 3.77 - 3.48 (m, 2H), 3.50 - 3.41 (m, 2H), 3.26 - 3.04 (m, 2H), 2.15
(d, J=12.4 Hz, 1H), 1.65 (d, J = 13.7 Hz, 2H), 1.41 - 1.36 (m, 10H), 1.27 - 1.23 (m, 2H), 0.84
(t,J = 10.4 Hz, 1H). R = 0.6 min (OX, MeOH:H,0:Pam=50:49.9:0.1, 4.0 mL/min). 22a and
22b are enantiomers.

1472] Example 22b: tert-butyl (2'R,3'S)-2'-hydroxy-3'-((S)-SH-imidazo[5,1-alisoindol-5-
yl)-3-azaspiro[bicyclo[3.2.1]octane-8,1 '-cyclobutane]~3-carBoxylate. LCMS (ESID) m/z =422.2
[M+H]". tR = 0.8 min (AD, EtOH:H,0:1Pam=30:69.9:0.1, 4.0 mL/min). 22a and 22b are

enantiomers.
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[473]) Example 22¢: tert-butyl (2'S,3'R)-2"-hydroxy-3'-(($)-5H-imidazo(5,1-a]isoindol-5-
y1)-3-azaspiro[bicyclo[3.2.1]octane-8,1'-cyclobutane]-3-carboxylate. LCMS (ESI) m/z = 422.2
[M+H]". 'H NMR (400 MHz, DMSO-dq) § 7.92 (s, 1H), 7.59 (dt, J = 7.4, 1.0 Hz, 1H), 7.43 -
7.33 (m, 2H), 7.24 (td, J= 7.6, 1.2 Hz, 1H), 7.11 (s, IH), 5.45(d,.J= 7.7 Hz, 1H), 537 (d, J=
8.5 Hz, 1H), 4.45 (q, J = 8.4 Hz, 1H), 3.73 = 3.52 (m, 2H), 3.48 — 3.42 (m, 2H), 3.25 ~ 2.98 (m,
1H), 2.35 (s, 1H), 2.17 (d, J = 13.2 Hz, 1H), 1.78 (d, J = 13.3 Hz, 1H), 1.73 - 1.58 (m, 2H), 1.52
(s, 1H), 1.39 (d, J = 3.0 Hz, 9H), 1.40 — 1.26 (m, 2H). tR = 1.4 min (OD,
MeCN:MeOH:H,0:TPam=30:10:59.9:0.1, 4.0 mL/min). 22¢ and 22d are enantiomers.

[474] Example 22d: tert-butyl (2'R,3'S)-2"-hydroxy-3'-((R)-SH-imidazo[5,1-a}isoindol-5-
yl)-3-azaspiro[bicyclo(3.2.1]octane-8,1'-cyclobutane]-3-carboxy1ate'. LCMS (ESD m/z = 422.2
[M+H]". tR = 3.7 min (1C, EtOH:H,0:[Pam=25:74.9:0.1, 4.0 mL/min). 22¢ and 22d are
enantiomers.

[475] Example 22e: tert-butyl ( 2'S,3'S)-2"-hydroxy-3'-((R)-5H-imidazo[$,1-a]isoindol-5-
yl)-3-azaspiro[bicyclo[3.2.1]octane-8,1'-cyclobutane]-3-carboxylate. LCMS (ESD) m/z=422.2
[M+H]". "H NMR (400 MHz, DMSO-dg) 8 7.86 (s, 1H), 7.64 -~ 7.57 (m, 1H), 737 (1, J=7.2 Hz,
2H), 7.21 (td, J= 7.5, 1.2 Hz, 1H), 7.12 (s, 1H), 5.78 (s, 1H), 5.43 (d, /= 10.0 Hz, 1H), 4.60 (s,
1H), 3.65 ~ 3.45 (m, 3H), 3.18 — 3.04 (m, 1H), 2.23 (s, 2H), 1.88 (s, 1H), 1.79 - 1.68 (m, 3H),
1.57 (d, J = 13.5 Hz, 1H), 1.40 (s, 11H). tR = 2.2 min (OD,
MeCN:MeOH:H,0:1Pam=30:10:59.9:0.1, 4.0 mL/min). 22e and 22f are enantiomers.

{476} Example 22f: tert-butyl (2'R.3'R)-2'-hydroxy-3'-((S)-5H-imidazo[5,1-a]isoindo}-5-
yl)-3-azaspiro[bicyclo[3.2.’1]octanc-&l‘-cyclobutane]-3-carboxylatc. LCMS (ES!) m/z=422.2
[M+H]". tR = 3.1 min (OD, MeCN:MeOH:H,0;1Pam=22.5:7.5:59.9:0.1, 4.0 mL/min). 22e and
22f are enantiomers.

14771 Example 22g: tert-butyl (2'R,3'R)-2"-hydroxy-3'-((R)-5H-imidazo[5,1-a]isoindol-5-
yl)-3-azaspiro[bicyclof3.2.1Joctane-8,1'-cyclobutane]-3-carboxylate. LCMS (ESIH m/z = 422.2
[M+H]':". 'H NMR (400 MHz, DMSO-dy) 8 7.87 (s, 1H), 7.65 -- 7.55 (m, 2H), 7.37 (td, /=174,
1.0 Hz, 1H), 7.26 (td, J = 7.5, 1.1 Hz, 1H), 7.13 (s, 1H), 5.79 (d, /= 6.8 Hz, 1H), 5.49 (d, /= 8.5
Hz, 1H), 4.64 (s, 1H), 3.62 — 3.41 (m, 2H), 3.19 - 3.06 (m, 1H), 3.06 - 2.91 (m, 1H), 2.51~-2.40
(m, 1H), 2.10 (d, J = 23.8 Hz, 1H), 1.88 (s, 2H), 1.64 (d, /= 9.8 Hz, 3H), 1.39 (s, 10H).tR=14
min (AD, EtOH:H,0:1Pam=30:69.9:0.1, 4.0 mL/min). 22g and 22h are enantiomers.

1478] Example 22h: tert-butyl (2'$,3'S)-2"-hydroxy-3'-((S)-5SH-imidazo($,1-alisoindol-5-
yl)-3-azaspiro[bicyclo[3.2.1]octane-8,1'-cyclobutane]-3-carboxylate. LCMS (ESI) m/z = 422.2
[M+H]". R = 2.6 min (IC, EtOH:H,0:[Pam=25:74.9:0.1, 4.0 mL/min). 22g and 22h are

enantiomers.
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Example 23: 2-(5H-imidazo[ 1,5-bJisoindol-5-y)-7-(oxetan-3-ylsulfonyl)-7-azaspiro[3.5 nonan-
3-0l |

O

(/):

1479] Example 23a: 2-(5H-imidazo[1,5-b}isoindol-5-yl)-7-(oxctan-3-ylsulfonyl)-7-

azaspiro[3.5]nonan-3-ol

/) OH

{480] The title compound was prepared by the procedure described in Example 21a by
substituting cyanomethylsulfony! chloride with 2-(oxetan-3-ylsulfonyl).

{481} LCMS (ESI) vz = 417.1{M+H]".'H NMR (400 MHz, DMSO-ds) 3 7.85 (s, 1H),
7.65 —7.54 (m, 2H), 7.41 —7.32 (m, 1H), 7.25 (td, I = 7.5, 1.2 Hz, IH), 7.13 (s, 1H),5.73 (d, J =
5.4 Hz, 1H), 5.45 (d, ] = 8.7 Hz, 1H), 4.90 — 4.62 (m, 4H), 4.10 (td, ] = 5.9, 5.3, 2.9 Hz, IH),
3.20 — 3.09 (m, 1H), 3.09 —2.93 (n, 2H), 2.56 (dd, J = 9.1, 6.9 Hz, 1H), 1.87 (t, J = 10.4 Hz, 1H),
1.81 — 1.65 (m, 2H), 1.54 (t, ) = 5.8 Hz, 3H).

{482] Example 23b: (2R, 3S)-2-((5S)5H-imidazo[1,5- b]momdol S—y]) 7-(oxetan-3-
ylsulfonyl)-7-azaspiro{3.5]nonan-3-ol

YA

0,0
N-S
’ O

{4831 The title compound was prepared by the procedure described in Example 21c by
substituting cyanomethylsulfonyl chloride with 2-(oxetan-3-ylsulfonyl).

[484] LCMS (ESI) m/z = 417.1 [M+H]"."H NMR same as 23a.

[485] Example 23c¢: (2S,3R)—Z—[(SS)-SH—imidazo[l ,5-blisoindol-5-yl]-7-(oxetan-3-

></\ \\ ’/

[486] The title compound was prepared by the procedure described in Example 21b by

ylsulfonyl)-7-azaspiro{3.5}nonan-3-ol

substituting cyanomethylsulfonyl chloride with 2-(oxetan-3-ylsulfonyl) .
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[487)  LCMS (EST) m/z = 417.1[M+H]"."H NMR same as 23a.

Example 24: tert-butyl (1-hydroxy-2-(5H-imidazo[5.1-alisoindol-5~-yl)spiro{3.5]nonan-7-
ylcarbamate

NH o
/N /)N OH 0)]- )T

[488] tert-butyl (1R, 2R, 4s,7S8)-1-hydroxy-2-((R)-5H-imidazo( 5, 1 -a}isoindol-5-
yl)spiro[3.5]nonan-7-yl)carbamate

[489] tert-butyl (8,25, 4s, 7R)-1-hydroxy-2-((S)-SH-imidazo[$5, 1 -ajisoindol-5-
yl)spiro[3.5]nonan-7-yl)carbamate

[490] tert-butyl ((/R, 2R, 4r,7R)-1-hydroxy-2-((S)-5H-imidazo[5,1-a}isoindol-5-
yl)spiro[3.5]nonan-7-yl)carbamate

[491] tert-butyl (1R, 2S,4s, 75)-1-hydroxy-2-((R)-SH-imidazo[5,1-a}isoindol-5-
yl)spiro[3.5]nonan-7-yl)carbamate

1492} tert-butyl ((1S, 2R, 4s, 7R)-1-hydroxy-2-((S)-5 H-imidazo[ 5,1 -ajisoindol-5-
yl)spiro[3.5]nonan-7-yl)carbamate

[493] tert-butyl (R, 2S,4r, 7R)-1-hydroxy-2-((R)-SH-imidazo[5,1 -aisoindol-5-
yDspiro[3.5]nonan-7-yl)carbamate

[494] tert-butyl (1S, 2R.4r, 7S)-1-hydroxy-2-((S)-5H-imidazo{5,1-a}isoindol-5-
yDspiro[3.5]nonan-7-yl)carbamate

[495] tert-butyl ((18, 25,47, 75)-1-hydroxy-2-((R)-SH-imiduzo[5,1-a] isoindol-5-
yl)spiro[3.5]nonan-7-yl)carbamate -

[496] tert-butyl (15,28, 4s, 7R)-1-hydroxy-2-((S)-SH-imidazo[5,1 -glisoindol-5-
yl)spiro[3.5]nonan-7-yl)carbamate

[497] tert-butyl ((1S,28,4s, 7R)-1-hydroxy-2-((S)-5H-imidazo[5,1-a}isoindol-5-
yDspira[3.5]nonan-7-yl)carbamate

{498] tert-butyl (1R, 2R, 4s,7S)-1-hydroxy-2-((R)-5H-imidazo[$5,1-a]isoindol-5-
yhspiro[3.5]nonan-7-yl)carbamate

1499] tert-butyl (IR, 28, 4s, 75)-1-hydroxy-2-((S)-5H-imidazo[5,] -alisoindol-5-
yl)spiro{3.5]nonan-7-yl)carbamate

{500} tert-butyl ((/ R, 2S,4r, 7R)-1-hydroxy-2-((R)-5H-imidazo[5,1 -alisoindol-5-
yl)spiro[3.5]nonan-7-yhcarbamate

[501] tert-butyl (1S, 2R, 4r, 78)-1-hydroxy-2-((5)-5H-imidazo{5,1-a] isoindol-5-
yl)spiro[3.5]nonan-7-yl)carbamate
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[502] tert-butyl (1, 2S,4r,75)-1-hydroxy-2-((5)-5H-imidazo{3,1-a}isoindol-5-
yspiro[3.5]nonan-7-yl)carbamate

[503] tert-butyl ((1S,2R,4s,7R)-1-hydroxy-2-((R)-5H-imidazo[$5,1-a}isoindol-5-
yl)spiro[3.5]nonan-7-yl)carbamate

X N -
| i i
" Q:<}~'N;—o . 5%,4 :)—-NH o %”@N}-o %\K}N;&_O
: S s o X ) w K (S w0 X

24a 24b 24c¢ 24d

24m 24n

240 24p

1504] The title compounds were made in a same manner as example 1 by replacing tert-
butyl 1-oxo-7-azaspiro[3.5]nonane-7-carboxylate with tert-butyl (1-oxospiro[3.5]nonan-7-
yl)carbamate. The absolute configuration of isomers 24g, 24k was determined by X-ray
crystallography. The configuration of the rest isomers was assigned arbitrarily.

[505] Example 24a: tert-butyl (/R,2R,4s,75)-1 -hydroxy-2-((R)-SH-imidazo{5,1-
aJisoindol-5-yl)spiro[3.5]nonan-7-ylcarbamate. LCMS (ES], m/z): 410.2 [M+H]". 'HNMR (400
MHz,DMSO0-d6) §: 7.87 (s, 1H), 7.66 — 7.47 (m, 2H), 7.42 - 7.30 (m, 1H), 7.25 (td, J = 7.6,12
Hz, 1H), 7.12 (s, 1H), 6.65 (d, J = 7.8 Hz, 1H), 5.57 (s, 1H), 543 (d, /= 8.6 Hz, 1H), 4.01 - 3.90
(m, 1H), 1.87 - 1.66 (m, 3H), 1.58 (p, J = 13.3, 12.1 Hz, 3H), 1.36 (s, 9H), 1.23 - 0.99 (m, 4H),
0.92 -0.73 (m, 1H). -

{506} Example 24c: tert-butyl ((/R,2R,4r, 7R)-1-hydroxy-2-((S)-5H-imidazo[5,1-
a}isoindol-5-yl)spiro{3.5Jnonan-7-yl)carbamate. LCMS (ESI, m/z): 410.2 [M+H]". 'HNMR (400
MHz,DMSO-d6) 8: 7.89 (s, 1H), 7.58 (dd, J = 7.3, 1.2 Hz, 1H), 7.43 - 7.32 (m, 2H), 7.24 (td, J =
7.5, 1.1 Hz, 1H), 7.09 (s, 1H), 6.65 (4, J = 7.8 Hz, 1H), 5.34 (d, J = 8.5 Hz, 1H), 5.04 (d,/=6.9
Hz, 1H), 3.84 (t, J= 7.3 Hz, 1H), 2.30 - 2.16 (m, 1H), 1.77 (t, /= 10.1 Hz, 1H), 1.69 — 1.52 (m,
3H), 1.48 — 1.42 (m, 2H), 1.37 (s, 9H), 1.24 (1, J = 7.9 Hz, 3H), 1.16 - 1.02 (m, 1H).
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[507] Example 24d: tert-butyl ((/R, 25,4s,7S)-1-hydroxy-2-((R)-5SH-imidazo(5,1-
alisoindol-5-yl)spiro[3.5]nonan-7-yl)carbamate. LCMS (ESL, m/z): 410.2 [M+H]". 'HNMR (400
MHz,DMSO-d6) &: 7.83 (s, 1H), 7.60 — 7.55 (m, 2H), 7.36 (ddd, J=8.3,7.2, 1.1 Hz, 1H), 7.25
(td, J=7.5, 1.2 Hz, 1H), 7.13 (s, 1H), 6.61 (d, /= 7.9 Hz, 1H), .37 (d, /= 7.1 Hz, 1H), 5.11 (4,
J=6.5Hz, 1H), 3.95 (t, J = 7.2 Hz, 1H), 2.43 - 2.27 (m, 1H), 1.70 - 1.50 (m, 4H), 1.45 (td, J =
13.0, 3.5 Hz, 1H), 1.35 (s, 9H), 1.27 ~ 1.08 (m, 3H), 1.08 — 0.96 (m, 1H), 0.93 - 0.80 (m, 1H).
[508] Example 24f: tert-butyl (IR, 25,47, 7R)-1 -hydroxy-2-((R)-5H-imidazo[$,1-a)isoindol-
5-yl)spiro[3.5]nonan-7—y1)carbamate. LCMS (ESI, m/z): 410.2 [M+H]". "THNMR (400
MHz,DMSO0-d6) &: 7.82 (s, 1H), 7.59 (d, J = 7.6 Hz, 1H), 7.38 (g, J = 7.5 He, 2H), 7.23 (1d, J =
7.5, 1.1 Hz, 1H), 7.11 (s, 1H), 6.67 (d, J = 7.8 Hz, 1H), 5.59 (d, / = 5.5 Hz, 1H), 538(d, /=108
Hz, 1H), 3.90 (td, J = 5.9, 2.9 Hz, 1H), 2.31 - 2.21 (m, 1H), 2.10 (dd, /= 11.0, 9.4 Hz, 1H), 1.95
— 178 (m, 2H), 1.73 ~ 1.49 (m, 3H), 1.38 (s, 9H), 1.23 — 1.06 (m, 3H), 0.84 (dt, /= 10.8, 6.5 Hz,
1H).

