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Abstract

Design, synthesis and evaluation of substituted N-
methyl-N-(pyrrolidin-3-yl)-7H-pyrrolo[2,3-
d]pyrimidin-4-amines as JAK1-selective inhibitors

for the treatment of rheumatoid arthritis*

Based on (R)-N-methyl-N-(5-azaspiro[2.4]heptan-7-yl)-7H-
pyrrolo[2,3-d]pyrimidin-4-amine as a core scaffold, we identified (R)-3-(7-
(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)-5-azaspiro[2.4]heptan-5-yl)-
3-oxopropanenitrile [(R)-6¢] as a JAKL selective inhibitor. The structural
design was based on the combination of tofacitinib’s 7-deazapurine and 5-
azaspiro[2.4]heptan-7-amine. Compound (R)-6¢ exhibited 8.5 nM ICs on
JAK1 with a selectivity index of 48 over JAK2. To optimize (R)-6¢ as a lead
compound, we performed cell-based functional assays, human whole blood
tests, in vitro ADME, hERG, kinase profiling, and pharmacokinetic tests. Rat
in vivo studies verified that (R)-6¢ exhibited desired efficacies on CIA and AIA

models.

Key words: JAK inhibitor, rheumatoid arthritis, JAK1-selective, collagen-

induced arthritis mouse model, adjuvant-induced arthritis rat model

* The parts of the thesis were submitted as research articles in MedChemComm and

Bioorganic and Medicinal Chemistry in 2017
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. Introduction

Rheumatoid arthritis (RA) is an autoimmune disease that affects
approximately 1~2% of the worldwide population.? Despite the high number
afflicted by the disease, its pathogenesis and mechanism have still been elusive®
and target-oriented fundamental therapy for this disease has not yet been made
available. Considerable work has been conducted for therapeutic targets*® and
recently emerging molecular targets like cytokines,®’ G-protein coupled
receptors,® and kinases®° have surfaced. The drugs and developing candidates
against these targets are categorized as disease-modifying antirheumatic drugs
(DMARDs).2* The most commonly used drugs for this disease include
conventional synthetic DMARDSs, such as methotrexate, sulfasalazine,
leflunomide, etc.> However, they cannot be used for long-term treatment due
to the low therapeutic response and severe side effects. To overcome such
limitations, researchers have developed biological DMARDs® like etanercept,
infliximab, and adalimumab. Although the biological DMARDs exhibit higher
efficacies than synthetic ones, their applications also have several drawbacks
due to the high cost, efficacy limitation on single administration,** limited
accessibility due to intravenous (i.v.) administration,® etc.

To resolve the unmet medical needs in RA, many researchers have
focused on developing new synthetic DMARDs equipped with high efficacy,
low cost, and convenient administration regimen. As a result, Janus kinase
(JAK)/signal transducer and activator of transcription (STAT) signal pathways
have been identified as new therapeutic targets. JAK kinases had first been
isolated in 1989 and their roles were discovered in 1994.17 In the immune
system, the sequential processes of this signaling proceeds as follows: 1)
cytokines interact with extracellular membrane receptors, 2) a receptor pair is
dimerized, 3) the dimer is combined with JAKs dependent upon the cytokines
and the receptors, 4) the combined JAKs and dimer are phosphorylated, 5)
STATs are introduced into the phosphorylated dimer, 6) the STATs are
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phosphorylated (pSTAT) and separated from the dimer, 7) the separated STATS
are dimerized and translocated into a nucleus, and 8) transcription of
inflammation factors is triggered through the binding.* The factors involved in
the JAK-STAT signaling like the cytokines, receptors, STATS, and JAKSs are
related to many autoimmune diseases including rheumatoid arthritis, psoriasis,
myelofibrosis, Crohn's disease, and ulcerative colitis. JAK3, out of four JAK
isotypes, has received the most attention since it is mostly located in
hematopoietic cells and affects the lymphoid cell function unlike others.%® In
2003, researchers at Pfizer reported tofacitinib as a JAK3 inhibitor.?° Its median
inhibitory concentrations (ICsp) measured by ELISA were described as 1 nM
for JAK3, 20 nM for JAK2, and 112 nM for JAK1. However, other Pfizer
workers published different inhibitory activities by peptide mobility shift assay
in 2010,% where the ICso’s were 3.2, 4.1, 1.6, and 34.0 nM’s for JAK 1, JAK?2,
JAKS3, and TYKZ2, respectively, rendering the tofacitinib a pan-JAK inhibitor.
The fact that it suppresses all JAK-STAT signal pathways explains its excellent
potencies in many preclinical?? and clinical trials®*%. Finally, tofacitinib
became the first US Food and Drug Administration (FDA) approved oral drug
for the treatment of rheumatoid arthritis in 20122 with the trade name Xeljanz.

Using Pan-JAK inhibitors like tofacitinib for treatment is accompanied
by some drawbacks since they inhibit all JAK isoenzymes. In particular,
preclinical studies?”? and clinical trials®®3! have revealed adverse effects
derived from JAK2 inhibition like anemia, neutropenia, increased low and high
density lipoprotein cholesterol levels, and elevated triglyceride levels. In the
case of tofacitinib, similar adverse events have also been reported.?#2>32 As a
result, European Medicines Agency (EMA) refused the marketing
authorization in Europe.®® To avoid the undesirable events mentioned above,
selective inhibitors of isoenzymes, except for JAK2, for treatment of
rheumatoid arthritis have been brought to researchers’ attention.® Nowadays,
the search for JAK1-selective inhibition has been given considerable attention

since it has been revealed that JAK1 inhibition plays a principal role on the
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efficacies of tofacitinib.®® So, many researchers have been focusing on
developing JAK1-selective inhibitors. The representative JAKI-selective
inhibitors are filgotinib (GLPG0634),3%3"4 upadacitinib (ABT-494),44
solcitinib (GSK2586184),3-30-53 jtacitinib (INCB039110),7*>” PF-04965842 5%
59

Among various JAK1-selective inhibitors,%® the most advanced is
filgotinib in phase 11 clinical trials by Galapagos found in 2009,%-52 which is
known to be highly selective for JAK1 over JAK2 by over 27.7 times. Its 1Csq’s
against IL-6/JAK1/pSTAT1 and GM-CSF/JAK2/pSTATS are 629 nM and
17453 nM, respectively.®® From collagen-induced arthritis (CIA) mouse and rat
models, its efficacy was shown to be similar to etanercept, a TNF-a, blocker.%
Through the phase Ila proof-of-concept study, the hypothesis was proven that
rheumatoid arthritis can be ameliorated by treatment with JAK1-selective
inhibitors.®* Since 2016, Galapagos and Gilead have proceeded phase Il
clinical studies.%*" Despite its advantages, the reported preclinical results
indicated that it induced testicular toxicity in rats and dogs. Thus, the US FDA
approved a lower male maximum clinical dosage than for the female one.%®
Therefore, new JAK1-selective drugs overcoming the toxicological weakness
need to be developed. Another promising candidate compound in this class is
upadacitinib in phase Il by AbbVie.5*7 Although not much toxicological
information on the preclinical and clinical trials of upadacitinib is available, its
ICs0’s for JAK1 and JAK?2 in cellular assay were reported to be 8 nM and 600
nM, respectively, indicating 74-fold selectivity.”

We have initiated our investigation on new JAK1-selective inhibitors
based on the 5-azaspiro[2.4]heptan-7-amine core structure for subjugating the
filgotinib limitation. New lead compounds were obtained, which met the
criteria set by us for treating rheumatoid arthritis. In this paper, we describe the
design, synthesis, and improved pharmaceutical efficacies of our inhibitors
compared to filgotinib.
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Il.  Strategy

Tofacitinib Tofacitinib

Figure 1 Interactions of tofacitinib with JAK1 or JAK2.

According to the tofacitinib’s X-ray crystal structure reported by N. K.
Williams et al.,” the interactions between the piperidine moiety of tofacitinib
and each isozyme including JAK1 and JAK2 appear to be the basis for binding
affinity differentiation. Especially, the carbon atoms C4, C5, and C7 of the
piperidine ring may play an important role: notable interactions are those of C4
and C5 with Arg1007, Asn1008, Gly1020, and Aspl1021 at JAK1 (Asp981,
Gly993, and Asp994 at JAK2) and C7 with Ser963, Arg1007, and Leu1010 at
JAK1 (Ser936, Arg980, and Leu983 at JAK?2). However, the C2 and N3 atoms
appear to be involved in binding JAK2, but not JAK1. Therefore, we
hypothesized that changing the piperidine moiety of tofacitinib can alter the
binding affinity with JAK2 more than the one with JAKL.

A& sty
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Figure 2 Docking simulation of a) tofacitinib and b) compound 12a at JAK2 (PDB ID:
3FUP) and c) overray of the lowest conformations of tofactinib (red color) and
compound 12a at JAK2.

Based upon our hypothesis, we selected a pyrrolidine moiety in place
of the piperidine of tofacitinib. A docking simulation using AutoDock 4.2
program” was performed to assess the effect of the pyrrolidine substitution at
the piperidine site of the inhibitors. The estimated binding energies of
tofacitinib and our representative compound 12a at JAK1 (PDB ID: 3EYG)
were -8.10 and -7.50 kcal/mol, respectively. And besides, estimated binding

energies of -8.98 and -7.93 kcal/mol, respectively, for tofacitinib and compound
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12a were obtained in the case of JAK2 binding (PDB ID: 3FUP, Figure 2). At
JAK?2, especially, the binding energy difference between tofacitinib and
compound 12a is influenced by their intermolecular energies composed of van
der Waals, hydrogen bonding, electrostatic, and desolvation energies.
Increasing intermolecular energy of compound 12a seems to result from lacking
the interactions with Ser963 and Leu983 at JAK2. From the above result, we
expected that compound 12a would exhibit lower binding affinity for JAK2
through the substitution into pyrrolidine moiety. In addition, since the methyl
group of C9 at tofactinib appears to interact with Leu855 at JAK2, replacing
the methyl group by another alkyl group may also influence the binding affinity
at JAK2. According to the docking results, we designed inhibitors possessing
several substituted pyrrolidine moieties equipped with various alkyl groups at

the bridging amino group of compound 12a.

4 van der Waals interactions

Modify

> Enhancement of
JAK1/JAK2 selectivity

Retain

> Assurance of
JAK1 affinity

4 hydrogen bonds
+ 11 van der Waals interactions

Tofacitinib

Figure 3 Design strategy by changing the piperidine moiety A.
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1. Synthesis

Methylation of primary amino groups
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Scheme 1 Synthesis of inhibitors containing various heterocyclic core units replacing

the aminopiperidine unit of tofacitinib and substituted N-methyl-N-(5-

azaspiro[2.4]heptan-7-yl)-7H-pyrrolo[2,3-d]pyrimidin-4-amines.

Various monocyclic and bicyclic nitrogen containing compounds 6a —
69 were synthesized for the selection of the most optimal scaffold at the position
A in Figure 3 as shown in Scheme 1. Commercially available 4-amino-1-
benzylpiperidine and (R)-3-amino-1-benzylpiperidine were converted to the N-
ethyloxycarbonyl protected compounds, which were treated with lithium

aluminium hydride to result in the formation of methylamine derivatives 3a and
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3b. The key pyrrolidine component of compound 6c, 5-((R)-1-phenylethyl)-5-
azaspiro[2.4]heptan-7-amine, was prepared according to the method reported
by Y. Kimura and colleagues.” We obtained each diastereomer of 5-((R)-1-
phenylethyl)-5-azaspiro-[2.4]heptan-7-amine with the carbon 7 as an epimeric
center. Methylated compound 3c was obtained through the above method from
5-((R)-1-phenylethyl)-5-azaspiro[2.4]heptan-7-amine. Compound 3d was
synthesized through debenzylation of 2c. A bis(hydrochloric acid) salt form of
bicyclic  amine  3e, (R,R)-6-benzyl-octahydro-pyrrolo[3,4-b]pyridine
dihydrochloride was purchased from Sigma-Aldrich, USA. Commercially
available compounds such as 4-hydroxypiperidine and rac-3-
hydroxymethylpiperidine were converted to the corresponding benzylated
amines, 3f and 3g.

The obtained amines and alcohols, 3a — 3g, were used for the coupling
with the 6-chloro-7-deazapurine in an aqueous solution, leading to compounds
4a — 4g. We then performed debenzylation of 4a-c and 4e-f using palladium on
carbon and ammonium formate to remove benzyl and (R)-1-phenylethyl
protection groups, obtaining 5a-c and 5e-f. In the case of 5d, N-
ethyloxycarbonyl group of 4d was deprotected with 1 N aqueous hydrochloric
acid under reflux condition. From compounds 5a — 5¢, the corresponding amide
couplings were carried out with ethyl cyanoacetate and 1,8-
diazabicyclo[5.4.0Jundec-7-ene at 80 °C, leading to compounds 6a — 6g
according to the reaction pathway shown in Scheme 1.

Since the inhibitor (R)-6¢c synthesized from 7(R)-5-((R)-1-
phenylethyl)-7-amino-5-azaspiro[2.4]heptane  (R)-1c showed the most
promising inhibition selectivity between JAK1 and JAK2, we focused our
efforts on compound (R)-6¢c. Amine (R)-5¢ was transformed to the final

compounds 6¢ and 19 — 68 through various reactions at the pyrrolidine nitrogen.
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Alkylation of primary amino groups

Ry s Boc,0 Ry Ry
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7a:R;=H,Ry=H,Ry=H cyclopropanecarbonyl chloride 8aa: R = H, R, = H, Ry = H, R, = tBuO 9aa: Ry = H, R, = H, Ry = H, Ry = Me
7b: R, = Me, R, = Me, Ry = Me bCM 8ab: R; = H, R, = H, Ry = H, Ry = Me 9ab: R; = H, Ry = H, Ry = H, Rg = Et
7¢: -Ry-Ry- = -CH,CHy-, Ry = Me 8ac: R; = H, R, = H, Ry = H, Ry = cyclopropyl 9ac: Ry = H, R, = H, Ry = H, Rs = cyclopropyl-CHy-
7d: -Ry-Ry- = -CH,CH;CHy-, R; = Me 8b: R; = Me, R; = Me, R; = Me, Ry = tBuO 9b: Ry = Me, R, = Me, Ry = Me, Rs = Me
8c: -Ry-Ry- = -CH,CH,CHy-, Ry = Me, Ry = BUO 9¢: -Ry-Ry- = -CH,CH,CHy-, Ry = Me, Rs = Me

Synthesis of inhibitors

Ri

N7 Ry Ry
ISPt ot s
b = N Pd/C, NH;HCO, Rev\g Revpp

- T, - .

N N N
NN NTTN NTTN

9aa: Ry =H, R, =H,R;=H,Rs = Me 10aa: Ry = H, R, = H, Ry = H, Rs = Me 11aa:R; =H,R, = HRS-M 12a-18, 69 - 96
9ab: Ry =H, R, = H, Ry = H, Rs = Et 10ab: Ry = H, R, = H, Ry = H, Rs = Et 11ab: R, =H,R, = H, Ry
9ac: R, = H. Ry = H. Ry = H, Rq = cyclopropy-CHy-  10ac: R, = H. Ry = H. Ry = H, R = cyclopropyl-Chy- 11ac: R; = H. R = H. Re = cyc\opropy\ CH,-
7a:Ry=H,Ry=H, Ry =H,Rs = H 10ad: Ry =H, R, = H, Ry =H, Rg = H Mad: Ry =H, Ry = H,
9b: R = Me, R, = Me, Ry = Me, R = Me 10b: R, = Me, R, = Me, Ry = Me, Rs = Me 11b: R, = Me, Ry = Me, Rg = M
9c: -R-Ry- = -CH,CH,CH,-, Ry = Me, Rs = Me 10c: -Ry-Ry- = -CH,CH;CH-, Ry = Me, Rs=Me  11c: -R-Ry- = -CH,CH,CHy-, Rs = Me

Scheme 2 Synthesis of substituted (R)-N-alkyl-N-(pyrrolidin-3-yl)-7H-pyrrolo[2,3-

d]pyrimidin-4-amines.

For screening on the substituents at C4 atom of pyrrolidine moiety, four
3-aminopyrrolidine derivatives with varying R: and R> substituents at the 4-
position were chosen for the studies, namely (R)-1-benzylpyrrolidin-3-amine
(7a), (R)-4,4-dimethyl-1-((R)-1-phenylethyl)pyrrolidin-3-amine (7b), (R)-5-
((R)-1-phenylethyl)-5-azaspiro[2.4]heptan-7-amine (7c), and (R)-6-((R)-1-
phenylethyl)-6-azaspiro[3.4]octan-8-amine (7d). Except for the commercially
available (R)-3-amino-1-benzylpyrrolidine (7a), compounds 7b, 7c and 7d
were synthesized according to published methods.”*" Scheme 2 shows a
synthetic sequence leading to the pyrrrolidines 1laa — 11d, from which a
variety of derivatives (12a — 18 and 69 — 96) were prepared as potential JAK1
inhibitors: 1) the primary amino group of 7a-d was protected from the reaction
with di-tert-butyl dicarbonate, acetic anhydride, or cyclopropanecarbonyl
chloride, 2) the N-ethoxycarbonyl-, N-acetyl- or N-cyclopropanecarbonyl-
protected compounds 8aa — 8d were treated with LiAlH, to yield alkylated
amines 9aa — 9d, 3) the alkylamine 9aa — 9d and the unprotected amine 7a were
allowed to react with 6-chloro-7-deazapurine to produce compounds 10aa —
10d, 4) hydrogenolysis using palladium on carbon and ammonium formate

removed the benzyl group of 10aa — 10ad or 1-phenylethyl moiety of 10b —

18
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10d. The desired inhibitors 12a and 69 — 96 were obtained from 1laa — 11d

through amide coupling, sulfonylation, alkylation, carbonylation, etc.
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Ethyl chloroformate )OL N(R); LiAlH, N 6-chloro-7-deazapurine S~ ®
_— . — !
K,CO;4 Eo” N'® THF, reflux N ® K,CO4, H,0, reflux N7
H,0, THF 91.0% yield Quantitative |
Quantitative i
INT-10 INT-11 INT-12
o
NH NJ&
Pd/C, ammonium formate \N\\(R) Ethyl cyanoacetate, DBU NY(R) CN
. e —
MeOH N7 n-BuOH
Quantitative ] > 86% yield \ D Total steps: 14 steps
NN N Overall yield: 3.7% yield
(R)-5¢ (R)—60

Scheme 3 Synthetic scheme of (R)-3-(7-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-
yl)amino)-5-azaspiro[2.4]heptan-5-yl)-3-oxopropanenitrile, (R)-6c.

Although we found that compound (R)-6¢ from (R)-N-methyl-N-(5-
azaspiro[2.4]heptan-7-yl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine has a higher
selectivity than compound 12a, the reason that we tried to screen the derivatives
from (R)-N-methyl-N-(pyrrolidin-3-yl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine is
the synthetic cost of compound (R)-6¢c. By Y. Kimura’s method® we
synthesized intermediate INT-9 which was not commercially available so that
the total synthetic steps of (R)-6¢ consist of 14 steps. Moreover, the overall
synthetic yield of (R)-6¢ became 3.7%. Because of long synthetic steps and low
overall yield, the synthetic cost of compound (R)-6¢ was calculated as 150
million Korean won per 1 kg. So we selected compound 11aa as an alternative
scaffold because of commercially available (R)-1-benzylpyrrolidin-3-amine

(7a).
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IV. Results and Discussions

Enzyme assay
Table 1 Screening of the hydrophobic moieties (moiety A).
(o]
L
| N\

N
N
Nl

Inhibition% at 1 uM

Compound @{CN

JAKL JAK2
6a WAL 49% 1%

6b momﬂ 99% 83%
6 ji{ 95% 53%
6d sCf 2 on 6% 10%
6e G, Ij{ 54% 7%
6f oL 35% 5%

69 f«@”v 30% 10%

For the selection of a new scaffold, we first screened substituted
piperidine and pyrrolidine scaffolds at the position A in Figure 3 (Table 1).
Each compound was evaluated for inhibition against JAK1 and JAK2 at 1 uM
concentration. In the case of 6a and 6f, the inhibition abilities against JAK1 and
JAK2 do not appear to be influenced by the connecting atom (nitrogen vs
oxygen) at the C(4) position of piperidine. However, the amino-substitution
position at the piperidine ring appeared to be an important factor for
determining affinities for not only JAK1 but also JAK2. Between 6a and 6b,
the substitution at the C(3) position of piperidine (6b) was more favoured for
both JAK1 and JAK2 inhibitions than the substitution at the C(4) position (6a)
was. The substitution with methyloxy group (6g) was disfavoured for JAK1
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affinity. In the case of 6e, introducing (4aR,7aR)-octahydro-1H-pyrrolo[3,4-
blpyridine lowered the inhibition against JAKZL1. In introducing b5-
azaspiro[2.4]heptan-7-amine moiety, the substitution position was important.
While compound 6c exhibited strong inhibition against JAK1, 6d displayed
very low inhibition against JAK1. Though both 6b and 6¢ showed strong
inhibition against JAK1, 6b showed high inhibition on JAK2 as well.
Therefore, we selected 6¢ as our scaffold for further SAR studies for finding

inhibitors with high JAK1/JAK2 selectivity.

Table 2 Comparison of JAK1 ICsq values of 3-(7-(methyl(7H-pyrrolo[2,3-d]pyrimidin-
4-yl)amino)-5-azaspiro[2.4]heptan-5-yl)-3-oxopropanenitrile racemate and

enantiomers.

2
4
Me\N*7 6 A<>CN
6
NQ\/ N (;)-Gc
N N (S)-6¢
Compound Configuration at 7-position JAK1 ICsp (NM)
6C racemate 29
(R)-6C (R) 8.5
(S)-6¢ (S) 7.9x10?

Our further SAR study was based upon 5c¢ as a scaffold for derivatives
on the pyrrolidine nitrogen. When a racemic mixture 6¢ was tested against the
JAK1 isozyme (Table 2), it showed an ICso value of 29 nM, proving that it
could be used as a good lead for new JAK1 inhibitors. Then we investigated
both enantiomers of 6¢. Compound (R)-6¢ exhibited 8.5 nM against JAK1,
whereas 7.9x10% nM ICso was observed with the enantiomeric (S)-6¢. As a
result, for further SAR studies the (R)-configuration of 7-amino-5-

azaspiro[2.4]heptane was chosen.
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Table 3 The I1Cs values of compound (R)-6¢ and 12a-c against JAK1 and JAK?2 and
the selectivity indices of substituted (R)-N-methyl-N-(pyrrolidin-3-yl)-7H-pyrrolo[2,3-
d]pyrimidin-4-amines according to the substitution at the 4-position of the pyrrolidine

ring.

0
Me‘N\“L@N%QCN

N/
‘ A\
Ly
|C50 (nM)
Compound A SIY
JAKL IAK?2
4 1
12a [nt 19 1.3x102 6.8

3
New) )

12b ﬁNéf 2.6x10°  5.9x10° 23
lzﬁ‘(.R)

N
8.5
(R)-6C N-- 4.1x10? 48
N&iR)
12¢ ; N-5- 16 4.5x102 28
l\}ﬁ‘('R)
Tofacitinib Nﬁg@,f\ 2.0 9.9 5.0

3 SI: Selectivity Index = JAK2 1Cso / JAK1 1Cso

The 7-deazapurine moiety of tofacitinib was considered to be critical
in securing the ATP-binding site of JAK isozymes, therefore it was kept in our
scaffold structure. First, to evaluate the effect of the substituents at the 4-
position of the pyrrolidine ring, we prepared cyanoacetyl derivatives (R)-6c,
and 12a-c from the four parent pyrrolidine precursors, (R)-5c, 11aa, 11b, and
11c. We then screened the inhibitory efficiencies of the derivatives substituted
with dimethyl and spirocyclic moieties at the 4-position of the pyrrolidine core,
which is believed to correspond to the 4-position of the piperidine of tofacitinib
(Table 3). The unsubstituted inhibitor 12a exhibited an ICs, value of 19 nM for
JAK1 and its selectivity index was 6.8, which was higher than that of
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tofacitinib. The dimethyl-substituted 12b was 10-fold less potent against JAK1
than that of compound 12a, however, the spirocyclic derivatives (R)-6¢ and 12¢
had similar levels of ICsy’s to compound 12a. This may indicate that the binding
site around the 4-position of the pyrrolidine is rather small in volume. We
identified the fact that the derivative (R)-6¢ having (R)-5-benzyl-5-
azaspiro[2.4]heptan-7-amine moiety showed the best selectivity of JAK1 over

JAK2.

Table 4 The 1Cs values against JAK1 and JAK2 and the selectivity indices of
substituted (R)-N-(pyrrolidin-3-yl)-7H-pyrrolo[2,3-d]pyrimidin-4-amines with varying
R: and Rz groups.

JOne
3l N3Ry
Res\vim H
N/
‘ N
Sy N
ICso (nM)
Compound R: R> SI
JAK1 JAK?2
12a Me 19 1.3x10? 6.8
[0} 3
13 5 K/CN Et 62 1.3x10 21
14 N 1ex102 17108 11
15 H 5.1x10? 1.9x108 3.7
16 /@\ Me 4.1 57 14
o\
17 }L‘S\b CN Et 19 1.1x10? 5.8
18 N 17 1.4x10° 82

3 Sl: Selectivity Index = JAK2 ICso / JAK1 ICsp

With the N-alkylated compounds in hand, we fixed the pyrrolidine
nitrogen with either cyanoacetate or 3-cyanobenzenesulfonyl group as R; at 1-
position and probed the inhibitory activities by changing the R, at 6-position
from hydrogen to cyclopropylmethyl group. In both cyanoacetyl- and 3-
cyanophenylsulfonyl-substituted pyrrolidine derivatives, increasing from
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methyl to ethyl and to cyclopropylmethyl decreased the inhibitory activities
against JAK1, although JAK2 inhibitions were not as much affected. In the case
of compound 15, where there is no alkyl substitution on the 3-amino group,
quite low level of inhibition against JAK1 was observed. It turns out that the 3-
cyanophenylsulfonyl substitution resulted in better inhibition on JAK1 than the
cyanoacetyl one in all the cases examined, although mixed results were
obtained in selectivity indices. After the results of Table 4, we chose methyl
group as R, and (R)-N-methyl-N-(5-azaspiro[2.4]heptan-7-yl)-7H-pyrrolo[2,3-

d]pyrimidin-4-amine as a scaffold for further SAR studies.

Table 5 The ICsp values against JAK1 and JAK2 with the selectivity indices of
substituted (R)-N-methyl-N-(5-azaspiro[2.4]heptan-7-yl)-7H-pyrrolo[2,3-d]pyrimidin-

4-amines.

71 N-R

Me; N'R

N7 A

K\N N

1Cso (nM)
Compound R SId
JAKL  JAK2
19 e 14x10°  3.0x10° 21
20 S~ 23x102 15x10° 65
21 ;"\© 12x102  9.8x10°  8.2x102
(R)-6¢ T en 8.5 41x10° 48
(@)

22 I, 21 25x102 12

O
3
23 S 77 1.1x10 14

3 SI, Selectivity Index = JAK2 ICso / JAK1 ICso
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Table 6 The ICso values against JAK1 and JAK2 with the selectivity indices of

substituted (R)-N-methyl-N-(5-azaspiro[2.4]heptan-7-yl)-7H-pyrrolo[2,3-d]pyrimidin-

4-amines (continued).

712 N-R
e;N“(RJB
N/
‘ A\
Sy
1Cso (nM)
Compound R SI
JAK1 JAK2
O
24 :z}k( 1.7x102  2.8x10° 16
(6]
25 }ZMW 1.7x102  1.2x10° 7.1
Q H
26 A”\/Nj( 52x102  1.6x10° 31
(0]
(0] (6]
27 ) W B87x10?  1.3x10* 19
H
(o]
28 k@N 18x10°  25x10° 14
T
(0]
29 5 \o 53 9.3x102 18
/
(0]
30 k@ 1.5x102  6.3x10° 42
(o]
31 /‘% S 1.6x102  7.8x103 49
N/
(0]
32 % B 1.4x102  6.5x103 46
/N
(0]
33 EJK@CN 1.0x10°  7.4x10° 74

3 SI, Selectivity Index = JAK2 ICso / JAK1 ICso
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Table 7 The ICso values against JAK1 and JAK2 with the selectivity indices of

substituted (R)-N-methyl-N-(5-azaspiro[2.4]heptan-7-yl)-7H-pyrrolo[2,3-d]pyrimidin-

4-amines (continued).

712 N-R
EONRT,
N/
Y
Sy
1Cso (nM)
Compound R SI
JAK1 JAK?2
O
34 k@\ 1.9x10*  4.5x103 24
CN
O CFs
35 X 5.0x10?2  9.1x103 18
o
36 /kijca 42x10°  11x10° 26
S
37 J o 20 16x102 8.0
o
38 :z}komr 34 1.2x10° 35
O
39 P NN 75 2.8x10° 37
H
O
40 N 69 4.4x10° 64
H
(@]
4 2 12 4.2x102 35
H
o F
42 N LT 3 1oa¢ 43
H
OCI Cl
43 :akj@( 1.2x10*  4.7x103 39

3 SI, Selectivity Index = JAK2 ICso / JAK1 ICso
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Table 8 The ICsy values against JAK1 and JAK2 with the selectivity indices of
substituted (R)-N-methyl-N-(5-azaspiro[2.4]heptan-7-yl)-7H-pyrrolo[2,3-d]pyrimidin-

4-amines (continued).

1

72 N-R
Me;N“?R) A
N/
Sy
H
1Cso (nM)
Compound R SI
JAK1 JAK2
e
3
44 %H L 1.3x10 33
L
3
45 s ., 54 2.8x10 52
H
(@]
46 2 o 74 1.3x10 18
H
Cl
el ;
47 }"kH o 85 1.3x10 15
o
48 E 15x10°  9.1x10° 6.1
H
Ph
CF,
49 i 47x102  11x10° 23
N CF,
H
50 28 7.2 1.8x102 25
@]
51 KON 20 1302 65
[¢]
O\
52 s 6.9 36 5.2
]

3 SI, Selectivity Index = JAK2 ICso / JAK1 ICso
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Table 9 The ICso values against JAK1 and JAK2 with the selectivity indices of
substituted (R)-N-methyl-N-(5-azaspiro[2.4]heptan-7-yl)-7H-pyrrolo[2,3-d]pyrimidin-

4-amines (continued).

BE N-R
Me;N“iR) A
N7 N\
Sy
1Cso (nM)
Compound R SI
JAK1 JAK2
53 zs/ij 9.0 51 5.7
(@)
54 23@ 13 97 75
O F
55 OSQF 2.8 8.4 3.0
ko)
F
56 o LT 9.4 50 53
%
57 %@ 50 48x102 96
O CN
58 %S/CLCN 5.8 59 10
o
CN
59 O\\s/©/ 9.8 1.1x10°  1.1x102
S
60 Os/© 26 47x10 18
0 nNo,
61 O\\SQNOZ 1.4 55 3.9
o

3 Sl, Selectivity Index = JAK2 1Csq / JAK1 ICso
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Table 10 The ICso values against JAKL1 and JAK2 with the selectivity indices of
substituted (R)-N-methyl-N-(5-azaspiro[2.4]heptan-7-yl)-7H-pyrrolo[2,3-d]pyrimidin-

4-amines (continued).

2
4
5

1 3
N-R
Me< Z~
SNRTS
S

H

1Cso (nM)
JAK1 JAK?2

R
62 /©/ 6.3 30 4.8

SI19

Compound

/‘%S
63 /L%S/@\ 12 66 55
64 Es/©/ 9.3 1.8x10? 19

65 16 1.4x103 88

66 %S 17 15x102 8.8
Y
O 15 15x102 10

67 N
5
o
68 R 31 26x102 8.4

3 Sl, Selectivity Index = JAK2 1Csq / JAK1 1Cso

To find highly selective inhibitors for JAK1, we screened compounds
possessing various substituent groups at the pyrrolidine nitrogen listed in Table
5 and comparing their ICso values against JAK1 and JAK2. For this study, (R)-
5c¢ was used as a starting material. In the cases of N(5)-alkylated compounds 19,
20, and 21, inhibitor 21 has an N-benzyl group with a higher affinity to JAK1
than those with short alkyl amine groups, but was disfavored against JAK2
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(1.2x10% nM in JAK1 vs. 9.8x10* nM in JAK2). The inhibitor with the
benzylamine group displayed its selectivity index of 8.2x10% for JAK1 over
JAK?2.

In the cases of inhibitors with amide groups at the pyrrolidine nitrogen,
those with cyanoacetyl and azidoacetyl substitutions ((R)-6¢c and 22,
respectively) were quite potent against JAK1 with the 1Cs values of 8.5 and 21
nM, respectively. Amine compounds possessing aliphatic side chains (ethyl-,
n-butyl- and benzyl- compounds, 19 — 21, respectively) showed inferior
inhibitory activities against JAK1 to that of (R)-6¢ with ICso values over 100
nM’s. A slightly larger isovaleric amide 23 exhibited comparable activity for
JAK1 inhibition. It is interesting to note that two similarly-sized amides,
isobutyramide 24 and cyclopropanecarboxamide 25, exhibited similar JAK1
inhibitions. However, compound 24 showed a higher selectivity index against
JAK2 than 25. This tells us that there may be a more sensitive structural
interaction in JAK2 with the amide motif. Amides substituted with a polar
group like compounds 26 — 28 did not show significant inhibition against JAK1.
Aroyl amides 30 — 36 also showed ICsy values in the 100-1000 nM ranges
except for the small 2-furanoyl amide 29, which gave 53 nM ICsg against JAK1.
This indicates again that a large amide group at the pyrrolidine nitrogen is not
tolerated well in the JAK1 binding site.

The transition from an amide to a thioamide lowered the inhibition
activity against JAK1, but not so much against JAK2 that the inhibitor
possessing 2-cyanoethanethioamide exhibited a lower selectivity index than
that with 2-cyanoacetate ((R)-6¢ vs 37). Introducing a urethane (38) into the
pyrrolidine nitrogen resulted in considerable potency (ICso = 34 nM) against
JAK1 with a selectivity index of 35. Urea compounds (39 — 48), except for 43
and 48, exhibited two-digit nanomolar I1Cso’s against JAK1. For ureas made up
with aliphatic amines, 1-butylurea 39 and 1-cyclohexylurea 40 showed similar
affinities for JAK1 with ICso values of 75 and 69 nM, respectively. However,

compound 40 with a cyclic alkyl urea group was inferior in the JAK2 inhibition
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with 1Cso’s of 4.4x10% nM to the acyclic urea 39 with 2.8x10° ICs,. Comparing
1-cyclohexyl urea 40 and phenyl urea 41, indicates that the inhibition abilities
of the latter were higher in both JAK1 and JAK2 with ICso’s of 12 nM and
4.2x102 nM, respectively. Halide-substituted phenyl ureas 42 — 47 did not show
any improvements in inhibitory activities compared to the parent phenyl urea,
41. When the phenyl group of the phenyl urea was substituted with an ortho-
phenyl group (compound 48), the inhibition of JAK1 and JAK2 decreased
precipitously with 1Cso values of 1.5x10° and 9.1x10%® nM, respectively,
presumably due to increased steric hindrance.

In the case of sulfonamides, most compounds displayed strong
inhibition against the two enzymes. Some inhibitors showed single digit
nanomolar range ICso’s against JAKI. When amides and sulfonamides of
similar sizes were compared, in all cases the inhibitors possessing a
sulfonamide showed increased affinities for JAK1: the ICso’s of 24 vs 51, 30 vs
53, 33 vs 58, and 34 vs 59 were 1.7x10? vs 20, 1.5x10% vs 9.0, 1.0x10? vs 5.8,
and 1.9x10% vs 9.8 nM, respectively. However, with the elevated affinities for
JAK1, the sulfonamide inhibitors also increased their inhibition against JAK2,
leading to lower selectivity indexes than those of amide inhibitors. The JAK1
affinity appeared to be quite sensitive towards the substituent on
benzenesulfonamide (54 — 62): the meta-substitution gave the best inhibition
whereas the ortho-substitution showed the lowest affinities for the JAK1

isozyme.
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Table 11 The ICs values against JAK1 and JAK2 and the selectivity indices of

substituted (R)-N-methyl-N-(pyrrolidin-3-yl)-7H-pyrrolo[2,3-d]pyrimidin-4-amines.

Me.

5
4 1
3 CN%—R
N

NYR
N/
‘ A\
Sy N
1Cso (nM)
Compound R SI
JAK1 JAK?2
[0}
12a e 19 1.3x102 6.8
69 ZNCON 53 1.9x103 36
70 2NN 7.4x10? 2.7x10* 36
(0]
71 k/Na 10 1.7x10? 17
[¢]
72 S 70 3.9x10° 56
1
73 b O/Y 1.1x102 4.3x10° 39
(e]
74 L 22 5.5x102 25
H
O\
75 :»;S\g 70 4.7x10° 67
Q. CFs 2 3
76 B 1.4x102  4.5x10 32
o\
77 s > 79 2.4x10° 30
O,
78 }z‘:s\\J\ 1.7x10? 4.8x10° 28
6}
79 34 4.6x102 14

3 g, Selectivity Index = JAK2 1Csp / JAK1 1Csp
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Table 12 The ICs values against JAK1 and JAK2 and the selectivity indices of
substituted  (R)-N-methyl-N-(pyrrolidin-3-yl)-7H-pyrrolo[2,3-d]pyrimidin-4-amines

(continued).

Ve 3 N§R
SNYRT,
N/
| A
Sy
1Cs0 (nM)
Compound R SI®
JAK1 JAK2
N=\
80 XA 6.5x102  1.9x10* 29
81 O\\SQ 28 4.3x10? 15
82 Sis 25 1.3x102 5.2
2]

o I
83 8 . 14 53 3.8
F
84 9 /©/ 11 1.1x102 10
(o]

ERY
85 29@ 52 3.7x102 7.1
“*o on
16 S;:SQCN 4.1 57 14
LY
CN
86 2 Q 11 1.2x10°  1.1x10?
87 X 11x102  1.1x10° 10

3 S, Selectivity Index = JAK2 1Csq / JAK1 1Cso
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Table 13 The ICs values against JAK1 and JAK2 and the selectivity indices of

substituted  (R)-N-methyl-N-(pyrrolidin-3-yl)-7H-pyrrolo[2,3-d]pyrimidin-4-amines

(continued).

Me\N\??R) ZN%R
N/
‘ N
Sy !
1Cs0 (nM)
Compound R SIY
JAK1 JAK2
O
88 RS NO, 1.9 18 95
@]
o
O,
89 X 3.6 89 25
O
90 2S/©\ 29 7.3x102 25
o
91 f;s@/ 19 1.8x10° 95
e
OMe
92 O\\SQ 26 1.5x10° 58
/©/CF3
O, 3 2
93 X 9.5 3.4x10°  3.6x10
o
94 25 OO 13 6.9x102 53
(6]
95 %O 66 3.9x103 59
)
o
96 S;S/NJ 27x102  4.4x10° 16
DY

3 g, Selectivity Index = JAK2 1Csp / JAK1 1Csp
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To find a new lead compound, we screened the inhibitory activities for
JAK1 and JAK2 of compounds possessing a variety of substituents at the 1-
nitrogen of pyrrolidine moiety (Table 6). First, a comparison between amide
and alkylamine groups of similar size (12a vs 69) was attempted and the amide
group appeared to increase the affinity for JAK1 isozyme. This hypothesis also
appears to apply to the urea functionality with compound 74 exhibiting 22 nM
ICso value for JAKL. If the inhibitors contain an amide or urea side chain bulkier
than the cyanomethyl group as in 12a, their inhibitions for JAK1 isozyme were
less effective (70, 72, and 73). However, in the case of 74, its inhibitory activity
was similar to that of compound 12a although it has an N-phenyl side chain,
which is larger than that of compound 12a. With compounds 12a and 71,
similar inhibitory activities were observed, which suggests that the planar or
linear group at the side chain of amide offsets the ill effect the side chain length.
The introduction of the sulfonamide on the 1-nitrogen of the pyrrolidine core
improved the inhibitory activities for JAK1 (70 vs 79). Moreover, the
arenesulfonamides (16 and 81 — 94) exhibited higher inhibitory activities than
the sulfonamides having alkyl or heterocyclic groups (75 — 80). As for the
substitutions at the benzene ring, inhibitors with substituents at ortho-position
(85 and 87) showed lower inhibition than the meta- or para-counterparts,
presumably due to steric interaction with JAK1 except for the fluorine
substitution cases (82 — 84). In the case of the selectivity for JAK1 over JAK2,
the inhibitors with substitution at para-position (84, 86, and 89) showed 2.5 to
7.9-fold improved JAK1 selectivity compared to those having meta-
substitutions. Consequently, compounds 86 and 93 were the most selective for
JAK1 over JAK2.

According to our enzyme assays, (R)-6¢ and 58 seemed to be more
selective for JAK1 over JAK2 than filgotinib, of which the ICs’s are 10, 28,
810, and 116 nM for JAK1, JAK2, JAK3, and TYK?2, respectively.®® Therefore,
we selected two representative compounds, (R)-6¢ and 58, for evaluation
against JAK3 and TYK2. The ICs of (R)-6¢ on JAK3 and TYK2 were 1.1x103
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and 2.5x10?> nM and the selectivity indices over JAK1 were 130 and 30,
respectively. For 58, 1.1x102 and 25 nM ICso’s were observed for JAK3 and
TYKZ2, respectively, with its selectivity indices as 19 and 4.3 for JAK3 and
TYK2 over JAK1.
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Cell-based functional assay

Table 14 The ICs values against cellular JAK1-JAK3 and JAK2 activity of substituted

(R)-N-methyl-N-(pyrrolidin-3-yl)-7H-pyrrolo[2,3-d]pyrimidin-4-amines.

ICs0 (uM)
Compound JAK1/3 JAK2
(THP-1, IL-4-pSTATS6) (IL-3-Ba/F3
Number Scaffold R Facs Tube 96 well Proliferation)
Tofacitinib citrate 0.090 ND ~47
Filgotinib 1.8 0.56 >10
(R)-6¢ A en 0.84 0.21 >10
(e}
29 > \0 11 4.3 >10
/
. o F
42 . 3L 2.8 1.4 >10
YR ONR
MG;N\‘('R) A ;
(0]
50 T 580> ND 0.73 ND
SN N [¢]
N
58 %SQCN 11 0.24 >10
AR
67 OSO 3.7 1.7 >10
(0]
12a L _en 0.92 0.30 >10
16 %SQCN 0.61 0.20 >10
e
4 N 1§
3 N¢R
81 Me iR, S%@ 1.1 0.98 >10
0
NN F
84 O\\SQ <0.010 0.40 >10
}LL\\O
o L1
88 NS NO, 0.13 0.040 >10
[e)

37
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Encouraged by the enzyme assay results, we selected several
compounds to see if they can inhibit JAK activity in a cell-based assay. We
used the THP-1 cell to read the phosphorylation of STATS6, indicative of JAK
activation.®® When THP-1 cells are treated with IL-4 as a JAK-STAT pathway
trigger, IL-4 receptors are dimerized. Consequently, one JAK1 and one JAK3
are recruited in the cytoplasmic domain. After the bound JAKs are
phosphorylated and activated, STAT6 (pSTATG6) is phosphorylated. Thus, we
performed FACS analysis to measure the pSTAT®6 level in THP-1 cells upon
IL-4 stimulation (Table 7). As expected, tofacitinib citrate, which strongly
inhibits both JAK1 and JAK3 in the biochemical assay, showed potent
inhibitory activity on the phosphorylation of STAT6 (ICso = 0.09 uM).
Compared to tofacitinib citrate, the JAK1-selective inhibitor filgotinib showed
lower activity against JAK1-JAK3, which could be due to its relatively poor
activity against JAK3 in the biochemical enzymatic assay (ICso = 810 nM).
Among the compounds tested in this study, (R)-6c, 58, 12a, 16, 81, 84, and 88
inhibited the phosphorylation of STAT6 with the ICsy values 0.84, 1.1, 0.92,
0.61, 1.1, <0.010, and 0.13 uM’s, respectively.