[509] Example 24h: tert-butyl ((/S,2S,4r,75)-1-hydroxy-2-((R)-5H-imidazo(5,1 -a}isoindol-
5-yl)spiro[3.5]nonan-7-yl)carbamate. LCMS (ESI, m/z): 410.2 [M+H]". "HNMR (400
MHz,DMSO-dg) 8: 7.91 (s, 1H), 7.63 ~ 7.50 (m, 1H), 7.36 (dt, J = 7.4, 3.6 Hz, 2H), 7.22 (td, J =
7.6, 1.2 Hz, 1H), 7.09 (s, 1H), 6.59 (d, J = 7.0 Hz, 1H), 5.33 (d, J = 8.7 Hz, 1H), 4.07 (s, IH),
3.89 (d, J = 7.6 Hz, 1H), 2.30 -~ 2.17 (am, 1H), 1.93 (d, J=13.0 Hz, 1H), 1.71 ~ 1.47 (m, 6H),
1.37 (s, 9H), 1.27 — 1.08 (m, 3H). '

[510] Example 24k: tert-butyl ((/5,285,4s, 7R)-1-hydroxy-2 -((S)-5H-imidazo(5,1-a}isoindol-
5-yl)spiro[3.5]nonan-7-yl)carbamate. LCMS (ESI, m/z): 410.2 [M+H]". "HNMR (400
MHz,DMSO-d6) 8: 7.82 (s, 1H), 7.57 (dt, J = 7.4, 1.4 Hz, 2H), 7.40 - 7.32 (m, 1H), 7.25 (d, J =
7.5, 1.1 Hz, 1H), 7.13 (s, 1H), 6.59 (4, /= 6.8 Hz, 1H), 536 (d, /= 7.1 Hz, 1H), 5.15 d,J=7.6
Hz, 1H), 3.9 (t, J = 7.7 Hz, 1H), 2.42 — 2.33 (m, 1H), 1.95 (dd, J = 12.7, 6.4 Hz, 1H), 1.56 (ddd,
J=19.0, 13.6, 9.3 Hz, 4H), 1.37 (s, 9H), 1.31 - 1.08 (m, 4H), 0.92 (t, / = 10.3 Hz, 1H).

{511} Example 24I: tert-butyl ((/R,25,4s, 78)-1-hydroxy-2-((S)-5H-imidazo[5,1-a}isoindol-
5-yl)spiro[3.5]nonan-7-yl)carbamate. LCMS (ESI, m/z): 410.2 [M+H]". "HNMR (400
MHz,DMSO-d6) 8: 7.87 (s, 1H), 7.59 (d, ] = 7.5 Hz, 1H), 7.42 - 7.31 (m, 2H), 7.21 (td,J=175,
1.1 Hz, 1H), 7.11 (s, 1H), 6.69 (d, J = 7.4 Hz, 1H), 5.64 (d, /= 7.0 Hz, 1H), 5.36 (d, /= 10.7 Hz,
1H), 4.02 (td, J = 6.5, 3.2 Hz, 1H), 2.32 - 2.20 (m, 1H), 2.15 (t, J=10.3 Hz, 1H),2.05(d,J=
12.5 11z, 11), 1.75 - 1.63 (m, 2H), 1.57 (dd, J = 14.5, 8.5 Hz, 3H), 1.38 (s, 9H), 1.29 (d,/=12.6
Hz, 2H), 1.14 (dd, J= 1.9, 4.4 Hz, 1H).

[512] Example 24n: tert-butyl ((/S,2R, 4r, 75)-1-hydroxy-2-((S)-5H-imidazo[ 5,1 -a}isoindol-
5-yl)spirof3.5]nonan-7-yl)carbamate. LCMS (ESI, m/z): 410.2 [M+H]". "HNMR (400
MHz,DMSO-do) &: 7.87 (s, 1H), 7.59 (dd, J = 7.6, 1.1 Hz, 1H), 7.42 - 7.29 (m, 2H), 7.21 (td, J =
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76, 1.1 Hz, 1H), 7.11 (5, 1H), 6.60 (d, J = 6.8 Hz, 1H), 5.64 (4, /=7.0 Hz, 1H), 5.36 (d, /= 10.7
Hz, 1H), 4.02 (td, J = 6.4, 3.1 Hz, 1H), 2.32 ~2.21 (m, 1H), 2.15 (t, J = 10.3 Hz, 1H), 2.03 (t, /=
15.0 Hz, 1H), 1.75 — 1.63 (m, 2H), 1.59 (d, J = 11.6 Hz, 2H), 1.38 (s, 9H), 1.12 (td, J=12.9, 3.8
Hz, 2H), 0.84 (dt, /= 10.9, 6.3 Hz, 2H).

Example 25: (2.2-difluorocyclopropyl)(1-hydroxy-2-(SH-imidazo[ S, 1-alisoindol-5-y1)-8-

azaspirol4.51decan-8-y)methanone

Ry

!/ FF
N N

//) HO \“)S
N O

[513] ((8)-2,2-difluorocyclopropyl)((1.R,28)-1-hydroxy-2-((S)-5H-imidazo[5,1 -aliscindol-

5-yl)-8-azaspiro[4.5]decan-8-yl)methanone
[514] ((R)-2,2-diftuorocyclopropyl)((1R,2S)-1-hydroxy-2-((S)-SH-imidazo[5,1 -ajisoindol-
5-yl)-8-azaspirof4.5]decan-8-yl)methanone

)Ho TOL

[515]) (3S,4R)-3-[(55)-5H-imidazo[ 1 ,5-b]isoindol-5—y1]-8-azaspiro[4.5]decan—4—ol (44.7 mg,
0.145 mmol), 2,2-difluorocyclopropanecarboxylic acid (34.59mg, 0.28 mmol), 4-
hydroxybenzotriazole (57.43 mg, 0.43 mmol), 1-(3-dimetylaminopropyl)-3-
cthylcarbodiimidehydrochloride (81.48 mg, 0.43 mmol) and TEA (86.01mg, 0.85 mmol) were
mixed in DCM (10mL) and stirred at 20°C for 16 hours. The reaction was quenched with water
(100 mL). The resulting solution was extracted with DCM (3 x 100 mL) and the organic layers
were combined. The organic layer was dried over anhydrous sodium sulfate and concentrated
under vacuum. The residue was purified by flash chromatography on silica gel column, eluting
with DCM/MeOH (10/1) and then by Prep-HPLC and further separated with Chiral-HPLC.
[516] The absolute configuration of 25a-25b was assigned arbitrarily.

15171 Example 25a: ((S)-2,2-difluorocyclopropyl)((1R,25)-1-hydroxy-2-((S)-5H-
imidazo[5,1-a]isoindol-5-yl)-8-azaspiro[4.5]decan-8-yl)methanone (25 mg, 20.1%) as a white
solid. LCMS (ESI) m/z = 414.3 [M+H]"; 'H NMR (400 MHz, MeOH-d,) 3 8.02 (d, /= 2.7 Hz,
1H), 7.69-7.57 (m, 2H), 7.45-7.27 (m, 2H), 7.14 (s, 1H), 5.52 (d, /= 6.3 Hz, 1H), 4.17-3.75 (m,
3H), 3.57-3.33 (m, 2H), 3.02-2.84 (m, 1H), 2.65-2.49 (m, 1H), 1.95-1.57 (m, 8H), 1.55-1.28 (m,



WO 2019/005559 PCT/US2018/038508
141

2H). tR = 2.938 min (CHIRAL Cellulose-SB, 0.46x15cm;5um, Hex(0.1%DEA):EtOH=50:50,
1.0mL/min).

{518} Example 25b: ((R)-2,2-difluorocyclopropyl)((1R,2S5)-1-hydroxy-2-((S5)-5H-
imidazo[5,1-a}isoindol-5-yl)-8-azaspiro[4.5]decan-8-yl)methanone (15.1 mg, 12.8%) as a white
solid . LCMS (ESI) m/z= 414.3 [M+H]". {R = 3.608 min (CHIRAL Cellujose-SB,
0.46x15cm;Sum, Hex(0.1%DEA):EtOH=50:50, 1.0mL/min).

Example 26: 2-(SH-imidazo[ L,5-blisoindol-5-y1}-7-(1-methylpyrazol-4-yhsulfonyl-7-

azaspiro[3.5]nonan-3-0l

Neni”
y N
=
N—ﬁ:o
/JN 0
N OH

{519} The title compound was prepared by the procedure described in Example 2]1a by
substituting cyanomethanesulfonyl chloride with 1-methyl-1H-pyrazole-3-sulfonyl chloride.

1520 LCMS (ESI) m/z = 441.0 [M+H]"."H NMR (400 MHz, DMSO-d6) & 8.29 (s, 1H),
7.87 ~7.71 (m, 2H), 7.57 (td, } = 7.3, 0.9 Hz, 2H), 7.40 - 7.30 (m, 1H), 7.23 (td, J = 7.5, 1.2 Hz,
1H), 7.11 (s, 1H), 5.73 (d, T = 5.6 Hz, 1H), 5.40 (d, J = 8.9 Hz, 1H), 4.01 (td, J = 6.3, 3.1 Hz, 1H),
3.90 (s, 3H), 3.29 (s, 1H), 2.95- 2.67 (m, 2H), 1.82 (q, J=10.1, 9.5 Hz, 2H), 1.71 - 1.49 (m, SH).

Example 27: 2-(5H-imidazo[ 1,5-blisoindol-S5-yD)-7-(1.3,5-trimethylpyrazol-4-yl)sulfonyl-7-

azaspiro[3.5inonan-3-ol

Nen”
_,<%)1\
—
y N Nig:o
N/J OH

{521} The title compound was prepared by the procedure described in Example 21b, by
snhstitnting cyanomethyl sulfonyl chloride with 1,3,5-trimethyl-1H-pyrazole-4-sulphonyl

chloride.

{522} Example 27: (1R,2S)-2-((S)-5H-imidazo[5,1-a]isoindol-5-y})-7-((1,3,5-trimethyl-
1H-pyrazol-4-yl)suifonyl)-7-azaspiro[ 3.5]nonan-1-ol. LCMS (ESI) m/z = 468.2 [M+H]".'H
NMR (400 MHz, DMSO-ds) & 7.89 (s, 1H), 7.66 — 7.52 (m, 2H), 7.41 - 7.32 (m, 1H), 7.30 -
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7.20 (m, 1H), 7.15 (s, 1H), 5.72 (d, J = 5.5 Hz, 1H), 5.42 (d, J = 8.9 Hz, 1H), 4.10 ~ 3.96 (m, 1H),
3.70 (s, 3H), 3.02 — 2.71 (m, 4H), 2.38 (s, 3H), 2.23 (s, 3H), 1.91 — 1.75 (m, 2H), 1.74 — 1.64 (m,
1H), 1.64 ~ 1.50 (m, 3H).

Example 28: 7-(2.3-dimethylimidazol-4-ysulfonvi-2-(5H-imidazo[1.5-blisoindol-5-y1)-7-

azaspiro[3.5]nonan-3-ol

/N o
N/J OH

[523] The title compound was prepared by the procedure described in Example 21b by
substituting cyanomethylsulfonyl chloride with 2,3-dimethylimidazole-4-sulfonyl chloride.
- N-n~
O
/’," BN
%Nr\/CN—.. =0
: o]
> OH
[524] (1R,28)-2-((S)-5H-imidazo[$5, 1 -aJisoindol-5-y1)-7-((1,3,5-trimethyl-1H-pyrazol-4-
yl)sulfonyl)-7-azaspiro[3.5]nonan- 1 -ol. LCMS (ESI) m/z = 454.2 [M+H]"."H NMR (400 MHz,
DMSO-d6) 6 8.44 (s, 1H), 7.79 — 7.56 (m, 2H), 7.52 - 7.39 (m, 2H), 7.35 (d, = 3.4 Hz, 2H),
5.84 (d, ] = 5.3 Hz, 1H), 5.59 (d, J = 8.7 Hz, 1H), 4.16 — 3.98 (m, 1H), 3.64 (s, 3H), 3.13 - 2.84
(i, 4H), 2.75 - 2.57 (m, 1H), 2.35 (s, 3H), 1.89 — 1.66 (m, 3H), 1.66 — 1.45 (m, 3H).

Example 29: 2-( 5H-imidazo[1.5-blisoindol-5-y1)-7-isopropylsulfonyl-7-azaspiro[3.5nonan-3-ol

®
—

N—-S=0

O=w»n
i

3 N
Nél OH

1525} The title compound was prepared by the procedure described in Example 21b by

substituting cyanomethy! sulfonyl chloride with 2-propancsulfonyl chloride.

/ N/—_QCN.‘E:O
CJ o om °
N

[526] Example 29: (1R,28)-2-((S)-5H-imidazo[5, 1 -a]isoindol-5-y1)-7-(isopropylsulfonyl)-
7-azaspiro[3.5}nonan-1-ol. LCMS (ESI) m/z = 402.2 [M+H]". 'H NMR (400 MHz, DMSO-d6)
5 8.22 (s, 1H), 7.65 (d, J = 7.7 Hz, 2H), 7.48 - 7.23 (m, 3H), 5.81 (d,} =5.3 Hz, 1H),5.55,J=
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8.7 Hz, 1H), 4.21 —4.01 (m, 1H), 3.19 - 3.03 (m, 2H), 2.70 — 2.54 (m, 1H), 1.89 (t, ] = 10.4 Hz,
1H), 1.84 — 1.63 (m, 2H), 1.62 — 1.43 (m, 3H), 1.20 (d, J = 6.8 Hz, 6H).

Example 30; 7-(3.5-dimethylisoxazol-4-yl)sulfonyl-2-(5H-imidazo{1,5-blisoindol-5-y)-7-

v
7N

—

azaspiro[3.5]nonan-3-ol

N—ﬁ:o
7 JN o)
N/ OH

1527] "The title compound was prepared by the procedure described in Example 21b by
substituting cyanomethyl sulfonyl chloride with 1,2-dimethylimidazole-4-sulfonyl chloride.

e
7N

o

’}——OCN-S':O
() s ©
[528] Example 30: (1R,2S)-7-((1,2-dimethyl- 1H-imidazol-4-yl)sulfonyl)-2-((S)-SH-
imidazo[S,l-a]isoindoi-5-y1)-7-azaspiro[3.S]nonan-]—ol. LCMS (ESI) m/z = 454.2 [M+H]". 'H
NMR (400 MHz, DMSO-d6) & 7.83 (s, 1H), 7.69 (s, 1H), 7.65 ~ 7.43 (m, 2H), 7.44 ~7.30 (m,
1H), 7.29 ~ 7.17 (m, 1H), 7.12 (s, 1H), 5.72 (d, I = 5.5 Hz, 1H), 5,41 (d, = 8.9 Hz, 1H), 4.09 -
3.92 (m, 1H), 3.61 (s, 3H), 3.15 ~ 2.99 (m, 2H), 2.96 - 2.67 (m, 2H), 2.31 (s, 3H), 1.93 - 1.80 (m, -

1H), 1.79 — 1.72 (m, 1H), 1.71 - 1.63 (m, 1H), 1.62 ~ 1.47 (mm, 3H).

Example 31: 7-(1.2-dimethylimidazol-4-yDsulfonyl-2-(SH-imidazo{ 1 .S-blisoindol-5-v1}-7-

azaspiro[3.5]nonan-3-o}

72\ e}

N?‘ OH

(529} The title compound was prepared by the procedure described in Example 21b by

substituting cyanomethyl sulfonyl chloride with 3,5-dimethylisoxazole-4-sulfonyl chloride.

1530} Example 31: (1R,28)-7-((3,5-dimethylisoxazol-4-yl)sulfonyl)-2-((S)-5H-
imidazo[5,-a]isoindol-5-y1)-7-azaspiro[3.5]nonan-1-ol. LCMS (ESD) m/z = 4552 [M+H]"'H
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NMR (400 MHz, DMSO-d6) 8 7.90 (s, 1H), 7.73 - 7.51 (m, 2H), 7.42 ~ 7.29 (m, 1H), 7.32 -
7.20 (m, 1H), 7.15 (s, 1H), 5.73 (d, J = 5.3 Hz, 1H), 5.44 (d, ] = 8.9 Hz, 1H), 4.13 - 4.03 (m, 1H),
3.06 — 2.93 (m, 4H), 2.61 (s, 3H), 2.33 (s, 3H), 1.92 ~ 1.68 (m, 4H), 1.65 — 1.47 (m, 4H).