We evaluated the inhibitory activities of our representative compounds
against JAK2 by performing the Ba/F3 cell proliferation assay. Ba/F3 cells
proliferate upon the JAK2-STAT pathway activated by IL-3 stimulation.®®
Tofacitinib citrate exhibited an ICso value of 4.7 uM, whereas our tested
compounds except for 50 and filgotinib had ICsy values of >10 uM in this
system. Taken together, these results suggest that our compounds possess
higher selectivity for JAK1 or JAK3 than JAK2.
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Table 15 Selectivity for individual JAK isozymes of substituted (R)-N-methyl-N-
(pyrrolidin-3-yl)-7H-pyrrolo[2,3-d]pyrimidin-4-amines in cellular assays.

Compound Gleo (M)
TEL-JAKs-Ba/F3 (Proliferation)
Number Scaffold R JAK1 JAK2 JAK3 TYK2
Tofacitinib citrate 1.0 4.3 3.1 >10
Filgotinib 7.0 >10 >10 > 10
(R)-6¢ I on 41 >10  >10  >10
(¢]
29 5 \o >10 >10 >10 >10
/
o F
42 TR | LT 510 s10 >0 »>10
Me; 7-3 N°R H
TNYRTG
50 [ D 28 4.2 >10 >10 > 10
NTN
58 O\\SQCN 1.1 >10 >10 >10
2
67 %O >0  >10 >10 >10
Y
(0]
12a Lo 75 >10 >10 >10

16 /©\CN 1.0 >10 >10 >10
o

4@ 1§

5[ NER
81 Me N, 2 /© 4.6 >10 >10 >10

N F

84 Q /©/ 4.2 >10 >10 >10
o L.

88 S w, 041  >10  >10  >10

We next examined 11 compounds, (R)-6c, 29, 42, 50, 58, 67, 12a, 16,
81, 84, and 88, in the selectivity for individual JAK isozymes by using Ba/F3

5 4 &8t
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cell lines expressing constitutively active individual JAK isozymes (TEL-
JAKS). We found that the tofacitinib citrate has growth inhibitory activity in
cells expressing either JAK1, JAK2, or JAK3 with the median growth
inhibitory concentrations (Glso) of 1.0, 4.3, and 3.1 uM, respectively, but not in
cells expressing TYK2 (Table 8). However, filgotinib and our compounds
including (R)-6¢, 50, 58, 12a, 16, 81, 84, and 88 showed growth inhibitory
activity only in cells expressing JAK1 with Glso values 0of 7.0, 4.1, 4.2, 1.1, 7.5,
1.0, 4.6, 4.2, and 0.41 uM, respectively. These results suggest that our tested
compounds (R)-6¢, 50, 58, 12a, 16, 81, 84, and 88 are more potent for JAK1
than filgotinib.

Human whole blood tests
Table 16 Selectivity for JAK1 over JAK2 of substituted (R)-N-alkyl-N-(pyrrolidin-3-

yl)-7H-pyrrolo[2,3-d]pyrimidin-4-amines in human whole blood assays.

Compound I1Cs0 (NM) Selectivity
JAK1 JAK2 index
Number  Scaffold R
(IL-6/pSTAT1)  (GM-CSF/pSTATS5) (JAK2/JAK1)
Filgotinib 3.2x102-1.1x10®  7.8x10°-2.2x10*  9.1-25
Baricitinib 8.0 -40 17 — 1.4x102 20-5.9
(R)-6¢ T on 1.7x10% >2.0x10* >1.2
(0]
40 EY 1.5x10* >2.0x10* >1.4
H
1 2 4 5 0
41 e Lovr Sl 6.3x10° >2.0x10* >3.2
SNVR, N
N~ N\
k\N‘ N o F
42 " lr 1.2x10¢ >2,0x10* >1.6
H
O\\
50 580 4.4x10? 2.4x103 55
O\\
52 28 7 5.6x10? >2.0x10* >36
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Table 17 Selectivity for JAK1 over JAK?2 of substituted (R)-N-alkyl-N-(pyrrolidin-3-

yl)-7H-pyrrolo[2,3-d]pyrimidin-4-amines in human whole blood assays (continued).

Compound I1Cs0 (NM) Selectivity

JAK1 JAK?2 index
(IL-6/pSTAT1) (GM-CSF/pSTAT5) (JAK2/JAK1)

Number Scaffold R

TP ONR
67 N zer 4.8x10° >2.0x10* >4.1
N7 A - \b
N
O
12a I e 2.5x102 7.4x102 2.9
(0]
71 J o, 2.4x102 1.5x10° 60
Me. 2 NEVR 9 3 4
74 Mewy Gl 3.6x10 >2.0x10 >5.5
2 H
N A\
NE. o
79 He o 4.3x102 >2.0x10* >47
0]
NO,
89 23/©/ 3.0x102 1.5x10* 51
%

12¢ ) 4.3x10? 6.0x10° 14
g%
NTOH
0
/\NWQN{CN
13 y 5.8x102 7.0x10* 12
Y
NTOH

To identify the inhibition of the JAK-STAT signal pathway by our
compounds in human blood environment, we performed human whole blood
tests for 18 compounds. We selected two pathways: IL-6/JAK1/pSTAT1 and
GM-CSF/JAK2/pSTATS. For screening JAK1 inhibition in human blood,
whole blood is treated with IL-6 and the pathway activated by IL-6 was
ANEtgtw
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inhibited through JAK1 inhibition by inhibitors so that the inhibition percentage
against the phosphorylation of STAT1 displays the inhibition portion of the
pathway by JAKZ1 inhibitors. Similarly, the inhibition against the
phosphorylation of STAT5 activated by GM-CSF shows the result from JAK2
inhibition of the pathway. As the result, we can obtain the selectivity indices
for JAK1 over JAK2 in human whole blood environment.

We used filgotinib, JAKZ1-selective inhibitor, and baricitinib,
JAK1/JAK?2 inhibitor, as positive controls. The selectivity for JAK1 over JAK2
of filgotinib was distributed from 9.1 to 25.0. Of our test compounds, the tests
of 18, 44, 93, and 94 were not carried out because of low water solubility. Of
other compounds, 6 compounds, 52, 71, 79, 89, 12c¢, and 13 showing the
selectivity indices ranged from 12 to 60 were more selective for JAKL over
JAK?2 than filgotinib. However, our representative compound (R)-6¢ had the
ICso value of 1.6x10* nM for inhibition of IL-6/JAK1/pSTAT1 pathway so that
we could not calculate the selectivity index. So we guessed that this system was
not appropriate for identifying the selectivity of compound (R)-6c. In the case
of compound 123, it showed the lower JAK1 ICs, value of 2.5x10? nM than
filgotinib did, but it had a lower selectivity index of 2.9 than filgotinib.
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In vitro ADME studies

Table 18 Plasma stabilities.

c d Human Rat
ompoun
(% remaining) (% remaining)
30 120 30 120
Number Scaffold R ] ] ] )
min min min min
(R)-6¢ :JLCN 950 985 984 896
5 (@]
4 ‘, ;&MNQ >100 >100 >100 95.5
1 ; 3 _ H
Me;N\‘(R) 6N R )
50 g 58 >100 >100 >100 > 100
58 S:S/QCN 96.6 986 >100 > 100
o
12a Lo 9.3 998 >100 >100
16 e %SQCN 948 969 >100 >100
s[ ONER o
Me\N\YR) /
88 T Zs@m 9.6 930 >100 > 100
H @)
CF3
93 o LT S0 100 89 008
2

Several in vitro ADME profiles for selected JAK1 inhibitors, (R)-6c,
41, 50, 58, 12a, 16, 88, and 93, were investigated for plasma stability, protein
binding, liver microsomal stability, Caco-2 permeability, and CYP inhibition.
First, over 90% of all test compounds except for (R)-6¢ in rat plasma during
120 minutes remained in human and rat plasma for 120 minutes in plasma
stability tests (Table 10). In the comparison between derivatives of (R)-N-alkyl-
N-(pyrrolidin-3-yl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine and (R)-N-methyl-N-
(5-azaspiro[2.4]heptan-7-yl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine ((R)-6¢c vs
12a, and 58 vs 16), whether the spiro moiety at pyrrolidine ring exist cannot

A& sty
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affect their plasma stability. Therefore, it can be concluded that most

compounds are kept as their parent drug structures in plasma.

Table 19 Plasma protein binding abilities and Log P values.

Compound % bound LogP
Number Scaffold R Human Rat (neutral X)
(R)-6¢ e 29.8 18.7 1.69
: e
4 e 3 925 88.1 3.07 (cLogP)
712 N-R H
Me<,
TNR TG o
50 T 8 44.4 49.5 2.07
58 %QCN 87.4 85.8 3.69
e]
12a S e 14.7 17.7 0.61
o .
16 s % X o 83.1 82.7 2.73
3| N§R o
N A
88 [Nﬁ} f?\s\\/@mz 90.4 91.9 3.03
H
CF,
93 zs/g 98.7 959  3.58 (cLogP)
)

In human plasma protein binding tests (Table 11), the bound proportion
of (R)-6¢c was 29.8%, which was similar to that of tofacitinib citrate and
filgotinib, 39% and 31.8%, respectively.** *¢ Compounds, 50, 58, 16, 88, and
93, all of which have sulfonamide groups, showed higher protein binding of
over 44.4%. The results correlate well with their lipophilicities: the LogP values
of their neutral forms gradually increase in the order of amides 12a and (R)-6c,

aliphatic sulfonamide 50, and aromatic sulfonamides 16 and 55.
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Table 20 Liver microsomal stabilities.

Compound % Remaining after 30 min (%)
Number Scaffold R Human  Dog Rat Mouse
(R)-6¢ }ILCN 946  99.9 848  84.9
O
41 At ;%MNJ@ 67.3 622 416 185
"R ONR H
M ONYR TG o
50 T 58 797 561 229 339
58 %SQCN 6.0 5.5 2.4 3.2
A3
12a Lo 976 928 928  >100
16 s OSQCN 263 316 3.7 10.0
s NER o
Me~ NS,
88 N% O\\/©\ 134 104 25 3.1
NP 5] NO, ' : ' -
H o
CF,4
93 E’;S/O 21.0 14.2 11.4 8.4
ke

To probe the stability of the selected compounds in the liver first-pass,
liver microsomal stabilities were examined (Table 12). The remaining
compounds (R)-6¢c and 12a (94.6 and 97.6%, respectively) after 30 minute
incubation in human liver microsomes were similar to those of filgotinib (87%
after 60 minute incubation).®® While compound 50 possessing an
ethanesulfonamide group was less stable than filgotinib, with 79.7% remaining
after 30 minutes, the benzenesulfonamide-containing compounds, 58, 16, 88,
and 93 were heavily metabolized in human liver microsomes and only below

26.3% remained after 30 min incubation.
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Table 21 Caco-2 permeabilities.

Compound Papp, (X107 cm/sec) Efflux
) Remark
Number Scaffold R AtoB Bto A ratio
(R)-6¢ :%obCN 0.66 1.9 2.8 moderate
2 9 -
41 1 aANiR ;QMH@ 2.6 2.1 0.80 high
Me;NZ(R) / o
50 N@ 3\ 58T 2.5 2.6 1.0 High
58 O\\SQCN 1.3 16 1.2 high
28
12a Lo 038 077 20 moderate
16 e %SQCN 17 2.3 1.4 high
s NER o
Me\N\YR) /
88 '[N\ > %QNO 14 1.9 13 high
H o
CF,4
93 O\\S/©/ 0.19 0.42 2.3 moderate
o

Moderate permeabilities were observed for (R)-6¢, 12a, 93, and
filgotinib in Caco-2 permeability tests with the permeability coefficients 0.66,
0.38, 0.19 and 0.37x10°° cm/sec, respectively (Table 13).%® On the other hand,
41, 50, 58, 16, and 88 had high permeability coefficients ranged from 1.3x10°
cm/sec to 2.6x10° cm/sec. As the results, the sulfonamide groups and the urea
group at R group position, except for compound 93, improved passive cell
permeability from A to B. The efflux ratios of all test compounds were below

3.0 and they did not seem to be heavily affected by the efflux mechanism.
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To probe drug-drug interaction possibilities, we screened 8 test
compounds against representative CYPaso isoforms at 10 uM concentrations for
each compound (Table 14). In the cases of (R)-6¢ and 12a, CYP 2C19 and 2E1
were influenced at the same concentrations. Compound 50 seemed to inhibit
only CYP 2EL1 isoform at the concentration. However, the treatments of the
benzenesulfonamide-containing 41, 58, 16, 88, and 93 were likely to affect
many isoforms including CYP 1A2, 2C8, 2C9, 2C19, 2E1, and 3A4, which may
lead to possible interactions with many drugs. The CYP 2E1 isoform, which
test compounds commonly inhibited, has substrates for some anaesthetics like
halothane, enflurane, methoxyflurane, sevoflurane, etc.”® Representative
substrates of CYP 2C19 comprise of proton pump inhibitors including
esomeprazole, lansoprazole, etc. In the case of the proton pump inhibitors, their
prescription frequencies are decreasing in recent times, so that the combined
prescription would not be a problem.

Due to high plasma protein binding, low liver microsomal stability, and
high CYPa4so inhibition rates, we excluded compounds with sulfonamide groups
from further studies. Therefore, (R)-6¢ and 12a were chosen for studies on

hERG, kinase profiling, and in vivo efficacy tests.

Human ether-a-go-go related gene (hERG) potassium
channel assays and kinase profiling

Next, we investigated the hERG binding of (R)-6¢ and 12a for its
cardiotoxicity prediction. The binding test was carried out with HEK293 cells
according to the automated patch clamp method. Compound (R)-6¢ and 12a
showed with 1Cso of 1.2x10% and 93 uM, respectively. Under the same
conditions, filgotinib gave 1Cso of 85 uM. In the case of tofacitinib citrate, 1Cso
was reported above 100 uM.”” From these results, (R)-6¢ appears to be superior
to filgotinib in the cardiotoxicity predicted by the hERG assay.

Kinase inhibitors targeting an ATP-binding site have a probability of
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inhibiting other kinases in addition to the targeted one, which can result in some
predictable side effects. Therefore, we screened (R)-6¢ and 12a against 323
kinases at the 10 uM concentration. Under this condition, only four JAK family
kinases including JAK1, JAK2, JAK3, and TYK2 showed over 90% inhibition
by compound (R)-6c. The kinases with 80 — 90% inhibition were only ROCK-
Ils derived from rats and humans. In the case of compound 12a, the kinases
inhibited to over 90% were only three kinases, JAK1, JAK2, and TYK2. And
the kinases with 80 — 90% inhibition included 6 kinases: JAK3, ROCK-II
(human), ROCK-II (rat), DCAMKL3, CLK1, and Flt4. On the other hand, it
was reported that tofacitinib citrate inhibits 26 kinases above 90%,% so it is

likely that (R)-6¢ and 12a would have less side effects than tofacitinib citrate.

Figure 4 The kinome tree of (R)-6¢c and 12a against 323 kinases at the 10 uM

concentration drawn by the web accessible Kinome Render program.’®
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Pharmacokinetics

Table 23 Pharmacokinetic profiles of (R)-6c.

Species Beagle dog S.D.rat ICR mouse
Route P.O. V. P.O. LV. P.O. V.
N 4AM 4M iM 4AM iM iM
Dose (mg/kg) 5 3 10 5 10 5
Crmax (ng/mL)  1.9x103 1.0x103 1.8x103
Trmax (h) 1.8 0.30 1.3
t2 (h) 3.3 3.0 2.1 1.2 1.7 0.9
AUCo>inf
1.5x10* 52x10°  2.1x10° 9.2x10> 4.8x10°  6.8x10?
(ng-h/mL)
AUCo>¢
1.4x10* 5.0x10°  1.9x10° 9.0x10> 4.7x10°  6.0x10?
(ng-h/mL)
MRT (h) 7.3 4.7 3.1 11 29 1.3
F (%) 1.7x10? 1.1x10? 1.9x10?
Table 24 Pharmacokinetic profiles of 12a.
Species Beagle dog S.D.rat ICR mouse
Route P.O. L.V. P.O. L.V. P.O. LV.
N 4M 4M iM iM 4AM 4M
Dose (mg/kg) 5 3 10 5 10 5
Cmax (ng/mL)  1.9x103 1.9x10° 1.0x10°
Tmax (h) 11 0.30 0.30
tu2 (h) 1.7 1.6 2.1 0.70 2.1 0.9
AUCoinf
6.5x10°  2.2x10°  4.3x10° 9.5x10?> 2.1x10°®  6.8x10?
(ng-h/mL)
AUC>¢
6.4x10°  2.1x10°  4.1x10° 9.3x10> 1.9x10°  5.1x10?
(ng-h/mL)
MRT (h) 3.1 2.4 29 0.9 3.1 1.4
F (%) 1.8x102 2.2x10? 1.9x10?
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Figure 5 Plasma concentrations after oral administration and intravenous injection of

(R)-6 and 12a in Beagle dogs, Sprague-Dawley rats, and ICR mice.

To address oral bioavailability of our representative compounds, (R)-

6¢ and 12a, we then carried out the pharmacokinetic tests in dogs, rats, and

mice. The vehicles for oral administration and intravenous injection were corn

oil and the solution of 10% ethanol and 90% PEG400, respectively, because of

low solubility of (R)-6¢ and 12a in water. In the case of pharmacokinetics

through intravenous injection, the drug exposure generally tended to be

decreased so that the bioavailability at all species became over 100%, which is

similar to the results reported by K. W. Ward et al.” and R. Weaver et al.®

In the case of oral administration at 10 mg/kg dosage in male Sprague

Dawley rats, compound (R)-6¢ showed 2.1 hours of half-life (ti,), 4.3x10°

ng-h/mL of area under curve from 0 to infinite (AUCoinf), 1.9x10% ng/mL of

51
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maximum concetration (Cmax), and 0.30 hour of the time to reach the maximum
concentration (Tmax). Compound 12a had similar profiles to compound (R)-6¢
except for Cmax and AUC which had about twice the values of compound (R)-
6¢. Though the profiles of ty, Cmax, and Tmax Were similar to the reported
tofacitinib’s ones (t12 = 2.0 h, Cmax = 2.4x10° ng/mL, Tmax = 0.31 h), (R)-6¢ and
12a surpassed tofacitinib with AUCosinr value of 2.8x10° ng-h/mL on drug
exposure.”’ In comparison with the reported profiles of filgotinib through oral
treatment at 5 mg/kg dosage, filgotinib has a longer half-life (t12 = 3.9 h), but a
lower drug exposure (AUCost = 1.7x10° ng-h/mL) than compound 12a,%
although direct comparison with filgotinib and 12a is impossible because of
their different oral administration dosages. Compound (R)-6¢ and 12a showed
a superior drug exposure to tofacitinib (AUCosint = 2.3x10° ng-h/mL)"" in the
PK study in male beagle dogs at 5 mg/kg dosage. However, PK profiles of (R)-
6¢c and 12a in dogs are inferior to the reported values of filgotinib, which

features 5.2 hours of half-life (t12) and 1.4x10* ng-h/mL of AUCos:.%
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Figure 6 Plasma concentrations after oral administration and intravenous injection of

the free base and the salt forms of (R)-6¢ and 12a in Sprague-Dawley rats.

To improve exposures of (R)-6¢ and 12a in the in vivo model, we made

several different salts using hydrochloride, citric acid, and tartaric acid. For

hydrochloride and citrate salts, their drug exposures were increased compared

to the free base form. However, the tartrate salt of (R)-6 and the hydrochloride

and citrate salts of 12a were less exposed than the free base in the oral

administration. Moreover, the citrate form of (R)-6¢ and three salts of 12a had

the additive advantage that their half-lives were elongated to 2.9 — 4.2 hours.

Hence, the citrate of (R)-6¢ and the tartrate of 12a appear to be the preferred

formulations in oral administration.
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In vivo efficacy studies on (R)-6¢ and 12a
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== G4 (R)-6c 50 mg/kg/day
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G5 (R)-6¢ 100 mg/kg/day

G6 12a 100 mg/kg/day

G7 Filgotinib 100 mg/kg/day

G8 Tofacitnib citrate 50 mg/ka/day

Figure 7 a) Clinical arthritis scores and b) paw volumes of (R)-6¢ and 12a treatment

on collagen-induced arthritis in DBA/1J mice for 18 days. The significance symbols

are ** = significantly different between G1 and G2 (P <0.01), + = significantly different
from G2 (P <0.05), and ++ = significantly different from G2 (P <0.01).

Both collagen-induced arthritis (CIA) and adjuvant-induced arthritis

(AIA) are well-established animal models for the testing and development of

new RA therapeutics.®® We used these to evaluate the efficacies for the

treatment with (R)-6¢ and 12a in a free base form. In the mouse CIA study, the

effect of (R)-6c and 12a treatments were evaluated by using the following
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indices: clinical arthritis score, paw volume, serum cytokine concentration,

bone surface/volume ratio, and histopathological data of ankles. Filgotinib (100

mg/kg/day)®® and tofacitinib citrate (50 mg/kg/day)?* were used as positive
controls. Treatment with (R)-6¢ (25, 50 or 100 mg/kg/day) and 12a (100

mg/kg/day) resulted in significant attenuation of arthritis in DBA1/J mice when

compared to vehicle treatment (Figure 7). In the clinical arthritis scores, the

treatments of (R)-6¢ and 12a at 100 mg/kg/day dosage seemed to be faster

relieve the symptom than filgotinib’s one. However, the results of the

treatments of (R)-6¢ and 12a in clinical scores and paw volume at day 18

showed no significant difference between two test articles and two positive

controls.
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Figure 8 Effects of (R)-6¢ and 12a treatment on collagen-induced arthritis in DBA/1J

mice: a) the bone surface/volume ratios of right hind ankle joints measured by micro-

CT, b) the histopathological semiquantitative scores of right hind ankle joints, c) the
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right hind ankle joint thicknesses, d-e) the articular surface cartilage thicknesses (tibia
and talus) in right hind ankle joints, and f) the numbers of inflammatory cells infiltrated
in the right hind ankle joints. The significance symbols are ** = significantly different
between G1 and G2 (P <0.01), + = significantly different from G2 (P <0.05), and ++ =
significantly different from G2 (P <0.01).

We performed the micro-CT assay and the histopathological assays for
further studies on the effects of compound (R)-6¢ and 12a. We measured the
bone surface/volume ratios of right hind ankle joints measured by micro-CT,
and identified the following histopathological factors: the histopathological
semiquantitative scores of right hind ankle joints, the right hind ankle joint
thicknesses, the articular surface cartilage thicknesses (tibia and talus) in right
hind ankle joints, and the numbers of inflammatory cells infiltrated in the right
hind ankle joints. As the resuls, all treatments of (R)-6¢ and 12a except for one
at 25 mg/kg/day displayed higher alleviation efficacy than two positive
controls. So, in the faces of micro-CT analysis and histopathological assay, (R)-
6¢, a JAK1-selective inhibitor, seemed to have better efficacy than tofacitinib

citrate, a pan-JAK inhibitor, at same dosages.
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Figure 9 cytokine concentration changes in plasma by (R)-6¢ and 12a treatment on
collagen-induced arthritis in DBA/1J mice for 18 days: a) IL-1p, b) IL-6, ¢) MCP-1,
and d) TNF-a. The significance symbols are ** = significantly different between G1
and G2 (P <0.01), + = significantly different from G2 (P <0.05), and ++ = significantly
different from G2 (P <0.01).

We identified concentration changes of cytokines, including IL-18, IL-
6, MCP-1 and TNF-a, related to rheumatoid arthritis in plasma through the
treatments of (R)-6¢ and 12a for 18 days. As a result, compound (R)-6¢ and
12a clearly influenced IL-6 and TNF-a levels in plasma. On these cytokines,
treatments of (R)-6¢ and 12a at all dosages more alleviated cytokine levels than

positive controls’ ones. The treatment of 12a seemed to decrease the levels of
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IL-18 and MCP-1 in plasma although its alleviation was inferior to one of

tofacitinib citrate. However, compound (R)-6c¢ could not significantly affect IL-

6 and TNF-a levels in plasma. As the results, compound (R)-6¢ and 12a may

alleviate the clinical and histopathological

through lowering 1L-6 level.
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Figure 10 Effects of (R)-6¢ and 12a treatment on adjuvant-induced arthritis in Lewis

rats: a) the clinical arthritis scores and b) the volumes of right hind paws. The data were

measured twice per week for 14 days.
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In the rat AIA study, all treatments with test articles significantly
suppressed the arthritis symptoms versus vehicle treatment for 14 days. The
treatment with 20 mg/kg/day of (R)-6¢ demonstrated nearly equal efficacy as
that of tofacitinib citrate (10 mg/kg/day). Their clinical arthritis scores reached
the same 9.0 value at day 14 and paw thicknesses were similar ((R)-6¢ at 10.20
mm and tofacitinib citrate at 10.10 mm). However, filgotinib (20 mg/kg/day)
and (R)-6¢ in lower concentrations (5 and 10 mg/kg) showed slightly inferior
clinical arthritis scores (10.32, 10.21, and 10.33, respectively) to the former
case. Treatment with compound 12a (20 mg/kg/day) significantly attenuated
arthritis symptoms to a similar extent as filgotinib (20 mg/kg/day) treatment
and significantly reduced paw swelling to a similar extent as tofacitinib citrate

(10 mg/kg/day) treatment.
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V. Conclusions

We have shown the efficacy of (R)-6¢ and 12a through in vitro and in
vivo tests. In the enzyme assays, the JAK1 I1Csq value of (R)-6¢ was 8.5 nM and
the selectivity indices of JAK2, JAK3, and TYK2 over JAK1 were 48.5, 128.5,
and 29.6, respectively. And compound 12a also showed a better JAK1-
selectivity than tofacitinib citrate (ICso value of 19 nM and selectivity index of
6.8). In the cell based functional assay, it inhibited the JAK1 isozyme more
effectively than filgotinib, but less so than tofacitinib citrate. In the kinase
profiling, the inhibitory activities on other kinases except for JAK series were
less than those of tofacitinib citrate. From the above in vitro tests, we obtained
highly JAK1-selective profiles for our inhibitor, which presumably would lead
to lower toxicity than tofacitinib citrate.

In the in vitro ADME tests, its profiles were similar to those of
tofacitinib citrate and filgotinib. The compound (R)-6¢ and 12a showed good
human plasma stability along with two positive controls to exhibit similar
profiles on the bound percentages on human plasma protein and the stability
against human liver microsomes. Thus, there was a moderate permeability
coefficient from A to B in Caco-2 permeability tests like filgotinib, but less
efflux ratio so that it seems to be more highly permeable to cells than filgotinib.
In the CYP4s0 isozyme screening, the compound showed inhibition of 2C19 and
2E1 isoforms at 10 uM concentrations. In pharmacokinetic studies in rats
through oral administration, the profiles of the free base were at acceptable
levels.

In the in vivo studies, we observed that a double dose of (R)-6¢ and 12a,
JAK1-selective inhibitors, gave similar or superior efficacies to that of
tofacitinib citrate, a pan-JAK inhibitor. Moreover, (R)-6¢ and 12a relieved the
arthritis symptoms more than an equivalent dose of filgotinib, the JAK1-
selective inhibitor belonging to the same category, did. Taken together, our
present study indicates that (R)-6¢ and 12a have desirable physicochemical
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properties and efficacy via selective inhibition of the JAK1 pathway. These
findings suggest that (R)-6¢ and 12a have therapeutic potential for the treatment

of rheumatoid arthritis.
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VI.  Experimental Section

Synthesis

All reagents for the syntheses were obtained from commercially
available sources and used without any further purification. A diastereomeric
pair of the key starting material, 5-((R)-1-phenylethyl)-5-azaspiro[2.4]heptan-
7-amine, was purchased from custom-synthesis through Sundia Meditech,
China. All final products were purified by flash column chromatography and
Merck silica gel 60 (0.040 — 0.063 mm) was used for flash column
chromatography. The structures of the compounds were identified through *H
and *C NMR spectroscopy and high resolution mass spectrometry (MS). NMR
spectra were taken from Agilent NMR system 400 MHz DD2MR400, Bruker
Biospin AVANCE 11 400, and Varian NMR System 500 MHz. Bruker Compact
Ultra High Resolution ESI Q-TOF mass spectrometer was used for the MS data.
The purities of synthesized compounds were analyzed through the use of 256
nm-wavelength absorption spectra on Agilent HPLC 1100 and 1260 infinity
with 6120 Quadrupole LC/MS detector. Additionally, their optical rotation data
were obtained by JASCO’s P-1030 Polarimeter.

Synthesis of ethyl ((R)-5-((R)-1-phenylethyl)-5-azaspiro[2.4]heptan-7-
yl)carbamate, (R)-2c

Potassium carbonate (25.9 g, 187 mmol) in 140 mL of deionized water
was added to a (R)-5-((R)-1-phenylethyl)-5-azaspiro[2.4]heptan-7-amine (R)-
1c (20.1 g, 92.9 mmol) solution in 250 mL of tetrahydrofuran and stirred at
room temperature for 10 minutes. Ethyl chloroformate (9.46 mL, 99.4 mmol)
was then added and the mixture was stirred at room temperature overnight.
After the reaction, the solution was evaporated and the residue was extracted
with dichloromethane three times. The combined organic layers were dried
over anhydrous sodium sulfate and the solid was filtered off. The filtered
solution was evaporated. Removing the solvent in vacuo provided 26.7 g of
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ethyl ((R)-5-((R)-1-phenylethyl)-5-azaspiro[2.4]heptan-7-yl)carbamate
(quantitatively yield). *H NMR (400 MHz, CDCls) § 7.27 (m, 5H), 5.20 (d, J =
8.9 Hz, 1H), 4.04 (dd, J = 14.2, 7.1 Hz, 2H), 3.82 (ddd, J = 8.7, 5.8, 2.8 Hz,
1H), 3.21 (dd, J = 13.1, 6.5 Hz, 1H), 2.84 (dd, J = 9.6, 6.0 Hz, 1H), 2.78 (d, J
= 8.9 Hz, 1H), 2.46 (dd, J = 9.6, 2.5 Hz, 1H), 2.30 (d, J = 8.8 Hz, 1H), 1.34 (d,
J = 6.6 Hz, 3H), 1.20 (t, J = 7.1 Hz, 3H), 0.75 (m, 2H), 0.59 (m, 1H), 0.47 (m,
1H). 3C NMR (100 MHz, CDCls) § 156.4, 144.8, 128.5, 127.2, 125.5, 77.5,
77.2,76.9, 65.6, 61.0, 60.8, 60.7, 56.1, 26.4, 22.7, 14.7, 14.2, 8.9.

Synthesis of (R)-N-methyl-5-((R)-1-phenylethyl)-5-
azaspiro[2.4]heptan-7-amine, (R)-3c

An ethyl ((R)-5-((R)-1-phenylethyl)-5-azaspiro[2.4]heptan-7-
yl)carbamate (R)-2c (26.6 g, 92.2 mmol) solution in 345 mL of tetrahydrofuran
was placed in a 1 L round bottom flask. After it was cooled at -40 °C, lithium
aluminum hydride (7.01 g, 185 mmol) was slowly added and stirred. The
reaction mixture was refluxed for 4 hours then cooled down to -40 °C. The
reaction was quenched with 40 mL of deionized water, 40 mL of 15% sodium
hydroxide solution, and 40 mL of deionized water. Then, celite 545 was added
and the mixture was stirred for 30 minutes before being filtered through a celite
545 pad. The filtered solution was evaporated and extracted with
dichloromethane three times. Combined organic layers were dried over
anhydrous sodium sulfate and the solid was filtered off. And the filtered
solution was evaporated. Removing the solvent in vacuo provided 19.4 g of
(R)-N-methyl-5-((R)-1-phenylethyl)-5-azaspiro[2.4]heptan-7-amine  (91.0%
yield). 'H NMR (400 MHz, CDCls) § 7.27 (m, 5H), 3.22 (q, J = 6.6 Hz, 1H),
3.11(dd, J=9.4,6.1 Hz, 1H), 2.86 (t, = 5.5 Hz, 1H), 2.61 (d, J = 8.9 Hz, 1H),
2.39 (m, 1H), 2.30 (d, J = 4.9 Hz, 3H), 2.28 (d, J = 9.0 Hz, 1H), 1.37 (d, J= 6.6
Hz, 3H), 0.78 (m, 1H), 0.56 (dd, J = 8.6, 7.1 Hz, 2H), 0.35 (m, 1H). *C NMR
(100 MHz, CDCls) 6 145.4, 128.4, 127.3, 127.0, 66.2, 63.8, 61.9, 59.8, 34.4,

25.9,23.0,14.1, 7.3.
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Synthesis of N-methyl-N-((R)-5-((R)-1-phenylethyl)-5-
azaspiro[2.4]heptan-7-yl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine, (R)-4c

A (R)-N-methyl-5-((R)-1-phenylethyl)-5-azaspiro[2.4]heptan-7-amine
(R)-3c (18.3 g, 79.4 mmol) solution in 330 mL of deionized water was placed
in a 500 mL round bottom flask. Consequently, 6-chloro-7-deazapurine (12.8
g, 83.3 mmol) and potassium carbonate (22.0 g, 159 mmol) were added and

refluxed for 18 hours. After the reaction, it was cooled at room temperature and

the aqueous mixture was extracted with 250 mL of dichloromethane three times.

Combined organic layers were dried over anhydrous sodium sulfate and the
solid was filtered off while the filtered solution was evaporated. Removing the
solvent in vacuo provided 27.7 g of N-methyl-N-((R)-5-((R)-1-phenylethyl)-5-
azaspiro[2.4]heptan-7-yl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine (quantitatively
yield). 'TH NMR (400 MHz, CDCls) § 12.24 (s, 1H), 8.20 (s, 1H), 7.36 (d, J =
7.1 Hz, 2H), 7.30 (t, J = 7.4 Hz, 2H), 7.22 (dd, J = 13.4, 6.2 Hz, 1H), 7.03 (t, J
= 3.7 Hz, 1H), 6.53 (d, J = 3.4 Hz, 1H), 5.52 (s, 1H), 3.49 (s, 3H), 3.18 (dd, J
=13.0, 6.5 Hz, 1H), 2.87 (t, J = 9.5 Hz, 2H), 2.73 (dd, J = 10.5, 2.8 Hz, 1H),
245 (d, J=8.8 Hz, 1H), 1.38 (d, J = 6.5 Hz, 3H), 0.94 (m, 1H), 0.63 (m, 2H),
0.47 (m, 1H). **C NMR (100 MHz, CDCls3) § 158.0, 151.8, 150.6, 145.5, 128.6,
127.1,127.1,120.2, 102.7, 102.2, 66.2, 62.1, 59.7, 58.6, 33.8, 24.5, 23.2, 12.6,
11.6.

Synthesis  of  (R)-N-methyl-N-(5-azaspiro[2.4]heptan-7-yl)-7H-
pyrrolo[2,3-d]pyrimidin-4-amine, (R)-5c

A N-methyl-N-((R)-5-((R)-1-phenylethyl)-5-azaspiro[2.4]heptan-7-
yl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine (R)-4c (27.7 g, 79.7 mmol) solution
in 890 mL of methanol was placed in a 2 L round bottom flask. Then, 10w/w%
palladium on charcoal (14.0 g, 5 wt%) and 10.1 g of ammonium formate (10.1
g, 160 mmol) were added and the reaction mixture was stirred at 60~70 °C

overnight. After the reaction, it was filtered through a celite 545 pad before the
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solution was evaporated. Removing the solvent in vacuo provided 22.2 g of
(R)-N-methyl-N-(5-azaspiro[2.4]heptan-7-yl)-7H-pyrrolo[2,3-d]pyrimidin-4-
amine (quantitatively yield). *H NMR (400 MHz, CDClz) 5 12.13 (s, 1H), 8.25
(s, 1H), 7.08 (t, J = 6.0 Hz, 1H), 6.54 (d, J = 3.4 Hz, 1H), 5.35 (m, 1H), 4.52 (s,
1H), 3.64 (dd, J = 12.2, 8.2 Hz, 1H), 3.48 (t, J = 8.4 Hz, 1H), 3.41 (s, 3H), 3.27
(d, J=10.9 Hz, 1H), 2.96 (m, 1H), 0.91 (d, J = 9.8 Hz, 1H), 0.71 (m, 2H), 0.62
(d, J=10.1 Hz, 1H). *C NMR (100 MHz, CDCl3) 5 157.9, 151.8, 150.5, 120.7,
103.1, 102.1, 62.4, 56.2, 51.3, 34.8, 25.1, 14.9, 9.4.

Syntheses  of the  3-(7-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-
yhamino)-5-azaspiro[2.4]heptan-5-yl)-3-oxopropanenitrile enantiomers

In a5 mL round bottom flask, (R)-N-methyl-N-(5-azaspiro[2.4]heptan-
7-yl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine (R)-5c (210 mg, 0.863 mmol) was
placed and solved with 2.50 mL of n-butanol. Ethyl cyanoacetate (0.918 mL,
8.63 mmol) was added before 1,8-diazabicyclo[5.4.0]Jundec-7-ene (0.0654 mL,
0.437 mmol), then heated at 80 °C for 24 hours. The reaction solution was
evaporated and the residue was purified with flash column chromatography
(methanol:dichloromethane=2:98).  Finally, collected fragments were
evaporated. Removing the solvent in vacuo provided 238 mg of (R)-3-(7-
(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)-5-azaspiro[2.4]heptan-5-yl)-
3-oxopropanenitrile (88.8% yield).

In the cases of racemic mixture and (S)-enantiomer, the racemic
mixture and the (S)-enantiomer of 5-(1-phenylethyl)-5-azaspiro[2.4]heptan-7-
amine were purchased at Sundia Meditech, China, and the desired products
were synthesized from them by the processes similar to the synthesis of (R)-

form.

(R)-3-(7-(Methyl(7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)-5-
azaspiro[2.4]heptan-5-yl)-3-oxopropanenitrile, (R)-6¢
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100% purity by HPLC. *H NMR (500 MHz, CDCls) § 12.16 (s, 1H),
8.26 (d, J = 6.0 Hz, 1H), 7.13 (s, 1H), 6.56 (d, J = 8.6 Hz, 1H), 5.44 (dd, J =
41.1, 5.6 Hz, 1H), 4.26 — 4.00 (m, 1H), 3.98 — 3.70 (m, 2H), 3.58 — 3.32 (m,
6H), 1.16 — 0.94 (m, 1H), 0.82 (dd, J = 21.5, 10.3 Hz, 3H). *C NMR (100 MHz,
CDCls) & 159.9, 157.5, 151.9, 150.3, 120.9, 113.8, 103.1, 101.8, 77.4, 77.1,
76.8, 61.5, 54.8, 51.3, 33.5, 25.7, 22.6, 16.7, 8.1. HRMS (ESI) calcd for
C1sH19NsO: 311.1620. Obsd 311.1616. [a]o +51.6° (C 1.49, CHCls).

3-(7-(Methyl(7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)-5-

azaspiro[2.4]heptan-5-yl)-3-oxopropanenitrile, 6¢

Yield: 70.0 mg (79.2%). 96.8% purity by HPLC. *H NMR (500 MHz,
CDCls) 6 12.09 (s, 1H), 8.26 (d, J = 6.1 Hz, 1H), 7.13 (s, 1H), 6.56 (d, J = 8.9
Hz, 1H), 5.56 — 5.27 (m, 1H), 4.25 — 4.02 (m, 1H), 4.00 — 3.70 (m, 2H), 3.60 —
3.29 (m, 6H), 1.15 — 0.94 (m, 1H), 0.82 (dd, J = 19.5, 9.6 Hz, 3H). 13C NMR
(125 MHz, CDCl3) & 159.5, 157.3, 151.7, 150.1, 120.5, 113.3, 102.8, 101.6,
61.4,54.6,52.6, 33.2, 25.4, 22.5, 16.5, 8.0. HRMS (ESI) calcd for C16H19N6O:
311.1620. Obsd: 311.1616.

(S)-3-(7-(Methyl(7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)-5-
azaspiro[2.4]heptan-5-yl)-3-oxopropanenitrile, (S)-6¢

Yield: 117 mg (80.1%). 97.4% purity by HPLC. *H NMR (500 MHz,
CDCl3) 5 12.18 (s, 1H), 8.26 (s, 1H), 7.12 (s, 1H), 6.55 (s, 1H), 5.38 (t, J = 37.8
Hz, 1H), 4.10 (d, J=42.3 Hz, 1H), 3.82 (dd, J = 74.7, 15.0 Hz, 2H), 3.63 - 3.18
(m, 6H), 1.02 (d, J = 32.1 Hz, 1H), 0.78 (s, 3H). *C NMR (125 MHz, CDCls)
6 160.0, 157.5, 151.9, 150.2, 120.9, 113.9, 103.1, 101.8, 61.5, 54.8, 51.3, 33 .4,
25.7, 22.6, 16.7, 8.1. HRMS (ESI) calcd for CisH1sNsO: 311.1620. Obsd:
311.1616. [a]o +35.6° (¢ 0.980, CHClIs).

In the cases of 6a, 6b and 6d — 69, the desired products were
synthesized with 4-amino-1-benzylpiperidine, (R)-3-amino-1-
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benzylpiperidine,  ethyl  (5-benzyl-5-azaspiro[2.4]heptan-7-yl)carbamate,
(R,R)-6-benzyl-octahydro-pyrrolo[3,4-b]pyridine dihydrochloride, 4-
hydroxypiperidine, and 3-hydroxymethylpiperidine, respectively, instead of
(R)-5-((R)-1-phenylethyl)-5-azaspiro[2.4]heptan-7-amine according to the

aforementioned process (vide supra).

3-(4-(Methyl(7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)piperidin-1-yl)-

3-oxopropanenitrile, 6a

Yield: 6.2 mg (3.2%). 91.1% purity by HPLC. *H NMR (400 MHz,
DMSO-dg) 6 12.65 (s, 1H), 8.38 (s, 1H), 7.43 (s, 1H), 6.90 (d, J = 1.6 Hz, 1H),
4.75 (s, 1H), 4.52 (d, J = 12.8 Hz, 1H), 4.08 (s, 2H), 3.81 (d, J = 13.6 Hz, 1H),
3.27 - 3.20 (m, 3H), 2.82 — 2.75 (m, 1H), 2.03 — 1.91 (m, 1H), 1.77 (s, 2H),
1.23—1.18 (m, 2H). LRMS (ESI) calcd for CisH10NsO: 299.2. Obsd: 299.1.

(R)-3-(3-(Methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)piperidin-
1-yl)-3-oxopropanenitrile, 6b

Yield: 42.0 mg (36.2%). 97.2% purity by HPLC. *H NMR (400 MHz,
CDCls) § 10.41 (d, J = 84 Hz, 1H), 8.32 (s, 1H), 7.13 — 7.12 (m, 1H), 6.62 —
6.59 (m, 1H), 4.79 — 4.72 (m, 1H), 4.67 (d, J = 11.2 Hz, 1H), 3.91 — 3.55 (m,
3H), 3.38 (s, 2H), 3.27 (s, 1H), 3.12 (g, J = 13.2, 11.2 Hz, 1H), 2.65 — 2.58 (m,
1H), 2.11 — 2.08 (m, 1H), 2.02 — 1.69 (m, 3H). LRMS (ESI) calcd for
C1sH19NsO: 299.2. Obsd: 299.1.

N-(5-(7H-Pyrrolo[2,3-d]pyrimidin-4-yl)-5-azaspiro[2.4] heptan-7-yl)-

2-cyanoacetamide, 6d

Yield: 30.0 mg (44.0%). 100% purity by HPLC. *H NMR (400 MHz,
DMSO-ds) § 11.62 (s, 1H), 8.68 (d, J = 7.2 Hz, 1H), 8.18 (s, 1H), 7.13 (s, 1H),
6.55 (s, 1H), 3.99 (s, 2H), 3.85 (d, J = 10.0 Hz, 1H), 3.64 (s, 2H), 3.62 — 3.55
(m, 1H), 3.16 — 3.10 (m, 1H), 0.84 — 0.70 (m, 4H). LRMS (ESI) calcd for
C1sH17N6O: 297.1. Obsd: 297.1.
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3-((4aR,7aR)-1-(7H-Pyrrolo[2,3-d] pyrimidin-4-yl)octahydro-6H-
pyrrolo[3,4-b]pyridin-6-yl)-3-oxopropanenitrile, 6e

Yield: 50.0 mg (63.3%). 97.0% purity by HPLC. *H NMR (400 MHz,
CDCls) & 10.04 (s, 1H), 8.36 (d, J = 2.8 Hz, 1H), 7.15 — 7.08 (m, 1H), 6.58 —
6.54 (m, 1H), 5.65 — 5.51 (m, 1H), 4.65 — 4.57 (m, 1H), 4.01 — 3.49 (m, 4H),
3.46 (d, J = 3.6 Hz, 2H), 3.41 — 3.20 (m, 1H), 2.53 — 2.39 (m, 1H), 2.01 — 1.94
(m, 2H), 1.80 — 1.69 (m, 1H), 1.54 — 1.42 (m, 1H). LRMS (ESI) calcd for
C16H10N6O: 311.2. Obsd: 311.1.

3-(4-((7H-Pyrrolo[2,3-d] pyrimidin-4-yl)oxy)piperidin-1-yl)-3-

oxopropanenitrile, 6f

Yield: 35.4 mg (49.4%). 100% purity by HPLC. *H NMR (400 MHz,
CDCl3) 6 12.03 (s, 1H), 8.34 (s, 1H), 7.35 (t, J = 3.2 Hz, 1H), 6.47 (q, J = 3.6,
2.0 Hz, 1H), 5.58 — 5.43 (m, 1H), 4.08 (s, 2H), 3.90 — 3.86 (m, 1H), 3.63 — 3.59
(m, 1H), 3.47 — 3.32 (m, 2H), 2.09 — 2.00 (m, 2H), 1.82 — 1.77 (m, 1H), 1.69 —
1.61 (m, 1H). LRMS (ESI) calcd for C14H16NsO2: 286.1. Obsd: 286.1.

3-(3-(((7H-Pyrrolo[2,3-d]pyrimidin-4-yl)oxy)methyl)piperidin-1-yl)-

3-oxopropanenitrile, 6g

Yield: 54.9 mg (30.0%). 89.2% purity by HPLC. *H NMR (400 MHz,
DMSO-dg) § 12.03 (s, 1H), 8.34 (s, 1H), 7.36 (s, 1H), 6.54 — 6.46 (m, 1H), 4.43
—4.39 (m, 1H), 4.35 — 4.26 (M, 2H), 4.06 — 4.02 (m, 2H), 3.07 — 3.01 (m, 1H),
2.76 — 2.67 (m, 2H), 1.98 — 1.91 (m, 1H), 1.90 — 1.84 (m, 1H), 1.74 — 1.66 (m,
1H), 1.45 — 1.37 (m, 2H). LRMS (ESI) calcd for CisH1gNsO2: 300.1. Obsd:
300.1.

Synthesis of (R)-N-(5-ethyl-5-azaspiro[2.4]heptan-7-yl)-N-methyl-7H-
pyrrolo[2,3-d]pyrimidin-4-amine, 19

In a5 mL round-bottom flask, (R)-N-methyl-N-(5-azaspiro[2.4]heptan-
7-yl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine (R)-5c¢ (70.0 mg, 0.288 mmol) was
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placed and solved with 1.00 mL of dichloromethane. The solution was treated
with bromoethane (0.0320 mL, 0.432 mmol) and N,N-diisopropylethylamine
(0.100 mL, 0.574 mmol) was added. The reaction solution was stirred at room
temperature overnight then evaporated. The residue was purified by flash
column chromatography (methanol:dichloromethane=2:98) and collected
fragments were evaporated. Removing the solvent in vacuo provided 23.9 mg
of (R)-N-(5-ethyl-5-azaspiro[2.4]heptan-7-yl)-N-methyl-7H-pyrrolo[2,3-
d]pyrimidin-4-amine (30.7% yield). 100% purity by HPLC. *H NMR (400
MHz, CDCls) & 11.99 (s, 1H), 8.24 (s, 1H), 7.06 (d, J = 3.2 Hz, 1H), 6.57 (5,
1H), 5.58 (s, 1H), 3.46 (d, J = 2.8 Hz, 3H), 3.08 (s, 1H), 2.94 (s, 1H), 2.80 (d,
J =5.9 Hz, 1H), 2.58 (d, J = 5.4 Hz, 2H), 1.19 — 1.12 (m, 3H), 0.90 (dd, J =
21.8, 5.3 Hz, 2H), 0.68 (s, 2H), 0.50 (d, J = 5.7 Hz, 1H). *C NMR (100 MHz,
CDCls) 6 157.9, 151.8, 150.5, 120.0, 102.6, 102.0, 63.3, 59.9, 58.3, 50.4, 33.9,
24.1, 13.4, 13.2, 10.4. HRMS (ESI) calcd for CisH»Ns: 272.1875. Obsd:
272.1872. [a]o +43.2° (¢ 0.560, CHClIs).

In the cases of 20 and 21, the desired products were synthesized
through substitution reactions with n-butyl bromide and benzyl bromide,
respectively, instead of ethyl bromide according to the aforementioned process

(vide supra).

(R)-N-(5-Butyl-5-azaspiro[2.4]heptan-7-yl)-N-methyl-7H-
pyrrolo[2,3-d]pyrimidin-4-amine, 20

Yield: 35.0 mg (40.7%). 100% purity by HPLC. *H NMR (400 MHz,
CDCls) 6 11.46 (s, 1H), 8.24 (s, 1H), 7.06 (d, J = 3.5 Hz, 1H), 6.58 (d, J = 3.4
Hz, 1H), 5.55 (s, 1H), 3.48 (s, 3H), 3.02 (s, 2H), 2.86 (s, 1H), 2.67 — 2.40 (m,
3H), 1.65 — 1.47 (m, 2H), 1.38 (dg, J = 14.4, 7.3 Hz, 2H), 0.94 (t, J = 7.3 Hz,
4H), 0.69 (s, 2H), 0.52 (t, J = 10.2 Hz, 1H). 3C NMR (100 MHz, CDCls) &
157.8, 151.9, 150.7, 119.9, 102.6, 102.2, 63.4, 60.0, 58.6, 56.2, 34.1, 30.3, 24.0,
20.6, 14.0, 13.1, 10.6. HRMS (ESI) calcd for Ci7H26Ns: 300.2188. Obsd:
300.2188. [o]b +55.6° (¢ 0.410, CHCIs).
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(R)-N-(5-Benzyl-5-azaspiro[2.4] heptan-7-yl)-N-methyl-7H-
pyrrolo[2,3-d]pyrimidin-4-amine, 21

Yield: 40.0 mg (38.8%). 100% purity by HPLC. *H NMR (400 MHz,
CDCls) § 11.52 (s, 1H), 8.21 (s, 1H), 7.44 — 7.21 (m, 5H), 7.03 (d, J = 3.5 Hz,
1H), 6.56 (d, J = 3.4 Hz, 1H), 5.57 (s, 1H), 3.64 (dd, J = 31.2, 12.9 Hz, 2H),
3.52 (s, 3H), 3.01 — 2.87 (m, 2H), 2.76 (d, J = 8.9 Hz, 1H), 2.51 (d, J = 8.9 Hz,
1H), 1.01 — 0.90 (m, 1H), 0.70 — 0.56 (m, 2H), 0.51 — 0.40 (m, 1H). *C NMR
(100 MHz, CDCls) § 157.9, 151.8, 150.7, 138.9, 128.6, 128.3, 127.0, 119.7,
102.2, 63.3, 60.6, 59.1, 33.7, 24.4, 12.5, 11.2. HRMS (ESI) calcd for CaoH2sNs:
334.2032. Obsd: 334.2025. [a]o +52.9° (¢ 3.07, CHCls).

Synthesis of (R)-3-methyl-1-(7-(methyl(7H-pyrrolo[2,3-d] pyrimidin-4-
yh)amino)-5-azaspiro[2.4]heptan-5-yl)butan-1-one, 23

In a5 mL round-bottom flask, (R)-N-methyl-N-(5-azaspiro[2.4]heptan-
7-yl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine (R)-5c (60.0 mg, 0.247 mmol) was
placed and solved with 1.00 mL of N,N-dimethylformamide. The solution was
treated with isovaleryl chloride (46.6 mg, 0.386 mmol) and N,N-
diisopropylethylamine (0.0860 mL, 0.494 mmol) was added. The reaction
solution was stirred at room temperature overnight and then evaporated. The
residue was purified by column chromatography
(methanol:dichloromethane=2:98) and collected fragments were evaporated.
Removing the solvent in vacuo provided 32.0 mg of (R)-3-methyl-1-(7-
(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)-5-azaspiro[2.4]heptan-5-
yhbutan-1-one (39.1% yield). 100% purity by HPLC. *H NMR (500 MHz,
CDCl3) 6 12.06 (d, J = 16.4 Hz, 1H), 8.27 (d, J = 8.9 Hz, 1H), 7.11 (d, J = 9.6
Hz, 1H), 6.56 (d, J = 9.9 Hz, 1H), 5.37 (t, J = 38.6 Hz, 1H), 4.05 (ddd, J = 43.9,
27.1,11.7 Hz, 2H), 3.82 (dd, J = 66.1, 11.9 Hz, 1H), 3.65 (dd, J = 178.8, 11.3
Hz, 1H), 3.45 — 3.33 (m, 3H), 2.20 (d, J = 13.8 Hz, 3H), 0.99 (s, 6H), 0.78 (t, J
= 21.2 Hz, 4H). C NMR (125 MHz, CDCls) & 171.0, 157.5, 151.8, 150.2,

. q&t)eti



120.4, 102.8, 101.6, 61.6, 55.1, 52.5, 43.3, 33.1, 25.4, 24.8, 22.6, 16.6, 8.0.
HRMS (ESI) calcd for CisHasNsO: 328.2137. Obsd: 328.2126. [a]o +45.2° (c
1.21, CHCls).

In the cases of 24, 25, and 29 — 36, the desired products were
synthesized through substitution reactions with isobutyryl chloride,
cyclopropane carbonyl chloride, 2-furoyl chloride, benzoyl chloride, nicotinoyl
chloride hydrochloride, isonicotinoyl chloride hydrochloride, 3-cyanobenzoyl
chloride, 4-cyanobenzoyl chloride, 2-(trifluoromethyl)benzoyl chloride, and 3-
(trifluoromethyl)benzoyl chloride, respectively, instead of isovaleryl chloride

according to the aforementioned process (vide supra).

(R)-2-Methyl-1-(7-(methyl(7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)-
5-azaspiro[2.4]heptan-5-yl)propan-1-one, 24

Yield: 38.0 mg (42.2%). 100% purity by HPLC. *H NMR (500 MHz,
CDCl3) 6 12.06 (d, J = 17.4 Hz, 1H), 8.27 (d, J = 9.1 Hz, 1H), 7.11 (d, J = 10.0
Hz, 1H), 6.56 (d, J = 10.8 Hz, 1H), 5.37 (dd, J = 42.3, 38.0 Hz, 1H), 4.23 - 3.74
(m, 3H), 3.43 (t, J = 21.8 Hz, 4H), 2.79 — 2.56 (m, 1H), 1.16 (dd, J = 9.8, 5.6
Hz, 6H), 1.10 — 0.94 (m, 1H), 0.79 (td, J = 25.2, 8.8 Hz, 3H). *C NMR (125
MHz, CDCls) 6 175.4, 157.2, 151.9, 150.3, 120.4, 102.9, 101.7, 61.6, 54.2,
50.3, 32.8, 32.0, 24.9, 18.7, 16.8, 8.0. HRMS (ESI) calcd for Ci7H24NsO:
314.1981. Obsd: 314.1971. [o]o +50.0° (¢ 1.12, CHCIs).

(R)-Cyclopropyl(7-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)-
5-azaspiro[2.4]heptan-5-yl)methanone, 25

Yield: 41.0 mg (46.1%). 93.1% purity by HPLC. *H NMR (500 MHz,
CDCl3) § 12.28 (d, J = 15,5 Hz, 1H), 8.28 (d, J = 10.3 Hz, 1H), 7.12 (d, J =
10.0 Hz, 1H), 6.56 (d, J = 14.6 Hz, 1H), 5.44 (d, J = 15.0 Hz, 1H), 4.40 — 4.24
(m, 1H), 4.11 — 3.92 (m, 2H), 3.74 (dd, J = 141.4, 10.9 Hz, 2H), 3.45 (t, J =
21.3 Hz, 3H), 1.63 (d, J = 40.6 Hz, 1H), 1.16 — 0.94 (m, 3H), 0.80 (s, 4H). 1*C
NMR (125 MHz, CDCls) & 172.1, 157.7, 152.0, 150.4, 120.6, 103.0, 101.8,
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61.5, 54.5, 52.3, 33.2, 22.9, 16.8, 12.4, 12.3, 7.7. HRMS (ESI) calcd for
C17H22Ns0: 312.1824. Obsd: 312.1823. [a]p +60.0° (c 1.31, CHCl5).

(R)-Furan-2-yl(7-(methyl(7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)-5-
azaspiro[2.4]heptan-5-yl)methanone, 29

Yield: 60.0 mg (54.0%). 99.2% purity by HPLC. *H NMR (400 MHz,
CDCls) & 11.49 (s, 1H), 8.28 (s, 1H), 7.52 (s, 1H), 7.15 (d, J = 2.5 Hz, 1H), 7.10
(d, J = 3.4 Hz, 1H), 6.58 (d, J = 2.6 Hz, 1H), 6.51 (5, 1H), 5.48 (s, 1H), 4.60 —
4.41 (m, 1H), 4.25 (d, J = 10.0 Hz, 2H), 4.18 — 4.02 (m, 1H), 3.72 (dd, J = 70.6,
11.6 Hz, 1H), 3.44 (s, 2H), 1.06 (s, 1H), 0.83 (dd, J = 22.6, 14.3 Hz, 3H). *C
NMR (100 MHz, CDCls) § 157.8, 157.6, 151.5, 150.2, 144.4, 144.3, 120.5,
116.6, 111.5, 102.9, 102.1, 61.8, 58.5, 51.8, 33.3, 25.5, 16.7, 8.0. HRMS (ESI)
calcd for CisHaoNsO,: 338.1617. Obsd: 338.1616. [o]o +56.0° (¢ 0.360,
CHCls).

(R)-(7-(Methyl(7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)-5-
azaspiro[2.4]heptan-5-yl)(phenyl)methanone, 30

Yield: 77.7 mg (67.8%). 95.5% purity by HPLC. *H NMR (400 MHz,
CDCls) & 12.45 (s, 1H), 8.25 (d, J = 25.1 Hz, 1H), 7.54 (s, 2H), 7.39 (s, 2H),
7.28 (s, 1H), 7.06 (s, 1H), 6.53 (d, J = 21.5 Hz, 1H), 5.45 (d, J = 74.9 Hz, 1H),
4.40 — 3.97 (m, 2H), 3.89 — 3.54 (m, 2H), 3.42 (d, J = 20.4 Hz, 3H), 1.01 (s,
1H), 0.79 (dd, J = 26.4, 14.3 Hz, 2H), 0.63 (s, 1H). *C NMR (100 MHz, CDCl5)
5 169.5, 157.5, 151.9, 150.1, 136.1, 130.1, 128.4, 127.0, 120.7, 102.9, 101.7,
61.4, 57.5, 50.6, 33.2, 22.9, 16.5, 8.5. HRMS (ESI) calcd for CaoH2,NsO:
348.1824. Obsd: 348.1819. [o]o +22.5° (¢ 2.85, CHCls).

(R)-(7-(Methyl(7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)-5-
azaspiro[2.4]heptan-5-yl)(pyridin-3-yl)methanone, 31

Yield: 32.0 mg (32.0%). 100% purity by HPLC. *H NMR (500 MHz,
CDCls) 6 11.87 (s, 1H), 8.83 (s, 1H), 8.68 (d, J = 12.5 Hz, 1H), 8.25 (d, J =
31.9 Hz, 1H), 7.90 (s, 1H), 7.47 — 7.31 (m, 1H), 7.10 (d, J = 12.4 Hz, 1H), 6.56
_H 2- 1_'_” (=1,
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(d, J=27.7 Hz, 1H), 5.40 (dd, J = 73.5, 68.8 Hz, 1H), 4.37 — 4.03 (m, 2H), 3.94
—3.59 (m, 2H), 3.43 (t, J = 15.8 Hz, 3H), 1.05 (d, J = 8.0 Hz, 1H), 0.96 — 0.73
(m, 2H), 0.67 (s, 1H). 3C NMR (100 MHz, CDCls) & 166.9, 157.5, 152.0,
151.1, 150.4, 148.0, 135.0, 131.9, 123.4, 120.6, 103.0, 101.8, 61.5, 54.5, 50.7,
33.4, 22.6, 16.5, 8.4. HRMS (ESI) calcd for CigH21NgO: 349.1777. Obsd:
349.1764. [o]p +15.1° (¢ 1.12, CHCl5).

(R)-(7-(Methyl(7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)-5-
azaspiro[2.4]heptan-5-yl)(pyridin-4-yl)methanone, 32

Yield: 41.0 mg (28.7%). 94.1% purity by HPLC. *H NMR (500 MHz,
CDCls) 6 12.14 (s, 1H), 8.72 (d, J = 15.1 Hz, 2H), 8.25 (d, J = 31.9 Hz, 1H),
7.41 (s, 2H), 7.11 (d, J = 12.7 Hz, 1H), 6.55 (d, J = 24.5 Hz, 1H), 5.46 (d, J =
111.2 Hz, 1H), 4.19 (dt, J = 26.7, 13.8 Hz, 2H), 3.64 (d, J = 12.1 Hz, 1H), 3.56
(dd, J = 220.1, 10.6 Hz, 1H), 3.44 (d, J = 14.5 Hz, 3H), 1.04 (d, J = 6.5 Hz,
1H), 0.95 — 0.72 (m, 2H), 0.67 (s, 1H). *C NMR (125 MHz, CDCl3) & 166.9,
157.5, 152.0, 150.4, 150.3, 143.5, 121.1, 120.7, 103.0, 101.7, 61.4, 57.2, 50.6,
33.4, 22.6, 16.6, 8.5. HRMS (ESI) calcd for Ci9H21N6O: 349.1777. Obsd:
349.1772. [o]o +24.5° (¢ 1.16, CHCls).

(R)-3-(7-(Methyl(7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)-5-

azaspiro[2.4]heptane-5-carbonyl)benzonitrile, 33

Yield: 87.8 mg (71.4%). 97.7% purity by HPLC. *H NMR (400 MHz,
CDCls) § 12.28 (s, 1H), 8.27 (d, J = 23.4 Hz, 1H), 7.85 (5, 1H), 7.79 (d, J = 7.2
Hz, 1H), 7.76 — 7.64 (m, 1H), 7.62 — 7.46 (m, 1H), 7.11 (d, J = 5.6 Hz, 1H),
6.56 (d, J = 18.0 Hz, 1H), 5.46 (d, J = 82.3 Hz, 1H), 4.39 — 4.02 (m, 2H), 3.65
(t, J = 12.3 Hz, 1H), 3.58 (dd, J = 185.8, 10.4 Hz, 1H), 3.44 (d, J = 14.8 Hz,
3H), 1.05 (d, J = 10.3 Hz, 1H), 0.97 — 0.74 (m, 2H), 0.68 (s, 1H). *C NMR
(100 MHz, CDCls) 6 166.9, 157.5, 152.0, 150.2, 137.3, 133.5, 131.4, 130.8,
129.5,120.8,117.9,112.8, 103.1, 101.7, 61.5, 54.5, 50.8, 33.4, 22.6, 16.6, 8.4.
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HRMS (ESI) calcd for C21H21NeO: 373.1777. Obsd: 373.1772. [a]o +10.9° (c
0.963, CHCIs).

(R)-4-(7-(Methyl(7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)-5-

azaspiro[2.4]heptane-5-carbonyl)benzonitrile, 34

Yield: 78.0 mg (72.9%). 100% purity by HPLC. *H NMR (500 MHz,
CDCls) § 12.35 (s, 1H), 8.26 (d, J = 32.1 Hz, 1H), 7.78 — 7.67 (m, 2H), 7.64 (d,
J=6.7Hz, 2H), 7.11 (d, J = 12.4 Hz, 1H), 6.55 (d, J = 25.3 Hz, 1H), 5.45 (d, J
= 116.1 Hz, 1H), 4.19 (dt, J = 98.3, 17.9 Hz, 2H), 3.64 (d, J = 12.2 Hz, 1H),
3.55 (dd, J = 225.6, 10.4 Hz, 1H), 3.44 (d, J = 17.0 Hz, 3H), 1.03 (d, J = 6.0
Hz, 1H), 0.97 — 0.72 (m, 2H), 0.66 (s, 1H). 1*C NMR (125 MHz, CDCls) &
167.4, 157.5, 152.0, 150.2, 140.3, 132.4, 127.8, 120.8, 118.0, 113.8, 103.0,
101.7, 615, 57.3, 50.7, 33.4, 22.6, 16.6, 8.5. HRMS (ESI) calcd for CoyH21NsO:
373.1777. Obsd: 373.1766. [o]o +15.7° (¢ 2.54, CHCls).

(R)-(7-(Methyl(7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)-5-
azaspiro[2.4]heptan-5-yl)(2-(trifluoromethyl)phenyl)methanone, 35

Yield: 82.9 mg (69.7%). 98.8% purity by HPLC. *H NMR (400 MHz,
CDCls3) 6 12.19 (s, 1H), 8.30 (d, J = 32.9 Hz, 1H), 7.71 (dd, J = 13.4, 7.9 Hz,
1H), 7.66 — 7.56 (m, 1H), 7.52 (dt, J = 14.8, 7.6 Hz, 1H), 7.42 (d, J = 7.4 Hz,
1H), 7.09 (dd, J = 9.7, 3.5 Hz, 1H), 6.57 (dd, J = 18.0, 3.1 Hz, 1H), 5.69 — 5.31
(m, 1H), 4.07 (ddd, J = 19.1, 12.6, 7.8 Hz, 1H), 3.87 (dd, J = 163.0, 12.6 Hz,
1H), 4.18 — 3.35 (m, 1H), 3.45 (s, 3H), 3.31 (dd, J = 158.2, 10.8 Hz, 1H), 1.04
(dd, J=11.7, 6.7 Hz, 1H), 0.94 — 0.68 (m, 2H), 0.68 — 0.56 (m, 1H). *C NMR
(100 MHz, CDCls) 4 167.0, 157.5, 151.8, 150.0, 135.4 (d, J = 26.1 Hz), 132.3,
129.3 (d, J =4.1 Hz), 127.1 (d, J = 12.0 Hz), 126.9 — 126.6 (m), 123.6 (q, J =
273.8 Hz), 120.7, 103.2, 101.9, 61.2, 56.6, 50.2, 33.3, 24.8, 16.8, 8.3. HRMS
(ESI) calcd for Ca1H21FsNsO: 416.1698. Obsd: 416.1695. [a]p +25.1° (¢ 1.71,
CHCly).
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(R)-(7-(Methyl(7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)-5-
azaspiro[2.4]heptan-5-yl)(3-(trifluoromethyl)phenyl)methanone, 36

Yield: 55.0 mg (46.2%). 98.4% purity by HPLC. *H NMR (400 MHz,
CDCls) § 11.67 (s, 1H), 8.27 (s, 1H), 7.82 (s, 1H), 7.71 (dd, J = 17.7, 7.8 Hz,
2H), 7.62 — 7.46 (m, 1H), 7.09 (s, 1H), 6.58 (d, J = 20.8 Hz, 1H), 5.48 (d, J =
77.8 Hz, 1H), 4.39 - 4.01 (m, 2H), 3.66 (t, J = 13.7 Hz, 1H), 3.59 (dd, J = 173.8,
10.5 Hz, 1H), 3.46 (d, J = 18.1 Hz, 3H), 1.05 (d, J = 10.5 Hz, 1H), 0.98 — 0.73
(m, 2H), 0.68 (s, 1H). *C NMR (100 MHz, CDCls) & 167.8, 157.5, 151.4,
149.9, 136.8, 131.0 (q, J = 32.8 Hz), 130.4, 129.1, 126.9, 124.1, 123.6 (g, J =
273.0 Hz), 120.7, 103.4, 102.0, 61.5, 54.5, 50.7, 33.4, 22.8, 16.6, 8.4. HRMS
(ESI) calcd for Ca1H21FaNsO: 416.1698. Obsd: 416.1692. [o]o +20.7° (¢ 0.730,
CHCls).

Synthesis of (R)-2-azido-1-(7-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-
yh)amino)-5-azaspiro[2.4]heptan-5-yl)ethan-1-one, 22

In a 10 mL round-bottom flask, 2-azidoacetic acid (208 mg, 2.06 mmol)
was placed and solved with 6.0 mL of N,N-dimethylformamide. N,N’-
dicyclohexylcarbodiimide (423 mg, 2.05 mmol) and N,N-
diisopropylethylamine (0.716 mL, 4.11 mmol) were added and the reaction
mixture was stirred for 15 minutes. In a second 25 mL round-bottom flask, (R)-
N-methyl-N-(5-azaspiro[2.4]heptan-7-yl)-7H-pyrrolo[2,3-d]pyrimidin-4-
amine (R)-5c¢ (300 mg, 1.23 mmol) was placed and the reaction mixture of 2-
azidoacetic acid was transferred to this second flask. The reaction mixture was
refluxed overnight and then cooled at room temperature before being filtered
through a celite 545 pad and the solution evaporated. The residue was purified
with column chromatography (methanol:dichloromethane=2:98) and collected
fragments were evaporated. Removing the solvent in vacuo provided 41.0 mg
of (R)-2-azido-1-(7-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)-5-
azaspiro[2.4]heptan-5-yl)ethan-1-one (11.9% yield). 100% purity by HPLC. *H

77 'H k! ]'-'” hllr A



NMR (500 MHz, CDCls) § 11.80 (s, 1H), 8.23 (d, J = 22.5 Hz, 1H), 7.10 (d, J
=17.0 Hz, 1H), 6.56 (s, 1H), 5.55 —5.22 (m, 1H), 4.17 — 3.94 (m, 1H), 3.90 (d,
J = 16.4 Hz, 2H), 3.81 — 3.47 (m, 2H), 3.38 (dd, J = 33.1, 19.3 Hz, 4H), 1.03
(d, J=46.0 Hz, 1H), 0.91 - 0.58 (m, 3H). 3C NMR (125 MHz, CDCls) 5 165.7,
157.5,151.9, 150.4,120.8, 103.1, 101.8, 61.7,54.5, 51.6, 51.0, 33.4, 22.4, 16.8,
8.1. HRMS (ESI) calcd for C1sH19NsO: 327.1682. Obsd: 327.1673. [a]p +37.3°
(c 1.49, CHCl5).

In the cases of 26 — 28, the desired products were synthesized through
amide coupling reactions with N-acetylglycine, 3-(methylamino)-3-
oxopropanoic acid, and 1-acetyl-4-piperidinecarboxylic acid, respectively,
instead of 2-azidoacetic acid according to the aforementioned process (vide

supra).

(R)-N-(2-(7-(Methyl(7H-pyrrolo[ 2,3-d] pyrimidin-4-yl)amino)-5-
azaspiro[2.4]heptan-5-yl)-2-oxoethyl)acetamide, 26

Yield: 62.1 mg (44.0%). 98.6% purity by HPLC. *H NMR (400 MHz,
CDCls) & 12.07 (s, 1H), 8.26 (s, 1H), 7.30 (s, 1H), 7.12 (s, 1H), 6.55 (s, 1H),
5.43 (d, J = 11.0 Hz, 1H), 4.09 (d, J = 15.0 Hz, 2H), 3.88 (ddd, J = 47.9, 37.2,
16.8 Hz, 2H), 3.45 (dd, J = 42.9, 13.8 Hz, 3H), 2.04 (s, 3H), 1.26 (s, 2H), 1.15
—0.96 (m, 1H), 0.96 — 0.61 (m, 3H). 3C NMR (100 MHz, CDCls) § 170.5,
167.0, 157.5, 151.9, 150.2, 120.9, 103.1, 101.7, 61.3, 54.4, 51.2, 42.0, 33.3,
24.6, 22.8, 16.6, 8.1. HRMS (ESI) calcd for Ci7H23NgO2: 343.1882. Obsd:
343.1879. [o]p +42.2° (¢ 1.00, CHCl5).

(R)-N-Methyl-3-(7-(methyl(7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)-
5-azaspiro[2.4]heptan-5-yl)-3-oxopropanamide, 27

Yield: 39.1 mg (13.0%). 100% purity by HPLC. *H NMR (400 MHz,
CDCls3) 6 11.96 (d, J = 30.6 Hz, 1H), 8.24 (dd, J = 6.6, 1.8 Hz, 1H), 8.13 (s,
1H), 7.11 (s, 1H), 6.54 (s, 1H), 5.51 — 5.34 (m, 1H), 4.13 (ddd, J = 21.2, 12.6,
7.5 Hz, 1H), 4.00 — 3.80 (m, 2H), 3.49 (t, J = 11.6 Hz, 1H), 3.40 (d, J = 14.5
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Hz, 3H), 3.35 (t, J = 19.8 Hz, 2H), 2.83 (dd, J = 4.5, 2.1 Hz, 3H), 1.11 — 0.94
(m, 1H), 0.90 — 0.68 (m, 3H). *C NMR (100 MHz, CDCls) & 167.0, 166.7,
157.5, 152.0, 150.4, 120.8, 103.0, 101.7, 59.3, 55.6, 52.7, 41.3, 33.3, 26.1, 22.9,
16.3, 8.1. HRMS (ESI) calcd for C17H23NsO2: 343.1882. Obsd: 343.1872. [a]p
+37.2° (¢ 1.30, CHCls).

(R)-1-(4-(7-(Methyl(7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)-5-
azaspiro[2.4]heptane-5-carbonyl)piperidin-1-yl)ethan-1-one, 28

Yield: 104 mg (64.0%). 95.3% purity by HPLC. *H NMR (400 MHz,
CDCls) § 12.29 (s, 1H), 8.36 — 8.21 (m, 1H), 7.13 (dd, J = 9.8, 2.7 Hz, 1H),
6.62 — 6.51 (M, 1H), 5.54 —5.31 (M, 1H), 4.62 (dd, J = 17.9, 8.6 Hz, 1H), 4.19
(dd, J = 9.8, 6.5 Hz, 1H), 4.11 — 3.76 (m, 3H), 3.54 — 3.46 (m, 1H), 3.46 — 3.33
(m, 3H), 3.19 — 3.01 (m, 1H), 2.75 — 2.51 (m, 2H), 2.17 — 2.02 (m, 3H), 1.97 —
1.63 (m, 4H), 1.15 — 0.95 (m, 1H), 0.92 — 0.71 (m, 3H). *C NMR (100 MHz,
CDCls) & 172.6, 168.8, 157.5, 152.0, 150.3, 120.8, 103.1, 101.7, 61.9, 58.9,
50.6, 45.7, 40.9, 40.2, 33.4, 24.9, 21.4, 16.0, 8.1. HRMS (ESI) calcd for
CatH2oNsO,: 397.2352. Obsd: 397.2343. [o]o +45.2° (C 1.63, CHCls).

Synthesis of (R)-3-(7-(methyl(7H-pyrrolo[2,3-d] pyrimidin-4-
yl)amino)-5-azaspiro[2.4]heptan-5-yl)-3-thioxopropanenitrile, 37

In a 5 mL round-bottom flask, (R)-3-(7-(methyl(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)-5-azaspiro[2.4]heptan-5-yl)-3-oxopropanenitrile (R)-
6¢c (44.7 mg, 0.144 mmol) was placed and solved with 1.40 mL of
dichloromethane. The solution was treated with Lawesson’s reagent (32.0 mg,
0.0791 mmol) and stirred for 3 days before being evaporated. The residue was
purified with column chromatography (methanol:dichloromethane=2:98) and
collected fragments were evaporated. Removing the solvent in vacuo provided
370 mg of (R)-3-(7-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)-5-
azaspiro[2.4]heptan-5-yl)-3-thioxopropanenitrile (78.7% yield). 100% purity
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by HPLC. 'H NMR (400 MHz, CDCls) & 12.07 (s, 1H), 8.27 (d, J = 3.4 Hz,
1H), 7.20 — 7.08 (m, 1H), 6.57 (dd, J = 5.7, 3.7 Hz, 1H), 5.45 (it, J = 186.7,
93.9 Hz, 1H), 4.42 — 4.25 (m, 1H), 4.20 (dd, J = 131.3, 13.0 Hz, 1H), 4.01 (dd,
J=162.4,14.4 Hz, 1H), 3.98 — 3.85 (m, 2H), 3.90 (dd, J = 211.1, 11.8 Hz, 1H),
3.44 (t, J = 19.7 Hz, 3H), 1.16 — 1.00 (m, 1H), 0.97 — 0.74 (m, 3H). °C NMR
(100 MHz, CDCl3) & 184.8, 157.4, 152.0, 150.2, 121.0, 114.1, 103.2, 101.8,
62.3,59.1, 57.0, 34.2, 33.7, 25.2, 16.9, 8.1. HRMS (ESI) calcd for C16H1oNsS:
327.1392. Obsd: 327.1380. [o]o +48.8° (¢ 1.23, CHClIs).

Synthesis of isobutyl (R)-7-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-
yl)amino)-5-azaspiro[2.4]heptane-5-carboxylate, 38

In a5 mL round-bottom flask, (R)-N-methyl-N-(5-azaspiro[2.4]heptan-
7-yl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine (R)-5c¢ (100 mg, 0.411 mmol) was
placed and solved with 1.00 mL of N,N-dimethylformamide. The solution was
treated with isobutyl chloroformate (84.2 mg, 0.616 mmol) and N,N-
diisopropylethylamine (0.138 mL, 0.792 mmol) was added. The reaction
solution was stirred at room temperature overnight and evaporated. The residue
was purified by column chromatography (methanol:dichloromethane=2:98)
and collected fragments were evaporated. Removing the solvent in vacuo
provided 107.0 mg of isobutyl (R)-7-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-
yl)amino)-5-azaspiro[2.4]heptane-5-carboxylate (76.4% vyield). 100% purity
by HPLC. 'H NMR (500 MHz, CDCls) § 12.56 (s, 1H), 8.28 (s, 1H), 7.11 (s,
1H), 6.55 (s, 1H), 5.41 (s, 1H), 4.08 — 3.97 (m, 1H), 3.91 (d, J = 4.7 Hz, 2H),
3.85 — 3.66 (M, 2H), 3.42 (s, 3H), 3.39 — 3.29 (m, 1H), 2.02 — 1.87 (m, 1H),
1.01 (s, 1H), 0.94 (s, 6H), 0.75 (d, J = 9.4 Hz, 3H). 3C NMR (125 MHz, CDCls)
6 157.7, 154.9, 152.0, 150.3, 120.6, 102.9, 101.8, 71.4, 61.0, 54.6, 51.1, 33.0,
28.0,23.6,19.1, 16.5, 8.1. HRMS (ESI) calcd for C1gH26N502: 344.2087. Obsd:
344.2077. [o]o +33.2° (c 4.45, CHCl5).
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Synthesis  of  (R)-N-butyl-7-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-
yl)amino)-5-azaspiro[2.4]heptane-5-carboxamide, 39

In a5 mL round-bottom flask, (R)-N-methyl-N-(5-azaspiro[2.4]heptan-
7-yl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine (R)-5c (49.2 mg, 0.202 mmol) was
placed and solved with 2.00 mL of dichloromethane. N,N-
diisopropylethylamine (0.0370 mL, 0.212 mmol) was added and the mixture
was treated with 0.0241 mL of butyl isocyanate (0.0241 mL, 0.214 mmol). The
reaction solution was stirred for 2 hours before being evaporated. The residue
was purified by column chromatography (methanol:dichloromethane=2:98)
and collected fragments were evaporated. Removing the solvent in vacuo
provided 67.7 mg of (R)-N-butyl-7-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-
yl)amino)-5-azaspiro[2.4]heptane-5-carboxamide (97.8% vyield). 100% purity
by HPLC. *H NMR (400 MHz, CDCl3) § 12.31 (s, 1H), 8.26 (s, 1H), 7.10 (s,
1H), 6.54 (s, 1H), 5.38 (d, J = 5.5 Hz, 1H), 4.46 (s, 1H), 3.98 (dd, J = 10.4, 7.6
Hz, 1H), 3.71 (dd, J = 31.5, 10.3 Hz, 2H), 3.41 (s, 3H), 3.33 (d, J = 9.8 Hz, 1H),
3.26 (d, J = 5.1 Hz, 2H), 1.50 (dt, J = 14.5, 7.2 Hz, 2H), 1.34 (td, J = 14.5, 7.2
Hz, 2H), 0.99 (d, J = 7.7 Hz, 1H), 0.92 (t, J = 7.2 Hz, 3H), 0.85 (s, 1H), 0.75 (s,
2H). 3C NMR (100 MHz, CDCls) § 157.6, 156.6, 151.5, 150.0, 120.7, 102.9,
101.9,61.0,54.4,51.1,40.4,33.1,32.5,24.1,20.0, 16.7,13.8, 8.1. HRMS (ESI)
calcd for CisH2rNsO: 343.2246. Obsd: 343.2241. [a]o +43.2° (¢ 2.89, CHCIs).

In the cases from 40 to 48, the desired products were synthesized
through substitution reactions with cyclohexyl isocyanate, phenyl isocyanate,
isocyanic acid 4-fluorophenyl ester, isocyanic acid 2,4-dichlorophenyl ester,
3,4-dichlorophenyl isocyanate, 2,5-dichlorophenyl isocyanate, 2,3-
dichlorophenyl isocyanate, 3-chloro-4-methylphenyl isocyanate, and 2-
biphenyl isocyanate, respectively, instead of butyl isocyanate according to the

aforementioned process (vide supra).
(R)-N-Cyclohexyl-7-(methyl(7H-pyrrolo[2,3-d] pyrimidin-4-

yl)amino)-5-azaspiro[2.4]heptane-5-carboxamide, 40
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Yield: 59.1 mg (78.4%). 96.4% purity by HPLC. *H NMR (400 MHz,
CDCls)  12.25 (s, 1H), 8.28 (s, 1H), 7.10 (d, J = 2.1 Hz, 1H), 6.56 (s, 1H), 5.39
(d, J = 5.8 Hz, 1H), 4.18 (d, J = 7.6 Hz, 1H), 3.97 (dd, J = 10.8, 7.5 Hz, 1H),
3.66 (t, J = 10.8 Hz, 2H), 3.53 (dd, J = 163.5, 9.8 Hz, 2H), 3.43 (s, 3H), 1.97
(d, J = 11.4 Hz, 2H), 1.70 (d, J = 9.8 Hz, 2H), 1.60 (d, J = 12.8 Hz, 1H), 1.36
(td, J = 14.2, 2.5 Hz, 2H), 1.22 — 1.04 (m, 3H), 1.03 — 0.93 (m, 1H), 0.76 (s,
3H). 3C NMR (100 MHz, CDCls) § 157.6, 155.9, 151.5, 150.0, 120.6, 103.0,
101.9,61.0,54.4,51.1,49.2, 34.1, 33.1, 25.6, 25.0, 24.0, 16.7, 8.1. HRMS (ESI)
calcd for CaoH2sNsO: 369.2403. Obsd: 369.2398. [o]o +39.1° (¢ 2.39, CHCI,).

(R)-7-(Methyl(7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)-N-phenyl-5-

azaspiro[2.4]heptane-5-carboxamide, 41

Yield: 70.6 mg (94.8%). 98.5% purity by HPLC. *H NMR (400 MHz,
CDCls) § 11.63 (s, 1H), 8.29 (s, 1H), 7.44 (d, J = 7.2 Hz, 2H), 7.29 (s, 2H), 7.09
(s, 1H), 7.02 (t, J = 7.2 Hz, 1H), 6.52 (d, J = 45.2 Hz, 2H), 5.43 (s, 1H), 4.11
(s, 1H), 3.84 (dd, J = 21.3, 10.0 Hz, 2H), 3.68 — 3.25 (m, 1H), 3.46 (s, 3H), 1.04
(d, J = 8.6 Hz, 1H), 0.95 — 0.69 (m, 3H). 3C NMR (100 MHz, CDCls)  157.5,
153.7,150.9, 149.6, 138.8, 128.9, 123.1, 120.7, 119.7, 103.1, 102.2, 61.2, 54.6,
51.4, 33.3, 24.0, 16.8, 8.2. HRMS (ESI) calcd for C20H23NsO: 363.1933. Obsd:
363.1928. [a]p +38.0° (c 0.707, CHCls).

(R)-N-(4-Fluorophenyl)-7-(methyl(7H-pyrrolo[ 2,3-d] pyrimidin-4-

yl)amino)-5-azaspiro[2.4]heptane-5-carboxamide, 42

Yield: 50.8 mg (46.6%). 99.2% purity by HPLC. 'H NMR (400 MHz,
DMSO-ds) § 12.03 (s, 1H), 8.41 —8.28 (m, 1H), 8.18 (s, 1H), 7.52 (dd, J = 6.9,
5.2 Hz, 2H), 7.26 (s, 1H), 7.07 (t, J = 7.9 Hz, 2H), 6.72 (s, 1H), 5.20 (s, 1H),
4.03 (dd, J = 11.1, 7.4 Hz, 1H), 3.80 (t, J = 10.6 Hz, 2H), 3.49 (d, J = 68.5 Hz,
10H), 3.37 (s, 9H), 0.95 (d, J = 10.2 Hz, 1H), 0.84 (d, J = 13.6 Hz, 2H), 0.68
(d, J = 10.1 Hz, 1H). C NMR (101 MHz, DMSO-ds) & 157.7 (d, J = 237.8
Hz), 154.2, 149.9, 148.6, 137.1 (d, J = 2.4 Hz), 122.2, 121.5 (d, J = 7.6 H2),
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115.2 (d, J = 22.0 Hz), 102.9, 102.5, 61.6, 54.5, 51.5, 33.6, 24.2, 16.5, 8.2.
HRMS (ESI) calcd for CaoH2oFNsO: 381.1839. Obsd: 381.1835. [o]o +54.3° (c
0.223, MeOH).

(R)-N-(2,4-Dichlorophenyl)-7-(methyl(7H-pyrrolo[2,3-d] pyrimidin-4-

yl)amino)-5-azaspiro[2.4]heptane-5-carboxamide, 43

Yield: 82.7 mg (67.2%). 97.3% purity by HPLC. *H NMR (400 MHz,
CDCls) § 12.01 (s, 1H), 8.28 (d, J = 8.9 Hz, 2H), 7.40 — 7.31 (m, 1H), 7.22 (dd,
J=8.9, 2.1 Hz, 1H), 7.13 (d, J = 2.6 Hz, 1H), 6.82 (s, 1H), 6.59 (s, 1H), 5.53
(d, J=6.3 Hz, 1H), 4.16 (dd, J = 10.9, 7.5 Hz, 1H), 3.87 (dd, J = 23.7, 10.4 Hz,
2H), 3.48 (s, 3H), 3.42 (s, 1H), 1.08 (d, J = 10.3 Hz, 1H), 0.84 (s, 3H). *C NMR
(100 MHz, CDCl3) & 157.6, 152.6, 151.5, 150.0, 134.4, 128.3, 127.9, 127.4,
122.3,121.2,120.7, 103.0, 102.0, 60.7, 54.4,51.1, 33.2, 24.1, 16.8, 8.2. HRMS
(ESI) calcd for CaoHaiCloNsO: 431.1154. Obsd: 431.1146. [o]p +47.8° (¢ 0.970,
CHCIs).

(R)-N-(3,4-Dichlorophenyl)-7-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-

yl)amino)-5-azaspiro[2.4]heptane-5-carboxamide, 44

Yield: 34.7 mg (38.0%). 99.1% purity by HPLC. *H NMR (400 MHz,
CDCl3) 6 11.85 (d, J = 18.4 Hz, 1H), 8.24 (s, 1H), 7.64 (s, 1H), 7.26 (d, J = 4.1
Hz, 2H), 7.07 (d, J = 2.2 Hz, 1H), 6.72 (d, J = 12.8 Hz, 1H), 6.52 (d, J = 2.7
Hz, 1H), 5.37 (d, J = 4.8 Hz, 1H), 4.05 (dd, J = 10.6, 7.0 Hz, 1H), 3.79 (dd, J =
25.3, 10.5 Hz, 2H), 3.40 (s, 4H), 1.00 (s, 1H), 0.82 (d, J = 42.1 Hz, 3H). *C
NMR (100 MHz, CDCl3) & 157.6, 153.2, 151.8, 150.3, 138.5, 132.4, 130.2,
125.9,121.2,120.6, 118.9, 103.0, 101.9, 61.0, 54.6, 51.5, 33.2, 23.8, 16.8, 8.2.
HRMS (ESI) calcd for CH21CIoN6O: 431.1154. Obsd: 431.1148. [o]p +48.5°
(c 0.850, CHCls).