Example 32: 2-(5H-imidazo[ 1.5-blisoindol-5-y1)-7-[(4-methyl-3-pyridyDsulfonyl]-7-

azaspiro{3.5]nonan-3-ol

/N o)

N/J OH

[831] The title compound was prepared by the procedure described in Example X, by
substituting cyanomethy! sulfonyl chloride with 4-methylpyridine-3-sulfonyl chloride in Step X.

[N
—
7 )N H 0
N OH

(532]  Example 32: (1R,25)-2-((S)-3H-imidazo{5,1-a}isoindol-5-y1)-7-((4-methylpyridin-3-
yDsulfonyl)-7-azaspiro[3.5]nonan-1-0l. LCMS (ESI) m/z = 451.2 [M+H]+.]H NMR (400 MHz,
DMSO-d6) & 8.84 (s, 1H), 8.68 (d, J = 5.0 Hz, 1H), 7.82 (s, 1H), 7.65 - 7.46 (m, 3H), 7.42 -

7.30 (m, 1H), 7.30 = 7.17 (m, 1H), 7.11 (s, 1H), 5.73 (d, J = 5.4 Hz, 1H), 5.41 (d. } =9.0 Hz, 1H),
4.12-3.99 (m, 1H), 3.23 = 2.95 (m, 4H), 2.58 (s, 3H), 1.97 — 1.66 (m, 3H), 1.65 -~ 1.42 (m, 3H).

Example 33: 1-[3-hydroxy-2-(SH-imidazo{ .5-blisoindol-5-y1)-7-azaspiro{3.5]nonan-7-yl]-3-(3-

pyridyl)propan-1-one

\ OH

N
1533} A solution of tert-butyl (5R,68)-5-hydroxy-6-((S)-5H-imidazo[5,1-a}isoindol-5-y1)-2-
azaspiro[3.3]heptane-2-carboxylate (50 mg, 0.14 mmol) in 1 mL of DCM was charged with 200
uL of TFA and stirred at room temperature for one hour. The mixture was then concentrated in
vacuo and azeotroped twice with MeOH and twice with DCM. The residue was then dissolved
in 5 mL of MeOH and charged with | g of macroprorous polymer supported Ammonium
Carbonate resin and sonicated. The resin was then filtered off by vacuum filtration and the
solution was concentrated in vacuo. The residue was then dissolved in 1 mL of

dimethylacetamide. In a separate vial, 3-(pyridin-3-yl)propanoic acid (42 mg, 0.28 mmol) was
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dissolved in | m! of dimiethylforamide and charged with HATU (106.4 mg, 0.28 mmol) and
TEA (42 mg, 0.42 mmol) and stirred at room temperature for 5 minutes. This solution was then
added to the formerly mentioned dimethylacetamide solution and stirred at room temperature for

one hour. The mixture was then purified by revers phase HPLC to afford the title compound (17

mg, 0.4 mmol, 29% yield).
M
iy =
N 3
G

[534] Example 33: 1-((1R,2S)-1-hydroxy-2-((S)-5H-imidazo[5,1-a]isoindol-5-yl)-7-
azaspiro[3.5]nonan-7-y})-3-(pyridin-3-yl)propan-1-one. LCMS (ESD) m/z = 429.2 [M+H]"H
NMR (400 MHz, DMSO-d6) & 8.59 - 8.33 (m, 3H), 7.77 - 7.59 (m, 3H), 7.60 - 7.18 (m, 4H), -
5.84 (t,J=5.1 Hz, 1H), 5.72 - 5.50 (m, 1H), 4.19 - 4.01 (in, 1H), 2.87 ~ 2.76 (m, 2H), 2.71 -
2.58 (m, 3H), 1.92 ~ 1.49 (m, 3H), 1.51 — 1.28 (m, 3H).

Example 34: N-[4-[[3-hydroxy-2-(SH-imidazo[1.5-blisoindol-5-y1)-7-azaspiro{3.5 nonan-7-

vllsulfonyllphenvl}-N-methyl-acetamide

\
=~ N{
N
N=/ Q o
‘ Ho T
o ©
[535] The title compound was prepared by the procedure described in Example 21b by

substituting cyanomethyl sulfonyl chloride with 4-(N-methylacetamido)benzene-1 -sulfonyl

chloride.
7\

——

3 \
= - _ N~
g o
[336] Example 34: N-(4-(((1R,2S)-1-hydroxy-2-((S)-5H-imidazo[5, 1-a}isoindol-5-yl)-7-
azaspiro[3.5]nonan-7-yl)sulfonyl)phenyl)-N-methylacetamide. LCMS (ESI) m/z=507.2
[M+H]". "H NMR (400 MHz, DMSO-d6) 8 7.88 — 7.70 (m, 3H), 7.67 - 7.43 (m, 4H), 7.40 -
7.30 (m, 1H), 7.27 - 7.16 (m, 1H), 7.10 (s, 1H), 5.73 (d, J = 5.5 Hz, 1H), 5.38 (d, J = 8.9 Hz, 1H),
4.09 — 3.88 (m, 1H), 3.25 (s, 3H), 3.10 = 2.77 (m, 5H), 1.97 (d, J = 20.2 Hz, 3H), 1.89 - 1.75 (m,

2H), 1.67 ~ 1.41 (m, 4H).
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Example 35: 1-[4-[[3-hvdroxy-2-(SH-imidazo[1.5-blisoindol-5-y1)-7-azaspiro[3.5Inonan-~7-

yllsulfonyll-1-piperidyljethanone

N
PO
N\
HO s

g o
[537} The title compound was prepared by the procedure described in Example 21b by

substituting cyanomethyl sulfonyl chloride with 1-acetylpiperidine-4-sulfonyl chloride.

7 3
A j
A;/N/\:i\/\l (:; °
HO L\/N‘S)
dg o

[538] Example 35: 1-(4-(((1 R,2S)-1-hydroxy-2-((S)-SH-imidazo[$,1-alisoindol-5-y1)-7-
azaspiro[3.5]nonan-7-yl)sulfonyl)piperidin-1-yi)ethan-1-one. LCMS (ESI) m/z = 485.2 [M+H]".
"H NMR (400 MHz, DMSO-d6) & 7.85 (s, 1H), 7.65 — 7.49 (m, 2H), 7.44 — 7.19 (m, 2H), 7.13 (s,
1H), 5.74 (d, = 5.3 Hz, 1H), 5.45 (d, ] = 8.8 Hz, 1H), 4.44 (d, =129 Hz, 1H),4.27 -~ 4.02 (m,
1H), 3.88 (d, J = 13.7 Hz, 1H), 3.20 ~ 2.95 (m, 3H), 2.00 (s, 3H), 1.98 — 1.64 (m, 6H), 1.60 -

1.45 (m, 4H), 1.40 - 1.21 (m, 2H).

Example 36; 7-cvclobutylsulfonvl-2-('5H-imidazo[1.5-b]isoindo]-5-vl)—7-azaspiro[3.5]n0nan-3-

Y S}
— S:

/ N N—ll O
NJ OH

1539} The title compound was prepared by the procedure described in Example 21b by

ol

substituting cyanomethy! sulfonyl chloride with cyclobutanesultonyl ch loride.

OH
[{340] Example 36: (1R,2S)-7-(cyclobutylsulfonyl)-2-((S)-SH-imidazo[5,1 -a]isoindol-5-y1)-
7-azaspiro[3.5}nonan-1-o0l. LCMS (ESD m/z = 414.2 [M+H]".'"H NMR (400 MHz, DMSO-d6) 8
7.85 (s, 1H), 7.67 - 7.51 (m, 2H), 7.42 - 7.21 (m, 2H), 7.13 (s, I H), 5.75 (s, 1H), 544 (d,J =838
Hz, 1H), 4.15 — 4.04 (m, 1H), 4.03 —3.86 (m, 1H), 3.23 - 2.93 (m, 5H), 2.35 - 2.16 (m, 4H),
2.07 (s, 1H), 2.04 — 1.84 (in, 2H), 1.82 — 1.65 (m, 2H), 1.61 ~ 1.37 (m, 3H).
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Example 37: 5-[[3-hvdroxy-2-(SH-imidazo[ 1,5-blisoindol-5-v1)-7-azaspiro[3.5]nonan-7-
yviisulfonyl]-1-methyl-indolin-2~one

O
N.—-—-
N
N=/ 7\
HO N/
g o
[541] The title compound was prepared by the procedure described in Example 21b by

substituting cyanomethyl sulfonyl chloride with 1-methyl-2-oxo-5-indolinesulfonyl! chloride.

(e ”“\A( F«

" o)
[542] Example 37: 5-(((1R,2S)-1-hydroxy-2-((S)-SH-imidazo{$5, 1 -alisoindol-5-y1)-7-
azaspiro[3.5]nonan-7-yl)sulfonyl)-1-methylindolin-2-one. LCMS (ES1) m/z = 505.2 [M+HT

Example 38: 6.7-dihydro-5H-pyrazolo[5.1-b][1.3}oxazin-3-yl-[3-hydroxy-2-(SH-imidazo[1.5-

blisoindol-3-y1)-7-azaspiro{3.5]nonan-7-yljmethanone

L
\ /N
N
o)

[543] The title compound was prepared by the procedure described in Example 33 by

substituting 3-(pyridin-3-yl)propanoic acid with 6,7-dihydro-5h-pyrazolo(5,1-b][1,3Joxazine-3-

carboxylic acid.

1544} Example 38: (6,7-dihydro-SH-pyrazolof5,1-b][ 1,3}oxazin-3-yI)((1R,25)-1-hydroxy-
2-((S)-5H-imidazo[5, | -alisoindol-5-y1)-7-azaspirof3.5]nonan-7-yl)methanone. LCMS (ESI) m/z
= 446.2 [M+H]". '"H NMR (400 MHz, DMSO0-d6) 3 7.86 (s, 1H), 7.72 — 7.50 (m, 2H), 7.44 -
7.28 (m, 2H), 7.28 — 7.22 (m, 1H), 7.13 (s, 1H), 5.74 (s, 1H), 5.45 (d, ] = 8.7 Hz, 1H), 4.47 -
4.25 (m, 2H), 4.19 ~ 3.98 (m, 4H), 3.55 - 3.43 (m, 2H), 2.62 -2.53 (m, 1H),2.22 - 2.11 (m, 2H),
1.98 — 1.61 (n, 3H), 1.54 — 1.34 (m, 4H).
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Example 39: 1-[2-{3-hydroxy-2-(SH-imidazo[ 1 ,5-blisoindol-S-y1)-7-azaspiro[3.5jnonan-7-yl]-2-

O

/N o)
N/J OH

1545] The title compound was prepared by the procedure described in Example 33 by

oxo-cthyllpiperidin-2-one

substituting 3-(pyridin-3-yl)propanoic acid with (2-oxopiperidin-1-yl)acetic acid.

[0}
. Nb

/N H o]

o
{546] Example 39: 1-(2-((1R,2S)-1-hydroxy-2-((S)-5H-imidazo[5,1-a]isoindol-5-yl)-7-
azaspiro[3.5]nonan-7-yl)-2-oxoethyl)piperidin-2-one. LCMS (ESI) m/z = 435.3 [M+H]".'H
NMR (400 MHz, DMSO-d6) § 8.25 (s, 1H), 7.69 — 7.58 (m, 2H), 7.52 - 7.11 (m, 3H), 5.92 -
5.70 (m, 1H), 5.56 (d, J = 8.7 Hz, 1H), 4.23 - 3.93 (m, 3H), 3.22 (d, ] = 5.8 Hz, 3H), 2.80 - 2.53
(m, 2H), 2.26 — 2.16 (m, 2H), 1.97 ~ 1.84 (m, 1H), 1.84 — 1.57 (m, SH), 1.57 - 1.28 (m, 3H).

Example 40: 4-[3-hydroxy-2-(5H-imidazo[ .5-blisoindol-5-y1)-7-azaspiro[3.5]nonane-7-

_ carbonyl]-1-methyl-piperidin-2-one

O /
N
74 N 8]
NJ OH

[547] The title compound was prepared by the procedure described in Example 33 by

substituting 3-(pyridin-3-yl)propanoic acid with 1-methyl-2-oxopiperidine-4-carboxylic acid.

Q. ./
> &

[548] Example 40; 4-((1R 2S)-1-hydroxy-2-((S)-5H-imidazo[5,1-a}isoindol-5-y1)-7-
azaspiro[3.5]nonane-7-carbonyl)-1-methylpiperidin-2-one. LCMS (EST) m/z = 435.3."H NMR
(400 MHz, DMSO-d6) & 8.19 — 7.98 (m, 1H), 7.77 - 7.56 (m, 2H), 7.46 — 7.27 (m, 2H), 5.88 -
5.63 (m, 1H), 5.52 (d, J = 8.7 Hz, 1H), 4.20 -- 4.00 (m, 1H), 3.60 - 3.38 (m, 3H), 3.23 ~3.12 (m,
2H), 2.78 (d, J = 4.8 Hz, 3H), 2.71 ~ 2.56 (m, 1H), 2.37 - 2.12 (m, 2H), 1.98 — 1.61 (m, 6H),
1.56 — 1.34 (m, 2H).
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Example 41: | -[3-hydr0x’v-2-( SH-imidazo[1.5-blisoindol-5-v1)-7-azaspiro[3.5nonan-7-vi}-2-
(1.2.4-triazol-1-y)propan- 1-one '

N
N
%o@& -
/N o
=  OH

(549} The title compound was prepared by the procedure described in Example 33 by

substituting 3-(pyridin-3 -yl)propanoic acid with 2-(1h-1,2,4-triazol-1-yl)propanoic acid..
Nt
(\J c')H

[550] Example 41: 1-((1R,25)-1-hydroxy-2-((S)-SH-imidazo{$,1 -a]isoindol-5-y1)-7-
azaspiro[3.5]nonan-7-yl)-2-(1H-1,2,4-triazol-1-yl)propan-1-one. LCMS (ESI) m/z = 419.2
[M+H]". "H NMR (400 MHz, DMSO-d6) 6 8.67 — 8.54 (m, 2H), 8.02 — 7.85 (m, 1H), 7.84 -

7.63 (m, 2H), 7.63 — 7.52 (m, 1H), 7.52 ~ 7.35 (m, 2H), 5.95 ~ 5.82 (m, 1H), 5.78 — 5.58 (m, 2H),
4.26 - 4.05 (m, 1H), 3.15 - 3.02 (m, 1H), 2.89 (s, 1H), 2.77 - 2.62 (m, 2H), 1.94 ~ 1.66 (m, 3H),
1.67 — 1.33 (m, 7H), 1.33 ~ 1.01 (m, 1H).

Example 42: N-[2-[3-hydroxy-2-(SH-imidazo[ ] 5-blisoindol-5-v1)-7-azaspiro{3.5Inonan-7-vi]-

/=0
NH
N’z‘
78 (6]

N/J OH

[551] The title compound was prepared by the procedure described in Example 33 by

1-methyl-2-oxo-cthyllformamide

substituting 3-(pyrid.in-3-yl)propanoic acid with N-formyl-DL-alanine.

:ﬁh‘/’\\< -< NH

[552] Example 42: N-(1-((1 R,QS)-l-hydroxy—2-((S)—S’H-imidazo[S,1-a]isoindol-5-yl)—7-
azaspiro[3.5]nonan-7-yl)- {-oxopropan-2-yl)formamide. LCMS (ESI) m/z = 395.2 [M+H]". 'H
NMR (400 MHz, DMSQ-d6) 5 8.05 — 7.87 (m, 1H), 7.86 (s, 1H), 7.72 - 7.46 (m, 2H), 7.44 -
7.30 (m, 1H), 7.30 - 7.18 (m, 1H), 7.13 (s, 1H), 5.86 - 5.63 (m, 1H), 5.46 (d, } =8.8 Hz, 1H),
4.88 ~ 4.72 (m, 1H), 4.22 —4.00 (m, 1H), 2.89 (s, 4H), 2.77 - 2.64 (m, 1H), 2.62 — 2.55 (m, 1H),
1.98 — 1.66 (n, 2H), 1.60 — 1.36 (m, 3H), 1.25 - 1.07 (m, 2H).