(R)-N-(2,5-Dichlorophenyl)-7-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-

yl)amino)-5-azaspiro[2.4] heptane-5-carboxamide, 45

83 'Ai E ]'-'” tﬂr T



Yield: 77.6 mg (86.0%). 98.4% purity by HPLC. *H NMR (400 MHz,
CDCls) § 12.32 (s, 1H), 8.36 (d, J = 53.7 Hz, 2H), 7.12 (s, 1H), 7.07 (dd, J =
124.5, 8.5 Hz, 2H), 6.88 (s, 1H), 6.57 (s, 1H), 5.53 (d, J = 5.8 Hz, 1H), 4.24 —
4.07 (m, 1H), 3.87 (dd, J = 21.7, 10.3 Hz, 2H), 3.48 (s, 1H), 3.46 (s, 3H), 1.07
(d, J = 8.7 Hz, 1H), 0.83 (s, 3H). *C NMR (100 MHz, CDCls) § 157.6, 152.4,
152.1, 150.3, 136.5, 133.5, 129.3, 122.9, 120.7, 120.2, 119.9, 103.0, 101.8,
60.6, 54.4, 51.0, 33.2, 24.1, 16.7, 8.1. HRMS (ESI) calcd for CaoH21ClN6O:
431.1154. Obsd: 431.1148. [o]o +34.6° (¢ 2.36, DMSO).

(R)-N-(2,3-Dichlorophenyl)-7-(methyl(7H-pyrrolo[2,3-d] pyrimidin-4-

yl)amino)-5-azaspiro[2.4]heptane-5-carboxamide, 46

Yield: 72.2 mg (78.2%). 98.8% purity by HPLC. *H NMR (400 MHz,
CDCls) § 12.36 (s, 1H), 8.45 —8.16 (m, 2H), 7.23 — 7.06 (m, 3H), 6.97 (s, 1H),
6.58 (s, 1H), 5.54 (d, J = 5.8 Hz, 1H), 4.17 (dd, J = 10.8, 7.6 Hz, 1H), 3.88 (dd,
J=19.3,10.4 Hz, 2H), 3.50 (s, 1H), 3.47 (s, 3H), 1.07 (d, J = 8.0 Hz, 1H), 0.86
(d, J = 18.6 Hz, 3H). 13C NMR (100 MHz, CDCls) § 157.6, 152.6, 151.7, 150.0,
137.3,132.3, 127.7, 123.7, 120.8, 120.4, 118.4, 103.1, 101.9, 60.7, 54.4, 51.1,
33.2,24.2,16.7, 8.2. HRMS (ESI) calcd for CaoHz1CloNsO: 431.1154. Obsd:
431.1148. [o]o +31.7° (¢ 3.17, CHCls).

(R)-N-(3-Chloro-4-methylphenyl)-7-(methyl(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)-5-azaspiro[2.4] heptane-5-carboxamide, 47

Yield: 82.1 mg (93.8%). 98.3% purity by HPLC. *H NMR (400 MHz,
CDCls) § 12.26 (s, 1H), 8.24 (s, 1H), 7.49 (s, 1H), 7.20 (d, J = 6.6 Hz, 1H), 7.13
—6.98 (M, 2H), 6.87 (s, 1H), 6.49 (s, 1H), 5.36 (s, 1H), 4.04 (s, 1H), 3.79 (d, J
= 8.2 Hz, 2H), 3.42 (d, J = 32.5 Hz, 1H), 3.36 (s, 3H), 2.25 (s, 3H), 0.97 (d, J
= 8.3 Hz, 1H), 0.72 (s, 3H). *C NMR (100 MHz, CDCls) § 157.5, 153.8, 151.5,
150.0, 137.9, 134.1, 130.7, 130.3, 120.7, 120.5, 118.4, 103.0, 101.9, 61.0, 54.5,
51.3, 33.2, 23.9, 19.3, 16.6, 8.1. HRMS (ESI) calcd for CaHaCINGO:
411.1700. Obsd: 411.1694. [o]o +41.1° (¢ 3.38, CHCl5).
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(R)-N-([1,1'-Biphenyl]-2-yI)-7-(methyl(7H-pyrrolo[2,3-d] pyrimidin-

4-yl)amino)-5-azaspiro[2.4]heptane-5-carboxamide, 48

Yield: 29.7 mg (32.5%). 97.9% purity by HPLC. *H NMR (400 MHz,
CDCls) 8 11.27 (s, 1H), 8.24 (s, 1H), 8.20 (d, J = 8.3 Hz, 1H), 7.51 — 7.30 (m,
6H), 7.21 (d, J = 7.2 Hz, 1H), 7.10 (dd, J = 9.2, 5.5 Hz, 2H), 6.55 (d, J = 2.9
Hz, 1H), 6.38 (s, 1H), 5.34 (d, J = 6.4 Hz, 1H), 3.82 (dd, J = 10.9, 7.5 Hz, 1H),
3.64 (d, J = 10.0 Hz, 1H), 3.48 (d, J = 10.1 Hz, 1H), 3.38 (s, 3H), 3.20 (d, J =
9.9 Hz, 1H), 1.04 — 0.95 (m, 1H), 0.78 — 0.59 (m, 3H). *C NMR (101 MHz,
CDCls) & 157.4, 153.4, 149.6, 148.6, 138.5, 135.8, 131.5, 129.6, 129.2, 129.1,
128.5,128.0, 123.0, 120.9, 120.6, 102.5, 61.1, 54.2, 50.9, 31.9, 22.7, 16.8, 8.1.
HRMS (ESI) calcd for CosHzrNeO: 439.2246. Obsd: 439.2242. [o]p +29.2° (¢
0.587, CHCl5).

Synthesis  of (R)-N-(3,5-bis(trifluoromethyl)phenyl)-7-(methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino)-5-azaspiro[2.4]heptane-5-
carbothioamide, 49

In a5 mL round-bottom flask, (R)-N-methyl-N-(5-azaspiro[2.4]heptan-
7-yl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine (R)-5c¢ (49.8 mg, 0.205 mmol) was
placed and solved with 2.00 mL of dichloromethane. N,N-
diisopropylethylamine (0.0374 mL, 0.215 mmol) was added and the mixture
was treated with 3,5-bis(trifluoromethyl)phenyl isothiocyanate (0.0400 mL,
0.219 mmol). The reaction solution was stirred for 2 hours before being
evaporated. The residue was purified by column chromatography
(methanol:dichloromethane=2:98) and collected fragments were evaporated.
Removing the solvent in vacuo provided 109.8 mg of (R)-N-(3,5-
bis(trifluoromethyl)phenyl)-7-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-
yl)amino)-5-azaspiro[2.4]heptane-5-carbothioamide  (quantitatively yield).
99.5% purity by HPLC. 'H NMR (400 MHz, CDCls) § 12.02 (s, 1H), 8.27 (s,
1H), 7.97 (s, 2H), 7.69 (s, 1H), 7.62 (s, 1H), 7.08 (s, 1H), 6.55 (s, 1H), 5.42 (s,
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1H), 4.30 (s, 1H), 4.15 (5, 2H), 3.72 (s, 1H), 3.43 (s, 3H), 1.03 (s, 1H), 0.83 (s,
3H). 3C NMR (101 MHz, CDCls) & 177.8, 157.5, 151.4, 149.7, 140.7, 131.6
(0, J = 33.6 Hz), 124.8, 123.0 (q, J = 272.9 Hz), 120.9, 118.6, 103.4, 102.0,
61.0, 55.3, 33.4, 29.7, 23.3, 16.8, 8.0. HRMS (ESI) calcd for CooHaiFsNeS:
515.1453. Obsd: 515.1446. [o]o +51.4° (¢ 3.37, CHCl5).

Synthesis of (R)-N-(5-(ethylsulfonyl)-5-azaspiro[2.4]heptan-7-yl)-N-
methyl-7H-pyrrolo[2,3-d]pyrimidin-4-amine, 50

In a5 mL round bottom flask, (R)-N-methyl-N-(5-azaspiro[2.4]heptan-
7-yl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine (R)-5c (70.0 mg, 0.288 mmol) was
placed and solved with 0.700 mL of N,N-dimethylformamide. The solution was
treated with ethanesulfonyl chloride (55.5 mg, 0.432 mmol) and N,N-
diisopropylethylamine (0.208 mL, 1.19 mmol) was added. Then, the reaction
solution was stirred at room temperature overnight before being evaporated.
The residue was purified by flash column  chromatography
(methanol:dichloromethane=2:98) and collected fragments were evaporated.
Removing the solvent in vacuo provided 80.0 mg of (R)-N-(5-(ethylsulfonyl)-
5-azaspiro[2.4]heptan-7-yl)-N-methyl-7H-pyrrolo[2,3-d]pyrimidin-4-amine
(82.5% yield). 100% purity by HPLC. *H NMR (500 MHz, CDCls) & 12.42 (s,
1H), 8.26 (s, 1H), 7.12 (s, 1H), 6.56 (s, 1H), 5.55 (s, 1H), 3.92 (t, J = 9.1 Hz,
1H), 3.68 (d, J = 9.9 Hz, 2H), 3.48 (s, 3H), 3.33 (d, J = 9.8 Hz, 1H), 3.14 — 3.03
(m, 2H), 1.42 (t, J = 7.0 Hz, 3H), 1.03 (d, J = 9.9 Hz, 1H), 0.77 (d, J = 11.9 Hz,
2H), 0.73 (d, J = 10.9 Hz, 1H). 3C NMR (125 MHz, CDCls) § 157.7, 152.0,
150.2, 120.7, 103.0, 101.8, 60.5, 55.9, 52.4, 44.2, 335, 24.4, 15.4, 9.2, 7.9.
HRMS (ESI) calcd for CisH22N50,S: 336.1494. Obsd: 336.1485. [a]p +34.7°
(c 3.25, CHCl5).

In the cases from 51 to 68, the desired products were synthesized
through substitution reactions with 2-propanesulfonyl chloride, 1-
propanesulfonyl chloride, benzenesulfonyl chloride, 2-fluorobenzene-1-
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sulfonyl chloride, 3-fluorobenzene-1-sulfonyl chloride, 4-
fluorobenzenesulfonyl chloride, 2-cyanobenzenesulfonyl chloride, 3-
cyanobenzenesulfonyl  chloride, 4-cyanobenzenesulfonyl chloride, 2-
nitrobenzenesulfonyl  chloride,  3-nitrobenzenesulfonyl  chloride,  4-
nitrobenzenesulfonyl chloride, 3-toluenesulfonyl chloride, 4-
methoxybenzenesulfonyl chloride, 4-(trifluoromethyl)benzenesulfonyl
chloride, 2-naphthalenesulfonyl chloride, piperidine-1-sulfonyl chloride, and
morpholine-4-sulfonyl chloride, respectively, instead of ethylsulfonyl chloride

according to the aforementioned process (vide supra).

(R)-N-(5-(Isopropylsulfonyl)-5-azaspiro[2.4]heptan-7-yl)-N-methyl-
TH-pyrrolo[2,3-d]pyrimidin-4-amine, 51

Yield: 54.0 mg (54.0%). 100% purity by HPLC. *H NMR (500 MHz,
CDCls) 8§ 12.17 (s, 1H), 8.26 (s, 1H), 7.11 (s, 1H), 6.57 (s, 1H), 5.51 (s, 1H),
3.99 (t, J = 8.2 Hz, 1H), 3.71 (d, J = 8.7 Hz, 2H), 3.48 (s, 3H), 3.38 (d, J = 9.6
Hz, 1H), 3.28 (d, J = 4.9 Hz, 1H), 1.40 (s, 6H), 1.03 (d, J = 8.7 Hz, 1H), 0.85 —
0.69 (m, 3H). *C NMR (125 MHz, CDCls) § 157.6, 151.9, 150.3, 120.5, 102.9,
101.8, 60.6, 56.4, 53.4, 52.9, 33.5, 24.4, 16.6, 15.5, 8.9. HRMS (ESI) calcd for
C1sH24N50,S: 350.1651. Obsd: 350.1639. [o]o +36.0° (¢ 1.82, CHCL,).

(R)-N-Methyl-N-(5-(propylsulfonyl)-5-azaspiro[2.4]heptan-7-yl)-7H-
pyrrolo[2,3-d]pyrimidin-4-amine, 52

Yield: 71.0 mg (71.0%). 99.4% purity by HPLC. *H NMR (400 MHz,
CDCls) § 12.17 (s, 1H), 8.29 (s, 1H), 7.12 (d, J = 3.3 Hz, 1H), 6.59 (s, 1H), 5.65
—5.46 (m, 1H), 3.91 (dd, J = 10.9, 7.6 Hz, 1H), 3.77 — 3.61 (m, 2H), 3.49 (s,
3H), 3.32 (d, J = 9.8 Hz, 1H), 3.11 — 2.94 (m, 2H), 1.91 (dd, J = 15.4, 7.6 Hz,
2H), 1.09 (t, J = 7.4 Hz, 3H), 1.07 — 0.98 (m, 1H), 0.76 (dt, J = 11.3, 9.9 Hz,
3H). C NMR (100 MHz, CDCl3) § 157.7, 151.8, 150.1, 120.7, 103.1, 101.9,
60.5, 55.8, 52.3, 51.3, 33.6, 24.4, 17.0, 15.4, 13.1, 9.2. HRMS (ESI) calcd for
Ci16H24N50,S: 350.1651. Obsd: 350.1650. [oo +34.9° (¢ 1.97, CHCl5).
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(R)-N-Methyl-N-(5-(phenylsulfonyl)-5-azaspiro[2.4] heptan-7-yl)-7H-
pyrrolo[2,3-d]pyrimidin-4-amine, 53

Yield: 70.0 mg (63.6%). 99.4% purity by HPLC. *H NMR (500 MHz,
CDCls) § 12.22 (s, 1H), 8.11 (s, 1H), 7.75 (s, 2H), 7.56 (s, 1H), 7.48 (s, 2H),
7.00 (s, 1H), 6.42 (s, 1H), 5.34 (s, 1H), 3.51 (s, 2H), 3.43 (d, J = 8.4 Hz, 1H),
3.24 (s, 3H), 2.99 (d, J = 8.3 Hz, 1H), 0.79 (s, 1H), 0.64 (s, 1H), 0.52 (s, 2H).
13C NMR (125 MHz, CDCls) § 157.6, 152.0, 150.2, 135.1, 133.0, 129.1, 127.9,
120.6, 102.9, 101.8, 59.9, 56.0, 52.7, 33.3, 23.9, 14.5, 9.6. HRMS (ESI) calcd
for C1oH22NsO2S: 384.1494. Obsd: 384.1483. [o]o -3.5° (C 2.73, CHCls).

(R)-N-(5-((2-Fluorophenyl)sulfonyl)-5-azaspiro[2.4] heptan-7-yl)-N-
methyl-7H-pyrrolo[2,3-d]pyrimidin-4-amine, 54

Yield: 57.0 mg (49.6%). 97.3% purity by HPLC. *H NMR (400 MHz,
CDCls) 5 11.84 (s, 1H), 8.21 (s, 1H), 7.91 (t, J = 7.3 Hz, 1H), 7.68 — 7.56 (m,
1H), 7.39 — 7.20 (m, 2H), 7.09 (d, J = 3.4 Hz, 1H), 6.54 (d, J = 3.0 Hz, 1H),
5.47 (d, J = 5.4 Hz, 1H), 3.82 (dd, J = 10.9, 7.8 Hz, 1H), 3.77 — 3.67 (m, 1H),
3.48 (dd, J = 160.2, 9.9 Hz, 2H), 3.41 (s, 3H), 0.98 — 0.89 (m, 1H), 0.76 (dt, J
=13.1, 6.5 Hz, 1H), 0.72 — 0.61 (m, 2H). 3C NMR (100 MHz, CDCls) 5 159.1
(d, J =255.8 Hz), 157.6, 151.7, 150.2, 135.2 (d, J = 8.4 Hz), 131.5, 125.0 (d, J
= 14.8 Hz), 124.5 (d, J = 3.8 Hz), 120.6, 117.3 (d, J = 22.0 Hz), 102.9, 102.0,
60.3, 55.7, 52.3, 33.4, 24.2, 14.9, 9.3. HRMS (ESI) calcd for C19H21FNsO-S:
402.1400. Obsd: 402.1393. [a]p -7.2° (¢ 0.803, CHCls).

(R)-N-(5-((3-Fluorophenyl)sulfonyl)-5-azaspiro[2.4]heptan-7-yl)-N-
methyl-7H-pyrrolo[2,3-d]pyrimidin-4-amine, 55

Yield: 46.0 mg (39.9%). 99.6% purity by HPLC. *H NMR (400 MHz,
CDCls) § 11.90 (s, 1H), 8.20 (s, 1H), 7.67 — 7.62 (m, 1H), 7.56 (dt, J = 13.4,
6.6 Hz, 2H), 7.36 (ddd, J =10.0, 5.3, 1.5 Hz, 1H), 7.10 (d, J = 3.5 Hz, 1H), 6.53
(d, J = 3.4 Hz, 1H), 5.44 (t, J = 5.0 Hz, 1H), 3.62 (d, J = 5.2 Hz, 2H), 3.37 (s,
3H), 3.33 (dd, J = 185.2, 9.6 Hz, 2H), 0.96 — 0.85 (m, 1H), 0.77 (dd, J = 10.2,
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4.9 Hz, 1H), 0.69 — 0.54 (m, 2H). *C NMR (100 MHz, CDCls) § 162.5 (d, J =
252.1 Hz), 157.6, 151.7, 150.1, 137.4 (d, J = 6.5 Hz), 130.9 (d, J = 7.7 Hz),
123.6 (d, J = 3.4 Hz), 120.6, 120.2 (d, J = 21.2 Hz), 115.1 (d, J = 24.1 Hz),
102.9, 101.9, 60.0, 56.0, 52.8, 33.4, 23.9, 14.6, 9.7. HRMS (ESI) calcd for
C1oH21FNsO,S: 402.1400. Obsd: 402.1391. [o]o -6.7° (¢ 0.880, CHCI5).

(R)-N-(5-((4-Fluorophenyl)sulfonyl)-5-azaspiro[2.4] heptan-7-yl)-N-
methyl-7H-pyrrolo[2,3-d]pyrimidin-4-amine, 56

Yield: 59.0 mg (51.3%). 96.3% purity by HPLC. *H NMR (500 MHz,
CDCls) § 12.06 (s, 1H), 8.11 (d, J = 3.9 Hz, 1H), 7.78 (ddd, J = 8.8, 4.6, 2.0
Hz, 2H), 7.22 - 7.11 (m, 2H), 7.02 (d, J = 3.5 Hz, 1H), 6.44 (d, J = 3.4 Hz, 1H),
5.35 (s, 1H), 3.51 (d, J = 5.1 Hz, 2H), 3.44 (d, J = 9.6 Hz, 1H), 3.28 (s, 3H),
2.98 (d, J = 9.6 Hz, 1H), 0.87 — 0.77 (m, 1H), 0.71— 0.61 (m, 1H), 0.60 — 0.48
(m, 2H). °C NMR (125 MHz, CDCl3) & 164.8 (d, J = 255.8 Hz), 157.1, 151.5,
149.8, 130.9, 130.1 (d, J = 9.0 Hz), 120.1, 115.9 (d, J = 21.4 Hz), 102.4, 101.4,
59.5, 55.6, 52.3, 33.0, 23.4, 14.1, 9.2. HRMS (ESI) calcd for C1oHz1FNsO,S:
402.1400. Obsd: 402.1388. [o]o -3.0° (¢ 2.17, CHCls).

(R)-2-((7-(Methyl(7H-pyrrolo[ 2,3-d] pyrimidin-4-yl)amino)-5-
azaspiro[2.4]heptan-5-yl)sulfonyl)benzonitrile, 57

Yield: 56.0 mg (47.9%). 99.2% purity by HPLC. *H NMR (500 MHz,
CDCls) § 12.05 (s, 1H), 8.12 (s, 1H), 8.00 (d, J = 7.5 Hz, 1H), 7.83 (d, J = 7.3
Hz, 1H), 7.66 (dt, J = 22.3, 7.4 Hz, 2H), 7.02 (d, J = 3.1 Hz, 1H), 6.45 (d, J =
3.0 Hz, 1H), 5.41 (d, J = 4.8 Hz, 1H), 3.74 (dd, J = 10.9, 7.7 Hz, 1H), 3.68 (d,
J=9.8 Hz, 1H), 3.61 (dd, J = 11.0, 2.7 Hz, 1H), 3.32 (s, 3H), 3.29 (d, J = 9.8
Hz, 1H), 0.88 (t, J = 7.0 Hz, 1H), 0.72 (dd, J = 8.7, 5.5 Hz, 1H), 0.69 — 0.57 (m,
2H). *C NMR (100 MHz, CDCls) § 157.6, 151.9, 150.2, 140.0, 135.6, 133.0,
132.9, 130.3, 120.7, 116.4, 110.9, 103.0, 101.8, 60.3, 56.1, 52.6, 33.5, 24.1,
14.9,9.3. HRMS (ESI) calcd for CaoH21NeO2S: 409.1447. Obsd: 409.1435. [o]o
+2.2° (¢ 1.91, CHCL).
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(R)-3-((7-(Methyl(7H-pyrrolo[ 2,3-d] pyrimidin-4-yl)amino)-5-
azaspiro[2.4]heptan-5-yl)sulfonyl)benzonitrile, 58

Yield: 62.0 mg (53.0%). 100% purity by HPLC. *H NMR (500 MHz,
CDCls) § 12.03 (s, 1H), 8.19 (s, 1H), 8.14 (s, 1H), 8.06 (d, J = 7.9 Hz, 1H), 7.91
(d, J=7.7 Hz, 1H), 7.70 (t, J = 7.8 Hz, 1H), 7.11 (d, J = 2.8 Hz, 1H), 6.52 (d,
J=2.8Hz, 1H), 5.40 (s, 1H), 3.65 (t, J = 5.1 Hz, 2H), 3.60 (d, J = 9.8 Hz, 1H),
3.36 (s, 3H), 3.10 (d, J = 9.7 Hz, 1H), 0.90 (dd, J = 9.8, 4.4 Hz, 1H), 0.83 —
0.74 (m, 1H), 0.73—0.58 (m, 2H). *C NMR (100 MHz, CDCls) § 157.5, 151.9,
150.2, 137.5, 136.0, 131.6, 131.2, 130.2, 120.7, 117.1, 113.8, 103.0, 101.8,
60.1, 56.1, 52.8, 33.5, 23.8, 14.8, 9.6. HRMS (ESI) calcd for CaoH21NsOS:
409.1447. Obsd: 409.1435. [o]o -7.5° (¢ 1.82, CHCls).

(R)-4-((7-(Methyl(7H-pyrrolo[ 2,3-d] pyrimidin-4-yl)amino)-5-
azaspiro[2.4]heptan-5-yl)sulfonyl)benzonitrile, 59

Yield: 62.0 mg (53.0%). 94.1% purity by HPLC. *H NMR (400 MHz,
CDCls) 5 10.59 (s, 1H), 8.18 (s, 1H), 8.00 — 7.90 (m, 2H), 7.89 — 7.81 (m, 2H),
7.08 (dd, J = 3.5, 1.8 Hz, 1H), 6.52 (d, J = 2.4 Hz, 1H), 5.36 (dd, J = 5.7, 4.4
Hz, 1H), 3.65 (s, 1H), 3.64 (d, J = 1.9 Hz, 1H), 3.59 (d, J = 9.7 Hz, 1H), 3.34
(s, 3H), 3.10 (d, J = 9.7 Hz, 1H), 0.91 (ddd, J = 10.2, 6.2, 4.0 Hz, 1H), 0.82 —
0.75 (M, 1H), 0.73 - 0.59 (m, 2H). *C NMR (100 MHz, CDCls) § 157.5, 151.9,
150.2, 134.0, 132.9, 128.3, 120.8, 117.2, 116.7, 103.0, 101.8, 60.2, 56.0, 52.9,
335, 23.8, 14.9, 9.5. HRMS (ESI) calcd for CaoH2iNsO2S: 409.1447. Obsd:
409.1433. [o]o -12.7° (¢ 1.66, CHCls).

(R)-N-Methyl-N-(5-((2-nitrophenyl)sulfonyl)-5-azaspiro[2.4]heptan-
7-yl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine, 60

Yield: 68.8 mg (76.5%). 96.9% purity by HPLC. *H NMR (400 MHz,
CDCl3) & 12.38 (s, 1H), 8.23 (s, 1H), 8.00 (d, J = 7.3 Hz, 1H), 7.69 (dd, J =
16.0, 7.9 Hz, 2H), 7.62 (d, J = 7.3 Hz, 1H), 7.10 (s, 1H), 6.53 (s, 1H), 5.50 (d,
J=6.2 Hz, 1H), 4.03 — 3.87 (m, 1H), 3.75 (d, J = 9.6 Hz, 2H), 3.39 (s, 3H),
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3.38 - 3.27 (m, 1H), 0.96 (d, J = 5.5 Hz, 1H), 0.91 — 0.59 (m, 3H). *C NMR
(100 MHz, CDCl3) § 157.6, 152.0, 150.2, 148.4, 133.9, 131.6, 130.8, 124.1,
120.7, 103.0, 101.8, 60.4, 55.9, 52.6, 33.4, 24.2, 15.1, 9.2. HRMS (ESI) calcd
for CioH21N604S: 429.1345. Obsd: 429.1340. [a]o +6.1° (¢ 2.21, CHCla).

(R)-N-Methyl-N-(5-((3-nitrophenyl)sulfonyl)-5-azaspiro[2.4]heptan-
7-yD)-7H-pyrrolo[2,3-d]pyrimidin-4-amine, 61

Yield: 61.6 mg (68.5%). 94.8% purity by HPLC. *H NMR (400 MHz,
CDCls) 6 10.49 (s, 1H), 8.67 (d, J= 1.4 Hz, 1H), 8.49 (d, J = 8.2 Hz, 1H), 8.16
(d, J = 3.4 Hz, 2H), 7.78 (td, J = 8.1, 3.3 Hz, 1H), 7.06 (s, 1H), 6.52 (s, 1H),
5.47 —5.32 (m, 1H), 3.79 — 3.57 (m, 3H), 3.37 (d, J = 3.2 Hz, 3H), 3.14 (d, J =
9.7 Hz, 1H), 0.90 (dd, J = 6.2, 3.2 Hz, 1H), 0.84 — 0.74 (m, 1H), 0.74 — 0.58
(m, 2H). ¥C NMR (100 MHz, CDCls) & 157.5, 152.0, 150.6, 148.4, 138.1,
133.2, 130.5, 127.4, 122.7, 120.3, 102.8, 102.1, 60.1, 56.1, 52.9, 33.6, 23.8,
14.8,9.6. HRMS (ESI) calcd for C19H21N6O4S: 429.1345. Obsd: 429.1339. [a]o
-6.4° (c 0.117, CHCls).

(R)-N-Methyl-N-(5-((4-nitrophenyl)sulfonyl)-5-azaspiro[2.4] heptan-
7-yD-7H-pyrrolo[2,3-d]pyrimidin-4-amine, 62

Yield: 52.1 mg (58.0%). 97.1% purity by HPLC. *H NMR (400 MHz,
CDCls) 5 11.61 (s, 1H), 8.50 — 8.30 (m, 2H), 8.19 (d, J = 3.4 Hz, 1H), 8.02 (s,
2H), 7.09 (s, 1H), 6.50 (s, 1H), 5.36 (d, J = 3.5 Hz, 1H), 3.67 (s, 2H), 3.65 —
3.56 (m, 1H), 3.36 (d, J = 3.5 Hz, 3H), 3.19 — 3.05 (m, 1H), 0.83 — 0.75 (m,
1H), 0.67 (dd, J = 14.9, 9.8 Hz, 3H). 3C NMR (100 MHz, CDCls) § 157.5,
152.0, 150.3, 150.2, 141.6, 128.9, 124.3, 120.6, 103.0, 101.9, 60.2, 56.1, 52.9,
335, 23.8, 14.9, 9.5. HRMS (ESI) calcd for CieH21NeO4S: 429.1345. Obsd:
429.1338. [o]o -19.0° (¢ 1.38, CHCls).

(R)-N-Methyl-N-(5-(m-tolylsulfonyl)-5-azaspiro[2.4]heptan-7-yl)-7H-
pyrrolo[2,3-d]pyrimidin-4-amine, 63
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Yield: 124 mg (81.6%). 98.0% purity by HPLC. *H NMR (400 MHz,
CDCls) § 12.57 (s, 1H), 8.22 (d, J = 4.7 Hz, 1H), 7.65 (s, 2H), 7.43 (s, 2H), 7.10
(s, 1H), 6.50 (s, 1H), 5.41 (s, 1H), 3.61 (s, 2H), 3.52 (dd, J = 9.3, 4.4 Hz, 1H),
3.33 (d, J = 4.3 Hz, 3H), 3.08 (dd, J = 9.3, 4.5 Hz, 1H), 2.42 (d, J = 4.3 Hz,
3H), 0.87 (d, J = 4.6 Hz, 1H), 0.75 (d, J = 9.6 Hz, 1H), 0.61 (d, J = 2.9 Hz, 2H).
13C NMR (100 MHz, CDCls) § 157.6, 151.9, 150.1, 139.3, 134.9, 133.8, 129.0,
128.2, 125.0, 120.7, 102.9, 101.8, 60.0, 56.0, 52.8, 33.3, 23.9, 21.4, 14.4, 9.7.
HRMS (ESI) calcd for CooHasNsO2S: 398.1651. Obsd: 398.1645. [a]o -5.6° (C
3.88, CHCL,).

(R)-N-(5-((4-Methoxyphenyl)sulfonyl)-5-azaspiro[2.4]heptan-7-yl)-N-
methyl-7H-pyrrolo[2,3-d]pyrimidin-4-amine, 64

Yield: 99.5 mg (83.8%). 96.3% purity by HPLC. *H NMR (400 MHz,
CDCls) § 11.94 (s, 1H), 8.19 (s, 1H), 7.78 (d, J = 8.8 Hz, 2H), 7.09 (d, J = 3.4
Hz, 1H), 7.02 (d, J = 8.8 Hz, 2H), 6.53 (d, J = 3.1 Hz, 1H), 5.43 (t, J = 4.7 Hz,
1H), 3.89 (s, 3H), 3.56 (d, J = 4.9 Hz, 2H), 3.36 (s, 3H), 3.27 (dd, J = 174.5,
9.5 Hz, 2H), 0.95 — 0.84 (m, 1H), 0.78 — 0.68 (m, 1H), 0.62 (t, J = 7.5 Hz, 2H).
13C NMR (100 MHz, CDCl3) 6 163.2, 157.6, 151.7, 150.2, 130.1, 126.6, 120.5,
114.2,102.9, 102.0, 59.9, 56.0, 55.6, 52.7, 33.4, 23.9, 14.3, 9.9. HRMS (ESI)
calcd for CaoHauNsOsS: 414.1600. Obsd: 414.1591. [o]o -14.2° (c 0.983,
CHCly).

(R)-N-Methyl-N-(5-((4-(trifluoromethyl)phenyl)sulfonyl)-5-
azaspiro[2.4]heptan-7-yl)-7H-pyrrolo[2,3-d] pyrimidin-4-amine, 65

Yield: 70.5 mg (54.2%). 97.5% purity by HPLC. *H NMR (400 MHz,
CDCl3) 6 11.77 (s, 1H), 8.23 (s, 1H), 7.90 (dd, J = 54.7, 8.2 Hz, 4H), 7.10 (d, J
= 3.1 Hz, 1H), 6.54 (s, 1H), 5.41 (dd, J = 6.0, 3.1 Hz, 1H), 3.65 (dd, J = 15.1,
4.8 Hz, 2H), 3.37 (s, 3H), 3.34 (dd, J = 191.6, 9.6 Hz, 2H), 0.99 — 0.87 (m, 1H),
0.82—0.72 (m, 1H), 0.71 - 0.57 (m, 2H). *C NMR (100 MHz, CDCls) § 157.5,
151.5, 149.9, 139.1, 134.7 (g, J = 33.1 Hz), 128.3, 126.3 (q, J = 3.6 Hz), 123.2
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(g, J = 272.9 Hz), 120.7, 103.1, 102.0, 60.2, 56.0, 52.8, 33.5, 23.9, 14.7, 9.7.
HRMS (ESI) calcd for CaoHaiFsNsO:S: 452.1368. Obsd: 452.1361. [o]o -6.8°
(c 0.970, CHCls).

(R)-N-Methyl-N-(5-(naphthalen-2-ylsulfonyl)-5-azaspiro[2.4] heptan-
7-y)-7TH-pyrrolo[2,3-d]pyrimidin-4-amine, 66

Yield: 124 mg (99.0%). 98.5% purity by HPLC. *H NMR (400 MHz,
CDCls) § 12.58 (s, 1H), 8.42 (s, 1H), 8.19 (d, J = 1.7 Hz, 1H), 7.96 (d, J = 8.1
Hz, 2H), 7.93 — 7.77 (m, 2H), 7.62 (dt, J = 16.4, 7.3 Hz, 2H), 7.06 (s, 1H), 6.43
(s, 1H), 5.39 (s, 1H), 3.67 (d, J = 3.8 Hz, 2H), 3.36 (dd, J = 171.8, 9.6 Hz, 2H),
3.30 (s, 3H), 0.81 (d, J = 7.0 Hz, 1H), 0.71 (d, J = 4.6 Hz, 1H), 0.57 (t, J= 6.5
Hz, 2H). C NMR (100 MHz, CDCls) & 157.5, 151.9, 150.1, 134.9, 132.3,
132.1,129.3,129.2, 128.9, 127.9, 127.6, 123.1, 120.7, 102.9, 101.8, 60.0, 56.1,
52.9, 33.4, 23.9, 14.5, 9.7. HRMS (ESI) calcd for Ca3H2aNsO-S: 434.1651.
Obsd: 434.1644. [a]o -17.1° (¢ 4.58, CHCl3).

(R)-N-Methyl-N-(5-(piperidin-1-ylsulfonyl)-5-azaspiro[2.4] heptan-7-
yl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine, 67

Yield: 73.0 mg (65.2%). 95.4% purity by HPLC. *H NMR (400 MHz,
CDCl3) 6 11.36 (s, 1H), 8.25 (s, 1H), 7.09 (s, 1H), 6.58 (s, 1H), 5.56 (d, J = 5.8
Hz, 1H), 3.92 — 3.76 (m, 1H), 3.54 (d, J = 9.5 Hz, 2H), 3.48 (s, 4H), 3.28 (d, J
= 4.5 Hz, 4H), 1.61 (dd, J = 26.6, 3.9 Hz, 6H), 1.03 (d, J = 9.7 Hz, 1H), 0.76
(d, 3 = 9.9 Hz, 2H), 0.69 (d, J = 9.9 Hz, 1H). *C NMR (100 MHz, CDCls) &
157.7,152.0, 150.6, 120.3, 102.8, 102.0, 60.2, 56.6, 52.9, 47.2, 33.5, 25.5, 24.0,
23.8, 15.1, 9.5. HRMS (ESI) calcd for CigH27NsO2S: 391.1916. Obsd:
391.1913. [o]b +32.7° (¢ 0.297, CHCls).

(R)-N-Methyl-N-(5-(morpholinosulfonyl)-5-azaspiro[2.4]heptan-7-
yl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine, 68

Yield: 44.0 mg (38.9%). 94.6% purity by HPLC. *H NMR (400 MHz,
CDCl3) 6 12.33 (s, 1H), 8.27 (d, J = 2.8 Hz, 1H), 7.13 (s, 1H), 6.57 (s, 1H), 5.63

; H O r | ral
93 : = "] ]

n



—5.51 (m, 1H), 3.90 (ddd, J = 10.6, 7.6, 2.7 Hz, 1H), 3.75 (dd, J = 5.8, 3.1 Hz,
4H), 3.65 — 3.55 (m, 2H), 3.48 (d, J = 2.8 Hz, 3H), 3.37 — 3.22 (m, 5H), 1.04
(d, J = 9.6 Hz, 1H), 0.85 — 0.75 (m, 2H), 0.75 — 0.65 (m, 1H). *C NMR (100
MHz, CDCls) & 157.7, 152.0, 150.3, 120.7, 102.9, 101.8, 66.4, 60.2, 56.8, 53.1,
46.4, 335, 24.0, 15.3, 9.3. HRMS (ESI) calcd for Cy7HzsNeOsS: 393.1709.
Obsd: 393.1704. [a]o +32.9° (¢ 1.57, CHCls).

Synthesis of (R)-4,4-dimethyl-1-((R)-1-phenylethyl)pyrrolidin-3-amine,
7b

Benzyl 3-oxobutanoate

[e) 0 BnOH, Ph3P [e) [e)
R
EtOM Toluene, reflux BnOM
Ethyl acetoacetate Benzyl 3-oxobutanoate

Benzyl alcohol (4.78 mL, 46.0 mmol) was added to ethyl acetoacetate
(6.00 g, 46.1 mmol) solution in 60.0 mL of toluene. The solution was treated
with triphenylphosphine (1.21 g, 4.61 mmol) and then refluxed for 12 hours.
The mxiture was concentrated under reduced pressure. The residue was purified
with flash column chromatography (ethyl acetate:n-hexane = 1:20). Removing
the solvent in vacuo provided 6.69 g of benzyl 3-oxobutanoate (75.1% yield).
IH NMR (400 MHz, CDCls) 6 7.39 — 7.23 (m, 5H), 5.17 (s, 2H), 3.50 (s, 2H),
2.24 (s, 3H).

Benzyl 2.2-dimethyl-3-oxobutanoate

o o CHsl, NaH o o
.
o THF, rt, B”O%
Benzyl 3-oxobutanoate Benzyl 2,2-dimethyl-3-oxobutanoate

Sodium hydride, 60wt% (3.48 g, 87.0 mmol) was slowly added to
benzyl 3-oxobutanoate (6.69 g, 34.8 mmol) solution in 67.0 mL of
tetrahydrofuran at 0 °C. The mixture was stirred at room temperature for 1 hour.
lodomethane (6.48 mL, 104 mmol) was slowly added at 0 °C. The reaction
mixture was stirred at room temperature for 12 hours. The mixture was
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concentrated under reduced pressure. To the residue were added 100 mL of
brine and 50 mL of saturated ammonium chloride solution. The aqueous
mixture was extracted with 100 mL of ethyl acetate three times. The combined
organic layers were dried over anhydrous sodium sulfate, filtered and
concentrated. The residue was purified with flash column chromatography
(ethyl acetate:n-hexane = 1:8). Removing the solvent in vacuo provided 6.69 g
of benzyl 2,2-dimethyl-3-oxobutanoate (90.1% yield). *H NMR (400 MHz,
CDCls) § 7.39 — 7.30 (m, 5H), 5.17 (s, 2H), 2.08 (s, 3H), 1.38 (s, 6H).

Benzyl 2-methyl-2-(2-methyl-1.3-dioxolan-2-yl)propanoate

o o Ethylene glycol o/ \
TsOH-H,0 o_ 0O
BnO > Bno)§€<
Benzene, reflux
Benzyl 2,2-dimethyl-3-oxobutanoate Benzyl 2-methyl-2-(2-methyl-1,3-dioxolan-2-yl)propanoate

Ethylene glycol (4.90 mL, 87.6 mmol) and p-toluenesulfonic acid
monohydrate (0.410 g, 2.16 mmol) were added to benzyl 2,2-dimethyl-3-
oxobutanoate (9.69 g, 44.0 mmol) solution in 195 mL of benzene. The reaction
flask was equipped with a Dean-Stark trap. The reaction solution was refluxed
stirred for 24 hours. The solution was concentrated under reduced pressure. To
the residue were added 200 mL of brine and 100 mL of saturated sodium
bicarbonate solution. The aqueous mixture was extracted with 100 mL of ethyl
acetate three times. The combined organic layers were dried over anhydrous
sodium sulfate, filtered and concentrated. The residue was purified with flash
column chromatography (ethyl acetate:n-hexane = 1:10). Removing the solvent
in vacuo provided 9.47 g of benzyl 2-methyl-2-(2-methyl-1,3-dioxolan-2-
yl)propanoate (81.6% yield). *H NMR (400 MHz, CDCl3) & 7.39 — 7.26 (m,
5H), 5.15 (s, 2H), 3.99 — 3.93 (m, 2H), 3.89 — 3.84 (m, 2H), 1.33 (s, 3H), 1.29
(s, 6H).

2-Methyl-2-(2-methyl-1.3-dioxolan-2-yl)propanoic acid

o O/ O\ Pd/C, H; (9) _ ] o 0
T
BnO% MeOH, r.t. HO%
Benzyl 2-methyl-2-(2-methyl 2-Methyl-2-(2-methyl-1,3-dioxolan
-1,3-dioxolan-2-yl)propanoate -2-yl)propanoic acid
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Palladium on charcoal (9.47 g, 10wt/wt%) was added to benzyl 2-
methyl-2-(2-methyl-1,3-dioxolan-2-yl)propanoate (9.47 g, 35.8 mmol) solution
in 95.0 mL of methanol. The reaction flask was equipped with a hydrogen gas
balloon. The reaction mixture was vigorously stirred for 24 hours. The mixture
was filtered through a celite 545 pad. Removing the solvent in vacuo provided
5.94 g of 2-methyl-2-(2-methyl-1,3-dioxolan-2-yl)propanoic acid (95.2%
yield). *H NMR (400 MHz, CDCls) § 4.09 — 4.01 (m, 4H), 1.37 (s, 3H), 1.29
(s, 6H).

(R)-2-Methyl-2-(2-methyl-1.3-dioxolan-2-y1)-N-(1-

phenylethyl)propanamide

1) Ethyl chloroformate

/ \ _ 0, / \
(0] o 0 Et;N, DCM, -20°C o /L o o O
R)
HO% 2) (R)-(+)-1-phenylethylamine, r.t. P () H
2-Methyl-2-(2-methyl-1,3-dioxolan (R)-2-Methyl-2-(2-methyl-1,3-dioxolan
-2-yl)propanoic acid -2-yl)-N-(1-phenylethyl)propanamide

Triethylamine (9.51 mL, 68.2 mmol) was added to 2-methyl-2-(2-
methyl-1,3-dioxolan-2-yl)propanoic acid (5.94 g, 21.4 mmol) solution in 53.0
mL of dichloromethane at -20 °C. Ethyl chloroformate (3.59 mL, 37.7 mmol)
was slowly added at -20 °C. The reaction solution was stirred at -20 °C for 40
minutes. To the reaction solution was dropwise added (R)-(+)-
phenylethylamine (4.78 mL, 37.6 mmol) at -20 °C. After the addition, the
reaction solution was stirred at room temperature for 12 hours. To the reaction
solution was poured 50.0 mL of deionized water and then the organic layer was
separated. The organic layer was dried over anhydrous sodium sulfate, filtered
and concentrated. The residue was purified with flash column chromatography
(ethyl acetate:n-hexane = 1:8). Removing the solvent in vacuo provided 1.89 g
of (R)-2-methyl-2-(2-methyl-1,3-dioxolan-2-yl)-N-(1-
phenylethyl)propanamide (20.0% yield). *H NMR (400 MHz, CDCls) § 7.35 —
7.21 (m, 5H), 7.11 (d, J = 6.8 Hz, 1H), 5.14 — 5.04 (m, 1H), 4.04 — 3.97 (m,
2H), 3.96 — 3.90 (m, 2H), 1.47 (d, J = 6.8 Hz, 3H), 1.24 (s, 3H), 1.23 (s, 3H),
1.20 (s, 3H).
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(R)-2-(2-(Bromomethyl)-1.3-dioxolan-2-yI)-2-methyl-N-(1-

phenylethyl)propanamide

/'\ (0] o 0 Br, _ /L (o] 3 o .

- r
Ph™(R) ”% Et,0, 1,4-dioxane, r.t. Ph™®R) m%
(R)-2-Methyl-2-(2-methyl-1,3-dioxolan (R)-2-(2-(Bromomethyl)-1,3-dioxolan-2-yl)
-2-yl)-N-(1-phenylethyl)propanamide -2-methyl-N-(1-phenylethyl)propanamide

A solution of bromine (0.590 mL, 11.5 mmol) in 30.0 mL of 1,4-
dioxane was slowly added to (R)-2-methyl-2-(2-methyl-1,3-dioxolan-2-yl)-N-
(1-phenylethyl)propanamide (1.89 g, 6.81 mmol) in 18.0 mL of diethyl ether
and 8.00 mL of 1,4-dioxane at 0 °C. The reaction solution was stirred at room
temperature for 12 hours. The solution was concentrated under reduced
pressure. The residue was extracted with 18.0 mL of ethyl acetate, 18.0 mL of
brine, and 18.0 mL of saturated sodium thiosulfate solution. The organic layer
was dried over anhydrous sodium sulfate, filtered and concentrated. The residue
was purified with flash column chromatography (ethyl acetate:n-hexane =
1:10). Removing the solvent in vacuo provided 2.29 g of (R)-2-(2-
(bromomethyl)-1,3-dioxolan-2-yl)-2-methyl-N-(1-phenylethyl)propanamide
(94.2% yield). *H NMR (400 MHz, CDCls) § 7.36 — 7.22 (m, 5H), 7.02 (d, J =
7.6 Hz, 1H), 5.11 — 5.01 (m, 1H), 4.43 — 4.36 (m, 2H), 4.14 — 4.05 (m, 2H),
3.62 (d, J=11.2 Hz, 1H), 3.51 (d, J = 10.0 Hz, 1H), 1.54 (d, J = 7.6 Hz, 3H),
1.25 (s, 6H).

(R)-9.9-Dimethyl-7-(1-phenylethyl)-1.4-dioxa-7-azaspiro[4.4nonan-

8-one
[\ Oﬁ
/L od Y . NaH . j\—&o
r Ll 0
PR (R) H% DMF, 0°C (J‘
P
(R)-2-(2-(Bromomethyl)-1,3-dioxolan-2-yl) (R)-9,9-Dimethyl-7-(1-phenylethyl)-1,4
-2-methyl-N-(1-phenylethyl)propanamide -dioxa-7-azaspiro[4.4]Jnonan-8-one
An (R)-2-methyl-2-(2-methyl-1,3-dioxolan-2-yl)-N-(1-

phenylethyl)propanamide (2.29 g, 6.43 mmol) was solved in 22.0 mL of N,N-
dimethylformamide. The solution was treated with sodium hydride, 60wt%

(440 mg, 11.0 mmol) at 0 °C. The reaction mixture was stirred at 0 °C for 3
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hours. To the reaction mixture was poured 500 mL of brine and the mixture
was extracted with 200 mL of ethyl acetate. The organic layer was dried over
anhydrous sodium sulfate, filtered and concentrated. The residue was purified
with flash column chromatography (ethyl acetate:dichloromethane = 1:100).
Removing the solvent in vacuo provided 1.07 g of (R)-9,9-dimethyl-7-(1-
phenylethyl)-1,4-dioxa-7-azaspiro[4.4]nonan-8-one (60.5% vyield). *H NMR
(400 MHz, CDCls) § 7.38 — 7.23 (m, 5H), 5.58 (q, J = 14.0 Hz, 1H), 4.03 - 3.83
(m, 4H), 3.20 (d, J = 10.0 Hz, 1H), 2.95 (s, 1H), 1.51 (d, J = 7.2 Hz, 3H), 1.15
(s, 3H), 1.10 (s, 3H).
(R)-3.3-Dimethyl-1-(1-phenylethyl)pyrrolidine-2.4-dione

oy o
bo 1N HCI
o > o

N N
Acetone, 60 °C. R
(R) .
Ph)"’// Ph)
(R)-9,9-Dimethyl-7-(1-phenylethyl)-1,4 (R)-3,3-Dimethyl-1-(1-phenylethyl)pyrrolidine-2,4-dione

-dioxa-7-azaspiro[4.4]nonan-8-one

To a solution of (R)-9,9-dimethyl-7-(1-phenylethyl)-1,4-dioxa-7-
azaspiro[4.4]nonan-8-one (1.07 g, 3.89 mmol) in 11.0 mL of acetone was added
4.67 mL of 1N hydrochloric acid solution at room temperature. The reaction
solution was heated at 60 °C for 12 hours. The solution was concentrated under
reduced pressure. The residue was extracted with 50.0 mL of brine and 50.0
mL of ethyl acetate. The organic layer was dried over anhydrous sodium sulfate
and filtered. Removing the solvent in vacuo provided 840 mg of (R)-3,3-
dimethyl-1-(1-phenylethyl)pyrrolidine-2,4-dione (93.2% yield). *H NMR (400
MHz, CDCls) 6 7.40 — 7.26 (m, 5H), 5.81 (q, J=7.2 Hz, 1H), 3.77 (d, J = 17.6
Hz, 1H), 3.41 (d, J = 17.6 Hz, 1H), 1.59 (d, J = 7.2 Hz, 3H), 1.26 (s, 3H), 1.20
(s, 3H).

(R)-4-(Hydroxyimino)-3,3-dimethyl-1-(1-phenylethyl)pyrrolidin-2-

onc
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O N-OH
NH,OH-HCI, EtsN ¢
o > e}

N N

(w ’ EtOH, r.t. (J-.
Ph™ Ph”
(R)-3,3-Dimethyl-1-(1-phenylethyl)- (R)-4-(Hydroxyimino)-3,3-dimethyl
pyrrolidine-2,4-dione -1-(1-phenylethyl)pyrrolidin-2-one

Hydroxylamine hydrochloride (395 mg, 5.68 mmol), and triethylamine
(0.782 mL, 561 mmol) were added to (R)-3,3-dimethyl-1-(1-
phenylethyl)pyrrolidine-2,4-dione (840 mg, 3.63 mmol) solution in 9.00 mL of
ethanol. The reaction solution was stirred at room temperature for 5 hours. The
reaction solution was concentrated under reduced pressure. The residue was
purified with flash column chromatography (ethyl acetate:n-hexane = 1:3).
Removing the solvent in vacuo provided 730 mg of (R)-4-(hydroxyimino)-3,3-
dimethyl-1-(1-phenylethyl)pyrrolidin-2-one (94.1% yield). *H NMR (400
MHz, CDCls) 6 7.37 — 7.26 (m, 5H), 7.26 (s, 1H), 5.65 (q, J = 7.2 Hz, 1H), 4.10
(d, J = 16.8 Hz, 1H), 3.71 (d, J = 16.4 Hz, 1H), 1.55 (s, 3H), 1.34 (s, 3H), 1.30
(s, 3H).

(R)-4-Amino-3.3-dimethyl-1-((R)-1-phenylethyl)pyrrolidin-2-one

N-OH NH;
¢ Raney Ni, H, (g) (R)
o > o]

N N
(J” MeOH, r.t. (}y"
Ph™ Ph™
(R)-4-(Hydroxyimino)-3,3-dimethyl (R)-4-Amino-3,3-dimethyl-1-((R)-1
-1-(1-phenylethyl)pyrrolidin-2-one -phenylethyl)pyrrolidin-2-one

Raney®-nickel slurry (1.56 mL, Raney® 2400) was added to (R)-4-
(hydroxyimino)-3,3-dimethyl-1-(1-phenylethyl)pyrrolidin-2-one (730 mg,
2.96 mmol) solution in 36.5 mL of methanol. The reaction flask was equipped
with a hydrogen gas balloon. The reaction mixture was vigorously stirred for
12 hours. The mixture was filtered through a celite 545 pad. The filtered
solution was concentrated under reduced pressure. The residue was purified
with flash column chromatography (methanol:dichloromethane = 2:98).
Removing the solvent in vacuo provided 264 mg of (R)-4-amino-3,3-dimethyl-
1-((R)-1-phenylethyl)pyrrolidin-2-one (38.4% vyield). 'H NMR (400 MHz,
CDCls) § 7.31 — 7.26 (m, 5H), 5.50 (g, J = 6.8 Hz, 1H), 3.09 — 3.03 (m, 2H),
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2.83 - 2.76 (m, 1H), 1.50 (d, J = 6.8, 3H), 1.12 (s, 3H), 1.03 (s, 3H). Also was
obtained 300 mg of (S)-4-amino-3,3-dimethyl-1-((R)-1-phenylethyl)pyrrolidin-
2-one (38.4% vyield). *H NMR (400 MHz, CDCls) § 7.31 — 7.26 (m, 5H), 5.50
(g, J = 6.8 Hz, 1H), 3.10 — 3.03 (m, 2H), 2.83 — 2.76 (m, 1H), 1.50 (d, J = 6.8
Hz, 3H), 1.12 (s, 3H), 1.03 (s, 3H).
(R)-4.4-Dimethyl-1-((R)-1-phenylethyl)-pyrrolidin-3-amine. 7b

NH, NH,
(R) LiAIH, (R)
o) > o

N N

(J-, THF, reflux (,y '
PR P
(R)-4-Amino-3,3-dimethyl-1-((R)-1 (R)-4,4-Dimethyl-1-((R)-1-phenylethyl)
-phenylethyl)pyrrolidin-2-one -pyrrolidin-3-amine, 1b

Lithium aluminum hydride (189 mg, 4.98 mmol) was slowly added to
(R)-4-amino-3,3-dimethyl-1-((R)-1-phenylethyl)pyrrolidin-2-one (264 mg,
1.14 mmol) solution in 13.0 mL of tetrahydrofuran at 0 °C. The reaction
solution was refluxed for 12 hours and then cooled down to 0 °C. The reaction
was quenched with 1.15 mL of deionized water, 1.15 mL of 15% sodium
hydroxide solution, and 3.45 mL of deionized water. Then, celite 545 was
added and the mixture was stirred for 30 minutes before being filtered through
a celite 545 pad. The filtered solution was concentrated under reduced pressure
and the residue was extracted with 10.0 mL of brine and 10.0 mL of ethyl
acetate. The organic layer was dried over anhydrous sodium sulfate and filtered.
Removing the solvent in vacuo provided 240 mg of (R)-4,4-dimethyl-1-((R)-1-
phenylethyl)-pyrrolidin-3-amine, 1b (96.8% yield). *H NMR (400 MHz,
CDCls) 5 7.38 — 7.16 (m, 5H), 3.26 (g, J = 6.8 Hz, 1H), 3.08 (dd, J = 9.2, 7.2
Hz, 1H), 2.98 (t, J = 7.2 Hz, 1H), 2.36 (s, 2H), 2.20 (dd, J = 9.6, 6.8 Hz, 1H),
1.30 (d, J = 6.4 Hz, 3H), 1.03 (s, 3H), 0.92 (s, 3H).

Synthesis of tert-butyl (R)-(1-benzylpyrrolidin-3-yl)carbamate, 8aa

Sodium bicarbonate (5.92 g, 70.5 mmol) in 118 mL of deionized water
was added to (3R)-(+)-benzylaminopyrrolidine 7a (5.00 g, 28.4 mmol) solution
in 118 mL of acetonitirile and the mixture was stirred at room temperature for

100 'Ai E ]'-'” tﬂr A



10 minutes. Di-tert-butyl dicarbamate (6.22 g, 28.5 mmol) was then added and
the mixture was stirred at room temperature overnight. After the reaction, the
solution was concentrated under reduced pressure and the residue was extracted
with dichloromethane three times. Combined organic layers were dried over
anhydrous sodium sulfate, filtered and concentrated. The residue was purified
with flash column chromatography (methanol:dichloromethane = 2:98).
Removing the solvent in vacuo provided 4.24 g of tert-butyl (R)-(1-
benzylpyrrolidin-3-yl)carbamate (65.2% yield). *H NMR (400 MHz, CDCl3) &
7.36 — 7.26 (m, 5H), 4.86 (bs, 1H), 4.18 (bs, 1H), 3.61 (s, 2H), 2.79 (bs, 1H),
2.65—-2.61 (m, 1H), 2.54 (d, J = 8.0 Hz, 1H), 2.34 — 2.25 (m, 2H), 1.61 - 1.51
(m, 1H), 1.46 (s, 9H). [a]o +2.5° (¢ 0.620, CHCls).

In the cases of 8b and 8c, the desired products were synthesized from
(R)-4,4-dimethyl-1-((R)-1-phenylethyl)pyrrolidin-3-amine (7b) and (R)-6-
((R)-1-phenylethyl)-6-azaspiro[3.4]octan-8-amine (7c), respectively, instead of
(3R)-(+)-benzylaminopyrrolidine 7a according to the aforementioned process

(vide supra).

tert-Butyl ((R)-4,4-dimethyl-1-((R)-1-phenylethyl)pyrrolidin-3-

yl)carbamate, 8b

Yield: 335 mg (95.7%). *H NMR (400 MHz, CDCl3) 6 7.29 — 7.20 (m,
5H), 4.61 (d, J = 10.4 Hz, 1H), 3.79 — 3.74 (m, 1H), 3.23 (m, 1H), 2.89 (g, J =
9.6, 7.2 Hz, 1H), 2,51 (d, J = 9.2 Hz, 1H), 2.31 — 2.19 (m, 2H), 1.43 (s, 9H),
1.30 (d, J = 6.4 Hz, 3H), 1.10 (s, 3H), 0.98 (s, 3H). [o]o +7.4° (c 0.153, CHCl5).

tert-Butyl ((R)-6-((R)-1-phenylethyl)-6-azaspiro[3.4]octan-8-

yl)carbamate, 8c

Yield: 563 mg (quantitative yield). *H NMR (400 MHz, CDCls) § 7.32
—7.22 (m, 5H), 4.71 (d, J = 8.8 Hz, 1H), 3.95 — 3.90 (m, 1H), 3.21 (q, J = 6.4
Hz, 1H), 2.77 — 2.70 (m, 2H), 2.51 (d, J = 9.6 Hz, 1H), 2.21 (dd, J = 10.0, 3.6
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Hz, 1H), 2.07 — 2.02 (M, 2H), 1.89 — 1.73 (m, 4H), 1.45 (s, 9H), 1.31 (d, J = 6.4
Hz, 3H). [o]o +8.4° (¢ 0.387, CHCl5).

In the cases of 8ab and 8ac, the desired products were synthesized
through substitution reactions with acetic anhydride and cyclopropanecarbonyl
chloride instead of di-tert-butyl dicarbamate according to the aforementioned

process (vide supra).

(R)-N-(1-Benzylpyrrolidin-3-yl)acetamide, 8ab

Yield: 2.12 g (85.0%). *H NMR (400 MHz, CDCls) § 7.34 — 7.24 (m,
5H), 5.93 (s, 1H), 4.46 — 4.42 (m, 1H), 3.60 (s, 2H), 2.90 — 2.86 (m, 1H), 2.62
—2.51 (m, 2H), 2.30 — 2.22 (m, 2H), 1.93 (s, 3H), 1.64 — 1.60 (m, 1H). [a]o
+19.7° (¢ 0.410, CHCl5).

(R)-N-(1-Benzylpyrrolidin-3-yl)cyclopropanecarboxamide, 8ac

Yield: 3.02 g (quantitative yield). *H NMR (400 MHz, CDCls) & 8.39
(d, J=5.2 Hz, 1H), 7.62 — 7.48 (m, 5H), 4.96 (s, 1H), 4.28 —4.21 (bs, 2H), 3.81
(s, 1H), 3.52 (d, J = 11.2 Hz, 1H), 3.05 — 2.88 (m, 2H), 2.54 — 2.47 (m, 1H),
2.30 — 2.23 (m, 1H), 0.94 — 0.91 (m, 2H), 0.89 — 0.84 (m, 1H), 0.78 — 0.75 (m,
2H). [o]o +16.3° (¢ 0.397, CHCl5).

Synthesis of (R)-1-benzyl-N-methylpyrrolidin-3-amine, 9aa

A tert-butyl (R)-(1-benzylpyrrolidin-3-yl)carbamate 8aa (3.20 g, 11.6
mmol) solution in 58.0 mL of tetrahydrofuran was placed in a 100 mL round
bottom flask. After it was cooled at -40 °C, lithium aluminum hydride (2.64 g,
69.6 mmol) was slowly added to the stirred mixture. The reaction mixture was
refluxed for 4 hours and then cooled down to -40 °C. The reaction was quenched
with 2.70 mL of deionized water, 2.70 mL of 15% sodium hydroxide solution,
and 8.10 mL of deionized water. Then, celite 545 was added and the mixture
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was stirred for 30 minutes before being filtered through a celite 545 pad. The
filtered solution was concentrated under reduced pressure and the residue was
extracted with dichloromethane three times. Combined organic layers were
dried over anhydrous sodium sulfate, filtered and concentrated. The residue was
purified with flash column chromatography (methanol:dichloromethane
:ammonium hydroxide = 5:90:5). Removing the solvent in vacuo provided 2.17
g of (R)-1-benzyl-N-methylpyrrolidin-3-amine (98.6% yield). *H NMR (400
MHz, CDCls) § 7.34 — 7.24 (m, 5H), 3.62 (s, 2H), 3.25 — 3.19 (m, 1H), 2.74
(dd, J = 9.4, 6.8 Hz, 1H), 2.64 (dt, J = 8.6, 6.0 Hz, 1H), 2.52 (dt, J = 8.4, 6.0
Hz, 1H), 2.41 — 2.37 (m, 1H), 2.38 (5, 3H), 2.19 — 2.09 (m, 1H), 2.02 (bs, 1H),
1.63 — 1.56 (m, 1H).

In the cases from 9ab to 9c, the desired products were synthesized from
8ab — 8c, respectively, instead of (R)-(1-benzylpyrrolidin-3-yl)carbamate 8aa

according to the aforementioned process (vide supra).

(R)-1-Benzyl-N-ethylpyrrolidin-3-amine, 9ab

Yield: 1.61 g (94.0%). *H NMR (400 MHz, CDCls) § 7.31 — 7.27 (m,
5H), 3.64 (s, 2H), 3.51 (d, J = 12.8 Hz, 1H), 2.67 — 2.58 (m, 2H), 2.53 — 2.50
(m, 1H), 2.29 — 2.25 (m, 2H), 2.06 — 1.95 (m, 2H), 1.69 — 1.60 (m, 2H), 1.13 —
1.04 (m, 3H).

(R)-1-Benzyl-N-(cyclopropylmethyl)pyrrolidin-3-amine, 9ac

Yield: 1.68 g (64.0%). *H NMR (400 MHz, CDCls) § 7.34 — 7.29 (m,
5H), 3.62 (d, J = 7.2 Hz, 2H), 3.66 — 3.33 (m, 1H), 2.80 — 2.76 (m, 1H), 2.65 —
2.55 (m, 2H), 2.44 — 2.38 (m, 2H), 2.36 — 2.32 (m, 2H), 1.61 — 1.55 (m, 2H),
0.97 — 0.93 (m, 1H), 0.51 — 0.47 (m, 2H), 0.12 — 0.09 (M, 2H).

(R)-N,4,4-Trimethyl-1-((R)-1-phenylethyl)pyrrolidin-3-amine, 9b
Yield: 238 mg (97.9%). *H NMR (400 MHz, CDCl3) § 7.38 — 7.07 (m,
5H), 3.26 (q, J = 13.2, 6.4 Hz, 1H), 3.08 (q, J = 9.2, 7.2 Hz, 1H), 2.73 (, J =
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7.2 Hz, 1H), 2.37 (s, 3H), 2.36 (d, J = 4.4 Hz, 1H), 2.31 — 2.26 (m, 1H), 2.24 —
2.17 (m, 1H), 1.30 (d, J = 6.4 Hz, 3H), 1.06 (s, 3H), 0.96 (s, 3H).

(R)-N-Methyl-6-((R)-1-phenylethyl)-6-azaspiro[ 3.4] octan-8-amine, 9c

Yield: 308 mg (75.0%). *H NMR (400 MHz, CDCls) § 7.33 — 7.23 (m,
5H), 3.24 (q, J = 6.4 Hz, 1H), 3.03 (dd, J = 9.6, 6.4 Hz, 1H), 2.81 (t, J = 6.4 Hz,
1H), 2.66 (d, J = 9.2 Hz, 1H), 2.55 (d, J = 9.2 Hz, 1H), 2.41 (s, 3H), 2.21 (s,
1H), 2.17 (dd, J = 9.6, 5.6 Hz, 1H), 1.99 — 1.95 (m, 1H), 1.90 — 1.63 (m, 4H),
1.34 (d, J = 6.4 Hz, 4H).

Synthesis of (R)-N-(1-benzylpyrrolidin-3-yl)-N-methyl-7H-

pyrrolo[2,3-d]pyrimidin-4-amine, 10aa

A solution of (R)-1-benzyl-N-methylpyrrolidin-3-amine 9aa (420 mg,
2.21 mmol) in 11.0 mL of deionized water was placed in a 50 mL round bottom
flask. Consequently, 6-chloro-7-deazapurine (372 mg, 2.42 mmol) and
potassium carbonate (609 mg, 4.41 mmol) were added and the mixture was
refluxed for 18 hours. After the reaction, it was cooled at room temperature and
the aqueous mixture was extracted with 20 mL of dichloromethane three times.
Combined organic layers were dried over anhydrous sodium sulfate, filtered
and concentrated. The residue was purified with flash column chromatography
(methanol:dichloromethane = 2:98). Removing the solvent in vacuo provided
507 mg of (R)-N-(1-benzylpyrrolidin-3-yl)-N-methyl-7H-pyrrolo[2,3-
d]pyrimidin-4-amine (74.8% vyield). *H NMR (400 MHz, CDCl3) & 10.40 (s,
1H), 8.29 (s, 1H), 7.51 — 7.20 (m, 5H), 7.03 (s, 1H), 6.59 (d, J = 2.2 Hz, 1H),
5.66 (s, 1H), 3.65 (dd, J = 62.5, 12.9 Hz, 2H), 3.42 (s, 3H), 2.98 (dd, J = 13.5,
7.8 Hz, 1H), 2.83 (dd, J = 10.3, 3.4 Hz, 1H), 2.69 — 2.53 (m, 1H), 2.44 — 2.21
(m, 2H), 1.96 — 1.83 (m, 1H).

In the cases of 10ab, 10ac, 10ad, 10b, and 10c, the desired products

were synthesized from 9ab, 9ac, 7a, 9b, and 9c, respectively, instead of (R)-1-

104

&) et



benzyl-N-methylpyrrolidin-3-amine 9aa according to the aforementioned

process (vide supra).

(R)-N-(1-Benzylpyrrolidin-3-yl)-N-ethyl-7H-pyrrolo[2,3-d] pyrimidin-

4-amine, 10ab

Yield: 296 mg (10.0%). *H NMR (400 MHz, CDCls) & 10.84 (s, 1H),
8.31 (s, 1H), 7.39 — 7.33 (m, 5H), 7.06 (d, J = 3.6 Hz, 1H), 6.51 (d, J = 3.6 Hz,
1H), 5.57 (bs, 1H), 3.93 — 3.85 (m, 2H), 3.78 — 3.75 (m, 1H), 3.65 — 3.58 (m,
1H), 2.98 (bs, 1H), 2.84 (bs, 1H), 2.70 (bs, 1H), 2.49 — 2.33 (m, 2H), 2.01 —
1.93 (m, 1H), 1.36 (t, J = 7.2 Hz, 3H).

(R)-N-(1-Benzylpyrrolidin-3-yl)-N-(cyclopropylmethyl)-7H-

pyrrolo[2,3-d]pyrimidin-4-amine, 10ac

Yield: 313 mg (12.4%). *H NMR (400 MHz, CDCls) & 9.59 — 9.54 (bs,
1H), 8.30 (s, 1H), 7.36 — 7.30 (bs, 5H), 7.03 (bs, 1H), 6.69 (bs, 1H), 5.54 (bs,
1H), 3.78 — 3.68 (m, 3H), 3.63 (bs, 1H), 3.00 (bs, 1H), 2.62 (bs, 1H), 2.39 (bs,
2H), 2.01 (bs, 1H), 1.64 (bs, 1H), 0.62 — 0.54 (m, 1H), 0.44 — 0.41 (m, 1H),
0.39 - 0.36 (m, 1H).

(R)-N-(1-Benzylpyrrolidin-3-yl)-7H-pyrrolo[ 2,3-d] pyrimidin-4-

amine, 10ad

Yield: 292 mg (58.5%). *H NMR (400 MHz, CDCls) § 11.20 (s, 1H),
8.36 (s, 1H), 7.37 — 7.26 (m, 5H), 7.05 (d, J = 3.6 Hz, 1H), 6.40 (d, J = 3.2 Hz,
1H), 5.80 (d, J = 8.0 Hz, 1H), 4.89 (s, 1H), 3.71 (s, 2H), 3.02 — 3.00 (m, 1H),
2.88 (d, J = 8.4 Hz, 1H), 2.81 — 2.76 (m, 1H), 2.51 — 2.39 (m, 2H), 1.92 — 1.83
(m, 1H).

N-((R)-4,4-Dimethyl-1-((R)-1-phenylethyl)pyrrolidin-3-yl)-N-methyl-
T7H-pyrrolo[2,3-d]pyrimidin-4-amine, 10b
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Yield: 106 mg (30.7%). *H NMR (400 MHz, CDCls) & 9.03 (s, 1H),
8.21 (s, 1H), 7.38 — 7.19 (m, 5H), 6.96 (q, J = 3.6, 2.0 Hz, 1H), 6.61 (g, J = 3.2,
1.6 Hz, 1H), 5.14 (d, J = 8.4 Hz, 1H), 3.48 (s, 3H), 3.18 (q, J = 13.2, 6.4 Hz,
1H), 2.98 (d, J = 9.2 Hz, 1H), 2.68 (d, J = 12.0 Hz, 1H), 2.48 (g, J = 11.2, 8.4
Hz, 1H), 2.10 (d, J = 8.8 Hz, 1H), 1.39 (d, J = 6.4 Hz, 3H), 1.35 (s, 3H), 0.98
(s, 3H).

N-Methyl-N-((R)-6-((R)-1-phenylethyl)-6-azaspiro[3.4]octan-8-yl)-

7H-pyrrolo[2,3-d]pyrimidin-4-amine, 10c

Yield: 272 mg (60.0%). *H NMR (400 MHz, CDCls) & 9.06 (s, 1H),
8.25 (s, 1H), 7.37 — 7.22 (m, 5H), 6.98 (dd, J = 3.6, 2.4 Hz, 1H), 6.61 (dd, J =
3.6, 2.0 Hz, 1H), 5.48 (s, 1H), 3.29 (s, 3H), 3.18 (d, J = 6.8 Hz, 2H), 2.65 — 2.46
(m, 4H), 1.98 — 1.91 (m, 2H), 1.87 — 1.80 (m, 2H), 1.73 — 1.69 (m, 1H), 1.40
(d, J = 6.4 Hz, 3H).

Synthesis  of  (R)-N-methyl-N-(pyrrolidin-3-yl)-7H-pyrrolo[2,3-

d]pyrimidin-4-amine, 11aa

A (R)-N-(1-benzylpyrrolidin-3-yl)-N-methyl-7H-pyrrolo[2,3-
d]pyrimidin-4-amine 10aa (638 mg, 2.08 mmol) solution in 20.8 mL of
methanol was placed in a 100 mL round bottom flask. Then, 10w/w%
palladium on charcoal (638 mg, 5 wt%) and 10.1 g of ammonium formate (262
mg, 4.15 mmol) were added and the reaction mixture was stirred at 60 — 70 °C
overnight. After the reaction, it was filtered through a celite 545 pad before the
solution was concentrated under reduced pressure. The residue was purified
with flash column chromatography (methanol:dichloromethane:ammonium
hydroxide = 10:88:2). Removing the solvent in vacuo provided 325 mg of (R)-
N-methyl-N-(pyrrolidin-3-yl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine  (72.0%
yield). *H NMR (400 MHz, CDCls) & 12.16 (bs, 1H), 8.33 (s, 1H), 7.09 (d, J =
3.5 Hz, 1H), 6.58 (d, J = 3.4 Hz, 1H), 5.62 — 5.42 (m, 1H), 3.42 — 3.32 (M, 3H),
3.29 (dd, J = 11.5, 8.4 Hz, 1H), 3.24 — 3.12 (m, 1H), 3.10 — 3.01 (m, 1H), 2.98
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(dd, J=11.5, 6.2 Hz, 1H), 2.66 (bs, 1H), 2.26 —2.10 (m, 1H), 1.91 (td, J = 14.9,
7.6 Hz, 1H).

In the cases from 11ab to 11c, the desired products were synthesized
from 10ab — 10c, respectively, instead of (R)-N-(1-benzylpyrrolidin-3-yl)-N-
methyl-7H-pyrrolo[2,3-d]pyrimidin-4-amine  10aa according to the

aforementioned process (vide supra).

(R)-N-Ethyl-N-(pyrrolidin-3-yl)-7H-pyrrolo[2,3-d] pyrimidin-4-amine,

11lab

Yield: 189 mg (88.8%). 'H NMR (400 MHz, CDCl3) & 10.30 — 10.01
(bs, 1H), 8.31 (s, 1H), 7.09 (d, J = 3.6 Hz, 1H), 6.51 (d, J = 3.6 Hz, 1H), 5.10 —
5.04 (m, 1H), 3.81 (g, J = 7.2 Hz, 2H), 3.51 (s, 1H), 3.35 — 3.29 (m, 2H), 3.14
—3.04 (M, 2H), 2.26 — 2.20 (M, 1H), 2.10 — 2.01 (m, 1H), 1.40 (t, J = 7.2 Hz,
3H).

(R)-N-(Cyclopropylmethyl)-N-(pyrrolidin-3-yl)-7H-pyrrolo[2,3-

d]pyrimidin-4-amine, 11ac

Yield: 162 mg (70.7%). 'H NMR (400 MHz, CDCl3) & 10.40 — 10.10
(bs, 1H), 8.32 (d, J = 4.4 Hz, 1H), 7.10 (d, J = 3.6 Hz, 1H), 6.67 (d, J = 3.6 Hz,
1H), 4.95 — 4.91 (m, 1H), 3.76 — 3.60 (m, 2H), 3.39 — 3.34 (M, 1H), 3.26 — 3.24
(m, 2H), 3.04 — 2.97 (m, 1H), 2.24 — 2.12 (m, 2H), 1.25 — 1.13 (m, 2H), 0.69 —
0.62 (m, 2H), 0.45 — 0.39 (m, 2H).

(R)-N-(Pyrrolidin-3-yl)-7H-pyrrolo[2,3-d] pyrimidin-4-amine, 11ad

Yield: 191 mg (94.8%). 'H NMR (400 MHz, DMSO-d6) & 11.47 (s,
1H), 8.08 (s, 1H), 7.31 (d, J = 6.8 Hz, 1H), 7.05 (d, J = 3.2 Hz, 1H), 5.73 (d, J
= 3.6 Hz, 1H), 4.63 — 4.50 (m, 1H), 3.12 — 3.07 (m, 1H), 3.02 — 2.95 (m, 1H),
2.87 —2.81 (m, 1H), 2.75 (dd, J = 11.2, 3.2 Hz, 1H), 2.10 — 2.01 (m, 1H), 1.75
—1.67 (m, 1H).
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(R)-N-(4,4-Dimethylpyrrolidin-3-yl)-N-methyl-7H-pyrrolo[ 2,3-

d]pyrimidin-4-amine, 11b

Yield: 58.2 mg (79.1%). 'H NMR (400 MHz, CDCls) 6 9.57 (d, J =
24.8 Hz, 1H), 8.24 (d, J = 14.8 Hz, 1H), 7.01 — 6.98 (m, 1H), 6.67 — 6.61 (m,
1H), 5.34 —5.23 (m, 1H), 3.56 — 3.40 (m, 3H), 3.19 — 3.16 (m, 1H), 2.97 — 2.55
(m, 2H), 2.32 (s, 1H), 1.33 (d, J = 25.2 Hz, 3H), 0.94 (d, J = 12.0 Hz, 3H).

(R)-N-Methyl-N-(6-azaspiro[3.4]octan-8-yl)-7H-pyrrolo[2,3-

d]pyrimidin-4-amine, 11c

Yield: 163 mg (84.5%). 'H NMR (400 MHz, CDCls) & 10.62 (s, 1H),
8.29 (s, 1H), 7.07 (d, J = 3.6 Hz, 1H), 6.62 (d, J = 4.0 Hz, 1H), 5.40 (s, 1H),
3.43 (dd, J=12.4, 8.4 Hz, 1H), 3.30 (s, 3H), 3.26 — 3.19 (m, 2H), 3.09 (dd, J =
12.4, 5.2 Hz, 1H), 2.37 — 2.32 (m, 2H), 2.03 (d, J = 7.2 Hz, 1H), 1.95 — 1.88
(m, 2H), 1.86 — 1.81 (m, 2H).

Syntheses of (R)-3-(3-(methyl(7H-pyrrolo[2,3-d] pyrimidin-4-

yhamino)pyrrolidin-1-yl)-3-oxopropanenitrile, 12a

To an (R)-N-methyl-N-(pyrrolidin-3-yl)-7H-pyrrolo[2,3-d]pyrimidin-
4-amine 11aa (103 mg, 0.474 mmol) solution in 4.70 mL of n-butanol in a 10
mL round bottom flask, ethyl cyanoacetate (0.505 mL, 4.75 mmol) and 1,8-
diazabicyclo[5.4.0]undec-7-ene (0.0355 mL, 0.237 mmol) were added and the
mixture was heated at 80 °C for 24 hours. The reaction solution was
concentrated under reduced pressure and the residue was purified with flash
column chromatography (methanol:dichloromethane = 2:98). Removing the
solvent in vacuo provided 101 mg of (R)-3-(3-(methyl(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)pyrrolidin-1-yl)-3-oxopropanenitrile (74.8% vyield).
98.7% purity by HPLC.

IH NMR (400 MHz, CDCl3) 6 10.98 (s, 1H), 8.33 (s, 1H), 7.13 (d, J =
3.6 Hz, 1H), 6.60 (d, J = 3.6 Hz, 1H), 5.76 (m, 1H), 3.90 (dt, J = 14.9, 8.0 Hz,
1H), 3.70 (ddd, J = 26.4, 16.1, 8.3 Hz, 1H), 3.51 (m, 4H), 3.35 (d, J = 14.8 Hz,
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3H), 2.27 (m, 2H). 3C NMR (100 MHz, CDCls) 6 160.3, 157.8, 152.3, 150.9,
120.9, 113.8, 103.6, 102.1, 55.0, 48.0, 45.2, 32.5, 26.9, 26.0. HRMS (ESI) calcd
for C14H17N6O: 285.1464. Obsd: 285.1452. [a]p +42.6° (¢ 1.00, CHClIs).

In the cases of 12b, 12c, 13, and 14, the desired products were
synthesized from 11b, 11c, 11ab, and 1lac, respectively, instead of (R)-N-
methyl-N-(pyrrolidin-3-yl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine 1laa

according to the aforementioned process (vide supra).

(R)-3-(3,3-Dimethyl-4-(methyl(7H-pyrrolo[2,3-d] pyrimidin-4-

yhamino)pyrrolidin-1-yl)-3-oxopropanenitrile, 12b

Yield: 41.4 mg (57.1%). 97.7% purity by HPLC. *H NMR (400 MHz,
CDCl3) & 12.19 (s, 1H), 8.31 (s, 1H), 7.14 (s, 1H), 6.61 (s, 1H), 5.69 (dd, J =
39.2, 6.0 Hz, 1H), 4.03 (m, 1H), 3.82 (dd, J = 34.5, 12.6 Hz, 1H), 3.54 (m, 3H),
3.41 (m, 1H), 3.34 (d, J = 10.4 Hz, 3H), 1.25 (d, J = 2.8 Hz, 3H), 1.04 (m, 3H).
13C NMR (100 MHz, CDCls) 6 160.4, 158.0, 152.3, 150.3, 120.8, 113.9, 103.1,
102.2, 62.2, 59.9, 49.1, 44.6, 33.9, 28.1, 26.0, 21.6. HRMS (ESI) calcd for
Ci16H21N6O: 313.1777. Obsd: 313.1772. [a]p -8.93° (¢ 0.864, CHCl5).

(R)-3-(8-(Methyl(7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)-6-

azaspiro[3.4]octan-6-yl)-3-oxopropanenitrile, 12¢

Yield: 23.7 mg (19.0%). 95.0% purity by HPLC. *H NMR (400 MHz,
CDCls3) & 11.84 (s, 1H), 8.36 (s, 1H), 7.15 (s, 1H), 6.62 (s, 1H), 5.96 (dd, J =
19.0, 6.3 Hz, 1H), 3.94 (ddd, J = 39.2, 19.0, 12.0 Hz, 2H), 3.73 (m, 2H), 3.50
(d, J = 5.8 Hz, 2H), 3.28 (d, J = 4.9 Hz, 3H), 2.23 (m, 1H), 1.99 (m, 5H). 3C
NMR (100 MHz, CDCl3) & 160.0, 158.2, 152.4, 150.6, 120.8, 113.7, 103.1,
102.3, 62.0, 58.9, 49.9, 47.7, 35.7, 33.6, 26.4, 26.0, 16.3. HRMS (ESI) calcd
for C17H21N6O: 325.1777. Obsd: 325.1770. [a]p +7.04° (¢ 0.557, CHCIs).
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(R)-3-(3-(Ethyl(7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)pyrrolidin-1-

yl)-3-oxopropanenitrile, 13

Yield: 50.9 mg (55.0%). 96.1% purity by HPLC. *H NMR (400 MHz,
DMSO-d6) 8 11.66 (s, 1H), 8.11 (d, J = 2.5 Hz, 1H), 7.16 (s, 1H), 6.48 (m, 1H),
5.35 (ddd, J = 54.1, 16.5, 8.3 Hz, 1H), 3.95 (dd, J = 19.0, 8.5 Hz, 1H), 3.87 (dd,
J=18.9, 3.9 Hz, 1H), 3.70 (m, 1H), 3.62 (dd, J = 9.2, 6.9 Hz, 3H), 3.45 (dd, J
= 17.5, 8.8 Hz, 1H), 3.24 (m, 1H), 2.16 (m, 1H), 2.07 (m, 1H), 1.19 (dd, J =
11.2, 6.1 Hz, 3H). 3C NMR (100 MHz, DMSO-d6) & 161.3, 156.1, 151.8,
150.5, 121.5, 116.0, 101.7, 101.1, 54.4, 47.4, 44.2, 28.5, 26.8, 25.5, 15.7.
HRMS (ESI) calcd for C1sH19NsO: 299.1620. Obsd: 299.1617. [a]o +78.5° (C
1.09, DMSO).

(R)-3-(3-((Cyclopropylmethyl)(7H-pyrrolo[2,3-d] pyrimidin-4-

yl)amino)pyrrolidin-1-yl)-3-oxopropanenitrile, 14

Yield: 38.4 mg (54.0%). 95.3% purity by HPLC. *H NMR (400 MHz,
CDCls3) 8 12.03 (d, J = 14.0 Hz, 1H), 8.35 (d, J = 5.1 Hz, 1H), 7.17 (d, J = 5.0
Hz, 1H), 6.67 (m, 1H), 5.30 (ddt, J = 25.0, 16.8, 8.3 Hz, 1H), 3.93 (m, 2H),
3.63 (m, 3H), 3.49 (m, 3H), 2.33 (ddt, J = 17.5, 12.0, 9.6 Hz, 2H), 1.18 (m, 1H),
0.69 (t, J = 8.9 Hz, 2H), 0.36 (m, 2H). *C NMR (100 MHz, CDCls) & 160.3,
157.1, 152.3, 150.4, 121.4, 114.0, 103.2, 101.8, 56.6, 50.4, 48.9, 45.1, 29.6,
26.0, 11.9, 5.1, 4.9. HRMS (ESI) calcd for Ci7H21NeO: 325.1777. Obsd:
325.1775. [a]o +24.5° (¢ 1.08, CHCls).

Synthesis of (R)-3-((3-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-

yl)amino)pyrrolidin-1-yl)sulfonyl)benzonitrile, 16

To an (R)-N-methyl-N-(pyrrolidin-3-yl)-7H-pyrrolo[2,3-d]pyrimidin-
4-amine 11aa (70.0 mg, 0.322 mmol) solution in 1.50 mL of dichloromethane
in a 5 mL round bottom flask, 3-cyanobenzenesulfonyl chloride (68.6 mg,
0.340 mmol) and N,N-diisopropylethylamine (0.0590 mL, 0.339 mmol) were
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added. Then, the reaction solution was stirred at room temperature overnight
before being concentrated under reduced pressure. The residue was purified by
flash column chromatography (methanol:dichloromethane=2:98). Removing
the solvent in vacuo provided 88.6 mg of (R)-3-((3-(methyl(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)pyrrolidin-1-yl)sulfonyl)benzonitrile (72.4% vyield).
97.0% purity by HPLC.

IH NMR (400 MHz, DMSO-d6) & 11.68 (s, 1H), 8.32 (d, J = 7.8 Hz,
1H), 8.23 (d, J = 7.7 Hz, 1H), 8.17 (d, J = 8.0 Hz, 1H), 8.06 (t, J = 4.6 Hz, 1H),
7.88 (td, J = 7.8, 2.2 Hz, 1H), 7.14 (d, J = 2.1 Hz, 1H), 6.48 (s, 1H), 5.27 (m,
1H), 3.51 (dd, J = 7.6, 4.4 Hz, 1H), 3.44 (m, 1H), 3.36 (s, 3H), 3.23 (m, 1H),
3.17 (s, 1H), 2.03 (dd, J = 15.0, 7.6 Hz, 2H). 3C NMR (100 MHz, DMSO-d6)
6 156.8, 151.7, 150.4, 137.1, 136.8, 131.9, 131.0, 130.9, 121.2, 117.6, 112.9,
102.5, 101.3, 54.0, 48.7, 46.8, 31.7, 27.5. HRMS (ESI) calcd for C1gH19N6O>S:
383.1290. Obsd: 383.1285. [a]p -45.7° (¢ 0.530, CHCls).

In the cases of 15, 17, and 18, the desired products were synthesized
from 1lad, 1lab, and 1lac, respectively, instead of (R)-N-methyl-N-
(pyrrolidin-3-yl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine 1laa according to the

aforementioned process (vide supra).

(R)-3-((3-((7H-Pyrrolo[2,3-d] pyrimidin-4-yl)amino)pyrrolidin-1-

yDsulfonyl)benzonitrile, 15

Yield: 42.0 mg (38.2%). 97.6% purity by HPLC. *H NMR (400 MHz,
DMSO-d6) & 11.49 (s, 1H), 8.14 (s, 1H), 8.06 (s, 1H), 7.98 (d, J = 7.7 Hz, 1H),
7.92(d,J=7.5Hz, 1H), 7.58 (t, J = 7.7 Hz, 1H), 7.13 (d, J = 4.1 Hz, 1H), 7.03
(s, 1H), 6.36 (s, 1H), 4.38 (d, J = 4.3 Hz, 1H), 3.49 (m, 2H), 3.31 (m, 1H), 3.25
(m, 1H), 2.06 (dd, J = 12.3, 6.2 Hz, 1H), 1.88 (m, 1H). *C NMR (100 MHz,
DMSO-d6) & 155.2, 151.1, 150.2, 137.2, 136.4, 131.6, 130.7, 130.4, 121.0,
117.5, 112.7, 102.6, 98.7, 53.3, 50.0, 46.7, 30.3. HRMS (ESI) calcd for
C17H17N60-S: 369.1134. Obsd: 369.1128. [a]p -27.4° (¢ 1.09, DMSO).
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(R)-3-((3-(Ethyl(7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)pyrrolidin-

1-yl)sulfonyl)benzonitrile, 17

Yield: 84.3 mg (73.3%). 95.1% purity by HPLC. *H NMR (400 MHz,
CDCls) § 11.64 (s, 1H), 8.17 (d, J = 14.8 Hz, 2H), 8.11 (d, J = 7.9 Hz, 1H), 7.92
(d, J=7.6 Hz, 1H), 7.72 (t, J = 7.8 Hz, 1H), 7.13 (d, J = 3.0 Hz, 1H), 6.42 (d,
J =3.0 Hz, 1H), 5.23 (m, 1H), 3.71 (m, 4H), 3.33 (m, 1H), 3.26 (m, 1H), 2.20
(m, 2H), 1.34 (t, J = 6.9 Hz, 3H). 3C NMR (100 MHz, CDCl5) § 156.5, 152.1,
150.4, 138.6, 136.1, 131.7, 131.2, 130.4, 121.2, 117.4, 114.0, 102.7, 101.5,
55.6, 49.5, 47.0, 40.6, 28.9, 16.0. HRMS (ESI) calcd for CigH21NsO-S:
397.1447. Obsd: 397.1442. [o]o -63.5° (¢ 0.568, CHCl5).