/=0
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Example 43: cyclopropyl-[3-hydroxy-2-(5SH-imidazo[1,5-blisoindol-5-yl)-7-azaspiro[3.5 Jnonan-

7-ylimethanone
/N o
= OH

[553] The title compound was prepared by the procedure described in Example 33 by

substituting 3-(pyridin-3-yl)propanoic acid with cyclopropanecarboxylic acid.

i AN
O,
= OH

[554] Example 43: cyclopropyl((1R,28)-1-hydroxy-2-((S)-SH-imidazo[5, 1 -a]isoindol-5-
y1)-7-azaspiro{3.5]nonan-7-yl)methanone. LCMS (ESI) m/z = 364.2 [M+H]+."H NMR (400
MHz, DMSO-d6) & 8.58 (s, 1H), 7.81 ~ 7.67 (m, 2H), 7.55 (s, 1H), 7.50 — 7.26 (m, 2H), 5.94 -
5.80 (m, 1H), 5.67 (d, J = 8.6 Hz, 1H), 4.29 ~ 3.95 (m, 1H), 3.16 - 3.00 (m, 1H), 2.78 - 2.61 (m,
1H), 2.05 — 1.68 (m, 4H), 1.63 — 1.35 (m, 3H), 1.28 — 1.07 (m, 2H), 0.78 - 0.53 (m, 4H).

Example 44; 2-(5H-imidazo[ 1,5-blisoindol-5-y1)-7-(1-methylpyrazol-3-yl)suifonyl-7-

azaspiro[3.5]nonan-3-ol

J N

AN

SN N—'OS':O
N) OH

[555] The title compound was prepared by the procedure described in Example 21b by

substituting cyanomethyl sulfonyl chloride with 1-methyl-1h-pyrazole-3 -sulfonyl chloride.

y _N:H?/—\,N*({;;:o
N/J OH

[556] Example 44: (1R,28)-2-((S)-5H-imidazo[5,1-a]isoindol-5-y1)-7-((1 -methyl-1H-
pyrazol-3-yl)sulfonyl)-7-azaspiro[3.5]nonan-1-o0l. LCMS (ESI) nvz = 440.2 [M+H]". '"H NMR
(400 MHz, DMSO-d6) 8 7.94 (d, J = 2.3 Hz, 1H), 7.82 (s, 1H), 7.65 - 7.51 (m, 2H), 7.42 - 7.16
(m, 2H), 7.11 (s, 1H), 6.64 (d, J = 2.3 Hz, 1H), 5.74 (d, J = 5.5 Hz, 1H), 540 (d, } = 8.9 Hz, 1H),
4.08 - 3.97 (m, 1H), 3.94 (s, 3H), 3.17 - 2.97 (m, 2H), 2.94 ~ 2.78 (m, 2H), 1.90 - 1.44 (m, 6H).
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Example 45: [3-hydroxv-2-(5H-imidazo[ 1,5-blisoindol-5-yl)-7-azaspiro[3.5]nonan-7-yl]-

o
/N o
N/J OH

{357} The title compound was prepared by the procedure described in Example 33 by

tetrahvdropyran-4-yl-methanone

substituting 3-(pyridin-3-yl)propanoic acid with tetrahydro-pyran-4-carboxylic acid.

o
e OH

[558] Example 45: ((1R,2S)-1-hydroxy-2-((S)-5SH-imidazo[5,1 -a]isoindol-5-yl)-7-
azaspirof3.5]nonan-7-yl)(tetrahydro-2H-pyran-4-yl)methanone. LCMS (ESI) m/z = 408.2
[M+H]". "H NMR (400 MHz, DMSO-d6) 5 8.88 - 8.66 (m, 1H), 7.81 -- 7.56 (m, 3H), 7.55 -
7.36 (m, 2H), 7.25 - 6.87 (m, 1H), 5.98 — 5.82 (m, 1H), 5.72 (d, J = 8.5 Hz, 1H), 4.24 — 4.02 (m,
1H), 3.91 ~3.75 (m, 2H), 3.58 - 3.46 (m, 1H), 2.92 - 2.61 (m, 3H), 1.97 - 1.68 (m, 3H), 1.66 —
1.39 {(m, 6H).

Example 46: [3-hydroxy-2-(5H-imidazof ! 5-blisoindol-5-y1)-7-azaspirof3.5Inonan-7-yli-

[ }Oj
- AN
SN _\/CN %
NA OH

{5591 The title compound was prepared by the procedure described in Example 33 by

tetrahydrofuran-3-yl-methanone

substituting 3-(pyridin-3-yl)propanoic acid with tetrahydro-3-furoic acid.

0]
4 T : 0
N OH

(560] Example 46: ((1R,25)-1 -hydroxy-2-((S)-5H-imidazo[5,1-a]isoindol-5-y1)-7-
azaspiro[3.5]nonan-7-yl)(tetrahydrofuran-3-yl)methanone. LCMS (EST) m/z = 394.2 [M+H]". 'H
NMR (400 MHz, DMSO-d6) § 8.78 - 8.57 (m, 1H), 7.85 ~ 7.66 (m, 2H), 7.62 (d, I = 4.1 Hz,
1H), 7.51 — 7.38 (m, 2H), 7.26 - 6.89 (n, 1H), 5.89 (1, J = 5.6 Hz, 1H), 5.75 — 5.60 (m, 1H), 4.21
~4.09 (m, 1H), 3.94 - 3.80 (m, 1H). 3.75 — 3.61 (m, 3H), 3.61 - 3.40 (m, 2H),2.78 - 2.64 (m,
1H), 2.12 - 1.92 (m, 2H), 1.93 ~ 1.54 (m, 4H), 1.57 - 1.34 (m, 3H).
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Example 47:; l-[3-hydroxv-2—( SH-imidazo[1.5-blisoindol-5-vD)-7-azaspiro[3.5]nonan-7-yl]-3-

O_..
"
/N 0
N OH

[s61} The title compound was prepared by the procedure described in Example 33 by

" methoxy-propan-1-one

substituting 3-(pyridin-3-yl)propanoic acid with 3-methoxypropionic acid.

@ e
=N\
o e

{562} Example 47: 1-((1R,2S)-1-hydroxy-2-((S)-5H-imidazo[5,1 -alisoindol-5-yl1)-7-
azaspiro[3.5]nonan-7-yl)-3-methoxypropan-1-one. LCMS (ESI) m/z = 382.2 [M+H]". '"H NMR
(400 MHz, DMSO-d6) 5 8.76 — 8.56 (m, 1H), 7.77 ~ 7.63 (m, 2H), 7.63 - 7.54 (m, 1H), 7.54 -
7.34 (m, 2H), 5.87 (1, J = 5.8 Hz, 1H), 5.68 (d, J = 8.5 Hz, 1H), 4.28 ~ 4.04 (m, 1H), 3.60 - 3.45
(m, 2H), 3.21 (d, J = 4.1 Hz, 3H), 2.79 - 2.64 (m, 1 H), 2.60 - 2.51 (m, 5H), 1.95 - 1.54 (m, 3H),
1.57 - 1.38 (m, 3H).

Example 48: cyclobutyl-[3-hydroxy-2-(SH-imidazo{1 .5-blisoindol-5-y1)-7-azaspiro[3.5]nonan-

7-yllmethanone
%@QQ
/N o}
"= OH

[563] The title compound was prepared by the procedure described in Example 33 by

substituting 3-(pyridin-3-yl)propanoic acid with cyclobutanecarboxylic acid.

2 b

[564] Example 48: cyclobutyl((1R,2S)-1 -hydroxy-2-((S)-5H-imidazo[5,1-a]isoindol-5-y1)-
7-azaspiro[3.5]nonan-7-yl)methanone. LCMS (ESI) m/z = 378.2 [M+H]"."H NMR (400 MHz,
DMSO-d6) & 8.86 (d, J = 9.5 Hz, 1H), 7.85 7.61 (m, 3H), 7.60 — 7.33 (m, 2H), 7.21 (s, 1H),
7.08 (s, 1H), 6.96 (s, 1H), 6.00 ~ 5.84 (m, 1H), 5.79 - 5.65 (m, 1H), 421 -4.05 (m, 1H), 2.89 (s,
1H), 2.73 (s, 1H), 2.23 - 2.01 (m, 4H), 1.97 — 1.56 (m, 5H), 1.54 - 1.36 (m, 2H).
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Example 49: 1 -[3-hydxoxv—2-( SH-imidazo{1.5-blisoindol-3-vl)-7-azaspiro[3.5]nonan-7-
yllpropan-1-one

e

7 N O
\=  OH
[565] The title compound was prepared by the procedure described in Example 33 by

substituting 3-(pyridin-3-yl)propanoic acid with propionic acid.

= OH

{566] Example 49: 1-((1R,2S)-1-hydroxy-2-((S)-5H-imidazo[5,1-a]isoindol-5-y1)-7-
azaspiro[3.5]nonan-7-yl)propan-1-one. LCMS (ESI) m/z = 352.2 [M+H]"."H NMR (400 MHz,
DMSO-d6) & 8.79 — 8.70 (in, 1H), 7.87 - 7.59 (m, 3H), 7.55 - 7.31 (m, 2H), 5.89 (1, J = 5.2 Hz,
1H), 5.71 (d, J = 8.5 Hz, 1H), 4.23 - 4.06 (m, 1H), 3.64 - 3.43 (m, 1H), 2.36 - 2.25 (m, 2H),
1.92 - 1.75 (m, 2H), 1.74 — 1.56 (m, 1H), 1.55 ~ 1.37 (m, 3H), 1.04 - 0.87 (m, 3H).

Example 50; 4-[3-hydroxy-2-(SH-imidazof | .5-blisoindol-3-vl)-7-azaspiro{3.51nonan-7-yl}-N.N-

dimethyl-4-oxo-butanamide

2 OH

{567] The title compound was prepared by the procedure described in Example 33 by

N

substituting 3-(pyridin-3-yl)propanoic acid with N N-dimethylsuccinamic acid.

0

S /_)\‘Nf
4 N H [e]

G o

{568] Example 50: 4-((1R,25)-1 -hydroxy-2-((S)-5H-imidazo{5,1-a}isoindol-5-y1)-7-
azaspiro[3.5]nonan-7-y1)-N,N-dimeth yl-4-oxobutanamide. LCMS (ES1) m/z = 423.2 [M+HT". 'H
NMR (400 MHz, DMSO-d6) § 8.22 (s, 1H), 7.75 - 7.5 (m, 2H), 7.50 — 7.26 (m, 3H), 5.90 —
5.70 (m, 1H), 5.56 (d, J = 8.7 Hz, 1H), 4.20 - 4.01 (m, 1H), 3.59 - 3.42 (m, 3H), 2.98 (s, 3H),
2.79 (d, T = 1.8 Hz, 3H), 2.67 - 2.57 (m, 4H), 1.98 — 1.85 (m, 1H), 1.87 — 1.57 (m, 2H), 1.56 -
1.32 (m, 3H).



WO 2019/005559 PCT/US2018/038508
154

tetrah ydropv'ran -4-yl-ethanone

: o)
N
/N o
N/J OH

[569] The title compound was prepared by the procedure described in Example 33 by

substituting 3-(pyridin-3-yl)propanoic acid with (tetrahydro-pyran-4-yl)-acetic acid.

B FanY
72 N : (o]
N oH

[570] Example 51: 1-((1R,2S)-1-hydroxy-2-((S)-5H-imidazo[3,1-a]isoindol-5-y1)-7-
azaspiro[3.5]nonan-7-yl)-2-(tetrahydro-2H-pyran-4-yl)ethan-1-one. LCMS (ESD) m/z=422.3
[M+H]". "H NMR (400 MHz, DMSO0-d6) 5 8.05 (s, 1H), 7.70 - 7.56 (m, 2H), 7.46 — 7.14 (m,
3H), 5.82 - 5.65 (m, 1H), 5.51 (d, J = 8.7 Hz, 1H), 4.18 —4.05 (m, 1H), 3.87 - 3.77 (m, 2H),
3.65 - 3.39 (i, 2H), 3.26 (d, J = 12.6 Hz, 5H), 2.30 - 2.16 (m, 2H), 2.01 ~ 1.64 (m, 4H), 1.66 ~
1.36 (m, 4H), 1.27 — 1.08 (m, 2H).

Example 52: 1-[2-[3-hydroxy-2-(SH-imidazo[ 1 .5-blisoindol-5-y1)-7-azaspiro[3.5lnonan-7-yl}-2-

oxo-ethyllpyrrolidin-2-one

O
O
e
/N o
= OH

1571] The title compound was prepared by the procedure described in Example 33 by
substituting 3-(pyridin-3-yl)propanoic acid with (2-ox.opyrrolidin-.1 -yDacetic acid.

7 \/Q(

[572] Example 52: 1-(2—((1R,ZS)-1-hydroxy—2—((S)—SH-imidazo{S,l-a]isoindol-S-yl)-?-
azaspiro[3.5]nonan-7-yl)-2-oxoethyl)pyrrolidin-2-one. LCMS (ESI) m/z=421.2 [M+H]"'H
NMR (400 MHz, DMSO-d6) § 8.23 (s, 1H), 7.79 — 7.55 (m, 2H), 7.49 — 7.21 (m, 3H), 5.86 -
5.74 (m, 1H), 5.56 (d, ] = 8.7 Hz, 1H), 4.21 — 3.82 (m, 3H), 3.57 - 3.36 (m, 3H), 3.16 - 3.02 (m,
1H), 2.72 - 2.56 (m, 1H), 2.33 - 2.06 (m, 2H), 2.07 - 1.84 (m, 3H), 1.87 ~ 1.57 (m, 2H), 1.58 ~
1.36 (m, 3H), 1.20 - 0.97 (m, 1H).
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Example 53: 4-[3-hydroxy-2-( SH-imidazo[1.5-blisoindol-5-vl)-7-azaspiro[3.5]nonane-7-
carbonvll-1-methyl-pyrrolidin-2-one

|
N_.O
/N o
N;’ OH

[573] The title compound was prepared by the procedure described in Example 33 by

substituting 3-(pyridin-3-yl)propanoic acid with 1 -methyl-5-ox0-3-pyrrolidinecarboxylic acid.

[574] Example 53: 4-((1R,28)-1-hydroxy-2-((S)-5H-imidazo[5,1-a}isoindol-5-y1)-7-
azaspiro[3.5]nonane-7-cﬁrbonyl)-] -methylpyrrolidin-2-one. LCMS (ESI) m/z = 421.2
[M+H]".'H NMR (400 MHz, DMSO-d6) 5 8.84 (d, ] = 11.6 Hz, 1H), 7.82 - 7.66 (m, 3H), 7.55 -
7.40 (m, 2H), 7.20 (s, 1H), 7.07 (s, IH), 6.94 (s, 1H), 5.99 ~ 5.84 (m, 1H), 5.83 - 5.62 (m, 1H),
4.29 ~ 4.11 (m, 1H), 3.58 — 3.47 (in, 2H), 2.80 - 2.61 (m, 4H), 2.46 — 2.37 (m, 2H), 2.04 - 1.64
(m, 3H), 1.55-1.36 (m, 3H).

Example 54: 1-[3-hydroxy-2-(5H-imidazof ,S-b]isoindol-5-yl)—7-azaspirof3 .51nonan-7-vi}-2-(5-
" methylisoxazol-3-yl)ethanone

[575] The title compound was prepared by the procedure described in Example 33 by
substituting 3-(pyridin-3-yl)propanoic acid with 2-(5-methyl-1,2-oxazol-3-yl)acetic acid.

. Ve
=, )
= OH

{576] Example 54: 1-((1R,28)-1-hydroxy-2-((S)-5H-imidazo[5.1-a)isoindol-5-y1)-7-
azaspiro[3.5]nonan-7-yl)-2-(5-methylisoxazol-3-yl)ethan-1-one. LCMS (ESY) m/¢ = 419.2
[M+H]".'"H NMR (400 MHz, DMSO-d6) 5 7.86 (d, J = 3.0 Hz, 1H), 7.71 - 7.55 (m, 2H), 7.45 ~
7.20 (m, 2H), 7.13 (5, 1H), 6.16 — 6.02 (m, 1H), 5.82 - 5.63 (m, 1H), 5.45 (4, J=8.8 Hz, 1H),
4,17 - 3.99 (m, 1H), 3.78 — 3.69 (m, 2H), 3.59 ~ 3.44 (m, 2H), 3.23 — 3.02 (i, 1H), 243226
(m, 3H), 1.99 ~ 1.55 (m, 3H), 1.57 - 1.32 (m, 3H).
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Example 55; 1-[3-hydroxy-2-(SH-imidazo[1,5-blisoindol-5-v1)-7-azaspiro[3.5]1nonan-7-yl}-3-(1 -

methylpyrazol-4-vl)propan-1-one

/N\N/
y N 0O
N/J OH

1577} The title compound was prepared by the procedure described in Example 33 by

substituting 3-(pyridin-3-y)propanoic acid with 3-(1-methyl-1 h-pyrazol-4-yl)propanoic acid.