(R)-3-((3-((Cyclopropylmethyl)(7H-pyrrolo[2,3-d] pyrimidin-4-

yl)amino)pyrrolidin-1-yl)sulfonyl)benzonitrile, 18

Yield: 62.2 mg (61.0%). 95.0% purity by HPLC. *H NMR (400 MHz,
CDCls) § 11.91 (s, 1H), 8.19 (s, 1H), 8.11 (d, J = 7.7 Hz, 1H), 8.04 (s, 1H), 7.93
(d,J=7.4Hz, 1H), 7.73 (t, J = 7.3 Hz, 1H), 7.15 (s, 1H), 6.60 (s, 1H), 5.05 (m,
1H), 3.66 (m, 2H), 3.60 (d, J = 4.9 Hz, 2H), 3.48 (m, 1H), 3.31 (dd, J = 15.4,
7.6 Hz, 1H), 2.26 (d, J = 7.2 Hz, 2H), 1.12 (s, 1H), 0.65 (d, J = 2.7 Hz, 2H),
0.33 (d, J = 2.1 Hz, 2H). **C NMR (100 MHz, CDCl3) § 156.6, 152.0, 149.9,
138.3, 136.0, 131.8, 131.3,130.3, 121.2, 117.4, 113.9, 103.2, 101.8, 56.9, 51.3,
49.7, 47.4, 29.2, 11.7, 4.8. HRMS (ESI) calcd for C21H23NsO-S: 423.1603.
Obsd: 423.1598. [a]o -31.5° (¢ 1.49, CHCI).

Synthesis of (R)-3-(3-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-

yhamino)pyrrolidin-1-yl)propanenitrile, 69

To an (R)-N-methyl-N-(pyrrolidin-3-yl)-7H-pyrrolo[2,3-d]pyrimidin-
4-amine 11aa (60.0 mg, 0.276 mmol) solution in 1.00 mL of dichloromethane
in a 5 mL round-bottom flask, 3-bromopropionitrile (0.0240 mL, 0.289 mmol)
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and N,N-diisopropylethylamine (0.0720 mL, 0.413 mmol) were added. The
reaction mixture was stirred at room temperature overnight and then
concentrated under reduced pressure. The residue was purified by column
chromatography (methanol:dichloromethane=2:98). Removing the solvent in
vacuo provided 55.3 mg of (R)-3-(3-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-
yl)amino)pyrrolidin-1-yl)propanenitrile (74.7% yield). 100% purity by HPLC.

'H NMR (400 MHz, CDCl3) & 12.32 (s, 1H), 8.32 (s, 1H), 7.10 (d, J =
3.4 Hz, 1H), 6.58 (d, J = 3.3 Hz, 1H), 5.73 (s, 1H), 3.42 (s, 3H), 3.06 (t, J= 7.1
Hz, 1H), 2.94 (dd, J = 9.9, 3.1 Hz, 1H), 2.83 (m, 1H), 2.72 (m, 1H), 2.64 (t, J
= 9.2 Hz, 1H), 2.56 (t, J = 6.8 Hz, 2H), 2.34 (m, 2H), 1.93 (dt, J = 13.0, 10.0
Hz, 1H). C NMR (100 MHz, CDCls) & 157.6, 151.8, 150.6, 120.4, 118.8,
103.1, 102.1, 57.2, 54.4, 53.7, 50.8, 32.4, 29.3, 17.7. HRMS (ESI) calcd for
CiaH10N6: 271.1671. Obsd: 271.1665. [a]o +35.3° (¢ 1.07, CHCI5).

In the cases of compound 70, the desired products were synthesized
through substitution reactions with n-butyl bromide instead of 3-

bromopropionitrile according to the aforementioned process (vide supra).

(R)-N-(1-Butylpyrrolidin-3-yl)-N-methyl-7H-pyrrolo[2,3-d] pyrimidin-

4-amine, 70

Yield: 90.0 mg (83.3%). 100% purity by HPLC. *H NMR (400 MHz,
DMSO-d6) § 11.69 (s, 1H), 8.11 (s, 1H), 7.11 (d, J = 3.1 Hz, 1H), 6.58 (d, J =
3.2 Hz, 1H), 5.53 (dt, J = 15.1, 7.7 Hz, 1H), 3.25 (s, 4H), 3.08 (m, 2H), 2.81
(m, 3H), 2.16 (m, 1H), 1.95 (m, 1H), 1.50 (dt, J = 15.2, 7.4 Hz, 2H), 1.25 (dq,
J =145, 7.3 Hz, 2H), 0.82 (t, J = 7.3 Hz, 3H). *C NMR (100 MHz, DMSO-
d6) 6 156.7,151.6,150.4, 121.1, 102.5, 101.5, 54.5, 54.3, 53.7, 52.9, 32.7, 28.2,
27.1,19.7, 13.6. HRMS (ESI) calcd for CisH24Ns: 274.2032. Obsd: 274.2027.
[o]b +10.6° (¢ 3.42, DMSO).
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Synthesis of (R)-2-azido-1-(3-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-

yhamino)pyrrolidin-1-yl)ethan-1-one, 71

To a 2-azidoacetic acid (247 mg, 2.44 mmol) solution in 8.0 mL of
N,N-dimethylformamide in a 25 mL round-bottom flask, N,N’-
dicyclohexylcarbodiimide (503 mg, 244 mmol) and  N,N-
diisopropylethylamine (0.850 mL, 4.88 mmol) were added and the reaction
mixture was stirred for 15 minutes. In a second 25 mL round-bottom flask, (R)-
N-methyl-N-(pyrrolidin-3-yl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine 1laa (265
mg, 1.22 mmol) was placed and the reaction mixture of 2-azidoacetic acid was
transferred to this second flask. The reaction mixture was refluxed overnight
and then cooled at room temperature. The mixture was filtered through a celite
545 pad and the solution was concentrated under reduced pressure. The residue
was purified with column chromatography (methanol:dichloromethane=2:98).
Removing the solvent in vacuo provided 41.0 mg of (R)-2-azido-1-(3-
(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)pyrrolidin-1-yl)ethan-1-one
(5.27% yield). 96.2% purity by HPLC.

IH NMR (400 MHz, CDCls) § 11.97 (d, J = 32.0 Hz, 1H), 8.34 (d, J =
1.9 Hz, 1H), 7.15 (dd, J = 6.5, 3.6 Hz, 1H), 6.59 (s, 1H), 5.75 (m, 1H), 3.92 (m,
3H), 3.79 (dd, J = 19.2, 10.6 Hz, 1H), 3.57 (tt, J = 11.9, 8.2 Hz, 2H), 3.34 (m,
3H), 2.21 (m, 2H). 3C NMR (100 MHz, CDCl3) 6 166.2, 157.8, 152.3, 150.7,
121.1, 103.6, 101.8, 55.0, 51.3, 46.7, 44.6, 32.3, 26.7. HRMS (ESI) calcd for
Ci3H17NgO: 301.1525. Obsd: 301.1522. [o]o +33.2° (¢ 0.753, CHCl5).

Synthesis of (R)-3-methyl-1-(3-(methyl(7H-pyrrolo[2,3-d] pyrimidin-4-

yhamino)pyrrolidin-1-yl)butan-1-one, 72

To an (R)-N-methyl-N-(pyrrolidin-3-yl)-7H-pyrrolo[2,3-d]pyrimidin-
4-amine 11aa (70.0 mg, 0.322 mmol) solution in 1.00 mL of dichloromethane
in a 5 mL round-bottom flask, isovaleryl chloride (38.8 mg, 0.322 mmol) and
N,N-diisopropylethylamine (0.0590 mL, 0.339 mmol) were added. The reaction
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mixture was stirred at room temperature overnight and then concentrated under
reduced pressure. The residue was purified by column chromatography
(methanol:dichloromethane=2:98). Removing the solvent in vacuo provided
66.7 mg of (R)-3-methyl-1-(3-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-
yl)amino)pyrrolidin-1-yl)butan-1-one (68.7% yield). 98.7% purity by HPLC.

IH NMR (400 MHz, CDCls) & 11.67 (s, 1H), 8.38 (s, 1H), 7.14 (s, 1H),
6.60 (s, 1H), 5.72 (m, 1H), 3.81 (m, 2H), 3.49 (m, 2H), 3.34 (d, J = 11.5 Hz,
3H), 2.18 (m, 4H), 1.50 (d, J = 35.8 Hz, 1H), 0.94 (d, J = 44.9 Hz, 6H). 1*C
NMR (100 MHz, CDCl3) & 171.6, 157.7, 151.9, 150.2, 121.1, 103.5, 101.7,
54.9,47.8,45.4,43.8,32.1,29.7, 25.5, 22.8. HRMS (ESI) calcd for C16H24NsO:
302.1981. Obsd: 302.1977. [a]o +29.6° (¢ 1.47, CHCls).

Synthesis of isobutyl (R)-3-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-

yl)amino)pyrrolidine-1-carboxylate, 73

To an (R)-N-methyl-N-(pyrrolidin-3-yl)-7H-pyrrolo[2,3-d]pyrimidin-
4-amine 11aa (70.0 mg, 0.322 mmol) solution in 1.00 mL of dichloromethane
in a 5 mL round-bottom flask, isobutyl chloroformate (44.0 mg, 0.322 mmol)
and N,N-diisopropylethylamine (0.0560 mL, 0.321 mmol) were added. The
reaction solution was stirred at room temperature overnight and then
concentrated under reduced pressure. The residue was purified by column
chromatography (methanol:dichloromethane=2:98). Removing the solvent in
vacuo provided 41.0 mg of isobutyl (R)-3-(methyl(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)pyrrolidine-1-carboxylate (40.2% yield). 97.7% purity
by HPLC.

IH NMR (400 MHz, CDCls) § 11.83 (s, 1H), 8.33 (s, 1H), 7.11 (d, J =
2.8 Hz, 1H), 6.58 (d, J = 3.3 Hz, 1H), 5.72 (d, J = 6.3 Hz, 1H), 3.90 (d, J = 6.5
Hz, 2H), 3.76 (d, J = 9.2 Hz, 1H), 3.69 (m, 1H), 3.45 (m, 2H), 3.33 (s, 3H),
2.15 (dd, J = 21.9, 12.3 Hz, 2H), 1.95 (d, J = 6.1 Hz, 1H), 0.94 (d, J = 6.2 Hz,
6H). 3C NMR (100 MHz, CDCls) § 157.9, 155.5, 152.0, 150.6, 120.8, 103.4,
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102.0, 71.5, 54.7, 46.8, 44.8, 32.0, 28.2, 19.2, 9.5. HRMS (ESI) calcd for
C16H24N50,: 318.1930. Obsd: 318.1924. [a]p +23.7° (¢ 0.550, CHCls).

Synthesis of (R)-3-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)-

N-phenylpyrrolidine-1-carboxamide, 74

To an (R)-N-methyl-N-(pyrrolidin-3-yl)-7H-pyrrolo[2,3-d]pyrimidin-
4-amine 11aa (70.0 mg, 0.322 mmol) solution in 1.00 mL of dichloromethane
in a 5 mL round-bottom flask, N,N-diisopropylethylamine (0.0590 mL, 0.339
mmol) was added and the mixture was treated with phenyl isocyanate (0.0350
mL, 0.322 mmol). The reaction solution was stirred for 2 hours before being
concentrated under reduced pressure. The residue was purified by column
chromatography (methanol:dichloromethane = 2:98). Removing the solvent in
vacuo provided 81.5 mg of (R)-3-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-
yl)amino)-N-phenylpyrrolidine-1-carboxamide (75.4% yield). 99.8% purity by
HPLC.

IH NMR (400 MHz, DMSO-d6) & 11.72 (s, 1H), 8.22 (s, 1H), 8.18 (s,
1H), 7.54 (d, J = 8.1 Hz, 2H), 7.23 (t, J = 7.8 Hz, 2H), 7.18 (d, J = 2.3 Hz, 1H),
6.92 (t, J = 7.2 Hz, 1H), 6.64 (d, J = 3.1 Hz, 1H), 5.56 (m, 1H), 3.75 (M, 1H),
3.67 (m, 1H), 3.45 (m, 2H), 3.25 (s, 3H), 2.16 (m, 2H). *C NMR (100 MHz,
DMSO-d6) & 157.1, 154.1, 151.8, 150.6, 140.5, 128.3, 121.7, 121.1, 119.5,
102.6, 101.6, 54.2, 46.8, 44.4, 31.6, 27.6. HRMS (ESI) calcd for CisH21N6O:
337.1777. Obsd: 337.1772. [a]o +43.6° (¢ 2.44, DMSO).

Synthesis of (R)-N-methyl-N-(1-(methylsulfonyl)pyrrolidin-3-yl)-7H-

pyrrolo[2,3-d]pyrimidin-4-amine, 75

To an (R)-N-methyl-N-(pyrrolidin-3-yl)-7H-pyrrolo[2,3-d]pyrimidin-
4-amine 11aa (70.0 mg, 0.322 mmol) solution in 1.00 mL of dichloromethane
in a5 mL round bottom flask, methanesulfonyl chloride (36.9 mg, 0.322 mmol)
and N,N-diisopropylethylamine (0.0590 mL, 0.339 mmol) were added. Then,
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the reaction solution was stirred at room temperature overnight before being
concentrated under reduced pressure. The residue was purified by flash column
chromatography (methanol:dichloromethane=2:98). Removing the solvent in
vacuo provided 40.0 mg of (R)-N-methyl-N-(1-(methylsulfonyl)pyrrolidin-3-
yl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine (42.1% vyield). 96.9% purity by
HPLC.

IH NMR (400 MHz, DMSO-d6) & 11.70 (s, 1H), 8.15 (d, J = 1.3 Hz,
1H), 7.17 (d, J = 2.9 Hz, 1H), 6.62 (d, J = 2.7 Hz, 1H), 5.58 (m, 1H), 3.52 (t, J
=9.0 Hz, 1H), 3.46 (m, 1H), 3.31 (dd, J=17.4, 8.7 Hz, 1H), 3.23 (dd, J = 10.0,
4.4 Hz, 4H), 2.98 (d, J = 1.3 Hz, 3H), 2.14 (m, 2H). *C NMR (100 MHz,
DMSO-d6) 6 157.0, 151.8, 150.5, 121.1, 102.6, 101.5, 54.2, 48.4, 46.3, 33.4,
31.8, 27.9. HRMS (ESI) calcd for C12H1sNsO,S: 296.1181. Obsd: 296.1175.
[o]p +23.0° (c 1.20, DMSO).

In the cases from 76 to 96, the desired products were synthesized
through substitution reactions with trifluoromethanesulfonyl chloride,
ethanesulfonyl chloride, 2-propanesulfonyl chloride, 1-propanesulfonyl
chloride,  1-methyl-1H-imidazole-4-sulfonyl chloride, benzenesulfonyl
chloride, 2-fluorobenzene-1-sulfonyl chloride, 3-fluorobenzene-1-sulfonyl
chloride, 4-fluorobenzenesulfonyl chloride, 2-cyanobenzenesulfonyl chloride,
4-cyanobenzenesulfonyl chloride, 2-nitrobenzenesulfonyl chloride, 3-
nitrobenzenesulfonyl  chloride,  4-nitrobenzenesulfonyl  chloride,  3-
toluenesulfonyl chloride, 4-toluenesulfonyl chloride, 4-
methoxybenzenesulfonyl chloride, 4-(trifluoromethyl)benzenesulfonyl
chloride, 2-naphthalenesulfonyl chloride, piperidine-1-sulfonyl chloride, and
morpholine-4-sulfonyl chloride, respectively, instead of methanesulfonyl

chloride according to the aforementioned process (vide supra).

(R)-N-Methyl-N-(1-((trifluoromethyl)sulfonyl)pyrrolidin-3-yl)-7H-
pyrrolo[2,3-d]pyrimidin-4-amine, 76
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Yield: 72.0 mg (64.3%). 97.4% purity by HPLC. *H NMR (400 MHz,
CDCls) § 12.77 (s, 1H), 8.37 (d, J = 8.8 Hz, 1H), 7.18 (m, 1H), 6.59 (m, 1H),
5.84 (m, 1H), 3.89 (m, 2H), 3.62 (m, 1H), 3.53 (m, 1H), 3.36 (d, J = 8.7 Hz,
3H), 2.29 (dd, J = 17.0, 8.6 Hz, 2H). *C NMR (100 MHz, CDCls) & 157.6,
152.2, 150.3, 121.3, 120.4 (q, J = 323.8 Hz), 103.7, 101.6, 54.7, 48.9, 47.7,
32.4, 28.5. HRMS (ESI) calcd for CioHisFsNsO2S: 350.0899. Obsd: 350.0893.
[o]o +19.4° (¢ 2.79, CHCls).

(R)-N-(1-(Ethylsulfonyl)pyrrolidin-3-yl)-N-methyl-7H-pyrrolo[2,3-

d]pyrimidin-4-amine, 77

Yield: 53.4 mg (53.6%). 98.2% purity by HPLC. *H NMR (400 MHz,
CDCl3) & 11.30 (s, 1H), 8.34 (s, 1H), 7.13 (s, 1H), 6.61 (s, 1H), 5.80 (m, 1H),
3.70 (dd, J = 19.4, 10.1 Hz, 2H), 3.43 (d, J = 10.3 Hz, 2H), 3.38 (s, 3H), 3.08
(9, J = 7.3 Hz, 2H), 2.28 (s, 1H), 2.19 (m, 1H), 1.43 (t, J = 7.3 Hz, 3H). 3C
NMR (100 MHz, CDCl3) 6 157.6, 151.6, 149.9, 121.1, 103.8, 102.0, 54.9, 48.6,
46.6, 44.6, 29.8, 28.8, 8.1. HRMS (ESI) calcd for C13H20NsO,S: 310.1338.
Obsd: 310.1335. [o]o +13.1° (¢ 1.24, CHCI5).

(R)-N-(1-(Isopropylsulfonyl)pyrrolidin-3-yl)-N-methyl-7H-

pyrrolo[2,3-d]pyrimidin-4-amine, 78

Yield: 36.0 mg (34.6%). 99.1% purity by HPLC. *H NMR (400 MHz,
CDCl3) 8 12.23 (s, 1H), 8.35 (s, 1H), 7.14 (d, J = 3.2 Hz, 1H), 6.59 (d, J = 2.6
Hz, 1H), 5.78 (m, 1H), 3.75 (m, 2H), 3.46 (m, 2H), 3.36 (s, 3H), 3.28 (dt, J =
13.6, 6.8 Hz, 1H), 2.26 (m, 1H), 2.16 (m, 1H), 1.41 (d, J = 6.8 Hz, 6H). 33C
NMR (100 MHz, CDCl3) 6 157.8, 152.2, 150.6, 120.9, 103.5, 101.9, 55.0, 53.6,
49.0, 47.2, 32.3, 28.9, 16.8. HRMS (ESI) calcd for C14H22Ns0,S: 324.1494.
Obsd: 324.1487. [a]o +18.2° (¢ 0.950, CHCls).
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(R)-N-Methyl-N-(1-(propylsulfonyl)pyrrolidin-3-yl)-7H-pyrrolo[2,3-

d]pyrimidin-4-amine, 79

Yield: 49.0 mg (54.9%). 97.1% purity by HPLC. *H NMR (400 MHz,
CDCls) § 12.36 (s, 1H), 8.34 (s, 1H), 7.15 (s, 1H), 6.58 (s, 1H), 5.78 (m, 1H),
3.67 (m, 2H), 3.41 (d, J = 9.3 Hz, 2H), 3.36 (s, 3H), 3.01 (m, 2H), 2.27 (s, 1H),
2.19 (m, 1H), 1.90 (dd, J = 14.5, 7.2 Hz, 2H), 1.09 (t, J = 7.1 Hz, 3H). *C NMR
(100 MHz, CDCls) 6 157.7, 152.1, 150.5, 121.0, 103.5, 101.8, 54.8, 51.5, 48.5,
46.5, 32.3, 28.7, 17.1, 13.3. HRMS (ESI) calcd for C14H22Ns0,S: 324.1494.
Obsd: 324.1488. [a]po +11.3° (¢ 1.52, CHCI5).

(R)-N-Methyl-N-(1-((1-methyl-1H-imidazol-4-yl)sulfonyl)pyrrolidin-

3-y)-7H-pyrrolo[2,3-d]pyrimidin-4-amine, 80

Yield: 17.0 mg (22.4%). 98.4% purity by HPLC. *H NMR (400 MHz,
DMSO-d6) & 11.70 (s, 1H), 8.10 (s, 1H), 7.89 (s, 2H), 7.16 (s, 1H), 6.52 (s,
1H), 5.31 (dd, J = 15.6, 7.8 Hz, 1H), 3.74 (s, 3H), 3.50 (m, 2H), 3.27 (m, 2H),
3.12 (s, 3H), 1.99 (dd, J = 15.6, 8.0 Hz, 2H). 3C NMR (100 MHz, DMSO-d6)
6 156.8,151.6, 150.3, 140.2, 135.8, 126.1, 121.2, 102.4, 101.4, 54.2, 48.7,46.9,
33.6, 31.4, 27.7. HRMS (ESI) calcd for CisHxN70.S: 362.1399. Obsd:
362.1393. [a]p +12.5° (¢ 0.477, DMSO).

(R)-N-Methyl-N-(1-(phenylsulfonyl)pyrrolidin-3-yl)-7H-pyrrolo[2,3-

d]pyrimidin-4-amine, 81

Yield: 101 mg (84.2%). 99.3% purity by HPLC. *H NMR (400 MHz,
CDCls) & 12.18 (s, 1H), 8.26 (s, 1H), 7.87 (dd, J = 7.0, 1.4 Hz, 2H), 7.65 (m,
1H), 7.58 (m, 2H), 7.10 (d, J = 3.0 Hz, 1H), 6.50 (d, J = 2.9 Hz, 1H), 5.60 (m,
1H), 3.64 (dd, J = 12.1, 5.7 Hz, 1H), 3.45 (dd, J = 13.6, 5.3 Hz, 1H), 3.35 (m,
1H), 3.27 (d, J = 2.1 Hz, 3H), 3.12 (dt, J = 16.6, 4.7 Hz, 1H), 2.17 (ddd, J =
12.3, 10.0, 7.7 Hz, 1H), 2.05 (m, 1H). 3C NMR (100 MHz, CDCls) & 157.6,
152.1, 150.5, 135.8, 133.1, 129.3, 127.9, 120.9, 103.4, 101.8, 54.4, 49.3, 47.2,
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32.2, 28.5. HRMS (ESI) calcd for Ci7H20Ns0,S: 358.1338. Obsd: 358.1333.
[o]o -29.2° (¢ 1.21, CHCls).

(R)-N-(2-((2-Fluorophenyl)sulfonyl)pyrrolidin-3-yl)-N-methyl-7H-

pyrrolo[2,3-d]pyrimidin-4-amine, 82

Yield: 96.8 mg (80.6%). 99.4% purity by HPLC. *H NMR (400 MHz,
CDCls) & 12.58 (s, 1H), 8.29 (s, 1H), 7.91 (t, J = 6.8 Hz, 1H), 7.60 (d, J = 5.0
Hz, 1H), 7.27 (m, 2H), 7.11 (s, 1H), 6.51 (s, 1H), 5.68 (m, 1H), 3.73 (d, J = 8.2
Hz, 1H), 3.63 (t, J = 9.1 Hz, 1H), 3.40 (m, 1H), 3.34 (d, J = 8.5 Hz, 1H), 3.28
(s, 3H), 2.20 (s, 1H), 2.10 (dd, J = 19.9, 9.1 Hz, 1H). 3C NMR (100 MHz,
CDCls) 6 160.3, 157.7, 157.5, 152.0, 150.3, 135.2 (d, J = 8.4 Hz), 131.4, 125.4
(d, J = 14.9 Hz), 124.6 (d, J = 3.6 Hz), 121.0, 117.4 (d, J = 22.0 Hz), 102.5 (d,
J = 172.3 Hz), 54.5, 48.4, 46.6, 32.1, 28.5. HRMS (ESI) calcd for
C17H1oFN50,S: 376.1243. Obsd: 376.1236. [a]p -18.5° (¢ 3.38, CHCl5).

(R)-N-(1-((3-Fluorophenyl)sulfonyl)pyrrolidin-3-yl)-N-methyl-7H-

pyrrolo[2,3-d]pyrimidin-4-amine, 83

Yield: 101 mg (84.0%). 100% purity by HPLC. *H NMR (400 MHz,
CDCls) 8 12.64 (s, 1H), 8.27 (s, 1H), 7.65 (d, J = 7.5 Hz, 1H), 7.55 (dd, J =
14.7, 6.6 Hz, 2H), 7.33 (m, 1H), 7.11 (d, J = 2.8 Hz, 1H), 6.49 (d, J = 2.9 Hz,
1H), 5.59 (dd, J = 14.9, 7.4 Hz, 1H), 3.63 (t, J = 7.3 Hz, 1H), 3.47 (t, J = 9.3
Hz, 1H), 3.33 (dd, J = 10.2, 6.6 Hz, 1H), 3.26 (s, 3H), 3.13 (dd, J = 16.7, 9.1
Hz, 1H), 2.15 (m, 1H), 2.06 (m, 1H). C NMR (100 MHz, CDCls) & 163.8,
161.3, 157.4, 152.0, 150.2, 137.9 (d, J = 6.5 Hz), 131.1 (d, J = 7.7 Hz), 123.5
(d, J = 3.2 Hz), 121.0 (s), 120.2 (d, J = 21.2 Hz), 115.0 (d, J = 24.1 Hz), 102.5
(d, J = 172.4 Hz), 54.3, 49.1, 47.0, 32.1, 28.3. HRMS (ESI) calcd for
C17H19FNs0,S: 376.1243. Obsd: 376.1239. [a]p -39.8° (¢ 3.38, CHCI5).
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(R)-N-(1-((4-Fluorophenyl)sulfonyl)pyrrolidin-3-yl)-N-methyl-7H-

pyrrolo[2,3-d]pyrimidin-4-amine, 84

Yield: 93.5 mg (77.8%). 98.0% purity by HPLC. *H NMR (400 MHz,
CDCls3) 5 11.08 (s, 1H), 8.24 (s, 1H), 7.89 (dd, J = 8.4, 5.1 Hz, 2H), 7.26 (dd, J
=9.2, 7.5 Hz, 2H), 7.09 (d, J = 2.7 Hz, 1H), 6.52 (d, J = 2.9 Hz, 1H), 5.61 (m,
1H), 3.65 (t, J = 7.5 Hz, 1H), 3.38 (dt, J = 10.1, 6.9 Hz, 2H), 3.31 (d, J = 8.7
Hz, 3H), 3.11 (m, 1H), 2.18 (d, J = 4.7 Hz, 1H), 2.08 (dd, J = 14.9, 6.4 Hz, 1H).
13C NMR (100 MHz, CDCl3) 6 166.8, 164.2, 157.6, 152.1, 150.5, 132.1, 130.6
(d, J=9.6 Hz), 120.9, 116.6 (d, J = 22.5 Hz), 90.4, 54.4, 49.2, 47.2, 32.3, 28.5.
HRMS (ESI) calcd for C17H19FNsO,S: 376.1243. Obsd: 376.1237. [a]p -35.9°
(c 0.670, CHCly).

(R)-2-((3-(Methyl(7H-pyrrolo[ 2,3-d] pyrimidin-4-yl)amino)pyrrolidin-

1-yl)sulfonyl)benzonitrile, 85

Yield: 68.8 mg (56.0%). 98.3% purity by HPLC. *H NMR (400 MHz,
CDCls) § 12.29 (s, 1H), 8.28 (d, J = 3.7 Hz, 1H), 8.11 (dd, J = 7.4, 2.8 Hz, 1H),
7.91 (m, 1H), 7.74 (m, 2H), 7.12 (s, 1H), 6.55 (s, 1H), 5.73 (d, J = 6.8 Hz, 1H),
3.80 (t, J = 8.8 Hz, 1H), 3.67 (td, J = 10.1, 3.5 Hz, 1H), 3.43 (m, 2H), 3.32 (d,
J = 3.5 Hz, 3H), 2.22 (ddd, J = 18.3, 11.1, 4.5 Hz, 2H). **C NMR (100 MHz,
CDCls) 6 157.6, 152.1, 150.4, 140.7, 135.7, 133.2, 133.0, 130.4, 121.0, 116.5,
110.8, 103.5, 101.8, 54.6, 48.7, 47.2, 32.3, 28.5. HRMS (ESI) calcd for
Ci18H10N6O,S: 383.1290. Obsd: 383.1287. [a]p -12.6° (¢ 2.34, CHClI5).

(R)-4-((3-(Methyl(7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)pyrrolidin-

1-yl)sulfonyl)benzonitrile, 86

Yield: 80.5 mg (65.8%). 100% purity by HPLC. *H NMR (400 MHz,
DMSO0-d6) 6 11.66 (s, 1H), 8.09 (m, 2H), 8.03 (d, J = 3.0 Hz, 1H), 7.98 (dd, J
= 4.7,3.8 Hz, 2H), 7.09 (d, J = 1.3 Hz, 1H), 6.43 (s, 1H), 5.24 (m, 1H), 3.44
(m, 2H), 3.17 (ddd, J = 18.1, 10.9, 5.2 Hz, 2H), 3.06 (d, J = 2.8 Hz, 3H), 1.96
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(m, 2H). 3C NMR (100 MHz, DMS0-d6) § 156.8, 151.7, 150.4, 139.8, 133.6,
128.2, 121.1, 117.7, 115.6, 102.6, 101.4, 54.1, 48.7, 46.8, 31.7, 27.6. HRMS
(ESI) calcd for C1gH19NsO,S: 383.1290. Obsd: 383.1284. [a]p -10.7° (¢ 2.72,
DMSO).

(R)-N-Methyl-N-(1-((2-nitrophenyl)sulfonyl)pyrrolidin-3-yl)-7H-

pyrrolo[2,3-d]pyrimidin-4-amine, 87

Yield: 101 mg (78.1%). 97.5% purity by HPLC. *H NMR (400 MHz,
CDCl3) & 11.92 (s, 1H), 8.30 (s, 1H), 8.05 (dd, J = 7.3, 1.7 Hz, 1H), 7.72 (m,
2H), 7.64 (dd, J = 7.5, 1.6 Hz, 1H), 7.12 (d, J = 3.2 Hz, 1H), 6.56 (d, J = 3.3
Hz, 1H), 5.75 (dd, J = 15.9, 7.8 Hz, 1H), 3.76 (m, 2H), 3.46 (ddd, J = 17.0, 9.8,
7.2 Hz, 2H), 3.32 (s, 3H), 2.26 (m, 1H), 2.18 (m, 1H). 3C NMR (100 MHz,
CDCls) 6 157.7, 152.2, 150.6, 148.5, 133.9, 131.8, 131.6, 131.1, 124.2, 120.9,
103.5, 101.9, 54.7, 48.6, 47.0, 32.3, 28.7. HRMS (ESI) calcd for C17H19NgO4S:
403.1188. Obsd: 403.1182. [a]p +12.6° (¢ 2.17, CHCl5).

(R)-N-Methyl-N-(1-((3-nitrophenyl)sulfonyl)pyrrolidin-3-yl)-7H-

pyrrolo[2,3-d]pyrimidin-4-amine, 88

Yield: 104 mg (81.0%). 99.6% purity by HPLC. *H NMR (400 MHz,
CDCls) § 10.63 (s, 1H), 8.70 (s, 1H), 8.50 (d, J = 7.9 Hz, 1H), 8.22 (s, 1H), 8.19
(d,J=8.1Hz, 1H), 7.80 (t, J = 7.9 Hz, 1H), 7.08 (s, 1H), 6.54 (s, 1H), 5.60 (m,
1H), 3.73 (t, J = 7.5 Hz, 1H), 3.50 (dd, J = 11.6, 7.1 Hz, 1H), 3.40 (m, 1H), 3.31
(s, 3H), 3.18 (dd, J = 16.8, 9.2 Hz, 1H), 2.15 (m, 2H). *C NMR (100 MHz,
CDCls) 6 157.6, 152.2, 150.5, 148.6, 138.7, 133.2, 130.7, 127.5, 122.8, 121.0,
103.5,101.9, 54.4,49.1, 47.2, 32.5, 28.4. HRMS (ESI) calcd for C17H19NgO4S:
403.1188. Obsd: 403.1184. [a]p -41.1° (¢ 1.24, CHClI5).

(R)-N-Methyl-N-(1-((4-nitrophenyl)sulfonyl)pyrrolidin-3-yl)-7H-
pyrrolo[2,3-d]pyrimidin-4-amine, 89
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Yield: 95.3 mg (74.0%). 99.1% purity by HPLC. *H NMR (400 MHz,
CDCls) 5 10.99 (s, 1H), 8.42 (d, J = 8.6 Hz, 2H), 8.22 (5, 1H), 8.05 (d, J = 8.6
Hz, 2H), 7.09 (d, J = 2.1 Hz, 1H), 6.52 (d, J = 2.6 Hz, 1H), 5.59 (dt, J = 15.6,
7.9 Hz, 1H), 3.70 (m, 1H), 3.51 (m, 1H), 3.38 (dd, J = 10.2, 7.0 Hz, 1H), 3.30
(s, 3H), 3.18 (dd, J = 16.9, 9.2 Hz, 1H), 2.15 (m, 2H). *C NMR (100 MHz,
CDCls) & 157.6, 152.2, 150.9, 150.5, 142.3, 129.0, 124.6, 120.7, 103.5, 102.1,
54.5, 49.1, 47.2, 32.5, 28.4. HRMS (ESI) calcd for Cy7H1oNsO4S: 403.1188.
Obsd: 403.1185. [o]o -63.5° (C 0.568, CHCls).

(R)-N-Methyl-N-(1-(m-tolylsulfonyl)pyrrolidin-3-yl)-7H-pyrrolo[2,3-

d]pyrimidin-4-amine, 90

Yield: 101 mg (84.9%). 95.0% purity by HPLC. *H NMR (400 MHz,
CDCls) 6 12.57 (s, 1H), 8.27 (s, 1H), 7.66 (d, J = 9.2 Hz, 2H), 7.44 (m, 2H),
7.10 (d, J =3.0 Hz, 1H), 6.48 (d, J = 2.7 Hz, 1H), 5.58 (dt, J = 14.9, 7.4 Hz,
1H), 3.62 (t, J = 7.5 Hz, 1H), 3.44 (m, 1H), 3.33 (dd, J = 10.2, 6.4 Hz, 1H), 3.25
(s, 3H), 3.10 (dd, J = 16.9, 9.1 Hz, 1H), 2.44 (s, 3H), 2.14 (dd, J = 9.7, 5.3 Hz,
1H), 2.03 (m, 1H). **C NMR (100 MHz, CDCl3) § 157.4, 152.0, 150.2, 139.4,
135.5, 133.8, 129.0, 128.1, 124.9, 120.9, 103.3, 101.6, 54.3, 49.2, 47.1, 32.0,
28.4, 21.4. HRMS (ESI) calcd for Ci1gH22Ns0.S: 372.1494. Obsd: 372.1495.
[o]o -39.6° (¢ 3.34, CHCIs).

(R)-N-Methyl-N-(1-tosylpyrrolidin-3-yl)-7H-pyrrolo[2,3-d] pyrimidin-

4-amine, 91

Yield: 87.4 mg (73.5%). 99.4% purity by HPLC. *H NMR (400 MHz,
CDCl3) 8 12.57 (s, 1H), 8.26 (s, 1H), 7.73 (d, J = 6.8 Hz, 2H), 7.35 (d, J = 7.1
Hz, 2H), 7.10 (s, 1H), 6.48 (s, 1H), 5.58 (m, 1H), 3.61 (d, J = 7.6 Hz, 1H), 3.41
(t, 3 =9.0 Hz, 1H), 3.31 (dd, J = 8.7, 6.2 Hz, 1H), 3.25 (s, 3H), 3.08 (dd, J =
16.3, 7.7 Hz, 1H), 2.44 (s, 3H), 2.13 (s, 1H), 2.04 (dd, J = 18.2, 9.9 Hz, 1H).
13C NMR (100 MHz, CDCls) 6 157.4,151.9, 150.2, 143.8, 132.5, 129.8, 127.8,
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120.8, 103.2, 101.6, 54.2, 49.2, 47.0, 32.0, 28.3, 21.5. HRMS (ESI) calcd for
C18H22N50,S: 372.1494. Obsd: 372.1490. [a]p -41.5° (¢ 3.24, CHCl5).

(R)-N-(1-((4-Methoxyphenyl)sulfonyl)pyrrolidin-3-yl)-N-methyl-7H-

pyrrolo[2,3-d]pyrimidin-4-amine, 92

Yield: 107 mg (86.2%). 100% purity by HPLC. 'H NMR (400 MHz,
CDCl3) § 12.56 (s, 1H), 8.27 (s, 1H), 7.79 (d, J = 6.6 Hz, 2H), 7.10 (s, 1H), 7.02
(d, J = 6.6 Hz, 2H), 6.48 (s, 1H), 5.58 (s, 1H), 3.87 (s, 3H), 3.59 (t, J = 8.5 Hz,
1H), 3.40 (t, J = 9.0 Hz, 1H), 3.31 (d, J = 6.3 Hz, 1H), 3.25 (s, 3H), 3.08 (m,
1H), 2.14 (s, 1H), 2.03 (m, 1H). *C NMR (100 MHz, CDCls) & 163.1, 157.4,
151.9, 150.2, 129.9, 127.1, 120.8, 114.3, 103.2, 101.6, 55.6, 54.2, 49.2, 47.0,
32.0, 28.3. HRMS (ESI) calcd for CigH22NsO3S: 388.1443. Obsd: 388.1441.
[o]o -37.5° (¢ 4.03, CHCl5).

(R)-N-Methyl-N-(1-((4-(trifluoromethyl)phenyl)sulfonyl)pyrrolidin-3-

yl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine, 93

Yield: 99.2 mg (72.9%). 99.8% purity by HPLC. *H NMR (400 MHz,
DMSO-d6) § 11.71 (s, 1H), 8.05 (m, 5H), 7.12 (s, 1H), 6.48 (s, 1H), 5.28 (dd,
J=14.4,7.2 Hz, 1H), 3,51 (s, 1H), 3.43 (dd, J = 18.2, 8.2 Hz, 3H), 3.22 (m,
2H), 3.12 (m, 3H), 2.04 (m, 2H). 3C NMR (100 MHz, DMSO-d6) & 157.2,
152.1, 150.8, 140.0, 133.2 (g, J = 32.4 Hz), 128.9, 127.0 (d, J = 3.1 Hz), 123.9
(q,J=272.7Hz),121.5,102.9,101.7,54.5,49.1,47.2, 32.1, 28.0. HRMS (ESI)
calcd for CigHigFsNsO,S: 426.1212. Obsd: 426.1204. [a]o -29.6° (¢ 3.29,
CHCly).

(R)-N-Methyl-N-(1-(naphthalen-2-ylsulfonyl)pyrrolidin-3-yl)-7H-

pyrrolo[2,3-d]pyrimidin-4-amine, 94

Yield: 112 mg (84.7%). 96.8% purity by HPLC. *H NMR (400 MHz,
CDCls) & 12.57 (s, 1H), 8.43 (s, 1H), 8.21 (s, 1H), 7.97 (m, 2H), 7.91 (d, J =
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7.9 Hz, 1H), 7.85 (d, J = 8.6 Hz, 1H), 7.61 (td, J = 15.0, 7.0 Hz, 2H), 7.02 (d, J
= 2.5 Hz, 1H), 6.39 (d, J = 2.6 Hz, 1H), 5.52 (m, 1H), 3.68 (m, 1H), 3.50 (t, J
= 9.4 Hz, 1H), 3.37 (dd, J = 9.9, 6.7 Hz, 1H), 3.20 (s, 3H), 3.16 (m, 1H), 2.10
(ddd, J = 18.9, 8.3, 6.1 Hz, 1H), 2.00 (m, 1H). *C NMR (100 MHz, CDCls) &
157.4, 151.9, 150.2, 134.9, 132.8, 132.2, 129.4, 129.2, 129.1, 128.9, 127.9,
127.6, 123.0, 120.8, 103.2, 101.6, 54.3, 49.2, 47.1, 32.0, 28.3. HRMS (ESI)
calcd for Ca1H22N50,S: 408.1494. Obsd: 408.1495. [a]p -40.3° (¢ 3.97, CHCIs).

(R)-N-Methyl-N-(1-(piperidin-1-ylsulfonyl)pyrrolidin-3-yl)-7H-

pyrrolo[2,3-d]pyrimidin-4-amine, 95

Yield: 91.0 mg (77.8%). 98.7% purity by HPLC. *H NMR (400 MHz,
CDCls) & 12.65 (s, 1H), 8.36 (s, 1H), 7.15 (s, 1H), 6.58 (s, 1H), 5.78 (m, 1H),
3.60 (m, 2H), 3.35 (s, 3H), 3.34 (m, 2H), 3.26 (d, J = 4.7 Hz, 4H), 2.28 (dd, J
= 0.6, 7.4 Hz, 1H), 2.13 (m, 1H), 1.64 (d, J = 4.2 Hz, 4H), 1.56 (d, J = 3.4 Hz,
2H). 3C NMR (100 MHz, CDCls) § 157.6, 152.0, 150.4, 120.9, 103.3, 101.7,
775, 77.2, 76.9, 54.6, 49.4, 47.3, 47.1, 32.0, 28.5, 25.5, 23.8. HRMS (ESI)
calcd for CisH2sN6O,S: 365.1760. Obsd: 365.1755. [a]o +13.7° (c 3.06,
CHCly).

(R)-N-Methyl-N-(1-(morpholinosulfonyl)pyrrolidin-3-yl)-7H-

pyrrolo[2,3-d]pyrimidin-4-amine, 96

Yield: 47.0 mg (40.2%). 96.8% purity by HPLC. *H NMR (400 MHz,
CDCls) 5 12.37 (s, 1H), 8.35 (s, 1H), 7.15 (s, 1H), 6.58 (s, 1H), 5.79 (m, 1H),
3.76 (m, 4H), 3.65 (m, 2H), 3.38 (m, 2H), 3.36 (s, 3H), 3.28 (M, 4H), 2.27 (dt,
J =10.4, 8.5 Hz, 1H), 2.16 (m, 1H). C NMR (100 MHz, CDCl3) § 157.7,
152.2, 150.5, 121.0, 103.5, 101.8, 66.5, 54.7, 49.4, 47.6, 46.5, 32.2, 28.6.
HRMS (ESI) calcd for CisH23NgOsS: 367.1552. Obsd: 367.1547. [a]p +12.9°
(c 1.53, CHCl5).
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In vitro enzyme assays and kinase profiling

All enzyme inhibition assay including kinase profiling results were
obtained by commercially available Kkinase binding activity assay,
KinaseProfiler™ services (Eurofins Scientific, UK).8 All kinase binding
activity assays were performed at K values for ATP. The 50% inhibitory
concentration (ICsq) of each compound was determined with GraphPad Prism
software. The kinome tree of the inhibition percentages of 323 kinases at the 10
uM concentration for (R)-6¢ and 12a was drawn by R. Najmanovich’s Kinome

Render web accessible tool.”

Cell-based functional assays

Phosphorylation of STAT6

THP-1 cells were purchased from ATCC (ATCC TIB-202) and then
grown in RPMI-1640 medium (Hyclone) containing 10% fetal bovine serum
(FBS) (Hyclone) and 1% penicillin/streptomycin (Hyclone). Cells were
pretreated with the indicated compound at 8 concentrations over a 3-fold serial
dilution series (0 — 10 uM), 30 uM and 50 uM at 37 °C for 1 h. Cells were then
stimulated with IL-4 (10 ng/mL) (Peprotech) at 37 °C for 60 min and fixed in
Cytofix/Cytoperm (BD Biosciences) buffer. Thereafter, they were
permeabilization in Phosflow perm buffer 111 (BD Biosciences) on ice for 30
min. After blocking with Fc blocking reagent (Miltenyi Biotec), cells were
stained with PE-conjugated mouse anti-human pSTAT6 antibody (BD
Phosflow) on ice for 30 min. pSTAT6 was detected by flow cytometry
(Beckman, Gallios) after washing three times. All experiments were repeated
at least twice to confirm the reproducibility. The 50% inhibitory concentration

(ICsp) of each compound was determined with GraphPad Prism software.

Proliferation of Ba/F3 cells
Ba/F3 cells are dependent on IL-3 for proliferation. Thus, Ba/F3 cells
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were grown and maintained in RPMI containing 10% FBS, mouse IL-3
(Peprotech), and 1% penicillin/streptomycin. Ba/F3 cell lines expressing TEL-
JAK1, TEL-JAK2, TEL-JAK3, and TEL-TYK2 are independent of IL-3 for
proliferation. These cell lines were grown and maintained in RPMI-1640
medium containing 10% FBS and antibiotics without IL-3. For the cell
proliferation assay, each cell line (1x10%well) was grown in a 96-well plate
overnight and then treated with the indicated compound at 10 concentrations
over a 3-fold serial dilution series (0 — 10 uM). The cell proliferation was
analyzed using the Cell Counting Kit-8 (CCK8) (Dojindo Laboratories)
according to the manufacturer’s instructions. All experiments were performed
twice and the mean 50% inhibitory concentrations (ICso) of each compound

were determined with GraphPad Prism software.

Human whole blood tests

The 10 mM stock solutions of test articles in dimethyl sulfoxide were
prepared. The solutions of test articles at desired concentrations were obtained
through the dilution of stock solutions with 4% dimethyl sulfoxide solution. In
a 1.75 mL Eppendorf tube, 90 uL of human whole blood was placed and it was
treated with 5 uL of sample solution at the desired concentration. The human
whole blood tube was incubated at 37 °C for 45 minutes. For the activation of
JAK1 or JAK2 signals, 5 uL of IL-6 or GM-CSF, respectively, was added to
the human whole blood tube. It was incubated at 37 °C for 15 minutes. To the
blood tube was added 900 pL of lysis/fix buffer solution which was warmed at
37 °C and then it was placed at 37 °C for 20 minutes. The blood tube was
centrifuged with a 500 xg force at 4 °C for 8 minutes. After removing the
supernatant, 1 mL of wash buffer (500 mL of Dulbecco's phosphate-buffered
saline + 0.5 g of bovine serum albumin + 0.5 g of sodium azide) was added to
the tube. Then it was centrifuged with a 500 xg force at 4 °C for 8 minutes. The
above washing process was carried out once more. After removing the
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supernatant, 400 uL of BD phosflow perm buffer cooled at ice bath was added
and it was vortexed. The it was placed at ice bath for 30 minutes. The tube was
centrifuged with a 500 xg force at 4 °C for 8 minutes. Antibody solutions were
prepared: 5.5 mL of BD pharmingen staining buffer + 110 uL of Anti-Human
CD4 + 55 uL of pSTAT1 antibody for IL-6/JAK1/pSTAT1 signaling and 5.5
mL of BD pharmingen staining buffer + 110 uL of Anti-Human CD33 + 55 uL
of pSTATS5 antibody for GM-CSF/JAK2/pSTATS5 signaling. After removing
the supernatant in the blood tube, 250 uL of antibody solution was added and
then the tube was placed at 4 °C for overnight. It was analyzed with

fluorescence-activated cell sorting (FACS) method.

In vitro ADME assays

All in vitro ADME, including plasma stability, plasma protein binding,
liver microsomal stability, and Caco-2 permeability assays, and hERG assays
were performed by commercially available services at the New Drug
Development Center, Daegu-Gyeongbuk Medical Innovation Foundation,
South Korea and Drug Discovery Platform Technology Group, Korea Research

Institute of Chemical Technology, South Korea.

Plasma stability assay

Human or rat plasma was treated with test articles at 10 uM
concentration. Procaine and diltiazem were used for positive controls. The
plasma tubes were incubated at 37 °C for 0, 30, and 120 minutes. Acetonitrile
including internal standard, chlorpropamide, was added to the tube, which was
vortexed and centrifuged with a power of 14,000 rpm at 4 °C. After the
centrifugation, the supernatant was analysed by LC-MS/MS, Nexera XR
system (Shimadzu, Japan) with TSQ vantage triple quadruple (Thermo, USA).

The column was Kinetex XB-C18 column (2.1x100 mm, 2.6 um particle size;
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Phenomenex, USA) and the obtained data were analysed in Xcalibur program

(version 1.6.1).

Plasma protein binding test

Rapid equilibrium dialysis (RED) method was used for plasma protein
binding test. Positive controls were dexamethasone and warfarin. Human or rat
plasma was treated with test articles at 10 uM concentration. The same volumes
of the treated plasma and phosphate-buffered saline (PBS, pH 7.4) were placed
in RED chamber. The chamber was incubated at 37 °C for 4 hours. The same
volumes of the incubated plasma and buffer were sampled and the same
volumes of buffer and blank plasma were added, respectively. Acetonitrile
including internal standard, chlorpropamide, was added to each sample tube,
which was vortexed and centrifuged with a power of 14,000 rpm at 4 °C. After
the centrifugation, the supernatant was analysed by LC-MS/MS, Nexera XR
system (Shimadzu, Japan) with TSQ vantage triple quadruple (Thermo, USA).
The column was Kinetex XB-C18 column (2.1x100 mm, 2.6 um particle size;
Phenomenex, USA) and the obtained data were analysed in Xcalibur program

(version 1.6.1).

Liver microsomal stability test

The liver microsome of human, dog, rat, or mouse (0.5 mg/mL), 0.1 M
phosphate buffer, and a test article at 1 uM concentration were placed in a tube.
Positive control was verapamil. The tube was incubated at 37 °C for 5 minutes.
NADPH regeneration system solution was added to the tube, which were
incubated at 37 °C for 30 minutes. Acetonitrile including internal standard,
chlorpropamide, was added to the tube, which was vortexed and centrifuged
with a power of 14,000 rpm at 4 °C. After the centrifugation, the supernatant
was analysed by LC-MS/MS, Nexera XR system (Shimadzu, Japan) with TSQ
vantage triple quadruple (Thermo, USA). The column was Kinetex XB-C18
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column (2.1x100 mm, 2.6 um particle size; Phenomenex, USA) and the

obtained data were analysed in Xcalibur program (version 1.6.1).

Caco-2 permeability assay

In a 12-well transwell, 1x10° cells of Caco-2 cells (ATCC® HTB-
37™) were seeded and they were grown for 3 weeks. Test article was diluted
to 25 uM concentration with transport buffer (10 mM glucose, 4 mM sodium
bicarbonate, and 1 mM 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid in
Hank's balanced salt solution, pH 7.4). Positive controls were caffeine,
ofloxacin, and atenolol. Of apical and basolateral chamber, test article was
added to one chamber and then transport buffer was added to the other. During
60-minute incubation at 37 °C, samples from each chamber were taken every
15 minutes. The samples were diluted to 5 uM concentration with acetonitrile
including internal standard, chlorpropamide. the samples were analysed by LC-
MS/MS, Nexera XR system (Shimadzu, Japan) with TSQ vantage triple
quadruple (Thermo, USA). The column was Kinetex XB-C18 column (2.1x100
mm, 2.6 um particle size; Phenomenex, USA) and the obtained data were
analysed in Xcalibur program (version 1.6.1).

CYP inhibition test

A cocktail of human liver microsomes (0.25 mg/mL), 0.1 M phosphate
buffer, each substrate for CYPuso isozymes, and test article at 0 or 10 uM
concentration was incubated at 37 °C for 5 minutes. The cocktails are as
follows: Cocktail A, phenacentin 50 uM + coumarin 2.5 uM + S-mephenytoin
100 uM + dextromethorphan 5 uM + midazolam 2.5 pM; Cocktail B,
bupropion 50 uM + aminodaquine 2.5 uM + tolbutamide 100 uM +
chlorzoxazone 50 uM. Then NADPH generation system solution was added
and it was incubated at 37 °C for 15 minutes again. After the incubation, the
reaction was quenched with acetonitrile including chlorphopamide as an
internal standard. It was centrifuged with a power of 14,000 rpm at 4 °C. After
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the centrifugation, the supernatant was analysed by LC-MS/MS, Nexera XR
system (Shimadzu, Japan) with TSQ vantage triple quadruple (Thermo, USA).
The column was Kinetex XB-C18 column (2.1x100 mm, 2.6 um particle size;
Phenomenex, USA) and the obtained data were analysed in Xcalibur program

(version 1.6.1).

Human ether-a-go-go related gene (hERG) potassium
channel assay

hERG assay was performed with automated planar patch clamp method
in PatchXpress® 7000A (Molecular Devices, LLC., USA). HERG — HEK293
cells (2 — 4x1068 cells) were placed in a 384 well-plate. Amphotericin B solution
was added for perforated patch clamp and then it was placed for 10 minutes. To
measure hERG normal current, The HEK293 cell membrane was held at -80
mV, and the current of potassium channel was measured while voltage was
changed as follows: -40 mV for 100 milliseconds (ms), +40 mV for 500 ms,
and -50 mV for 2 seconds. After measuring normal current with the mentioned
method, the HEK293 cells were treated with test article solution at desired
concentration. After 5 minutes, the current of potassium channel treated with

test article was measured with the aforementioned method.

Pharmacokinetic study

Beagle dogs (10 — 12 kg), Sprague Dawley rats (7 — 8 weeks old) and
ICR mice (7 — 8 weeks old) were kept in an environmentally controlled
breeding room (25 + 2 °C, 60 £ 5% humidity, 12h dark/light cycle) with free
access to food and water. All groups consisted of four males fed freely for
intravenous tests, but had fasted for 16 hours beforehand per oral tests. The
dosages for intravenous and per oral tests in dogs, rats, and mice were 5 and 3
mg/kg, 5 and 10 mg/kg, and 5 and 10 mg/kg, respectively. The free base form
of (R)-6¢ or 12a was clearly solved under the vehicle condition of 10% ethanol

131 'Ai k! ]'-'” ulr A



and 90% PEG400 so the dose volume of 1 mL/kg is for intravenous
administration. For oral administration, it became the suspension in corn oil,
which has the 5 mL/kg dose volume. The salt forms include hydrochloride,
citrate, and tartrate, which were clearly solved in 100% saline so that their dose
volumes became 250 and 2500 pL/kg for IV and PO, respectively. After their
administrations, the blood samplings were performed at 0.08, 0.25, 0.5, 1, 2, 4,
6, 8, 12 and 24 hours for IV and at 0.25, 0.5, 1, 2, 4, 6, 8, 12, and 24 hours for
PO. 20 uL of the sampled plasma was diluted with 180 uL of acetonitrile at an
internal standard. It was then vortexed and centrifuged under 15000 rpm at 4
°C. After the centrifugation, the supernatant was analyzed by LC-MS/MS,
Nexera XR system (Shimadzu, Japan) with TSQ vantage triple quadruple
(Thermo, USA). The column was Kinetex XB-C18 column (2.1x100 mm, 2.6
um particle size; Phenomenex, USA) and pharmacokinetic parameters were
obtained by the non-compartmental analysis model in Phoenix WinNonlin 6.4
version (Pharsight, USA). The animal care and procedure of this study were
approved by the Animal Research Care Committee of New Drug Development

Center, Daegu-Gyeongbuk Medical Innovation Foundation.

Mouse collagen-induced arthritis

Male DBAL/J mice (6 weeks old) were purchased from Japan SLC, Inc
and all mice were housed in specific pathogen-free (SPF) conditions with free
access to food and water. After 7 days of acclimation, mice were immunized
with 0.1 mL of 1:1 mixture of type Il collagen emulsion (2 mg/mL) and
complete Freund’s adjuvant by subcutaneous injection at 1.5 cm distal from the
tail base. After 21 days, immunized mice were boosted by another injection
with 0.1 mL of type II collagen emulsion and incomplete Freund’s adjuvant.
The emulsions were prepared according to manufacturer’s instruction.®* When
all mice indicated signs of arthritis, treatment with test articles and assessment
of arthritis were initiated (day 1). The immunized and boosted mice were
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randomized into 6 treatment groups (n = 10 each) and same-aged naive mice
were assigned to a normal group (n = 5). All test articles or vehicle were orally
administered once daily and the clinical arthritis scores were assessed twice
weekly for 18 days. Corn oil was used as a vehicle and all test articles were
suspended in vehicle. The test article doses were 25, 50, and 100 mg/kg/day for
(R)-6c, 100 mg/kg/day for 12a, 100 mg/kg/day for filgotinib, and 50 mg/kg/day
for tofacitinib citrate. Paw volumes were measured by LE7500 plethysmometer
(Panlab, Spain) on days 1 and 15. The severity of each paw was evaluated and
scored according to criteria where 0 = normal; 0.5 = redness of the toe, but not
swollen; 1 = one toe inflamed and swollen; 2 = more than one toe, but entire
paw, inflamed and swollen, or mild swelling of entire paw; 3 = entire paw
inflamed and swollen; and 4 = very inflamed and swollen paw or ankylosed
paw.®® The clinical arthritis score was represented by the total scores of each
paw. On day 19, all individuals were sacrificed and autopsies were performed.
Serum cytokines including IL-1p, IL-6, MCP-1, and TNF-a were measured by
ELISA Kits (ProcartaPlex Mix and Match customized, Mouse 5 plex, BMS).
For the histopathological studies, the right hind paws of each mouse were fixed
by 10% formalin solution and the hematoxylin-eosin staining was performed
on the ankle and third digit of the paw. The histopathological score was
semiquantitatively measured according to criteria where 0 = normal; 1 =
infiltration of inflammatory cells; 2 = synovial hyperplasia and pannus
formation; and 3 = bone erosion and destruction.® The obtained images were
analyzed by iSolution EL ver 9.1 (IMT i-solution Inc., Canada) and the micro-
CT analyses of all individuals were performed by viviCT 80 micro-CT
(SCANCO Medical, Switzerland) to measure bone surface/volume ratio.
Student’s t-test or one-way analysis of variance test was performed to determine
statistically significant differences. The data for clinical arthritis scores were
statistically analyzed by the Kruskal-Wallis test or Mann-Whitney test where a
significant difference was defined as P < 0.05. The experimental protocol of
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the mouse study was approved by the Animal Research Care Committee of

Gyeonggi Biocenter (Approval No. 2015-11-0019).

Rat adjuvant-induced arthritis

AIA was induced in SPF Lewis LEW/SsNSIc rats (Japan SLC Inc.,
Japan). After 2 weeks of acclimation, 10 week old rats were immunized by the
subcutaneous injection of 0.1 mL of complete Freund’s adjuvant containing 10
mg/mL of heat-killed mycobacterium (Chondrex, Inc., USA) at a 2.0 cm distal
from the rat tail base. After 12 days of immunization (day 1), the rats were
randomized into 6 treatment groups (n = 10 each) and received test articles or
vehicles alone once daily for 14 days. Same-aged naive mice were assigned to
a normal group (n = 5). Corn oil was used as a vehicle and test article doses
were 5, 10, and 20 mg/kg/day for (R)-6¢, 20 mg/kg/day for 12a, 20 mg/kg/day
for filgotinib, and 10 mg/kg/day for tofacitinib citrate. The clinical arthritis
score and paw thicknesses were evaluated twice weekly for 14 days. The
criteria for the clinical arthritis score are 0 = normal; 1 = mild edema or
erythema; 2 = moderate edema; 3 = severe edema; and 4 = ankylosis. The paw
thicknesses were measured by electric caliper CD-15CPX (Mitutoyo Corp.,
Japan). Kruskal-Wallis test or one-way analysis of variance test was performed
to determine statistically significant differences, which were defined as P <
0.05. The experimental protocol of the rat study was approved by the Animal
Research Care Committee of Qu-BEST BIO, Co., Ltd. (Approval No.
QBSIACUC-A17001).
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NMR spectra

Ethyl (R)-5-((R)-1-phenylethyl)-5-azaspiro[2.4] heptan-7-yl)carbamate, (R)-2c
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(R)-N-Methyl-5-((R)-1-phenylethyl)-5-azaspiro[2.4] heptan-7-amine, (R)-3c
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N-Methyl-N-((R)-5-((R)-1-phenylethyl)-5-azaspiro[2.4] heptan-7-yl)-7H-pyrrolo[2,3-
d]pyrimidin-4-amine, (R)-4c
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(R)-N-Methyl-N-(5-azaspiro[2.4] heptan-7-yl)-7H-pyrrolo[2,3-d] pyrimidin-4-amine,

(R)-5¢
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(R)-3-(7-(Methyl(7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)-5-azaspiro[2.4] heptan-5-

yl)-3-oxopropanenitrile, (R)-6¢
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3-(7-(Methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)-5-azaspiro[2.4] heptan-5-yl)-3-

oxopropanenitrile, 6¢
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(S)-3-(7-(Methyl(7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)-5-azaspiro[2.4] heptan-5-
yl)-3-oxopropanenitrile, (S)-6¢
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1 (ppm)
CARBON_01 g = 2k —— T
Compaun 8-5 N :: = :Es Poitr o=
CYC=-63-80C ; T Y s 3= P FF T ;
0
N4<_
H4C.
& ~u =y
e | AN
k,\, NH
'T_\m[uj MHz, CDC;) & 160.0,157.5,151.9, 150.2, 1209,
1139,103.1,101.8,61.5,54.8,51.3,33.4,25.7, 226, 16.7,8.1.
230 220 210 200 180 180 170 160 150 140 130 120 10 00 80 1] 70 60 50 40 30 20 o o -10
1 (ppm)
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(R)-3-(3-(Methyl(7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)pyrrolidin-1-yl)-3-
oxopropanenitrile, 12a

PROTON_D1 2 -
Compound 7 E] -
LSM-07-42 | T
(o]
CN

HsC v

s ;_:N

DS

LA

'H NMR (400 MHz, CDCE) & 10.98 (s, 1H), 833 (s, TH), .13 (d./= 3.6 Hz, 1H), 660 (4. /= 3.6 Hz. 1K), 5.7 (m, 1H).
390 (dt, J= 149, 3.0 Hz, 1H). 370 (ddd J=16.4, 16.1, 83 Hz, 15), 350 m, 4ED). 335 (d 7= 148 Hz, 3H), 227 (m. 2.

I S
[y T oo oy T (o
k! z g2 g g 4RBE q
= 2 2 = = 23na o
14 13 12 1 10 9 8 7 6 4 3 2 1 i 1
f1 (ppm)
CARBON_01 -3 v 4 i3 22 - po— o
Compound 7 2 § 2 a8 ¢ $ a8 i
L5M-07-42 ] 1] V7 B = i X
0
HG, Z w
N =N
ul D\
L
N L

HC NMR (100 MHz, CDC1;) 1603, 1578, 1523, 1509, 1209, 113.8, 1036, 102.1, 5.0, 48.0, 452, 325,269, 260

T T T T T

100 %0 80 70 60 50 40 30 20 10

- - T T - T T - -
230 220 210 200 190 180 170 160 150 140 130 120 110
f1 (ppm)
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(R)-3-(3,3-Dimethyl-4-(methyl(7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)pyrrolidin-1-
yl)-3-oxopropanenitrile, 12b

PROTON_01
Compound 8
L5M-117-84

—12.10
831

TH NMR (400 MEH, CDCE) & 12.19 (s, 1H), 831 (s, 1H), T.14 (s, 1H), 661 (3,
1H), 369 (dd, J= 30, 60 He, 1H), 405 (m, 1H), 382 (dd, J= 345, 126 He, 1H),
3,54 (m, 3H), 341 (m, 1H), 334 (d, J= 104 Hz, 3H), 135 (d, J= 28 Hz, 3H), 104
(m, 3H)

i & s 1 o i ey it
g 2 I g = STRERE Su
A L X = k! B o]
T T r r v T 1 r r T v T r r T T
14 13 12 1 10 a 8 7 & s + 3 2 1 ] 1
11 (ppm)
CARBON_01 sasn = = == N .
Compound 8 28sE = ¢ 3k S A
LSM-117-84 i\ [ \/ S Vi [ 250N
HaC
0
HC
N
HiCo | o !
Sy =N
90
L
N NH
BCNMR (100 MHz, CDCL) & 160.4, 158.0, 152.3, 150.3, 1208, 1139, 103.1, 1022, 622, 599, 49.1, 446,339,281, 260,216
T T T T T T v T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 uo)wu 9% B0 70 60 50 40 30 20 10 0 -0
1 (ppm,
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(R)-3-(8-(Methyl(7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)-6-azaspiro[3.4] octan-6-
yl)-3-oxopropanenitrile, 12¢

s o z % RY 3 ERSE ZEEARSNRELGERR KRASREMEA 4
IM5-122-18 | D e .. e T ] B |

|
I\ Z iy

YHNME (400 MEL:. CDCE) & 11.84 (s, 1H), .36 (s, 1H), T.15 (s, 15} 662 (s, 1H), 5.96 (dd, J=19.0, 6.3 Hz 1H),

3.94 (ddd, F=302 10.0, 12,0 Hz, TH), 3.73 (m, 2H), 3.50 (d, J= 5.8 He, 2H), 328 (4 S= 4.0 Hz, 3H), 123 (m, 1H),
1.99 fm_ SH).
N\ ! JL,N Lo
o s . ity
3 3 z 8 g RERE Sa
14 13 12 11 10 9 B s 6 4 3 2 1 0 1
11 (ppm)
CARBON_D1 = = " x
e H - M o3 i ¢
IMS-122-18 ! | [ -~ Il i VW I

HE NMR (100 MH:, €DCL) & 1600, 1582, 1524, 150.6, 120.8, 1137, 103.1, 1023, 62.0, 588, 490, 47.7, 35.7, 33.6, 26.4, 260, 163,

T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 180 150 140 130 120 ¢ ;H.D ) 00 90 a0 70 80 50 40 30 20 10 ] -10
1 (ppm,
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(R)-3-(3-(Ethyl(7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)pyrrolidin-1-yl)-3-
oxopropanenitrile, 13

a‘;ﬂxﬁdﬂal E 33 2 RELBCUSHREAT ZERERIYN RE2AARAAS
IM5-103-95 | Y W SRR RS TART AT U5 IS
Hae °
e
N““" =
(0
LN/ NH

HNMR (400 MHz DMSO-d6) & 11.66 (s, 1H), 8.11 (4, /=25 Hz. 15), 716 (s, 1H),
6.48 (m, 1E). .35 (ddd, 7= 54.1, 165, B3 Hz, [H), 395 (dd, /= 15:0, 8.5 Hz, [H), 357
(dd, 7= 189, 3.9 Hz, 1E, 3.70 (im, 1D, 3.62 (dd, 7=192, 6.9 Eiz 3H), 3.45 (dd, J=
17.5, 8.8 He, 1H), 3.24 {m, 1H). 216 fm, 16, 2.07 (m, 1H), 119 (dd, /=112, 61 Hz,

3H).
i L x 2 A i g Pl i e Y g
s 3 i IR g s3aREsE 8T &
T T T T T T T T T - - 1
14 13 12 11 10 8 & 4 3 2 1 0 -1 2
11 (ppm)
CARBON_O1 iz
Compound 11 5 f Ei S‘EE E
H5-103-93 7 FIYORY G
o
H,C
k N—‘é
W =N
DS
I\N/ i

TG NMR (100 MHz. DMSO-6) & 1613, 136.1, 1515, 150.5, 1215, 1160, 10017, 1011, 34.4, 474, 442, 285 265, 255, 117

T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120'

T

T T
110 100 90 a0 70 L] S0 40 20 10 L] -10
1 (ppm)
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(R)-3-(3-((Cyclopropylmethyl)(7H-pyrrolo[ 2, 3-d] pyrimidin-4-yl)amino)pyrrolidin-1-

yl)-3-oxopropanenitrile, 14

FROTON_01 Bz pk ) O — S — s
Compound 12 5 P nErgss MOpQREAR mmARMAME AoRAMEo--oosnscag’f
IMS-103-28 A" o ALY TR PO B8 R
4]
CNgL
e =N
Nl e
P,
'HMMR (400 Mz, €DCl) & 12.03 (4. 7= 14.0 Hz, 1H). 833 (4 J=5.1Hz, [H).
747 (d, 7= 5.0 Hz, 1H), 6.67 (m. 1H), 5.30 (ddt, 7=15.0, 16,8, 8.3 Hz, 1E), 393 (m,
TH), 363 (m. 3H). 3 49 {m. 3H), 233 (ddr. 7= 175, 120,96 Hz, 2H), 118 fm. 1H),
069 {t, /= .5 Hz, 2H), 0.36 (m, 2H)
iy _.J... L_ _JL v “\\-—‘J U\JL"\J- S
L T L o e L il o
2 = z 8 = 2ET e i ouoE
3 H s 2 = ARR " 3 %=
T T T T T T T T T
4 13 12 11 10 9 8 7 5 4 3 2 1 ] 1
f1 (ppm)
CARBON_01 FnED %2 & HE nesE 2 wpo a2 =
Compound 12 SBEE R = RERE 5 aew % 3 3
IMS-103-98 FSY [ Y4 S [T [ I v
in-“ =N
DS
(P
N HH
T3¢ MR (100 MHz, CDCL:) & 160.3, 157.1, 1523, 1304, 1214, 114.0, 103.2, 1018, 56.6, 50.4, 489, 45.1, 20.6, 26.0, 119, 5.1, 49.
} ‘ H” - |
T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 1znr%1u]wa S0 B0 70 60 50 40 30 2 10 0 -10
1 (ppm
-
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(R)-3-((3-((7H-Pyrrolo[2,3-d]pyrimidin-4-yl)amino)pyrrolidin-1-
yl)sulfonyl)benzonitrile, 15

PROTOMN_01
Compound 13
L5M-108-59-2

—1149

TH NMR (400 MHz, DMS0-d6) & 11,49 (s, 1H), 812 (s, 1H), £.06 (s, 1H), 7.98(d, J= 1.7 Hz,
TH), 792 (d, /= 7.5 Hz, 1H), 7.38 (t./= 7.7 Hz, 1H), 7.13 (d, J= 4.1 Haz, 1H), 7.03 (=, 1H), 6.36

(5, 1H), 438 (d, /= 4.3 Hz, 1H), 349 (m, 2H), 331 (m. 1H), 3.25 (m, 1H), 2.06 (dd. /= 123,6.2
Hz, 1H), 1.38 (m, 1H).

—
L
f

o S p T T Es Ty
o W28 32 § g ZES 2R
3 $az3az 2z = 2 Rec 30
r v T T T T T T T T T T T T T T 1
14 13 12 11 10 8 8 7 & A 3 2 1 0 1 2
11 (ppm)
CARBON_1 %53 555  3g
Compound 13 R38 B Ss=
LSM-108-59-2 Y] 7N 11

O
AT
HN [s]

N
N AN \N

BC NMR (100 MHz, DMSO-d8) & 135.2, 1511, 130.2, 137.2, 1364, 1316, 130.7, 1304, 1210, 1175,

1027, 1026, 98.7, 533, 30.0,46.7, 303
‘ ‘ } L

T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 . 1(10 w00 %0 a0 70 L] 50 40
1 (p
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(R)-3-((3-(Methyl(7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)pyrrolidin- 1 -

yl)sulfonyl)benzonitrile, 16

et 3 Raiyssaagsssssszz % AAw
IM5-103-28 | T Y | ~A
i
"
H.C.
R )
“ﬁﬁ »
I\N/ NH

THNMR (400 MHz, DMSO-46) & 1168 (5, 1H), 332 (d, J= 7.8 Hz, 1H), 8.23 (d. /= 7.7 Hz, IH), 8.17 (d, /= 5.0 iz, LH), 5.06 (t./
=46 Hz, 1H), 788 (td, J= 7.8, 22 Hz, IH). 7.14 (d. /=21 Hz IH), 6485, 1H), 5.7 (m. 1H). 351 (dd. /= 7.6, 44 Hx, 1H), 5344
(m, 1ED), 3.36 (s, 3H), 3.25 {m, 1H), 3.17 (s, IH), 2.03 (dd. /= 150, 7 6 Hz, 1H).

NN

RARY-HAEIEE R

Y iy A A b
R=88 9 2 5 RERIT g
qsEas %+ 2 L HRIAR E
T T 4 v 4 T T v v T T T T T -
14 13 12 1 10 a 8 7 6 4 3 2 0 1
11 (ppm)
CARBON_O1 an | N
IMS-103-28 ¥ TR OEET T
CNiS
HSC\_N\\-" {”)
P): k
L~
- NH
CNMR (100 MHz, DMSO-d6) 5 1568, 151.7, 1504, 1371, 1368, 1319, 1310, 1309, 121.2, 1176, 1128,
1025, 1013, 540, 48.7,46.8, 317,275
L ' ‘_.“ l ‘,‘ e 'y ._,J w
T T T T T T T T T T 4 T - T - v v T - T T
230 220 210 200 180 180 170 160 150 140 130 120 '11(10)100 S0 80 70 80 50 40 30 20 10 0 <10
PP,
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(R)-3-((3-(Ethyl(7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)pyrrolidin-1-
yl)sulfonyl)benzonitrile, 17

PROTOMN_01 3 g
Compound 15 = =
IMS-HWI14-32 | |
HaC ﬁ

N—§
I
e o
% 3
L.
N M
TH NMR, (200 MHz, CDCL:) 6 1168 (5, 1H), 817 (d, /= 14.8 Hs, 2H),
B11(d JS=79Hz IH), 752 (d. /=76 Hz 1H). 772 (1. /=78 Hz,
1H), 703 (d, /= 3.0 Hz, 1H), 642 (d. /= 3.0 Ha. 1H). 5.23 (m, 1H). 311
{m_ 4H), 333 (m, 1H), 326 (m, 1H), 2.20 (m, 2H), 134 (t, /=69 Hr,
3H
|
A J | j “lL,/
\
45 o L R T i 4 T Yy
5 3= & £l 3 @52 S S
L 2ssY a 3 s = L
r r 1 T T : T T T T T !
14 13 12 1 10 a ] 6 5 + 3 2 1 0
11 (ppm)

CARBON_OL = Bz

Compound 15 2z H g B g e g

IMS-HWLA-32 Y] Ta1 7 T [

HiC ﬁ

i
o 0
S0 N
L
. NH
e MAMR (100 M, CDCL) & 1565, 152, 1504, 1386, 136.0, 1307, 1302, 130.4, 1202, 117.4, 114.0, 102.7, 101.5, 5.6, 495,
470, 40.6,289, 160
M B

1 T 1 v T r T 1 T | v :
Z0 20 A0 W0 b0 10 10 160 10 M40 101N (m]mu 90 80 70 60 50 40 30 20
1 (ppm;
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(R)-3-((3-((Cyclopropylmethyl)(7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)pyrrolidin-1-
yl)sulfonyl)benzonitrile, 18

PROTON_01 = SoeEEmnrms Emese 0090 SESDE TEIZES

Compound 16 = SEammnAan Rpnes RQoASD mEMAMOmmAmANMNMCc-GRsRGaS

IM5-103-06 | SEIIRLY T L5 ALY SRV R AR S
o

==

g

Ui N

THNMR (400 MHz, CDCL) & 1191 (s, 1H), B.19 (=, 1H), .11 (d, /= 7.7 Hz, IH),
£.04 (s, 1H), 793 (d, /=74 Hz, 1H), .73 [t, 7= 7.3 Hz, 1H), 713 (s, 1H), 660,
1H), 5.0 (m, 18, 3.66 (m. 2H), 3.60 (d 7= £.9 He JH), 3.48 (in, 1H), 331 (dd, S
=134, 76 Hx 1H), 226(d J= 11 He 3H), 112 (s, 1H), 0.65 (4 J=27Hz IH),
033 (d, 7= 2.1 iz, 2H).

(=]

A

=

T S,

g E®ds %

= 2F335 3
T T - T T T T T
14 13 12 1t 10 ] B 7 -1
CARBON_01 EEE] HEEAS AL oE nnsy = =
Compound 16 e m=ooz ZER mo LR 13 g =

nax aaana s peiisd a8 Ao FF & =

IMS-103-96 (Y R E N Y4 [ |

0
|

=

I
0

1 O-
N

A\
NS \u

3¢ NMR (100 MHz, CDCL) & 136.6, 132.0, 1499, 1383, 1360, 1318,
1313,1303, 1212, 117.4 1139, 1032, 1018, 569,513, 407,474,202,

IL7,48.

T T T T
130 120 110 100 S0 B0 70 60 50
f1 (ppm)

T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140
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(R)-N-(5-Ethyl-5-azaspiro[2.4] heptan-7-yl)-N-methyl-7H-pyrrolo[2,3-d] pyrimidin-4-

amine, 19

PROTOMN_01
Compound 6
L5M-104-1-2

—L189
—024

VEL NMR (400 ME:, CDCL) 8 11.09 (s, 1H), 824 (s, 1H), 7.06 (4, /=
32Hz, 1H), 657 (s, 1 8 (s, 1H), 3.46 (d, =28 He 3H), 308 (s,
1H), 298 (s, 1H), 2.80 {d, 7= 59 Hz, 1H), 258 (4, J= 5.4 Hz, JH), 113
—1.12 (m, 3H), 0.50 (dd, /- 21.8, 5.3 Hz, 1H). 0.68 (5, 2H), 0.50(d, /-
5.7Ha, 1H),

hiia B o
A | L]

ILEEZFRRNG

SV

qenzazzasm

EIRPEEEY

14 13 11 10 9 B
ON_01 - - - -
L5M-104-1-2 (Y W g YANE O Y Y/
LI

HiC e

E\N‘u CHs

T

I

N NH
ECNMR (100 MHz, CDCY,) & 157.9, 1518, 150.5, 120.0, 102.6, 1020, 633,
599,583 504,339, 24.1. 134, 132,104,
i lll
vt e st joend
230 220 210 200 190 180 170 160 150 an B0 70 &0 50 40 30 20 10 1] <10

140 130 120 110 100
1 (ppm)
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(R)-N-(5-Butyl-5-azaspiro[2.4] heptan-7-yl)-N-methyl-7H-pyrrolo[2,3-d] pyrimidin-4-
amine, 20

PROTON_01 - % &#s 53 e spssscus cemerus
Compound 7 = P Rk oo o P mmAMAARchcnnEsE
LSM-67-100 | (V) | PRk KL LX)

N
HiCo
e .
CHs
nl Ny
LN/ Nk

SH NME (400 MEz, CDCL) & 1146 (s, 15 824 (s, 1H), 706 (4, /=35 He,
LH), 6.58 (d. /= 3.4 Hz, 1H), 5.55 (s, 15, 3.48 (s, 3, \ 3
1), 2.67 ~ 240 (m, 3H), 165 - 147 (m, 2H), 138 (dq, /=144, 7.3 Bz, 7H),
0,841, = 7.3 Hz, 4H), 0.69 (3, 2H), 032 (1, /= 10.2 Hz, 1H)

A L JL I

T T T R T T
g 53 A 85 RE3
T T T T T T T T T T T T T T T
14 13 12 11 10 9 8 6 5 4 3 2 1 o -1
f1 (ppm)
oH_0L g g=re me =y mmz
Compound 7 = ] e ; ;;:
i w1

3¢ NMR (100 MHz, CDCL:) & 157.8, 151.9, 130.7, 1199, 102.6, 102.2, 65.4, 60.0, 58.6, 362, 34.1,
303,240,208, 140, 13.1, 106,

T T T T T T T T T T r T T
230 220 210 200 190 180 170 160 150 140 130 Lzoféw)mu 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm
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(R)-N-(5-Benzyl-5-azaspiro[2.4] heptan-7-yl)-N-methyl-7H-pyrrolo[2,3-d] pyrimidin-

4-amine, 21

PROTON_01
Compound 8
LSM-97-54 |

1152
2

H“c\w“"
Nl Sy
LN/ MH

TH NMER (400 MHz, €DCH) 6 11,52 (5, 16), $.21 (5, 1H), 744721 (m, SH), 7.03 (d, /= 3.3 Ha, 1H),

6.56 (d, /= 3.4 Hz, 1H), 5.57 (s, 1H), 5.64 (dd, 7= 31.2, 129 Hz, 2H), .52 (5, 5H), 3.01 - 187 (m, ZH),

276 (d, /= £.9 He, 1H), 2.51 (d, /= 8.9 Hz, 1H), 1.01—0.90 (m, 1H), 0.70—0.56 (m, 2H), 0.51—0.40
(m. 1H)

—55

FEGARBIRRKEGR :e.:sa:&'.maugﬁ

CRLS RPAAEEY RIS

g
iy Gl i i o q
z 3% 0§ g 3% =8% §8%
2 $E A % 3n ==R L
14 13 12 1 10 9 8 7 6 4 a 2 1 o -1 -2
11 (ppm)
EAE & g =8% R#g R aa
TN T VAV oW
D
L
W~ TNH
BCNMR (100 MHz CDCL) & 157.9. 1518, 130.7, 1389, 1286, 1283, 1270,
119.7.102.2, 633, 60.6. 39.1. 33.7.244. 125. 112
LI L
230 220 210 200 190 180 170 160 150 140 130 120 110 100 9 60 0 &0 S0 40 30 20 10 0 -0
1 (ppm)
-
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(R)-2-Azido-1-(7-(methyl(7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)-5-
azaspiro[2.4]heptan-5-yl)ethan-1-one, 22

FROTON_O! s . - 5 E
Compoung 8 = o < = T
LSI-87-71 | % 5 |
Ai/\ 4{ :
N N
; 4
HSC\N‘\--' I
NF | \
S5, N
H NMR (500 MEz, CDCL) & 1150 (s, 1H), 8.23 (. F=12.5 Hz, 1H). 7.10(d, J= 170 Hz, IH), 6.56 (s.
1H), 355~ 322 {m, 1H), 4 94 (m, TH), 3.90 (e, /= 16.4 Hz, 2H), 381 — 3.47 (m, ZH), 3.38 (dd, J
=331, 183 Hz, 4H), 103 (d, /- 46.0 Hz, 1H), 0.9 —0.58 (m, 1H)
| K | | I |r |
| WARA
| | |U | |
||\ | o ‘L’ [ i \u‘ J\‘\ |
| | \ J |
I A NP LW A ST O, L \‘J‘\H—-*_._
S E R
iy i i
T T - T T T L T al T T T T
4 13 12 ] 8 B 7 & 4 3 2 ] =
11 {ppml
CARBON_O1 = = = - N T o
omoning 2 E £ E = : == 3
LSM-87-7 i v = i
A[> 0 M
N N*
MO o J&»ff
LR i
N
m NH
DG NMR (129 MHz, CDCI) § 1657, 157.5, 1519, 150.4, 1208,
103.1, 1018, 61.7, 34.5, 516, $1.0,33.4, 124, 168, 8.1
T T T T T T T T T T T T T T T T T T
230 220 210 200 1%0 8¢ 170 180 150 1406 130 120 11 g0 B¢ 7O &0 S0 40 3 20 0 o -

11 ippm)
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(R)-3-Methyl-1-(7-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)-5-
azaspiro[2.4]heptan-5-yl)butan-1-one, 23

PROTON_O! sz =
Compoung 10 2= bt
LEN-87-T5 ¥ ¥
o
/\
N CHy
HiCeo o
\N\
CH;
el | N\
RN HH
H NMR (500 MEz, CDCL) § 1206 (d, 7= 16.4 iz, TH), 8.27(d, /= 89 Bz, 1H), 7.11 (&, J= 9.6 Bz,

IH), 636 (d../= 9.9 Hz, IH), 5. J=38.6Hz, 1H), 4.05 (ddd, /=43 9,271, 11.7 Hs L 382 (dd,
J-66.1, 119 Hz, 1H), 368 (dd, /= 1788, 1.3 Hz, 1H), 3 49— 333 (m, 3H), 220 (4, /- 13,8 Hz, 3H),
099 (s, 6H), 0.78 (t, J=21.2 Hz, 4H).

0.0

‘ LU

_)I\ _! JLII_.__: _;'JlL e

- L g il v Z
T 7! T T T - i T 7 T T T T
" 13 12 10 g 8 7 g 5 4 2 1 0

11 {ppm)

CARBON_O = & . i
compounc 10 g = ] - 5
LSW-97-75 - i & = 3

|
RN TUNH

¢ NMR (125 MHz. CDCL) 8 1710, 1575, 1518, 150.2, 1204, 102.5. 1016, 616, 55.0. 52.5.43.3,
53.1,254,248,226, 166,80

T T T T
230 220 210 200 190 180 170 180 150 140 130
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(R)-2-Methyl-1-(7-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)-5-
azaspiro[2.4]heptan-5-yl)propan-1-one, 24

898
B2

i

MO e
el | AN
ku HH

HNME (500 MHz, CDCh) § 12.06 {d,J- £ 1H), 827 (d, 7= 9.1 Hz, 1H), 741 (. J= 100z,
IH), 6.36 (4. /= 10.8 Hz, IH). 37 (dd, Ez [H), 423374 (m, 35), 543 (/=213 He
4H), 279~ 256 {m, 1H). 1.16 {dd, J= 9.5, 3.6 Hz. 6, 1.10— 054 {m, 1H), 0.79.{1d, /=152, § 1 Hz,

3H)

| | '
1 o e e W

175 38
120,44

40,28

61,67

—r0r

N ~CH,

e
e

C

BC NMR (125 MHz, CDCE) 6 175.4, 157.2, 1519, 1503, 1204, 1029, 101.7, 61.6, 34 2, 503,
328.320.249.187.168.80.

T T T
230 220 210 200 190 180 170 180 150 140 130 120 110 100 90 80 70 80 50 40 30 20 10 0 =10

166



(R)-Cyclopropyl(7-(methyl(7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)-5-
azaspiro[2.4] heptan-5-yl)methanone, 25

PROTON_O1

B% o we- ®ma o
Compoung 12 == =5 It S b=
LSN-97-95 (V] v W ¥ 1
o]
N
HCo o
LR
N | \
= NH
TH NMR (300 MHz, CDCL) § 12.28 (d, /= 13.5 Hz, 1H), 828 (d, /= 103 Hz, 1H), 712 (d, /= 100 Kz,
1H), 6.56 (4. /= 14.6 Hz, 1H), 5.44 (d /= 150 Hz, 1H), 4.40— 424 (m. 1H), 4.11 - 3.92 (m, 2H), 3.74
(dd, J=141.4, 109 Hz. 25}, 3.45 (1, J=21.3 Hz 3H), 1.63 (4 /= 40.6 Hz. 1H), 1.16 - 094 (m. 3H).
0.80(s, 4H).
J bU\ J‘\ ) l\.\_M_Jl,JLL‘ v \_J..
b3 4 o = o 2 T I
= = s = = =i o) = T3
T T T T T - T T T T T T
4 13 2 1 10 9 8 7 3 5 3 2 0 =]
11 {ppm)
CARBON.O1 z 2 3 2= = s 2 =
Compoung 12 g B E 8= z s & =
LEM-97-95 | | 7 i i3
N 0
N
H,C o
&) o
‘\_Nn
M MNH
CNMR (125 MHz CDCL) & 1711, 157.7, 1520, 1504, 1208,
1030, 1018, 613, 34.3, 323,332,219, 168, 124,123, 7.7
T 7 T T T T T T . T T T T T T T T T T T T + r
230 P20 210 200 190 B0 170 160 150 140 130 120 W0 100 90 B0 7O &0 SO 40 30 20 0 0 -0
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(R)-N-(2-(7-(Methyl(7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)-5-azaspiro[2.4] heptan-
5-yl)-2-oxoethyl)acetamide, 26

FROTON_01 = - e ® 2 gg Comomesmisncg . cmuzmen =
Compound 13 B - - HE TIImmmEmeAmmEes®m 8 mooo0SS o
IMS-103-148 T Il e e e o S |

o]
—
HSC\N-""' NH
)v—CH3
I AN g

|
L/ NH

N

*H NMR (400 MHz, CDCls) & 1207 (5, 1H), 8.26 (5, 1H), 730(5, 1H), 712 (5,
1H), 6.5 (s, 1H), 383 (d, /= 11.0 Hz, 1H), 100 (4, /= 150 Hz, 2H), 3 88 (ddd,
J=479,372,16.8 Hz 7H), 345 (dd, J= 129, 13.8 He 3H), 204 (s, 3H), 126
(s, 2H), 1.15 — 0.96 (v, 1H), 096 — 061 (m, 3H).

T sl oo T L e e

g E i3 3 g A 5 EEE
14 13 12 11 10 9 8 6 5 4 3 2 1 ] 1

f1 (ppm)
CARBON_01 £ ER = R = == r om o=z o=
Compound 13 5% Gmg H Z3 3 %: ¢ R ozm o= 2
MS103-148 AN Vv [ R T R VA
o

N‘<;
H4C.
T HH

s
DD
L.
- HH

¢ NMR. (100 MHz, CDCL) & 170.5, 167.0, 157.5, 1519, 1502, 120.9, 103.1, 1007, 61.3, §4.4, 512,
410,333,246,228,166,8.1.