/N N7
L "
W o

[578] Example 55: 1-((1R,2S)-1-hydroxy-2-((S)-SH-imidazo[5,1 -a}isoindol-5-y1)-7-
azaspiro[3.5]nonan-7-yl)-3-(1-methyl- 1H-pyrazol-4-yl)propan-1-one. LCMS (ESD m/z=432.2
[M+H]"."H NMR (400 MHz, DMSO-d6) § 8.15 (s, 1H), 7.73 - 7.57 (m, 2H), 7.54 - 7.35 (im,
2H), 7.38 - 7.26 (m, 2H), 7.23 (d, J = 5.9 Hz, 1H), 5.86 - 5.66 (m, 1H), 5.53 (d, ] = 8.6 Hz, 1H),
4.17 — 4.02 (m, 1H), 3.74 (4, J = 5.1 Hz, 3H), 3.54 - 3.41 (m, 1H), 3.26 - 3.14 (m, 3H), 2.63 -
2.56 (m, 3H), 1.97 — 1.81 (m, 1H), 1.85 - 1.71 (m, 1H), 1.71 - 1.53 (m, 1H), 1.50 — 1.36 (m, 3H),
1.22 - 1.11 (m, 1H).

Example 56: 1-[3-hvdroxy-2-(5H-imidazof1 5-blisoindol-5-y1)-7-azaspiro[3.5]nonan-7-
yllethanone

N

N~
/N o)
- o

[579] The title compound was prepared by the procedure described in Example 33 by

snbstituting 3-(pyridin-3-yl)propanoic acid with acetic acid.

/N Y o)

= O
{580} Example 56: 1-((1R,2S)-1-hydroxy-2-((§8)-5H-imidazo[5,1 -alisoindoi-5-y1)-7-
azaspiro[3.5]nonan-7-yl)ethan-1-one. LCMS (ESI) m/z = 338.2 [M+H]". '"H NMR (400 MHz,
DMSO-dg) 6 8.43 ~ 8.29 (m, 1H), 7.76 ~ 7.64 (m, 2H), 7.52 - 7.26 (m, 3H), 5.93 - 5.72 (m, 1H),
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5.69 — 5.52 (m, 1H), 4.26 — 4.01 (m, 1H), 3.62 - 3.33 (m, 3H), 2.75 ~ 2.59 (m, 1H), 1.97(d,J =
3.6 Hz, 3H), 1.83 - 1.57 (m, 2H), 1.57 = 1.30 (m, 3H), 118 (t, /= 7.3 Hz, 1H).

Example 57: 2.2-difluoroethyl (2S.3R)-3-hydroxy-2-[(5S)-5H-imidazo[1,5-blisoindol-5-y1}-7-

azaspiro[3.5]nonane-7-carboxylate

N——<O
J S OH O/\F/F
N
[581] A solution of tert-butyl (SR,68)-5-hydroxy-6-((S)-5H-imidazo[5,1-a}isoindol-5-y1)-2-
azaspiro[3.3}heptane-2-carboxylate (100 mg, 0.28 mmol) in 2 mL of DCM was charged with 500
ulL of TFA and stirred at room temperature for one hour. The mixture was then concentrated in
vacuo and azeotroped twice with MeOH and twice with DCM. The residue was then dissolved
in 5 mL of MeOH and charged with 2 g of macroprorous polymer supported Ammonium
Carbonate resin and sonicated. The resin was then filtered off by vacuum filtration and the
solution was concentrated in vacuo. The residue was then dissolved in 2 mL of
dimethylacetamide. In a separate vial, 2,2-difluoroethan-1-ol (25 mg, 0.3 mmot), triphosgene
(36 mg, 0.12 mmol), and pyridine (35 mg, 0.44 mmdl) were dissolved in 1ml of DCM and
stirred' ét 0°C for 30 minutes. This solution was then added to the formerly mentioned
dimethylacetamide solution and charged with TEA (25 mg, 0.24 mmol). The mixture was then
stirred at room temperature for one hour. The mixture was then purified by revers phase HPLC
(0.1% NH40H/ACN) to afford the title compound (35 mg, 0.08 mmol, 35% yield).
() e
= F

[582] Example 57: 2,2-difluoroethyl (1R,2S5)-1 -hydroxy-2-((S)-5H-imidazo{5,1-a}isoindol-
5-y1)-7-azaspiro[3.5]nonane-7-carboxylate. LCMS (ESI) m/z = 404.2 [M+H]". "H NMR (400
MHz, DMSO-d6) § 7.85 (s, 1H),7.67 — 7.5 (m, 2H), 7.42 - 7.21 (m, 2H), 7.13 (s, 1H), 6.23 (tt,
J=54.6,3.4Hz, 1H), 5.74 (d, J = 5.4 Hz, 1H), 5.45 (d, /= 8.8 Hz. 1H),4.27 (td, J= 153, 3.4 Hz,
2H), 4.11 (td, J= 6.1, 3.0 Hz, 1H), 2.56 (td, J= 8.8, 6.8 Hz, 1H), 1.92 (t, /= 10.4 Hz, 1H), 1.79
(ddd, J = 11.3, 8.4,3.1 Hz, 1H), 1.67 (ddd, J=12.1, 7.9, 3.7 Hz, 1H), 1.64 - 1.23 (m, 4H).
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Example 58: N-(2 2-difluoroethyl)-3-hydroxy-2-(5H-imidazo[ 1,5-blisoindol-5-yl)-7-

azaspiro[3.5]nonane-7-carboxamide

O
N—<
Iy ow Ny F
Nig F

[583] The title compound was prepared by the procedure described in Example 57 by

substituting 2,2-difluoroethan--ol with 2,2-difluoroethan-1-amine.

1584] Example 58: (1R,28)-N-(2,2-difluoroethyl)-1-hydroxy-2-((S)-5SH-imidazo(5,1-
aJisoindol-3-y1)-7-azaspiro{3.5]nonane-7-carboxamide. LCMS (ESI) m/z = 403.2 [M+H]". 'H
NMR (400 MHz, DMSO-d6) ) § 7.85 (s, 1H), 7.67 - 7.51 (m, 2H), 7.42 - 7.21 (m, 2H), 7.13 (s,
1H), 6.84 (t, J = 5.7 Hz, 1H), 6.21 - 5.56 (m, 2H), 5.45 (d, J = 8.8 Hz, 1H), 4.10 (td, /= 6.3, 3.0
Hz, 1H), 3.53 - 3.25 (m, 2H), 3.32 - 2.98 (m, 2H), 2.89 (s, 1H), 2.73 (d, /=0.6 Hz, 1H),2.71 -
2.33 (m, 1H), 1.90 (1,./ = 10.4 Hz, 1H), 1.78 (ddd, /= 11.3, 8.4, 3.0 Hz, 1H), 1.63 (ddd, J=11.7,
7.9, 3.5 Hz, 1H), 1.59 — 1.25 (m, 3H).

Example 59: 8-((1H-imidazol-4-yl)sulfony!)-2-(SH-imidazo[5.1 -alisoindol-5-y1-8-

L 0
N~g..
/Wj S ._\',»//:JNH
i OH O N=
7

{585] The title compound was prepared by the procedure described in Example 7, by

azaspiro{4.5]decan-1-ol

substituting MsCl with 14-imidazole-4-sulfonyl chloride.

{586] The absolute configuration of 59 was assigned arbitrarily.

{5871 Example 59: (1 R,28S)-8-((1H-imidazol-4-yl)sulfonyl)-2-((S)-5SH-imidazo(5,1-
a]isoindol-5-yl)-8-azaspiro[4.5}decan-1-ol. LCMS (ESI) m/z = 440.2 [M+H]" '"H NMR (300
MHz, DMSO-d6) 6 12.85 (s, 1H), 7.90-7.82 (m, 2H), 7.75 (q, J = 1.3 Hz, 1H), 7.60 (dd, / = 16.3,
7.6 Hz, 2H), 7.36 (t,J = 7.5 Hz, 1H), 7.25 (td, J= 7.6, 1.2 Hz, 1H), 7.10 (s, 1H), 5.36 (d, J=6.3
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Hz, 2H), 3.81 (t, J = 5.2 Hz, 1H), 3.30 (s, 1H), 3.21-3.08 (m, 1H), 2.85-2.60 (m, 2H), 2.35-2.19
(m, 1H), 1.80-1.49 (m, 4H), 1.49-1.19 (m, 4H).

Example 60; 2 2-difluoroethyl 1-hydroxy-2-(5H-imidazo{35,1-alisoindol-5-y1)-8-

azaspiro[4.51decane-8-carboxvlate

F

.

4 B HO V'N\WO

N o
[588] A solution of (35,4R)-3-[(58)-5SH-imidazo[1,5-b}isoindol-5-yl]-8-azaspiro[4.5]decan-
4-01 (50.0 mg, 0.1400 mmol), 2,2-difluoroethanol (17.8 mg, 0.22 mmol), 1,1'-
carbonyldiimidazole (28.14 mg, 0.17 mmol) and TEA (43.9mg, 0.43 mmol) in THF (15mL) was
stirred at 75°C for 16 h. The reaction was quenched with water (100 mL). The resulting solution
was extracted with EtOAc (3 x 100 mL) and the organic layers were combined. The crude
product was purified by Prep-HPLC.
[589] The absolute configuration of 60 was assigned arbitrarily.

s F
| K\j@ (k" |
| : {
N o Ny
N O

{590i Example 60: 2,2-difluoroethyl (3S.,4R)-4-hydroxy-3-[(5S)-5H-imidazo[1,5-
blisoindol-5-y1]-8-azaspiro[4.5]decane-8-carboxylate (15.5 mg, 25.6%) as a white solid. LCMS
(ESI) m/z = 418.2 [M+H]", 'H NMR (400 MHz, MeOH-ds) § 8.01 (s, 1II), 7.68-7.57 (m, 2H),
7.36 (dtd, J=35.1, 7.2, 1.1 Hz, 1H), 7.14 (s, 1H), 6.59-5.75(m,1H), 5.51 (d, /= 6.5 Hz, 1H),
4.29 (d, J = 14.3, 3.7 Hz, 2H), 4.05 (d, J = 4.9 Hz, 1H), 3.82 (d, /= 13.7 Hz, IH), 371 (d,J=
13.5 Hz, 1H), 3.23 (m, 2H), 2.53 (s, 1H), 1.84-1.61 (m1, 6H), 1.38 (dt, /= 10.1, 4.8 Hz, 2H).

Example 61: 1-[3-hydroxy-2-(5H-imidazo[1,5-blisoindol-5-yl)-7-azaspiro[3.5]nonane-7-

carbonvlicyclopropanecarbonitiile

N

N
N

N
N —/ o
{(J . I)H

[591] The title compound was prepared by the procedure described in Example 33 by

substituting 3-(pyridin-3-yl)propanoic acid with 1-cyano-1-cyclopropanecarboxylic acid.
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ST

= OH

1592] Example 61: 1-((1R,2S)-1-hydroxy-2-((S)-5H-imidazo{5,1-a}isoindol-5-y1)-7-
azaspiro[3.5]nonane-7-carbonyl)cyclopropane-1-carbonitrile. LCMS (ESI) m/z = 389.2 [M+H]".
'H NMR (400 MHz, DMSO-d6) & 8.02 (s, 1H), 7.71 - 7.52 (m, 2H), 7.50 - 7.35 (m, 1H), 7.34 -
7.25 (m, 1H), 7.22 (s, 1H), 5.81 (d, = 5.4 Hz, 1H), 5.51 (d. ] = 8.7 Hz, 1H), 427 - 3.98 (m, 1H),
3.15 - 3.01 (m, 2H), 2.68 —2.58 (m, 1H), 1.99 - 1.78 (m, 2H), 1.64 — 1.50 (m, 6H), 1.50 - 1.40
(m, 2H), 1.18 (t, ] = 7.3 Hz, 3H).

Example 62: 1-{3-hydroxy-2-(SH-imidazo[1 5-blisoindol-3-yl)-7-azaspiro[3.5nonan-7-y1}-2-

(1H-tetrazol-5-yhethanone
N~
X
N N
7 N o H
N/J OH

[593] The title compound was prepared by the procedure described in Example 33 by

substituting 3-(pyridin-3-yl)propanoic acid with 1H-tetrazole-5-acetic acid.

) e

e}

~

[594] Example 62: 1-((1R,28)-1-hydroxy-2-((S)-5H-imidazo[5,1-a}isoindol-5-yl)-7-
azaspiro[3.5]nonan-7~yl)-2-(1H-tetrazol-5-yl)ethan-1-one. LCMS (ESH m/z =406.2 [M+H]"'H
NMR (400 MHz, DMSO-d6) & 7.88 (s, 1H), 7.73 - 7.51 (m, 2H), 7.44 - 7.31 (m, 1H), 7.31 -
7.18 (m, 1H), 7.14 (s, 1H), 5.75 (s, 1H), 5.45 (d, J = 8.8 Hz, 1H), 422 -3.91 (m, 3H), 3.10 -

2.94 (m, 1H), 2.64 — 2.54 (m, 1H), 2.00 - 1.85 (m, 1H), 1.86 ~ 1.57 (m, 2H), 1.57 ~ 1.34 (m, 3H),
1.16 (1, J = 7.3 Hz, 2H).

Example 63: 1-[3-hydroxy-2-(5H-imidazof1 .5-blisoindol-5-y1)-7-azaspiro[3.5]nonan-7-yl|-2-(3-

methylisoxazol-5-yl)ethanone

//
%WAQ«*T
74 N o]
- OH

{595] The title compound was prepared by the procedure described in Example 33 by

substituting 3-(pyridin-3-yl)propanoic acid with 3-methyl-S-isoxazoleacetic acid.
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e}

[596] Example 63: 1-((1R,2S)-1-hydroxy-2-((S)-5H-imidazo[5,1-a}iscindol-5-yl)-7-
azaspiro[3.5]nonan-7-y1)-2-(3-methylisoxazol-5-yl)ethan-1-one. LCMS (ESI) m/z = 419.2
[M+H]". "H NMR (400 MHz, DMSO-d6) § 7.86 (d, J = 4.4 Hz, 1H), 7.71 - 7.50 (m, 2H), 7.42 -
7.32 (m, 1H), 7.32 - 7.21 (m, 1H), 7.13 (s, 1H), 6.18 (d, J = 6.2 Hz, 1H), 5.82 - 5.69 (m, 1H),
5.46 (d, ) = 8.8 Hz, 1H), 4.11 (d, J = 9.2 Hz, 1H), 3.92 (d, J = 3.5 Hz, 2H), 3.60 ~ 3.45 (m, 2H),
2.19 (d, J = 4.6 Hz, 3H), 1.99 — 1.85 (m, 1H), 1.85 — 1.58 (m, 2H), 1.56 — 1.28 (m, 3H).

Example 64: 3-[3-hydroxy-2-(SH-imidazo{ 1,5-blisoindol-5-y1)-7-azaspiro[3.5Inonane-7-

carbonyllpiperidine-1-carboxamide

o)
N
NH,
N
7 N @]
= OH

[597} The title compound was prepared by the procedure described in Example 33 by

substituting 3-(pyridin-3-yl)propanoic acid with 1-(aminocarbonyl)piperidine-3-carboxylic acid.

0 j@-‘f
T oSN NH,
/N H e}

N oK

1598} Example 64: 3-((1R,2S)-1-hydroxy-2-((S)-SH-imidazo(5,1-a)isoindol-5-y1)-7-
azaspiro[3,5]nonane-7-carbonyl)piperidine-1 -carboxamide. LCMS (ESI) m/z = 450.3
[M+H]"."H NMR (400 MHz, DMSO-d6) 8 7.99 ~7.79 (m, 1H), 7.70 - 7.48 (m, 2H), 7.44 - 7.17
(m, 2H), 7.13 (s, 1H), 5.86 (d, J = 2.5 Hz, 2H), 5.80 - 5.64 (m, 1H), 5.46 (d, J=88 Hz, 1H),
4.19 - 4.04 (m, 1H), 3.91 (d, ] = 13.4 Hz, 2H), 3.59 — 3.44 (m, 2H), 2.85 - 2.65 (m, 3H), 2.00 -
1.74 (m, 2R), 1.74 — 1.57 (m, 1H), 1.59 - 1.26 (m, 7H).

Example 65: (1.1-dioxothiolan-3-y1)-[3-hydroxy-2-(SH-imidazo{1,5-blisoindol-5-y1}-7-

azaspiro[3.5Inonan-7-yllmethanone

o)
17
S<0

e

o}

27N
\
o]
T



WO 2019/005559 PCT/US2018/038508
162

[599] The title compound was prepared by the procedure described in Example 33 by
substituting 3-(pyridin-3-yl)propanoic acid with tetrahydrothiophene-3-carboxylic acid 1,1-

dioxide.

[600] Example 65: (1,1-dioxidotetrahydrothiophen-3-yl)((1 'R,2$)~ 1-hydroxy-2-((S)-SH-
imidazo[S,1-a]isoindol—S-yl)—7-azaspiro[3.5}nonah-7-yl)methanone. LCMS (ESH m/z=443.2
[M+H]".

Example 66: 4-[3-hydroxy-2-(SH-imidazo[1 5-blisoindol-5-y})-7-azaspiro[3.5]nonane-7-

carbonyllpiperidine-1-carboxamide

0
N J
N=/ N7 “NH,
HO N
o}

601} The title compound was prepared by the procedure described in Example 33 by

substituting 3-(pyridin-3-yl)propanoic acid with 1-carbamoyl piperidine-4-carboxylic acid 1,1-

dioxide.
Q)

(- ”'A'i&‘il ~ /C‘NJOLNHZ

HO vn\g J
[602] Example 66: 4-((1R,25)-1 -hydroxy-2-((S)-5H-imidazo[5,1-alisoindol-5-y})-7-
azaspiro[3.5]nonane-7-carbonyl)piperidine-1-carboxamide. LCMS (ESI) m/z =450.3
[M+H]"."H NMR (400 MHz, DMSO-d6) 8 7.86 (d, J = 2.8 Hz, 1H), 7.71 - 7.49 (m, 2H), 7.42 -
7.33 (m, 1H), 7.32 - 7.18 (m, 1H), 7.13 (s, 1H), 5.86 (d, J = 3.1 Hz, 2H), 5.80 - 5.67 (m, 1H),
5.46 (d,] = 8.8 Hz, 1H), 4.19 — 4.04 (m, 1H), 3.99 - 3.84 (m, 2H), 3.57 - 3.41 (m, 2H), 2.83 -
2.67 (m, 311), 1.99 — 1.76 (m, 2H), 1.58  1.32 (m, 7H).
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Example 67: [3-hvdroxv-2-(SH-imidazo[ 1.5-blisoindol-5-yl)-7-azaspiro[3.5]nonan-7-yl}-
(5.6.7.8-tetrahydro-{1,2.4]triazolo[4.3-alpyridin-6-yl)methanone

¢on
N /

N
/N o
= OH

[603] The title compound was prepared by the procedure described in Example 33 by
substituting 3-(pyridin-3-yl)propanoic acid with 5,6,7,8-tetrahydro[ 1,2 4]triazolo[4,3-a]pyridine-

6-carboxylic acid.

N.
¢ N
N
’l_ .~\\ N
L—X O,
- OH

[604] - Example 67: ((1R,285)-1 -hydroxy-2-((S)-5H-imidazo[5,1-a]isoindol-5-y1)-7-
azaspiro[3.5]nonan-7-y1)(5,6,7,8-tetrahydro-[1,2,4}triazolo[4,3 -a]pyridin-6-yl)methanone.
LCMS (ESI) m/z = 445.2 [M+H]". "H NMR (400 MHz, DMSO-d6) 6 8.39 — 8.25 (m, 1H), 7.92
~7.79 (m, 1H), 7.71 - 7.51 (m, 2H), 7.44 - 7.32 (m, 1H), 7.32 - 7.17 (m, 1H), 7.13 (s, 1H), 5.87
—5.66 (m, 1H), 5.46 (d, J = 8.7 Hz, 1H), 4.21 - 4.12 (m, 2H), 4.06 — 3.92 (m, IH), 3.62-3.37
(m, 5H), 2.96 — 2.78 (m, 1H), 2.63 - 2.53 (m, 1H), 2.12 - 1.70 (m, 4H), 1.66 ~ 1.41 (m, 3H).

Example 68: 1-[4-{3-hydroxy-2-( 5H-imidazo[ 1,5-blisoindol-5-yi)-7-azaspiro[3.5Inonane-7-

carbonvyll-1-piperidyllethanone

{605] The title compound was prepared by the procedure described in Example 33 by
substituting 3-(pyridin-3-yl)propanoic acid with 1 acetylpiperidine-1-carboxylic acid.

&
'@N /\\\/\CW :/\N’ko
wo L NNT‘/\)

o]



WO 2019/005559 PCT/US2018/038508
164

[606] Example 68: 1-(4-((1R,28)-1-hydroxy-2-((S)-5H-imidazo[$5,1-a]isoindol-5-yl)-7-
'azaspiro[S.5]nonane-7—carbony.l)pi.peridin-1-y1)ethan-'l-one. LCMS (ESH mv/z = 449 3[M+H]"

Example 69: 2. 2-difluoro-1-[3-hydroxy-2-(5H-imidazo[1,5-blisoindol-5-yh)-7-

azaspiro{3.5]nonan-7-yl]ethanone

- 1607} The title compound was prepared by the procedure described in Example 33 by
substituting 3-(pyridin-3-yl)propanoic acid with difluoroacetic acid.

w@%

{608] Example 69: 2,2-difluoro-1- ((1R 2S) 1-hydroxy-2-((S)-5H-imidazo(5,1- a]lsomdol -5-
yl)-7-azaspiro[3.5]nonan-7-yl)ethan-1-one. LCMS (ESI) m/z = 374.2 [M+H]" ."H NMR (400
MHz, DMSO-d;) 6 8.24 (s, 1H), 7.66 (d, J = 7.6 Hz, 2H), 7.48 — 7.21 (m, 3H), 6.92 - 6.50 (m,
1H), 5.86 (t,J = 4.7 Hz, 1H), 5.65 - 5.51 (m, 1H), 4.27 - 3.87 (m, 1H), 3.16 — 3.02 (m, 4H), 2.74
~2.59 (m, 1H), 1.87 ~ 1.61 (m, 2H), 1.61 - 1.47 (m, 3H), 1.18 (t, J=17.3 Hz, SH).

Exampte 70: 3'~( 5H-imidazo!5.1-alisoindol-5-y1)-3-(methylsulfonyl)-3-

azaspiro{bicyclo[3.2.1]octane-8.1'-cyclobutan]-2'-ol

Step 1:
[609] (2'R,3'R)-3'-((R)-5H -imidazo[5,1-a)isoindol-5-yl)-3-azaspiro[bicyclo[3.2.1]octane-
8,1'-cyclobutan}-2'-ol

{(J OH

[610] Hydrogen chloride (4 N solution in 1,4-dioxane, 1.06 mL, 4.22 mmo}) was added to a
stirred MeOH (4.2 mL) solution of tert-butyl (2'R,3'R)-2'-hydroxy-3'-((R)-5H-imidazo(5,1-
a]isoindol—S-yl)—3-azaspi.ro[bicyclo[3.2.l]octane-S,1‘-cyclobutane]-3~carboxylate (178 mg, 0.422
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mumol) at room temperature. After 4 h, the reaction mixture was concentrated. The residue
thereby obtained was used directly in the following step without purification. LCMS (ESI) m/z =
322.2 [M+H]".

Step 2:

[611] (2'R,3'R)-3'-((R)-5SH-imidazo[5,1-alisoindol-5-y1)-3-(methylsulfonyl)-3-
azaspiro[bicyclo[3.2.1]octane-8,1'-cyclobutan]-2'-ol

[612] Methanesulfonyl chloride (0.049 mL, 0.63 mmol) was added dropwise to a stirred
THF (4.2 mL) solution of (2'R,3'R)-3'-((R)-5H-imidazo[$5,1-a]isoindol-5-yl)-3-
azaspiro[bicyclo[3.2.1]Joctane-8,1'-cyclobutan}-2'-ol (136 mg, 0.42 mmol) and triethylamine
(0.30 mL, 2.1 mmol) at room temperature. After 30 min, the reaction was quenched by addition
of saturated aqueous ammonium chloride solution (25 mL). The biphasic mixture was extracted
with DCM (3 x 25 mL). The organic extracts were combined, dried over sodium sulfate, and
concentrated. The residue was purified by silica ge! column eluting with DCM/MeOH (90:10) to
afford 14 mg (8%) of’ (2'R,3'R)-3'-((R)-5H-imidazo[ 5,1-a}isoindol-5-y1)-3-(methylsulfonyl)-3-
azaspiro[bicyclo[3.2.1]octane-8,1'-cyclobutan}-2'-0l as a colorless solid. LCMS (EST) m/z =
400.2 [M+H]".

[613] The absolute configuration of 70 was assigned arbitrarily. The relative configuration
of C15 was assigned arbitrarily.

[614] Example 70: (2'R,3'R)-3'-((R)-5H-imidazo[5,1-a}isoindol-5-yl)-3-(meth yisulfonyl)-3-
azaspiro[bicyclo[3.2.1]octane-8,1'-cyclobutan]-2'-ol. LCMS (ESI) m/z = 400.2 [M+H]". 'H
NMR (400 MHz, DMSO-ds) 8 7.86 (s, 1H), 7.61 (dd, J = 15.8, 7.5 Hz, 2H), 7.42 - 7.33 (m, 1H),
7.27 (td,.J=1.5, 1.2 Hz, 1H), 7.13 (s, 1H), 5.83 (d, /= 6.8 Hz, 1H), 549 (d, /= 9.0 Hz, 1H),
4.64 (td, J = 6.8, 3.2 Hz, 1H), 3.19 - 2.99 (m, 3H), 2.85 (s, 3H), 2.51 - 2.38 (m, 1H), 2.24 (t,/ =
4.3 Hz, 1H), 2.03 = 1.93 (m, 2H), 1.70 (ddt, J = 11.8, 9.0, 3.9 Hz, 2H), 1.58 — 1.37 (m, 3H), 1.22
(t,J=17.1 Hz, 1H).

IDO1 and TDO2 Cell Assay
[615] The NFK GreenScreen'™ (N1TRC, Netherlands) uses a specific cheinical probe that

binds to N-Formylkynurenine (NFK), a product of tryptophan catabolism facilitated by IDO or
TDO and causes fluorescence at 510nm when excited at 410nm. The assay is used to assess
compound inhibition of TDO and IDO leading to decreased levels of NFK in SW48 cells (high

TDO expressing cells) and to determine whether compounds are selective against A172+IFNg
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cells (high IDO expressing cells) or are dual inhibitors in cells. The assay is multiplexed with
Cell Titer-Glo® (Promega) to determine if compounds are cytotoxic. Briefly, SW48 or A172
cells are harvested in growth media, RPMI 1640 with 10% FBS, 2mM L-glutamine, and 1x
pen/strep. Cells are re-suspended in assay media, tryptophan-free RPMI 1640 supplemented with
2% dialyzed FBS, 2mM L-glutamine, and 1x pen/strep. Cells are counted on a Vi-Cell (Beckman
Coulter). SW48 cells are diluted to 1x1076 cells/ml in assay media. A172 cells are diluted to
0.24x1076 cells/ml in assay media. 25ul of cells are dispensed with a Multi-Flo (Bio-Tek)
dispenser to a 384 well greiner pclear plate (Greiner, 781091) with 14 compounds in duplicate.
Compounds are dispensed into plates with an Echo® (Labcyte) starting at the highest
concentration of 25uM and are diluted approximately 3x in a 10 point titration. Sul of assay
media containing 1.2mM tryptophan are added to the SW48 cells for a final concentration of
200uM tryptophan in each well. Sul of assay media containing 600uM tryptophan and 600ng/m}
IFNy are added to the A172 cells for a final concentration of 100uM tryptophan and 100ng/ml
IFNy in each well. The final DMSO concentration is 0.5%. Cell plates are placed at room
temperature in a closed TC hood with the blower off to allow cells to settle for approximately 30
min. Plates are then moved to an incubator set at 37°C, 5%CO; for 24 hours. After the 24 hour
compound incubation, 8ul of NFK green reagent is added to each well with a Multidrop™
Combi dispenser (Thermo Scientific). Plates are sealed and incubated at 37°C, 5%CO; for 5
hours, then read on a PHERAstar® BMG labtech). Data are analyzed by normalizing to DMSO
and high inhibitor controls. After the plates have been read for NFK green, 25ul of Cell Titer-
Glo® (Promega)are added to each well, incubated for 15 minutes at room temperature, and read
on the Envision (Perkin Elmer). Cell Titer-Glo data are analyzed by normalizing to the DMSO

controls. Four-parameter curve fitting is used and EC50 data are reported.

Table 1
IDO cell TDO2 Cell 1DO cell TDO2 Cell
Ex.# | Fluor EC50 | Fluor ECS0 Ex.# | Fluor EC50 | Fluor EC50
{pM] [uM] [uM] [pM]
1a 43 6.3 3f 0.17 0.13
1b 0.0279 0.3 3g 8.2 14.0
2a 6.6 15.0 3h 0.2 1.2
2b 0.41 0.24 4a 25.0 25.0
2¢ 0.0515 0.107 4b 16.0 0.51
2d 1.6 3.7 4c 6.2 4.6
3a 25.0 25.0 4d 0.11 0.073
3b 1.1 0.072 : 5 0.46 0.23
3¢ 13.0 14.0 6a 59 04
3d 4.0 0.13 6b 25.0 25.0
3e 7.1 14.0 6¢c 25.0 25.0
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1DO cell TDO2 Cell
Ex.# | Fluor EC50 | Fluor EC50
[#M] [nM]
6d 9.3 0.54
6e 32 6.8
of 0.024 0.12
6g 4.68 1.23
6h 6.5 8.6
7a 39 0.37
7b 25.0 25.0
Te 0.115 0.133
7d 25.0 25.0
8a 17.0 15.0
8b 0.048 0.12
9a 18.0 21.0
9b 0.13 0.1
10a 25.0 24.0
10b 0.24 0.17
11a 20.0 0.66
11b 25.0 25.0
11c 25.0 25.0
11d 25.0 3.0
1le 6.8 12.0
11f 0.0585 0.182
11g 4.7 0.93
11h 25.0 11.0
12a 0.92 12
12b 8.1 21.0
12¢ 19 0.52
12d 43 9.8
12¢ 39 1.5
12f 1.9 11.0
12¢g 4.7 2.1
12h 7.0 13.0
12i 58 13.0
12§ 0.12 0.74
12k 13.0 15.0
121 12.0 0.41
12m 2.0 15.0
13a 0.29 0.16
13b 7.2 3.3
14a 25.0 25.0
14b 0.068 0.13
15a 25.0 25.0

167

PCT/US2018/0383508
IDO cell TDO2 Cell
Ex.# | Fluor EC50 | Fluor EC50
[uM] {nM]
15b 1.1 1.5
16 0.22 0.095
17 1.3 0.67
18 0.58 0.11
19 0.099 0.094
20 0.14 0.1
21a 0.15 0.18
21b 0.075 0.1
21c¢ 4.8 59
22a 2.1 0.41
22b 12.0 5.0
22¢ 8.8 25.0
22d 1.4 0.44
22e 8.5 17.0
226 0.092 1.4
22g 0.041 0.16
22h 2.8 4.0
23a 0.15 0.33
23b 2.5 3.2
23¢ 0.05 0.09
24a 4.4 6.9
24b 1.3 2.1
24c¢ 5.2 0.73
24d 1.1 2.5
24¢ 10.0 16.0
24f 6.0 14.0
24g 1.8 1.1
24h 5.4 16.0
24i 0.96 0.26
24j 0.64 0.14
24k 5.0 14.0
241 1.9 8.6
24m 0.039 0.26
24n 0.24 1.1
240 25.0 20.0
24p 0.92 3.3
25%a 0.034 0.081
25b 0.16 0.15
26 0.11 0.22
27 0.03 0.14
28 0.065 0.24
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DO cell | TDO2 Cell
Ex.# | Fluor EC50 | Fluor EC50
[uM] [nM]
29 0.059 0.24
30 0.32 0.49
31 0.15 2.2
32 0.049 0.3
33 0.49 0.84
34 0.032 0.48
35 0.14 0.46
36 0.035 0.15
37 0.23 1.1
38 0.63 2.3
39 33 39
40 7.0 9.2
41 15 34
42 1.1 4.1
43 0.36 0.85
44 0.082 0.28
45 24 2.1
46 2.0 24
47 085 0.85
48 0.35 0.73
49 0.56 0.53

6
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8
IDO cell TDO2 Cell
Ex.# | Fluor EC50 | Fluor ECS50

[pM] (eM]
50 1.5 1.3
51 0.39 022
52 39 3.7
53 6.7 9.9
54 - 0.24 0.37
55 0.51 0.81
56 0.66 0.79
57 0.087 0.26
58 0.35 0.34
59 2.8 2.0
60 0.04 0.056
61 0.12 0.47
62 25.0 25.0
63 0.16 0.31
64 17.0 13.0
65 6.3 9.0
66 13.0 14.0
67 25.0 23.0
68 34 5.7
69 0.35 0.37
70 0.15 0.14
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CLAIMS
1. A compound of formula (I):

R D
S

@

or a stereoisomer thereof, or a pharmaceutically acceptable salt thereof, wherein

3

R'is a spirocyclic ring system,

wherein
ring A 1s Cigeycloalkyl;
ring B is 3-8 membered heterocyclyl;
and R’ is substituted by one, two, three, or four R* groups, wherein each R” is
independently oxo, halogen, cyano, nitro, Cy¢alkyl, -C; ¢haloalkyl, C, salkyl-
cyano, -OR, -NRj, -SR, -C(O)OR, -C{(O)N(R),, -C{O)R, -N(R)C(O)R, -S(O)R,
-S(O)OR, -S{O)N(R)z, -S{O):R, -S(0):0R, -S(0):N(R);, -P(O)R;,, -OC(O)R,
-OC(O)OR, -OC(OIN(R)z, ~N(RYC(O)R, -NR)C(OYOR or -N{RYC(OIN(R),;
nis0,1,2,3o0r4;
each R% is independently halogen, cyano, C,¢alkyl, Cseycloalkyl, -C.¢haloaltkyl, -OR,
-NR; or -SR; and
each R is independently hydrogen, C, ¢alkyl, Cy ghaloalkyl, C, ¢alkyl-O-C;salkyl,
-Cr6alkyl-NHC(O)H, optionally substituted Cs.¢cycloalkyl, optionally substituted
4-10 membered heterocycloalkyl, optionally substituted -C; galkyl-(4-10 membered
heterocycloalkyl), optionally substituted heteroaryl, optionally substituted -C galkyl-
heteroaryl;
provided that ring A is substituted with -NR; or -OH on a carbon atom adjacent to the

carbon atom bonded to the SH-imidazo{5,1-a]isoindolyl.

2. The compound of claim 1, wherein n is 0 and ring A is substituted with ~-OH on a carbon

atom adjacent to the carbon atom bonded to the SH-imidazo[5,1-a]isoindolyl

3. The compound of claim 1, wherein
ring A is Cy¢cycloalkyl; and
ring B is 4-8 membered heterocyclyl or C; scycloalkyl.
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10.

11,

12.

The compound of claim 1, wherein

ring A is cyclobutyl or cyclopentyl; and

ring B is azetidinyl, piperidinyl, 8-azabicyclo[3.2.1]octanyl, cyclohexyl or tetrahydro-2H-
thiopyran 1,1-dioxidyl.

The compound of any of claims 1-4, whereinn is 0, 1, 2 or 3.

The compound of any of claims 1-4, whereinnis 0, 1 or 2.

The compound of any of claims 1-4, wherein n is 1.

The compound of claim 1, wherein R'is

YQC VQC i—§><ii
: R

OH

OO
=

The compound of any of claims 1-8, wherein each R” is independently oxo, halogen,
cyano, nitro, Cy_galkyl, -C,_ghaloalkyl, C,salkyl-cyano, -OR, -NR;, -SR, -C{O)OR,
~C{ON(R)2, ~-C(O)R, -N(R)C(O)R, -S(O)R, -S(O)OR, -S(O)N(R)2, ~S(O)R, -S(0),OR,
-S(0):N(R)2, -P(O)Ry, -OC(O)R, -OC(O)OR, -OC(O)N(R);, -N(R)C(O)R,
~N(R)C(O)OR or -N(R)YC(OIN(R),.

The compound of any of claims 1-8, wherein cach R is independently C; qalkyl,
-C(O)OR, -C(OINR),, -C(O)R, -NR)C(O)R, -S(OIN(R)2, -S(O)2R, -P(O)R,, -OC(O)R,
-OC(O)YOR or ~OC{O)N(R),.

The compound of any of claims 1-8, wherein each R* is independently ~-C(O)OR, -C(O)R,
-N(R)C(O)R, -S(O)N(R)s, -S(O):R or -P(O)R,.

The compound of claim 1, wherein R is
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Q Q
N-C(O)OR N-S-R N-P-R
o R
OH
9
o
OH
Q
\(QCN—C(O)OR \(QCN~C(O)R \(QCN §-R
0
, OH
9
N- s NR; N=C(O)OR N-S-R
o
OH
o
OR
OO @C
OH
Q
%— N—C(O)OR N-S—R NH
i : C(O)OR
OH O

13.  The compound of claim 1, wherein R' is

%N Boc YQCN Boc \J:}CN Boc YQCN 5 NH,
9 9 Q
] f H
o o)

\/QCN’C(O)OR \(QCN’ﬁ\R
O

OH OH

H
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14.

1s.

o
n (!? - (I? S
N*§~< N~§ \ 4 N~§ N
; : o N o) A
'Y . OH ,
F
1 / \ (I? N\N/ H 9 / (
N~s-<> H%N—Sw N-S-0 F
i 11 - H
o o
OH . OH . OH ot
O F i
N~ fF N-Boc N~$~Me
o
OH ) OH , OH
Q
;——Q@N-—Boc N-S-Me }—O@‘NHBOC
O :
OH OH or OH

(Ia)

or a stereoisomeric mixture thereof.

The conpound of any of claims 1-14, wherein each R is independently hydrogen, methyl,
ethyl, isopropyl, fert-butyl, fluoromethyl, diftuoromethyl, -CH,CHF,, -(CH3),-O-CH;,
~-CH(CH;)NHC(O)H, -(CH,),-C{O)NMe,, -CH,CN, cyclopropyl, difluorocyclopropyl,
cyclopropane-1-carbonitrile, cyclobutyl, 1-methylpyrazol-4-yl, 1-methyl-1H-pyrazol-3-yl,
1,3,5-trimethylpyrazol-4-yl, 1,3,5-trimethyl-1H-pyrazol-4-yl, 1,2-dimethyl- 1 H-imidazol-
4-yl, 3,5-dimethylisoxazol-4-yl, 4-methylpyridin-3-yl, -(CH,).-pyridin-3-yl, phenyl-N-
methylacetamide, -CHp piperidin-1-yl, 1-methylindolin-2-one, 6,7-dihydro-SH-
pyrazolo[5,1-b][ {,3}oxazinyl, ~CHy-piperidin-2-one, 1-methylpiperidin-2-one,
-CH(CH3)-(1H-1,2,4-triazol-1-y1), 1-methyl-1H-pyrazol-3-yl, tetrahydro-2H-pyran-4-yi,
tetrahydroturan-3-yl, -CHa-(tetrahydro-2H-pyran-4-y1), -CHy-(pyrrolidin-2-one), ~-CHz-
(1-methylpyrrolidin-2-one), -CH,-(5-methylisoxazol-3-yl), -(CHy);-(1-methyl-1H-
pyrazol-4-yl), tH-imidazol-4-yl, -CH,-(1H-tetrazol-5-yl), -CH,-(3-methylisoxazol-5-yl),
piperidine-1-carboxamide, 1,1-dioxidotetrahydrothiophen-3-yl or 5,6,7,8-tetrahydro-
[1,2,4]triazolo[4,3-a]pyridin-6-yl.
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16.

17.

18.

The compound of any of claims 1-14, wherein each R 1s independently hydrogen, methyl,
ethyl, isopropyl, fert-butyl, fluoromethyl, difluoromethyl, ~-CH,CHF,, -(CH;),-O-CHj,
-CH(CH3)NHC(O)H, -(CH,),-C(O)NMe or -CH,CN.,

The compound of any of claims 1-14, wherein each R is independently hydrogen, methyl,
cyclopropyl, diftuorocyclopropyl, cyclopropane-1-carbonitrile, cyclobutyl, 1-
methylpyrazol-4-yl, 1-methyl-1H-pyrazol-3-yl, {,3,5-trimethylpyrazol-4-vi, 1,3,5-
trimethyl-1H-pyrazol-4-yl, 1,2~dimethyl-1H-imidazol-4-yl, 3,5-dimethylisoxazol-4-yl, 4-
methylpyridin-3-yi, «(CH»),-pyridin-3-yl, phenyl-N-methylacetamide, -CH, piperidin-1-
yl, 1-methylindolin-2-one, 6,7-dihydro-SH-pyrazolo{5,1-b][ {,3Joxazinyl, -CH:-piperidin-
2-one, 1-methylpiperidin-2-one, -CH(CH;)~(1H-1,2,4-triazol-1-yl), 1-methyl-1H-pyrazol-
3-yl, tetrahydro-2H-pyran-4-yl, tetrahydrofuran-3-yl, -CHs-(tetrahydro-2H-pyran-4-yl),
-CHa-(pyrrolidin-2-one), -CH-(1-methylpyrrolidin-2-one), -CH,-(5-methylisoxazol-3-y1),
~(CHa)2~(1-methyl-1H-pyrazol-4-yl), 1H-imidazol-4-yi, -CHa~(1H-tetrazol-5-y1), ~CHs-
(3-methylisoxazol-5-yl), piperidine-1-carboxamide, 1,1-dioxidotetrahydrothiophen-3-yl
or 5,6,7,8-tetrahydro-[ 1,2 4}triazolo[4,3-a]pyridin-6-yi.

A compound that is
tert-butyl 1-hydroxy-2-(SH-imidazo[5,1-alisoindol-5-y1)-7-azaspiro{3.5 nonane-7-
carboxylate;

tert-butyl 1-hydroxy-2-(5H-imidazo[5,1-alisoindol-5-y1)-8-azaspiro[4.5]decane-8-
carboxylate;

tert-butyl 5-hydroxy-6-(SH-imidazo[4,3-alisoindol-5-y1)-2-azaspirof 3.4 Joctane-2-
carboxylate;

1-hydroxy-2-(SH-imidazo[4,3-alisoindol-5-y1)-8-azaspirof4.5]decane-8-sulfonamide;
6-(SH-imidazo[ 1,5-b}isoindol-5-y1)-2-methylsulfonyl-2-azaspiro[3.3 Theptan-7-0l;
2-(SH-imidazo[4,3-alisoindol-5-yl)-7-methanesulfonyl-7-azaspiro[3.5jnonan-1-ol;
2-(5H-imidazol5,1-alisoindol-5-y1)-8-(methylsulfonyl)-8-azaspiro[4.5]decan-1-ol;
7-fluoromethanesulfonyl-2-(SH~imidazo[4,3-a]isoindol-5-yl)-7-azaspiro[3.5nonan-{ -oi;

methyl 1-hydroxy-2-(5H-imidazo[4,3-a]isoindol-5-y1)-8-azaspiro[4.5]decane-8-
carboxylate;

1-(1-hydroxy-2-(SH-imidazo{4,3-a]isoindol-5-yl)-8-azaspiro[4.5]decan-8-yl)ethan-1-
onge;

I-hydroxy-2-(5H-imidazo[4,3-alisoindol-5-yl)-7-azaspiro[3.5 Jnonane-7-sulfonamide;

tert-butyl 2'-hydroxy-3'-(5H-imidazo[5,1-a}isoindol-5-y1)-8-
azaspirof{bicyclo[3.2.1]octane-3,1'-cyclobutane]-8-carboxylate;

1-hydroxy-2-(SH-imidazo[5,1-a}isoindol-5-yl)-8-thiaspiro{4.5]decane 8,8-dioxide;

7-((difluoromethylsulfonyl)-2-(SH-imidazo{5,1-alisoindol-5-yl}- 7-azaspiro[ 3.5 Jnonan-
1-ol;
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(1-hydroxy-2-(5H-imidazo[5,1-a}isoindol-5-y1)-7-azaspiro{3.5 nonan-7-
yl)dimethylphosphine oxide;

6-(5H-imidazo[5,1-a}isoindol-5-y1)-2-(methylsulfonyl)-2-azaspiro[ 3.4 joctan-5-ol;

1-(S-hydroxy-6-(SH-imidazo{5,1-a]isoindol-5-y1)-2-azaspirof 3.4 }octan-2-yl)ethan-1-
one;

5-hydroxy-6-(SH-imidazo[5,1-alisoindol-5-yl)-2-azaspiro{3.4]octane-2-sulfonamide;

2-methoxyethyl 1-hydroxy-2-(SH-imidazolS$,1-~a}isoindol-5-y1)-8-azaspiro[4.5]decane-8-~
carboxylate;

cyclopropyl( 1-hydroxy-2-(SH-imidazo[5,1-alisoindol-5-y1)-8-azaspiro{4.5decan-8-
yhmethanone;

2-[[3-hydroxy-2-(SH~imidazof 1,5-b]isoindol-5-y1)-7-azaspirof 3.5 nonan-7-
yljsulfonyljacetonitrile;

tert-butyl 2'-hydroxy-3'-(5H-imidazof 5, -alisoindol-5-y1)-3-
azaspirofbicyclo[3.2.1]octane-8,1"-cyclobutane}-3-carboxylate;

2-(SH-imidazo[ 1,5-blisoindol-5-yl)-7-(oxetan-3-ylsulfonyl)-7-azaspiro[ 3.5 jnonan-3-ol;

tert-butyl (1-hydroxy-2-(SH-imidazol5,1-a}isoindol-5-yl)spiro[3.5]nonan-7-
yl)carbamate;

(2,2-difluorocyclopropyl)(1-hydroxy-2-(5H-imidazo[ 5,1 -a}isoindol-5-y1)-8-
azaspiro{4.5]decan-8-yl)methanone;

2-(5H-imidazof1,5-blisoindol-5-y1)-7-(1-methylpyrazol-4-yl)sulfonyl-7-
azaspiro[3.5]nonan-3-ol;

2-(SH-imidazo[1,5-blisoindol-5-yl}-7~(1,3,5-trimethylpyrazol-4-yl)sulfonyl-7-
azaspirof3.5]nonan-3-ol;

7-(2,3-dimethylimidazol-4-yhsulfonyl-2-(5H-imidazo{ 1,5-blisoindol-5-y1)-7-
azaspirof3.5]nonan-3-0l;

2-(SH-imidazo[ 1,5-b]isoindol-5-yl)-7-isopropylsulfonyl-7-azaspiro[ 3.5 jnonan-3-of;

7-(3,5-dimethylisoxazol-4-yhsulfonyl-2-(5SH-imidazo[ 1 ,5-bJisoindol-5-y1)-7-
azaspiro[3.5}nonan-3-ol;

7-(1,2-dimethylimidazol-4-yl)sulfonyl-2-(SH-imidazo[ 1,5-b]isoindol-5-y1)-7-
azaspiro{3.5nonan-3-ol;

2-(5H-imidazof1,5-blisoindol-5-y1)-7-{(4-methyl-3-pyridyl)sulfonyl}-7-
azaspirof3.5]nonan-3-ol;

1-[3-hydroxy-2-(SH-imidazo{ 1,5-blisoindol-5-y})-7-azaspirof 3.5 nonan-7-y1}-3-(3-
pyridyl)propan-1-one;

N-{4-[[3-hydroxy-2-(5H-imidazo{,5-blisoindol-5-yl)-7-azaspiro{3.5jnonan-7-
yljsulfonyl]phenyl}-N-methyl-acetamide;

1-[4-[[3-hydroxy-2-(SH-imidazo[ 1,5-blisoindol-5-yl)-7-azaspiro[ 3.5 jnonan-7-
yl}sulfonyl}-1-piperidyl]ethanone;

7-cyclobutylsulfonyl-2-(5H-imidazo[ 1,5-blisoindol-5-yl)-7-azaspiro|3.5jnonan-3-ol;

5-[[3-hydroxy-2-(SH-imidazo[ 1,5-b]isoindol-5-yl)-7-azaspiro[ 3.5 nonan-7-yl]sulfonyl}-
1-methyl-indolin-2-one;



WO 2019/005559 17 PCT/US2018/038508

(%23

6,7-dihydro-SH-pyrazolo|5,1-b][1,3]oxazin-3-yI-[3-hydroxy-2-(5H-imidazo[ 1,5-
blisoindol-5-y1)-7-azaspiro{3.5nonan-7-yl}methanone;

1-[2-[3-hydroxy-2-(5H-imidazo[1,5-b}isoindol-5-y1)-7-azaspiro[3.5nonan-7-yt}-2-oxo-
ethyllpiperidin-2-one;

4-[3-hydroxy-2-(SH-imidazo[ 1,5-b}isoindol-5-yl)-7-azaspiro{ 3.5 Jnonane-7-carbonyl}-1-
methyl-piperidin-2-one;

1-[3-hydroxy-2~(SH-~imidazo{ 1,5-blisoindol-5-yl)-7-azaspiro[ 3.5 Jnonan-7-yl}-2-(1,2,4-
triazol-1-yl)propan-1-one;

N-[2-[3-hydroxy-2-(SH-imidazo[ 1,5-blisoindol-5-y1)-7-azaspiro{3.5]nonan-7-y1]-1-
methyl-2-oxo-ethyl]formamide;

cyclopropyl-[3-hydroxy-2~(SH-~-imidazo[ 1,5-bJisoindol-5-yl)-7-azaspiro[3.5nonan-7-
yl}jmethanone;

2-(5H-imidazof 1,5-blisoindol-5~-yl)-7-(1-methylpyrazol-3-yDsalfonyl-7-
azaspirof3.5]nonan-3-ol;

[3-hydroxy-2-(5H-imidazo[1,5-blisoindol-5-y1)-7-azaspiro{3.5 nonan-7-vl}-
tetrahydropyran-4-yl-methanone;

{3-hydroxy-2-(5H-imidazo[ 1,5-b}isoindol-5-yl)-7-azaspiro{3.5 nonan-7-yl]-
tetrahydrofuran-3-yl-methanone;

1-[3-hydroxy-2-(SH-imidazo{1,5-blisoindol-5-y1)-7-azaspirof3.5}nonan-7-yl}-3-
methoxy-propan-1-one;

cyclobutyl-[3-hydroxy-2-(5H-imidazo[1,5-b]isoindol-5-y1)-7-azaspiro[3.5nonan-7-
yl]methanone;

1-[3-hydroxy-2-(5H-imidazo[ 1,5-blisoindol-5-yl)-7-azaspiro| 3.5 nonan-7-yl|propan-1-
one;

4-[3-hydroxy-2-(5H-imidazo{ 1,5-b]isoindol-5-yl)-7-azaspiro{3.5jnonan-7-y1}-N,N-
dimethyl-4-oxo-butanamide;

1-[3-hydroxy-2-(5H-imidazo[ 1,5-b]isoindol-5-yl)-7-azaspiro[3.5}nonan-7-y1}-2-
tetrahydropyran-4-yl-ethanone;

1-[2-{3-hydroxy-2-(SH-imidazo[ 1,5-blisoindol-5-y1)-7-azaspiro[ 3.5 Jnonan-7-yl}-2-oxo0-
ethyl]pyrrolidin-2-one;

4-[3-hydroxy-2-(5H-imidazo[ 1,5-b]isoindol-5-yl)-7-azaspiro[3.5}nonane-7-carbonyi}-1-
methyl-pyrrolidin-2-one;

1-[3-hydroxy-2-(SH-imidazo[ 1,5-b]isoindol-5-y1)-7-azaspirof 3.5 nonan-7-y1}-2-(5-
methylisoxazol-3-yl)ethanone;

1-[3-hydroxy-2-(SH-imidazo{ 1,5-blisoindol-5-yl)-7-azaspiro[3.5 nonan~7-y1]-3-(1~
methylpyrazol-4-yl)propan-1-one;

1-[3-hydroxy-2-(SH-imidazo{ 1,5-b]isoindol-5-y})-7-azaspirof 3.5 }nonan-7-yl}ethanone;

2,2-difluorocthyl (28,3R)-3-hydroxy-2-[(5S)-5H-imidazo[ 1,5-blisoindol-5-y}-7-
azaspirof3.5|nonane-7-carbox ylate;

N-(2,2-difluoroethyl)-3-hydroxy-2-(SH-imidazo[1,5-b}isoindol-5-y1)-7-
azaspiro{3.5]nonane-7-carboxamide;

8-((1H~-imidazol-4-yDsulfonyl}-2-(5SH-imidazo[5,1-a]isoindol-5-y1)-8-
azaspiro[4.5]decan-1-o0l;
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19.

2,2-difluoroethyl 1-hydroxy-2-(SH-imidazo[5,1-alisoindol-5-yl)-8-azaspiro[4.5}decane-
8-carboxylate;

1-[3-hydroxy-2-(5H-imidazo[ 1,5-blisoindol-5-yl)-7-azaspirof 3.5 jnonane-7-
carbonyl]eyclopropanecarbonitrile;

1-[3-hydroxy-2-(5H-imidazo[ 1,5-bjisoindol-5-y1)-7-azaspiro[ 3.5 jnonan-7-y1}-2-(1 H-
tetrazol-S-~yl)ethanone;

1-[3-hydroxy-2~(SH-imidazo[ 1,5-blisoindol-5-yl)-7-azaspiro[3.5nonan-7-y1}-2~(3-
methylisoxazol-S-yl)ethanone;

3-[3-hydroxy-2-(5H-imidazo[1,5-b]isoindol-5-yl)-7-azaspiro{3.5nonane-7-
carbonyl]piperidine- I -carboxamide;

(1,1-dioxothiolan-3-y1)-{3-hydroxy-2-(5SH-imidazo[1,5-bJisoindol-5-y1)-7-
azaspiro{3.5]nonan-7-yljmethanone;

4-[3~hydroxy-2-(SH-imidazo[ 1,5-bJisoindol-5-yl)-7-azaspiro{3.5 nonane-7-
carbonyl]piperidine- 1-carboxamide;

[3-hydroxy-2-(5H-imidazo[1,5-b}isoindol-5-y1)-7-azaspiro[3.5]nonan-7-v1}-(5,6,7.8-
tetrahydro-{1,2,4]triazolo{4,3-a}pyridin-6-yl)methanone;

1-[4-[3-hydroxy-2-(5H-imidazo[1,5-b}isoindol-5-yl)-7-azaspiro[ 3.5 Jnonane-7-carbonyl}-
1-piperidyl]ethanone;

2,2-difluoro-1-[3-hydroxy-2-(5H-imidazo[ 1,5-b}isoindol-5-yl)-7-azaspiro[3.5 jnonan-7-
yljethanone;

3'-(5H-imidazo[5,1-a]isoindol-3-y1)-3-(methylsulfonyl)-3-azaspiro[bicyclo[3.2.1Joctane-
8,1'-¢yclobutan}-2'-ol;

or a pharmaceutically acceptable salt thereof, or an enantiomer or diastereoisomer thereof,

or a racemic mixture thereof.

A compound that is

tert-butyl (1R,25)-1-hydroxy-2-((S)-SH-imidazo{5,1-alisoindol-5-y1)-7-
azaspirof3.5 nonane-7-carboxylate;

tert-butyl (1R,25)-1-hydroxy-2~({S)-5SH~imidazo[5, 1 -a}isoindol-5-y1)-8-
azaspiro[4.5}decane-8-carboxylate;

tert-butyl (55,6R)-5-hydroxy-6-[(5R)-5H-imidazo[1,5-blisoindol-5-yl}-2-
azaspiro|3.4Joctane-2-carboxylate;

(1R,2R)-1-hydroxy-2-[(55)-5H-imidazo[4,3-a]isoindol-5-yl]-8-azaspiro[4.5 ]decane-8-
sulfonamide;

(1L5,2R)-2-[(55)-5H-imidazo[ 4,3-a]isoindol-5-yl]-7-methanesulfonyl-7-
azaspiro[3.5nonan-1-ol;

(1R,25)-7-fluoromethanesulfonyl-2-[(55)-5H-imidazo[4,3-alisoindol-5-yl]-7-
azaspiro{3.5nonan-1-ol;

(15,2R)-1-hydroxy-2-[(55)-5H-imidazo[4,3-alisoindol-5-yl]-7-azaspiro[ 3.5 Jnonane-7-
sulfonamide;

(5R,6R)-6-[(5R)-5H-imidazo[4,3-alisoindol-5-yl]-2-methanesulfonyl-2-
azaspiro[3.4Jjoctan-5-0l;
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2-methoxyethyl (35,4R)-4-hydroxy-3-[(55)-5H-imidazo[1,5-b]isoindol-5-y1]-8-
azaspiro[4.5]decane-8-carboxylate;

cyclopropyl-[(3S,4R)-4-hydroxy-3-{(55)-5H-imidazo[1,5-h}iscindol-5-y1]-8-
azaspiro[4.5]}decan~-8-yllmethanone;

(28,3R)- 2-[[3-hydroxy-2-((55)-5H-imidazo} 1,5-blisoindol-5-yl)-7-azaspiro[3.5 |nonan-
7-yllsulfonylacetonitrile;

tert-butyl (2'R,3'R)-2"-hydroxy-3'-({S)-5H-imidazof5,1~-a}isoindol-5-yl)-3-
azaspiro[bicyclo{3.2.1]octane-8,1'-cyclobutane]-3-carboxylate;

tert-butyl (2'R,3'R)-2'-hydroxy-3'-({R)-5H-imidazo[ 5, 1 -a]isoindol-5-y1)-3~
azaspiro[bicyclo[3.2.1]octane-8,1'-cyclobutane}-3-carboxylate;

(28,3R)-2-[(5S)-5H-~imidazo[ 1,5-b}isoindol-5-yl]-7-(oxetan-3-ylsulfonyl)-7-
azaspiro[3.5]nonan-3-ol;

tert-butyl ((1R,25,4r,7R)-1-hydroxy-2-({R)-SH-imidazo[$, 1~a}isoindol-5-
yDspiro[3.5]nonan-7-yl)carbamate;

{(5)-2,2-difluorocyclopropyl)((1 R,25)-1 -hydroxy-2-((S)-SH-imidazo[ 5,1-a}isoindol-5-
yl)-8-azaspirof4.5]decan-8-yl)methanone;

2-(5H-imidazo[1,5-blisoindol-5-y1)-7-(1,3,5-trimethylpyrazol-4-yl)sulfonyl-7-
azaspiro[3.5nonan-3-ol;

(1R,25)-2-((S)-5H-imidazo[5,1-alisoindol-5-y1)-7-((1,3,5-trimethyl-1H-pyrazol-4-
yl)sulfonyl)-7-azaspiro[3.5]nonan-1-ol;

(1R,25)-2-((S)-5H-imidazol[ 5,1 -a}isoindol-5-y1)-7-(isopropylsulfonyl)-7-
azaspiro[3.5nonan-1-ol;

(1R,28)-2-((S)-5H-imidazo[5, 1 -a]isoindol-5-y1)-7-((4-methylpyridin-3-yl)sulfonyl)-7-
azaspiro[3.5nonan-1-ol;

N-(4-(((1R,25)~1-hydroxy-2-((S)-5H-imidazo[5, 1 -alisoindol-5-yl)-7-azaspiro[3.5jnonan-
7-yhsulfonyl)phenyl)}-N-methylacetamide;

(1R,28)-7-(cyclobutylsulfonyl)-2-((S)-5H-imidazo{5,1-a}isoindol-5-y1)-7-
azaspiro{3.5nonan-1-ol;

(1R,28)-2-((S)-5H-imidazol[5,1-a]isoindol-5-y1)-7-((1-methyl-1 H-pyrazol-3-yl)sulfonyl)-
7-azaspiro[3.5}nonan-1-0l;

2,2-difluoroethyl (1R,2S)-1-hydroxy-2-((S)-5H-imidazo[5,1-ajisoindol-5-y1)-7-
azaspiro| 3.5 nonane-7-carboxylate;

2, 2-difluoroethyl (35,4R)-4-hydroxy-3-[(5S)-SH-imidazo[1,5-b}isoindol-5-y1}-8-
azaspiro[4.5}decane-8-carboxylate;

or a pharmaceutically acceptable salt thereof, or an enantiomer or diastereoisomer thereof,

or a racemic mixture thereof.

20. A compound that is
tert-butyl (1R,25)-1-hydroxy-2-((S)-5SH-imidazo{5,1-alisoindol-5-yi)-7-
azaspiro[3.5nonane-7-carboxylate;

(18,2R)-2-[(55)-5H-imidazo[4,3-alisoindol-5-yl]-7-methanesulfonyl-7-
azaspiro[3.5nonan-~1-~ol;
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21.

22.

23.

24.

25.

(1R 25)-7-fluoromethanesulfonyl-2-[(5S)-5H-imidazo[4,3-alisoindol-5-y1]-7-
azaspiro[3.5nonan-1-~ol;

tert-butyl (2'R,3'R)-2'-hydroxy-3'-((R)-5H-imidazo[ 5,1 -a}isoindol-5-y1)-3-
azaspiro[bicyclo[3.2.1]octane-8,1'-cyclobutane]-3-carboxylate;

(285,3R)-2-[(5S)-5H-imidazo[ 1,5-b}isoindol-5-yl]-7-(oxetan-3-ylsulfonyl)-7-
azaspiro[3.5nonan-3-ol;

tert-butyl ((1R,28,4r,7R)~1-hydroxy-2-((R)-5H-imidazo[5,1-a}isoindol-5-
yl)spiro[3.5]nonan-7-yl)carbamate;

((S)-2,2-diftuorocyclopropy (1 R,2S5)-1-hydroxy-2-((S)-5H-imidazo[ 5,1 -a]isoindoi-5-
yl)-8-azaspiro[4.5ldecan-8-yl)methanone;

2-(SH-imidazo[1,5-blisoindol-5-y1)-7~(1,3.5-trimethylpyrazol-4-yl)sulfonyl-7-
azaspiro[3.5}nonan-3-ol;

(1R,28)-2-((S)-5H-imidazo[5,1~-a]isoindol-5-y1)-7-((4-methylpyridin-3-ylsulfonyh)-7-
azaspirof3.5nonan-1-ol;

N-(4-(((1R,25)~1-hydroxy-2-((S)-5H-imidazo[ 5,1 -a]isoindol-5-yi)-7-azaspiro[3.5 Jnonan-
7-yhsulfonyl)phenyl)-N-methylacetamide;

(1R,2S)-7-(cyclobutylsulfonyl)-2-((S)-5H-imidazo[ S, 1-a}isoindol-5-y1)-7-
azaspiro[3.5nonan-1-ol;

2,2-difluoroethyl (35,4R)-4-hydroxy-3-[(55)-5H-imidazo[1,5-b}isoindol-5-y1}-8-
azaspiro{4.5]decane-8-carboxylate;

or a pharmaceutically acceptable salt thereof, or an enantiomer or diastereoisomer thereof,

or a racemic mixture thereof.

A pharmaceutical composition comprising a compound according to any one of claims 1-

20 and a pharmaceutically acceptable diluent, excipient, or carrier.

The pharmaceutical composition according to claim 21, further comprising a second

therapeutic agent.

The pharmaceutical composition of claim 22, wherein the second therapeutic treatment
comprises an anti-viral agent, chemotherapeutic or other anti-cancer agent, immune
enthancer, immunosuppressant, radiation, anti-tumor o ranti-viral vaccine, cytokine

therapy or tyrosine kinase inhibitor.

A method for treating tryptophan 2,3-dioxygenase (TDO2) mediated immunosuppression
associated with a disease in a subject in need thereof, comprising administering an
effective tryptophan 2,3-dioxygenase inhibiting amount of a compound according to any

one of claims 1-20 or a pharmaceutical composition according to any of claims 21-23.

A method for treating tryptophan 2,3-dioxygenase (TDO2) mediated immunosuppression
associated with a disease in a subject in need thereof, comprising administering an

effective tryptophan 2,3-dioxygenase inhibiting amount of a compound according to any



WO 2019/005559 179 PCT/US2018/038508

26.

27.

29.

30.

31

32.

33

34.

/

one of claims 1-20 or a pharmaceutical composition according to any of claims 21-23,
and a second therapeutic treatment comprising an anti-viral agent, chemotherapeutic or
other anti-cancer agent, immune enhancer, immunosuppressant, radiation, anti-tumor o

ranti-viral vaccine, cytokine therapy or tyrosine kinase inhibitor.
The method of claim 24 or 25, wherein the disease is cancer.

The method of claim 26, wherein the cancer is colon, pancreas, breast, prostate, lung,
brain, ovary, cervix, testes, renal, head, or neck cancer, or lymphoma, leukemia, or

melanoma.

The method of claim 24 or 25, wherein the administration is conducted simultaneously or

serially with a second therapeutic treatment.

The method of claim 27, wherein the second therapeutic treatment comprises treatment
with a chemotherapeutic or other anti-cancer agent, immune enhancer, immune
checkpoint inhibitor, radiation, anti-tumor vaccine, cytokine therapy or tyrosine kinase

inhibitor.

The method of claim 24 or 25, wherein the second therapeutic treatment comprises

treatment with an IDO1 inhibitor.

The method of claim 26 or 27, wherein the second therapeutic treatment comprises

treatment with a compound that suppresses or inhibits the effects of PD-1 or PD-L1.

The method of claim 31, wherein the compound is pembrolizumab, nivolumab,

pidilizumab, BMS 936559, atezolizumab, or avelumab.

A kit comprising a compound according to any of claims 1-20 or the pharmaceutical

composition according to claim 21 and a second therapeutic agent.

The kit of claim 33, wherein the second therapeutic agent is pembrolizumab, nivolumab,

pidilizumab, BMS 936559, atezolizumab, or avelumab.
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