T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 . %10 ) 100 90 &0 70 60 50 40 30 20 10 a -10
1 (ppm,

168 =t — ~



(R)-N-Methyl-3-(7-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)-5-
azaspiro[2.4] heptan-5-yl)-3-oxopropanamide, 27

PROTON_O1 = == 5
Compound 14 = M
CYG-96-55 T
o
N
HiCo
\N\\"
NH—CH;
ge,
=y 1

*HNMR (500 MHz, CDGE) & 1196 (d, /= 30.6 Hz, 1H), 824 {dd, /= 6.6, LB Hz,
1H), 8.13 (s, 1H), T.11 (s, 1), 6.54 (s, 1H), 3.51 - 3.34 (m, 1H), 413 (ddd, /=
21.2, 12,6, 7.5 Ha, 1H), 4.00 - 3.80 (m, 2H), 3.49 (1, J= 11 6 Hz, 1H), 3.40(d, /=
145 He 3H), 335 (¢, = 10.0 Ha JH), 283 (dd J= 45,21 He 3H), 1.11—084
(e, 1), 0.90 - 068 e, 3H).

_
L

. 5 4
r ' : | r T
4 13 2 10 2 8 7
CARBON_OY %3 3 - a% . u
Compounc 14 g5 = p == 2 2 3
CYC-86-55 %y = £ == TR =
Y I | \ | | |
0
H o
Hif
T
NH—CH;
N | \
<
N i
TIC MR (100 M, CDCL) & 1610, 1657, 1575,
1510, 1504, 1208, 103.0, 1017, 393, 356, 327,
413,333,261,229, 163,81
- - - ; . - - - - - — - - - - - - : - s : ) .
230 2P0 210 200 1% 1BG 170 180 150 146 130 120 110 106 80 B0 0 60 S0 48 30 e0 10 O 10

]
11 {ppm)
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(R)-1-(4-(7-(Methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)-5-
azaspiro[2.4] heptane-5-carbonyl)piperidin-1-yl)ethan-1-one, 28

Cﬁ%ﬁ%g:q—mm:ﬂ@u?mﬁﬂa CEEY: c‘iﬁiiESzR?mB'5RQEQEM;;;HZ&SRiSS\‘:ERERmEQER\EiaEaRE‘—'HSEFﬁ&‘RﬁEﬁelqg
Fscscmcse Ty < S e T e e e B D e i R S R R i e S Sl S G e coESsosSoSoT
METIFT——— A i —

N
Hzc\ e
LJIB CH3
"H NMR. (400 MHz, CDCL) § 1229 (s, 1H), 3.36 - B.21 m. 1H), .13 (dd.J=
98,27 Hz, 1H). 6,52 =631 (m, 1), 5,34 =331 (m, 1H), 462 (dd, /= 17, .5
Hz, 1H), 419 (dd, J=9.5, 6.5 Bz, 1H), 4.11 - 3.76 fm.

346 - 333 (m, 5H), 3.19 - 3,00 {m, 1H), 273 - 2,51 (m, 7H),
H), 1.97 - 163 (m, 4H), 1.15 - 085 (m, 1H), 092 - 0.71 (m. 3H).

. T i T ol o L L | H
% g g 5 b T 2% 52% % 33 4z
g = .- o % SR 8R2 & RS iR
T T T T T T T T T T T T T T
14 13 12 1n 10 a B 7 & 5 4 3 z 1 ] 1
1 (ppm)
coc{«w";gll.s ] = FY. 4 #F GEEE R EFE o
mpou 238 o e il e 3B E¥F¥ B IR &
IM5-103-17 | s f F e T A A |
0
N
HaCo
N

5 >_CH3

NH
o)

Ve NMR (100 MHz, CDCE) & 1726, 1685, 157.5, 1520, 1303, 1208, 103.1, 101.7, 61.9, 359, 50.6,45.7, 40.9,
40.2.33.4,24.9,214,160, 3.1

e e S —

230 220 210 200 190 180 170 160 150 140 130 120 110 100 o0 BO 70 &0 50 40 30 20 10 a 10
f1 {ppm)
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(R)-Furan-2-yl(7-(methyl(7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)-5-

azaspiro[2.4] heptan-5-yl)methanone, 29

FROTON_01 E s snnnhemos
Compound 16 E 2 rnnrbhroeay
IM5-103-10 | I o

&C o
)\D //
N A
Ln/ NH

TH NMR (200 MHz, CDCL) & 11.49 (s, 1H), 8.28 (s, TH), 7.5 (s, 1H), 715
(=25 Hz 1H), 710 (& J=3.4 Hz 1H), 638 (& =26 Hz 1H), 631 (s,
1), 5.48 (s, 1E), 4.60 - 481 . 1ED), 425 (d, J=10.0 Bz 5, 412402
(m, 15D) 3.72 (dd, = T0.6, 1.6 Ex, 1HD), 3.4 (s, 2D, 106 (5, 1HD), 0.83 (dd
J=216, 143 Hz, 3H).

L

A
I LJ‘ L

— A (S o
T [ e T e e T
3 $ 355 85 3 e
T T T T T T T T T T T T T T
14 13 12 11 10 9 8 6 4 3 2 1 ] -1
f1 (ppm)
CARBON_01 TRE 23 nake e wr o= e om
i EERY 5 T ik 3oz
IMS-103-10 AN N e [ [ I
yA o
T\:\/N
HyG
I
M / 0
’HTB ”
L
N HH
EC MR (100 MHz, CDCL) & 1578, 1576, 1515, 150.2, 1444, 1443, 1205, 1166, 1113,
1029,102.1,618 583, 51.8 333,295,167, 80,
T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 LZUF%N]IGD 90 B0 7D 60 50 40 30 20 10 0 -i0
1 (ppm
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(R)-(7-(Methyl(7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)-5-azaspiro[2.4] heptan-5-
vl)(phenyl)methanone, 30

PROTON 0L 5 2n ssss 5% S — - sy
ampound 17 = 53 BEsg 8% 3R mEasansIaes 3383533
MS103-30 | LYY PV V4 R S A ER852s

:\/ 0
N\\Ab

*HNMR (400 MHz, CDCl:) & 1245 (s, 1K), 825 (d, /= 25.1 Kz, 1H), 754 (s,
2H), 739 (5, 2H), 728 (s, 1H), 7.06 (5, 1H), 6.33 (d, /= 21.5 Hz, 1H), 545 (4.7
=749 Hz, 1H), 440 387 (m, 2H), 3.89— 3.54 (m, 2H), 3 42 (d, J= 204 Hz,
3H), 101 (s, 1H), 0.79 (dd, J=26.4, 143 Hz, 2H), 0.63 (s, 1H).

g b ARl o 2. L) i Lo 5 20 i

3 § 3Ix33 3 3 3 %3 833

] 8 2R]38 =2 N 8 8% 3233
T T T T T T T T T T T T T T T
14 13 12 1 10 9 8 7 6 4 3 2 1 [ -1

f1 (ppm)

CARBON_01 x nen %339 = s FET a2y o = [
Compound 17 H 583 2 885 8 EH FRRE 3R & Boa o= =
IMS-103-38 | R N4 Y3 he [ | [

H
”’C‘*m""[ >

T
L.
. NH
HE NMR (100 MHz, €DCl) & 169.5, 1575, 1518, 1504, 1361, 1301, 1284,
1270, 1207, 1029, 101.7, 614, 575, 50.6, 332, 229, 165, §.5.

L N

r T T T T T T T T T T r T
230 220 210 200 190 180 170 160 150 140 130 120 Ew )mn w0 e 70
1 (ppm
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(R)-(7-(Methyl(7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)-5-azaspiro[2.4] heptan-5-
vl)(pyridin-3-yl)methanone, 31

PROTON_OT
Compound 18
LEM-B7-00

QE') 0
HaCo i
| I\
e [

'HNMR (500 MEz, CDCE) § 1187 (s, 1H), 3.8 s, 1H), .68 (4 J= 0.5 He 1H). 825 (4 J=310H
TH), 790 (5, TH), 747 =731 (m, 1H), 7.10 { 12.4 Hz, 1H), 6.56 (4 J=27.7 Hz, |H), 340 (dd, 7=
733, 64.8 Ha, 1H), 4.37— .03 (m, 2H), 3.04 - 3.50 (m, 2H), 3.03 (L 7 =158 He 3E), 1.05 (4. /=80
Ez. IF), 056 - 0.73 {m. 2H). 067 (s, 1H)

—1h

|
L

J\,
w
- T T - . T
2 3 2 i 0 3 2 ' 0 =
CARBON_01 z - : o 5 @
Compound 18 S ) = i ; g z LI =
Lem97-30 [ R T
0
™
N
HC o /
N
NE | By —
S NH
N
Ve NME (100 MHz, CDCY) § 1669, 157.5, 1520, 1511, 1504,
148.0, 1330, 1319, 1234, 1206, 103.0, 1018, 61.5, 543, 50.7, 33.4,
D6 165,84,
. T T T T T T T T T T T T T T T
0 70 & 50 4n 30 20 10 0 -0

230 220 210 200 190 180 170 160 150 140 130 120 110 100 oo
f1 {ppm}

173



(R)-(7-(Methyl(7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)-5-azaspiro[2.4] heptan-5-
) (pyridin-4-yl)methanone, 32

FROTON_O1 . me o= —onz =m e sozmaEEss S
Campouna 18 & 3 o hSuaha i 2 e Hggecos o
LEM-87-91 | Vo MYV I s |

o]
N
Mo o

\N NH
"H NMER (500 MHz, €DCl) & 12,14 (s, 1H), 8.72 (d, J= 15.1 Hz, ¥H), 625 (d,
J=319Fz, 1H). 741 (5, 2H), 7.11 (4, = 2.7 Hz, [H),6.35(d, J=24.5Hz.
1H), 346 (d, /= 1112 Hz, 1H), 419 (de, =267, 13.8 Hz, 2H), 364 (d, J=
121 Hz, 1H), 3.56 (44, J=220.1, 10.6 Hz, 1H), 3.44 (0. /=145 Hz. 5H). 1.4
(d, 7= 6.3 Hz, 1H), 0.95—0.72 (m, 2H), 0.67 (s, 1H).

L

& o P i
4 3 2 11 10 g 8 7 g
11 {ppm)
CARBOMN_ X7 5 & s EE ] —i o " 2
Compouna 18 2 =5 = Rag L= = & R g
Fompan £ g a5 £= s £ s z g 2 3
| | YW Vi N |1 | | | | |

NF | \ o
T
N NH
¥C NMR (125 MHz CDCl) &

1669, 157.5, 132.0, 150.4, 150.3,
1435, 1211, 120.7, 103.0, 101.7,
614,572 306,334.226,166.85

s I L

T T
180 1800 170 180 150 140 130 120 110 100 80 80 76 8 S0 40 3 20 10
11 {ppm)
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(R)-3-(7-(Methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)-5-azaspiro[2.4] heptane-5-

carbonyl)benzonitrile, 33

PROTOR_01
Compound 20

1228

RA EEE
M5-103-18 ] A

| M
HC

&)

N\\

H MR, (400 MHz, CDCY:) & 1228 (5, 1H), 8.27 (d, /= 23.4 Hz, 1H), 7.85 (5, 1H),
7.79(d J="72Hz, 1H), 7.76 - 7.64 (m, 1H), 7.62 - 746 {m, 1H), 7.11 {4, J=5.6He,
1H), 6.36 (d, 7= 18.0 Bz, 1H), 5.46 (d. /= 32.3 Hz, 1H), 4.39 - £.02 (m, 2H), 3.65 {t,
J=123Hz, 1H), 3.58 (dd, /= 1858, 10.4 Hz, 1H), 3.44 (d, /= 14 8 Hz 3H), 1.05 (d,
J=10.3 Hz. 1H). 097 = 0.74 (m. 2H). 0.68 (5. 1H).

=

89REETR IS
T

A

L
. - .
3 g az=8 = L322
E 23335 % ERH
14 13 12 11 10 9 8 1 L] 1
CARBON_01 z - - -
Compourd 20 EE N i1z R oL
IMS103-18 \ TT W i I i (A
M
HSC\N‘.e
"i A
ku/ NH
TIC NMER (100 Mz, CDCL) & 1669, 157.5, 15
1502, 1373,1. 1314, 1308,1295,1 L1179,
545,508,334, 126, 166, 2.4,
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(R)-4-(7-(Methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)-5-azaspiro[2.4] heptane-5-

carbonyl)benzonitrile, 34

PROTON_O1
Compound 21
LEM-B7—T4

ADN
"

I
N

—120%

AN

'HNMR (500 MHz. CDCE) & 1235 (s, 1H), 326 (4. J=321 Hz 1H), .78 —
767 (m, 2H), 7.64 (4, J= 6.7 Kz, 2H), 711 (d, J= 124 Hz, 1H), 655(d, - 253
e 1H), 545 (4 J= 1161 He 1H) 410 (dt, J=083, 170 Hz IH) §68 (4 J=
122 Hz, 1H), 3,55 (4d, J= 2256, 104 Hx, 1K), 344 (4, J= 170z, 3H), 103
(d J=E0H: 1H) 097 - 072 fm, ), 0.66(s, 1H).

vy

i byt L T 3
= 8 Iz 3 z = E
= g o m ba = £
: - - - - T r ; - - - r ; T T
12 13 2 B 10 g E 7 5 5 4 3 z 0 -1
11 {ppm)
CARBON_DT = = - Sk - 5 =
Compound 21 I g i< = Sr = 5 8 %
sty = L4 S CEE B == 2
7 \ \ P 7T T P10
[s]
N
MO e
e | N\
KN HH N
N

HC NMR (123 MHz, CDCY) & 1674, 1373, 1320, 130.2, 1403, 1324, 1275,
120.5, 118.0,115.8, 105.0. 1017, 61.5, 373, 50.7, 33.4, 216, 16.6,8.5.

T T T T
230 E20 210 200 180 180 1F0 160 150 140

130 120 10 W00 S0 ac
11 {ppm)
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(R)-(7-(Methyl(7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)-5-azaspiro[2.4] heptan-5-

vl)(2-(trifluoromethyl)phenyl)methanone, 35

1
[\ # N

'HNMR. {400 MHz, CDOL) & 12,19 s, 1H), 8.30 (d, /= 329 Ha, 1H), 771 (dd, J=

134, 7.0 He, 1H), 7.66— 7.36 fm, 1H), 752 (d, J= 148, 6 He 1H), 7.42(4, 7=14
He, 1H), 7.00 (dd. =9, He 1H). 657 (dd, /= 18.0. 3.1 He, 1H), 5.69—531{m,
1H), 407 (ddd. f= 191, 12.6, 7.8 He, 1H), 3.67 (dd J= 163.0, 126 He 1H) 4.18—
335 (m, 1H), 3.43 (s, 3H), 3.31 (de J= 1582, 10.8 Hx, 1H), 104 (8 S= 117,67
Hz, 1H), 0.94— 0.68 (. 2H), 0.68—0.56 (m, 1H}.

M
AN =
=
14 13 12 11 10 9 (/] -1
CARBON_O01 o 22k = = wm = s &
Compaurd 22 § Gas RRE 38 % o8 = 2
LSM-104-15 A N Ty T T
o] F
F.
N
Hilo e F
N
Ml = AN
P
. HH
U MR (100 MEz, CDCL) & 167.0, 157.5, 1518, 1300, 135.4 (4 J= 26,1 Hz),
1323, 129.3 (d, 7= 4.1 Hz), 127.1 (d, 7= 120 Hz), 1260 — 1266 {m), 123.6(g, 7=
2738 Hz), 120.7, 1032, 1019, 612, 566,302, 333,248, 168,83
230 220 210 200 a0 BO a0 50 40 30 20 10 o -10

190 180 170 160 150 140 130 120 110 100
f1 (ppm)
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(R)-(7-(Methyl(7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)-5-azaspiro[2.4] heptan-5-
) (3-(trifluoromethyl)phenyl)methanone, 36

PROTON_01

Compound 23 ] R oEEZNRlAm ARRARRARACENERIIFIRAASANAERT S
= BOERhRAREE A I R NERmEARrI
LSM-104-14-8 | [ NV [ L At LI T T TR LT |
AP
N
Hzc-\_NN--""‘\/ E
-
T A L
Pt

*H NMR. (400 MHz, CDCL) & 11.67 (5, 1H), .27 (s, 1H), 782 (s, 1H), .71
(dd, = 17.7, 7.8 Hz, 2H), 762 - 7.46 (m, 1), .09 (s, 1H), 6.8 (d, /=
208 Hz 1H), 548 (d. J=T78 Hz, 1H), 430 4.00 (m, 2H). 3.66 (t, /=
13,7 Hz, 1H), 3.9 (dd, 7= 173., 10.5 Hz, 1H), 3.46 (4, J= 181 Hz, 3H),
105 {d J=105Hz, 1H), 0.08 - 0.73 (m. 2H). 0.58 (s, 1E).

- AJ MLJ'L_M_NM J L_H_,,,J\J N

T b s B e T ol A

i S oERE f B 3 83853 EEE
- T T T T T T : T T T - r T T
14 13 12 1 10 9 B & 4 3 2 1 o 1

1 (ppm)
CARBON_01 o uds 5 B 8 B3 =
Compound 23 ] 4= 2 3 1 5= o
LSM-104-14-3 | f T i 1 T
F
B NMR (100 MHz, CDCL:) & 1678, 157.5, 1514, 1499, 1368, 13100, J= 328
H), 1304, 120.1, 1269, 14.1, 123.6 (q, J=273.0 H), 10.7, 103.4, 102.0, 615, 543,
507,334,228, 166,84
T T T T T T T T T T T T T T T T T T T T T T T T T

230 220 210 200 180 1E0 170 160 150 140 130 120 110 100 a0 80 70 &0 50 40 30 20 10 L] 10

f1 (ppm)
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(R)-3-(7-(Methyl(7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)-5-azaspiro[2.4] heptan-5-
yl)-3-thioxopropanenitrile, 37

PROTON_D1

Compouna 24 = 5“;;
CYC-96-60 | v

5
N4<_—
HaC.
3 \.N.u N

il I N
ey NH
' MR (300 MEz, CDC) & 12.07 (5, 15D, .27 (d. /= 3.4 Hz, 15, 7.20~7.08 (m, 1K), 6.57 (dd, /=
37,37 Hz, 1H), 3.43(1t, S= 1867, 93.9 Hz, 1H), 442425 (m, 1H), 4.20(dd, /= 131.3, 130 Hz, 1H),
401 (dd, J= 1624, 14.4 He, 1H), 398 — 385 (m, 7H), 390 (dd, /= 2111, 11.8 Hz, 1H), 3.44 (1, /=187
H, TH), 1.16—1.00 {m, 13, 0.97—0.74 {m, 3H).
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9y T U
u T T T T T T T T T T T T T T
4 13 12 o 9 B 7 & 5 4 3 2 o =
11 (ppml
CARBOND - B &= s 2 aE B I - -4
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B¢ NMR. (100 MHz, CDCL) & 1848, 1574, 1520, 150.2,120.0, 114.1, 103.2, 101.8,62.3, 391,
§70,342,337,251,169,8.1.
3 sl ‘
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Isobutyl
azaspiro[2.4] heptane-5-carboxylate, 38

(R)-7-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)-5-

PROTON_D = - - - - =
Compounc 25 = - = i T
LSU-97-72 | i 1T ¥
i
Hac\w..\-[: o
eHy
PC | \ -
o
- N
*H NMR (500 Mz, CDG) 6 12.56 (5, 1H), 828 (5, LH), 7.11 (5, 1H),
5.55 (3, LH), 541 (5, 1H), $.08— 387 (m, 1H), 391 {d, J= 47 Hz, 3
385366 (m, 2H), 342 (s, 3H), 3 39— 329 (m, 1H), 200 1 §7 (m, 1H),
101 (s, L), 0.04 (s, 6ED), 0.75 (. 7= 0.4 Hz 3H).
J (J |
L | J hA._JL... I AJ L I
= g UL T N L T
. —_ - : e e Aohika b . b : T
4 13 2 it 10 ) ] T B 5 4 3 2 1 o =3
1 (ppm}
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compounc 25 £ sz T g iz 2 =
LSW-97-72 g £2 b S 3 = 5
i | A | [N | |
M
HSG\N.«\-[: o
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Nz | AN HE
N
n hH
CNMR (125 MHz, CDCE) & 1577, 1549, 152.0, 1303, 1206, 102.9, 1018, 71.4, 610, 546, 51.1, 330,
280,236,101, 165, 8.1
- - T T T - T T - T r - T T T T T - r . r - T
236 220 210 200 190 160 170 180 150 140 130 120 110 00 90 B0 O 60 S0 40 30 20 W0 O O
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(R)-N-Butyl-7-(methyl(7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)-5-

azaspiro[2.4] heptane-5-carboxamide, 39

PROTON_01 = .
Compound 26 ~ f a2 i fi
CYC96-78 I | T 1 ¥
H,c\ ......

k Hy
*H NMR (400 MHz, CDCY;) 3 12.31 (s, 1H), 8.26 (s, 1H), 7.10 (s, 1H), 6.54 (5, 1H), 5.38(d, /= 5.5 Hz,
1H), 4.46 (s, 1H). 3.98 (44, /=104, 7.6 Hz 1H), 3.71 (dd, /=313, 103 Hz 2H), 3.41 (s, 3H), 333 (4,

J=98Hz, 1H),326(d, /= 5.1 Hz, 2H), 150 (dt, /= 145, 7.2 Hz, 2H), 1.34 (td, 7= 14.5, 72 Hz, 2H),
099 (4, J=7.7 Hz, 1H), 092 (. J=72 Hz 3H), 0.85 (s, 1H), 0.75 (s, 2H).

\ AP
S ————

et T T T T TEERT T
= % g = Z 3ESER §5583%
T T T T T T T 1 T T r r
14 13 12 1 10 9 8 6 5 4 3 2 1 0 -1
f1 (ppm)
CARBON_01 g3%3 E =5 zgm z ¥8 T E¥ SERE-
Compound 26 3-8 & 28 ERE 3 Tm ¥ Re  LR=Og
crcssre YAY] \ e LI R R VAR
(9]
—l
HiC.
O NHL\
m -
IE KMR (100 MEz, CDOL) & 1576, 1564, 151.5, 1500, 120.7, 102.9, 101.9, 610, 54.4, 511, 404, 33.1,
325,241,200, 167, 138,81
I
T T T T T T T T T T T T T T T T T T T T T T T T
90 @ 60 50 40 3 20 1w 0 -0

230 2 210 200 180 1B0 170 160 IS0 140 130 120 110 100
f1 (ppm)
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(R)-N-Cyclohexyl-7-(methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)-5-
azaspiro[2.4] heptane-5-carboxamide, 40

Ezm:;gln 4 " zze 8 ¥R CSIBREKRNSSURAN REISRARAIIERE
] b e e W [inceerrrasmg ceaeTaZ2 H
CYC96-79 | | WV T TRIILIR AT TR

H NMR (400 MHz, CDCl:) & 12.25 (5, 1H), 8.28 (5, 1H), 7.10(d, J= 2.1 Hz, IH),
6.56 (s, 1H), 530 (4. J= 58 Hz, 1H), 418 (4 J= 7.6 Hz 1H). 3.97 (44, /= 108,
7.5 Hz, 1H), 366 (t, /= 108 Kz, 2H), 3.53 (dd, /= 163.5, 9.8 Hz, 2H), 3.43 (s, 5H),
197 (d J= 114 Hz, 2H), 170 (4, /= 9.8 Hz, 2H), 1.60 (4 J= 128 Hz, 1H), 136
(¢, /= 142, 2.5 Hz, 2H), 122 - 1.04 (m, 3H), 1.03 - 0.93 (m, 1H), 0.76 (s, 3H).

e

e Hid s ol 5 +yt 77 P N R R
> & o« = s LTS PR
2 S ¢ 2 2 FEEEET £9a3m38
s 2 s 38 2 383353 2232380
T T T T T T T T T T T T T T T
14 13 12 1 10 9 8 7 6 5 4 3 2 1 o 1
f1 (ppm)
CARBON_D1 E B nae i omER BT REE B
Compound 27 g =3 LEs G SEF AR EHE 8 4
ciees7s \/ 3 T VNS T
L
N HH
G NMR (100 MHz, CDCL) 1576, 1359, 1515, 150.0, 120.6, 103.0, 1019, 61.0, 544, 511, 492, 34.1,
331,296,250,240,167,8.1.
H " L |
T T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 180 1E0 170 160 150 140 130 120 110 100 a0 80 70 &0 50 40 30 20 10 L] -10
i (ppm)
- 1] © =) —
) .l
s = L &5 1l
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(R)-7-(Methyl(7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)-N-phenyl-5-

azaspiro[2.4] heptane-5-carboxamide, 41

PROTON_01 o
Compound 28 3 5 gemgsEms
CYC-06-73 I [ORREITEAS )

o
—d
H. -
SC\N.\I- NH@

T
LN/ TH

H NMR (400 MHz, CDCY) & 1163 (5, 1H), 8.29 (s, 1H), 7.44 (d, /= 1.2 Hz, 2H),
7,29 (3, 2H), 709 (s, 1H), 702 {1, /= 7.2 Hz, 1H), 6.52 (4, /- 45.2 Hz, 2H), 5.43
(s, 1H), 411 (s, 1H), 3.84 (el J= 213, 10.0 H, 2H), 3.68— 325 m. 1H), 3.46 (s,
3H), 104 {d, J= 8.6 Hz, 1H), 0.05 - 069 m, 35).

_
:

—0

i

I s e T TTETT T
2 & RRER & ] ZENEE o
3 3 1253 = 2 32353 R
14 13 12 11 10 a 8 fi 5 4 3 2 1 o -1
1 (ppm)
CARBON_D1 FES 85C% Ir ol s =37 = = =
Compound 28 §EEE  F  BESS 3 3 F I # & 4 3
CYE86-73 VAN | 1SN A4 [ | | |
]
v—{
o
(=
" HH

¢ NMR (100 MHz, CDCL) § 157.5, 153.7, 1509, 140.6, 1385, 1289, 123.1, 1207,
119.7, 103.1, 102.2, 61.2, 34.6, 31.4, 333, 24.0, 168, 8.2

.

|

L

T T T T T T T T T T r T
230 220 210 200 190 180 170 160 150 140 130 120 Ew ]1
1 (ppm
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(R)-N-(4-Fluorophenyl)-7-(methyl(7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)-5-
azaspiro[2.4] heptane-5-carboxamide, 42

Eﬁmﬂ;ﬂgs B RARMMSSRARAEELR R BEENERGERI=EA GEREHES: 58
g faRTEzInhannNY B gqARRREAGNEE REpzzIz e
LSM-104-24 I e [ KNP SR Y
9]
N—‘f —_—
3‘:\
" NH F
\_/
w7 ST

TH NMR (400 MEz, DMSO.46) & 1203 (s, 1H), 841 - 828 (m, 1H),
B18(s. 1K), 752 (dd. /=69, 52 Fz. 2H). 126 (5. 1H). 071/~ 79

Hz, JH), 672 (s, IH), 320(s, 1H), 4.03 {dd, 7= 111, T4 Hz, 1H) 380
t, 7= 10.6Hz, 2H), 3.49 (s, 1H), 337 (5, 3H), 095 (4,7 = 102 Hz,
1H), 0,88 (4, J = 13.6 Hz, JH), 068 (4 7= 10.1 Hz, 1H).

’\

4

I M | ) / -

b i i i
= =8 BE8E g REIR
T T T — T =T Ty
14 13 12 11 10 9 8 L] 4 3
1 (ppm)

gﬁaonagln 24 ] z‘xﬂs:taszxﬁ LI
|3:‘,p%i,24 29 H ?;ﬁii ERRER = ©

1 N | | f==—"| | I
H.C

e

H
NSy

|
k/ NA

€ NMR. (100 MHz, DMSO-d6) & 157.7 (4, = 237.8 Ha), 1542, 1499, 1486, 137.1d, 7= z.-in) 1222,
1213 {d, = 7.6 Ha), 115.2 {d, /= 220 Hz), 1028, 102.5, 61 915,336,242 163,82

T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 180 180 170 160 150 140 130 120 110 100 80 @0 70 &0 50 40 30 20 10
1 (py

pm)
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(R)-N-(2,4-Dichlorophenyl)-7-(methyl(7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)-5-
azaspiro[2.4] heptane-5-carboxamide, 43

FROTON_01 z EnTIThImmancnE 2O P =
Compound 30 = BERIERTORAAES RS EEEE-
1SM-104-10 [ Vil et W7 T
o ¢l
N
H B f
ZC\N\“‘ HH cl
Nl Sy
P,

‘HNME ($00 MHz, CDG) & 1201 (s, 1H), 828 (4, 7= 8.9 Hz, JH), 7.40- 731
(m, 1H), 7.22 (dd, J=£9,1 1 Hz, 1H), 7.13 (4. 7= 16 Hz, 1H), 6.82 (5. [H), 6.59 (=
1H). 3.33 (d. /= 6.3 Hz, [H). 4.16 (dd, /= 109, 7.3 Hz. 1H). 3.87 (4. J=23.7. 10.4
Hz, 2H), 348 (5, 3H), 3.42(5, 1H), 108 (d, /= 103 Hz, 1H), 0.84 (5, 3H),

e Jl\__,_,I“L._J\JL __JL.__ _,H._ (VL ___.L_;LH\)'L.__..[_
T T T T T T
z i 53 3 3 iz
14 13 12 11 10 a 8 7 fi 5 4 3 2 1 o -1
f1 (ppm)
CARBON_01 =z R o o = n =
Compound 30 == AAES 5owe R A
Lsrieis Y A Porg
o cl
M
H -
3C\N~\“ NH cl
Nl STy
L~
N NH

¢ NMR. (100 MHz, CDCI) & 157.6, 152.6, 151.5, 150.0, 134.4, 1283, 1279,
1274,1223, 1212, 120.7, 103.0, 102.0, 60.7, 54.4, 51.1, 332,24.1, 168,82,

T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 . %10 ) 100 90 &0 70 60 50 40 30 20 10 a -10
1 (ppm,
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(R)-N-(3,4-Dichlorophenyl)-7-(methyl(7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)-5-
azaspiro[2.4] heptane-5-carboxamide, 44

FROTON_01 5z 5 zEmE=iecn - cez=s =
Compound 51 A 3 RRRRRRGEE g <izds 3
IMS-103-20 N RGN 2 MESTY T
[+] cl
—
Halo o
S \,N,.. “\/ HH al
Nl = AN
LN/ NA
THNMR (400 MHz, CDCL) 5 1185 (4, J=18.4 e 1H), 824 (s, 1H), 764 (s, 1H),
7.26 (&, J= 4.1 Hz, H), 7.07(d, J= 212 Hz, 1H), 6.72{d J= 128 Hz, 1H), 6.52 {d,
J=27Hz 1H), 5.37(d, J=4.8Hz. 1H), 4.05(dd, /= 10.6, 7.0 Hz, 1H),3.79 (dd. J
=253, 10.5 Hz, 2H), 3.40 (s, 4H), 1.00 (s, 1H), 0.82(d, /= 421 Hz, 3H).
f | ‘ /| | | Alu‘ _,JJ”'- I’\fl t
i L I JUJUI ) U LU b S |
T T T o T ™ T T
: 5§ §BSS 25 % k-
14 13 12 11 10 9 8 7 6 5 4 2 1 1] -1
f1 (ppm)
CARBON_(1 2R33 3 =3 4= = e = w o=
Compound 31 Efag 3 £3 i : 3% iR o= 3
IMS-103-20 [NY \ L [ [
QO o] cl
N (
HC "
e il \
Nl = A\
P
N HH
B NMR (100 MHz, CDCI;) & 157.6, 153.2, 151.8, 1303, 1385, 132.4, 1302, 1239,
1212, 1206, 1189, 1050, 1019,61.0, 546,315,332, 258 168,82
T T T T T T T
920 80 70 60 50 40 30 20 10 0 -10

T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)
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(R)-N-(2,5-Dichlorophenyl)-7-(methyl(7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)-5-
azaspiro[2.4] heptane-5-carboxamide, 45

FROTONOL 25 REIMsBSER  2E  =EonoEd css = szsz 8
Compound 32 = Be RRRRSaAe M fitfomones & 1338 °
]MS—103 21 | ¥ SR AEES Av N W |

m@

'H NMR (400 MHz, CDCL) § 12.32 (5, 1H), 8.36(d, J= 537 Hz, 2H), 712 (s, 1H), 7.07 (dd, J= 1243,
85 Hz JH), 688 (s, 1H), 657 (s, 1H), 333 (4, J= 5.8 He 1H), 14— 107 (m, TH), 387 (dd J= 217,
103 He, 3H), 3.48 (s, 1H), 3.46 (s, 3H). 1.07 (4, J= 8.7 H, 1H), 0.83 (s, 3H).

T ™ P T =T e ™
: £ LI RS
14 13 12 1 10 9 8 5 4 3 2 1 0 1
fl(npfﬂ)
CARBON_01 ZEEE eYa ERSs =R I — o a =
Compound 32 EELE EEEEEEE EH fRe § 3z Fooa o= 3
IME103-21 V=17 11y s N ~ [ [
[v] cl
N_{
H4C.
:\N\\ HH
" AN of

|
k/ HH

N

I NMR (100 MHz, €DC;) 8 1576 1524, 1521, 1503, 1365,
13351193, 1229, 120.7, 120.2, 1199, 105.0, 1018, 60.5, 544,
510,332,241, 16.7, 8.1

T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 . %10 ) 100 90 &0 70 60 50 40 30 20 10 a -10
1 (ppm,
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(R)-N-(2,3-Dichlorophenyl)-7-(methyl(7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)-5-
azaspiro[2.4] heptane-5-carboxamide, 46

FROTON_01
Compound 33
CYC-06-82

o Cl cl
wd
H.C -
ERRE W

M AN

|
k/ NH

N

—12.36
/ﬂ (]
26
727

l() 5[]
)i
¥) 10

£

55

5

.

:
E
.1

3 8;
ax
%

)
VAT
/—1 06
i
=] 00

1H NMR (400 MHz, CDCE) & 12.36 (5, 1H), 843 - 8.16 (m, 2H), 723 - 7.06 (m,
3H), 697 (5, 1), 6 58 (3, 1), 5.54 {d, /= 5.8 Hz, 1H), 417 (dd, /= 108, 7 6 Hz,
1H), 3.88 (4, J=10.3, 104 Hz 2H), 3.50 (s. 1H), 3.47 (s, 3H), 107 (4 J= B0 He,
1H), 0.86 (4 /= 18.6 Hz 3H).

T T A T T
3 g 23 g i52g CE:
E 2 n32 2 R I
14 13 12 11 10 9 8 7 6 3 2 1 1] -1
f1 (ppm)
CARBON_(1 Z 233 5 RLEIEE =z i s 1= .u = m
Campaund 33 5 4§za 5 HERESES g3 rfe i g g & = 3
CYese-62 I NP [ Y \Yi o [ | | | |
o cl
N—<
HaCo o
Z\N\.\ WH
Nl T AN
LA

] A g 1 T gy ik

r T T T T T
190 180 170 160 150 140 130 120 110 100 90
f1 (ppm)
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(R)-N-(3-Chloro-4-methylphenyl)-7-(methyl(7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)-
S-azaspiro[2.4] heptane-5-carboxamide, 47

FROTON_01 2 % srasszans 2 zep = “ p— 2
Compound 3¢ 3 RREZASES : E g JEEE
CYC-96-81 e T 7 VT
0 ol

N—{
HyCu
R NH CHy
T
LA

THNME (400 MHz, €DCL) & 1226 (s, 1H), 824 (s, 1H), 748 (s, 1H), 720 (d, 7= 6.6 Hz, 18, 743 —
698 fm, 2H), 6.87 (s, 15}, 649 (s, 1H), 5.36 (s, 1), 404 (s, 1H), 378 (d J= B2 Hz 95} 343 (d, J=
313 Hz, 1H]). 3,36 (s, 3H), 22 (5, 3H), 0.97 (4,7= 8.3 Hz, 15,072 (s, 3B

N e T T e T Lyl
H JERES = ZEEE g &z
T T . T T T T T T T . T T T T
14 13 12 1 10 9 8 7 [ 4 3 2 1 0 1
fi (ppm)
CARBON_01 Za%E 4E2RE E3T =g ceon z mem = anx
Compound 34 GBHES EREE E5Z B FRRE s %z W mes 3
CYC-06-81 VN VAN W i S5 [ | fAy
o cl
—{

H
’C\N»" NH CH,
Nl T AN
kN/ NH

15 NMR (100 MHz, CDCl5) & 157.5, 1538, 151.5, 1500, 1379, 134.1, 1307, 1303,
12071205, 118.4, 105.0, 101 9,610,445, 513,332,239, 193, 166,81

—— " . ROV O I B W o (R I P S

00
pm)
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(R)-N-([1,1"-Biphenyl]-2-yl)-7-(methyl(7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)-5-

azaspiro[2.4] heptane-5-carboxamide, 48

Fep19-2014
Compound 35
CYC-96-83

1"

"‘a‘:\_ o

“\\

' NME (400 ME= €DCE) & 1127 (s, 1H), 824 (s, 1H), 820 (4, 7= 8.3 He, 1H), 7.51 — 730 (m_ 6H).
721 (d,J=T2H, 1H), 710 (dd, J=52, 5.5 Hz, 2H), 6.57 (4, J= 19 Hz, 1H), 638 (s, IH), .34 {d, /=
6.4 Hz, 1H), 3.82 (dd, /=109, 7.5 Hz, 1H), 364 (d, /= 10.0 Hz, 1K), 348 (d = 10.1 Hz, 1H), 338 (s,
3H), 320 (4, /=99 Hz, 1H), 1.04 — 0.95 {m, 1]}, 0.78 — 0.59 {m, 3H).

- M g i
= = : i
T ; T ; 7 T 1 T : ; T T T T T T T
18 5 = 3 2 10 :] 8 7 & 5 3 2 1 0 -1 -2 -z -2
1 (ppm}
CARBON_01 5 E 4= 8 9% B 8 B o
Compound 35 s g B FI #l 0m o= 3
CYC96-82 | B P T i P
Nl = 3,
L.
N HH O
"cwm(lon\m: cm,}a 1574, 1534, 1495, uas
5 1280,
L Ui - A —— o S l J d { ‘
T T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 180 1E0 170 160 150 140 130 120 110 100 a0 80 70 &0 50 40 30 20 10 L] 10

f1 (ppm)
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(R)-N-(3,5-Bis(trifluoromethyl)phenyl)-7-(methyl(7H-pyrrolo[ 2, 3-d] pyrimidin-4-
yl)amino)-5-azaspiro[2.4] heptane-5-carbothioamide, 49

FROTON_01 = EnEonE w o =m o omom amm =
Compound 36 E BREERE B 2 = 558 H
CYC-96-80 | AINENS 7T (Rt

F

F
=
F
N
HaCo o -

[

i
F
M
DOTE
-
" NH
'E MR (400 MHz, CDCL) & 1202 (s, 16D, 227 (s, 1E), 797 (s, 254), 7.69

(5. 1H), 7.62 (s, 1H), 7.08 (5, 1H), 6.33 (s, IH), 342 (5, IH), 430 (s, 1H),
415(s, 2 72 (s, LH), 3.43 (5, 5H), 1.3 (5. LH), 0.83 (s, 3H).

| " | 1‘
f | I k |
» JkLL ) S T AV .V N
T el L m el T
g 8288 % g E] 8RR R
T T T T T T T T T T T T T T
14 13 12 11 10 9 8 7 a 3 4 3 2 1 0 -1
fi (ppm)
CARBON_01 w v oEx e R s 5 o=
Campound 36 5 B aE 3% I RE B o2 &
CYC-96-80 | 1 N7 e |1 [
F
F
AC 5
_{ F
N
HaCn o
T ]
N 3y F
L -
W& T

T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 P EIU ) 100 90 80 n 60 50 40 30 20 10 o -10
1 (pprm]
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(R)-N-(5-(Ethylsulfonyl)-5-azaspiro[2.4] heptan-7-yl)-N-methyl-7H-pyrrolo[2, 3-
d]pyrimidin-4-amine, 50

i T [}
LD
L Aid
*ELNMR. (500 MEEz, CDCLy) & 1242 (5, LH), 8.26 (s, 1E), 7.12 (s, 1H]), 6.56 (5. 1E), 5.55 (s, IH), 3921t
J=91Hz 1H), 368 (d../= 99 Hr. 1H), 348 (s. 3H), 3.33 (d. 7= 9 8 Hz, IH), 3.14 - 303 {m, 2H), 1 42
{h,= 70 Hz, 3H), 1.03 {d, S 5.9 Hz, 1H), 0.7 (.S 119 He, 2H), 0,73 (d, S 109 iz, 1H).
| | 35| R W]
T s 3 I x
T T T T T T T T T ¥
4 13 z 11 10 g 8 7 8 5
1 (ppm}
CARBON.OT F Bk = Az Tow wom & T @ 2
onmsning.ar & og g 2= P S8 ¥ &5 % = o=
LSl-07-55 B 23 =5 22 =58 EEE B X =&
{ 5 I \ L AV | [T
ﬁ CH,
N—lsl—/
HaGup o
"-.N\\ o
i | N\
RN NH
B0 NMR (125 MHz, CDCl) & 147.7, 152.0, 130.2, 120.7, 103.0,
1018, 60.5, 559, 324,442, 335, 4.4, 154,92, 70,
5
T T T T T 7 T T T T T T T T T T T T T T T T . T
230 220 210 200 19 18C 170 160 150 140 130 120 110 100 0 BC 7O 60 S0 & 30 20 W0 O -0
11 {ppm}
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(R)-N-(5-(Isopropylsulfonyl)-5-azaspiro[2.4] heptan-7-yl)-N-methyl-7H-pyrrolo[2, 3-
d]pyrimidin-4-amine, 51

FROTON_D1 = - - . - . =
Compound 38 = = P 4 S i e s s
=97~ 76 | I | | e I

=
L
.

N NH
UH MR (500 MEz, CDCL) & 12.17 (s, 1H), 826 (s, 1H), 711 (s, 15, 6.57 (s, 1H), 5.51 {s, [E. 399,
J=8.2 Hz, 1H), 3.71(d, /= 5.7 Hz, 2H), 348 {5, 3H), 3 38 (d, /= 9.6 Hz, IH), 3.28(d, /=49 Hz, 1H),
1,40 (3, 6H), 1,03 (d, = 8.7 Hz, 1H), 085 — 0,69 (m, 3H)

T I I 7 I P I IT
: : "~y . . | ; T o T o - .
14 13 12 il o g 8 5 4 3 2 1 [l -1
f1 {pprml}
CARBON.O1 3 3% 5 tH pEse s 8 e=
Compounc 38 = =8 = sz S S ¢ w5 =
LS-27-76 < 29 = == EEEES g X ie=rQ
e (IR | \ 1SN | BV
(ﬁ CH,
N—ISI_<
HaCu
S o OHs
BT N
BCNMR (125 MHz, CDCL) & 1576, 1519, 1503, 120.5, 1029, 101.8. 606, 56.4, 53.4.
529,335,244, 166,155,89.
|
: T T T T T T T r : : - - - : - T u T 7 T T T
230 220 210 200 190 180 170 180 150 140 130 120 00 9 80 70 60 SO 40 30 20 10

110
11 {(ppm)
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(R)-N-Methyl-N-(5-(propylsulfonyl)-5-azaspiro[2.4] heptan-7-yl)-7H-pyrrolo[2, 3-
d]pyrimidin-4-amine, 52

FROTON_01 = = mma= @
Compound 39 o 4 RRRE e
LSM-104-08-1 | ~

TH NMR (400 Mz, €DCL) & 12.17 (s, 1H), 830 {s, 1H), 712 (4 7= 33 H, 15, 650 (s, 15, 5.65 -
5.46 i, 15, 3.91 (4 /=109, 7.6 Bz, 1H), 3.77 - 3.61 (. 260, 3.49 (s, 5H), 3.32 (4, /= 0.8 He, 1H),
341204 fm, 7H), 1.91 (84, = 15.4, T.6 Hz, 250, 109 (x,7= 7.4 Hz, 3H), 107 0.98 {m, 150, 0.76
(dt./= 113,99 Hz 3H).

.
T T T T Ty T L
: I L5 O T
r T T T T T T T T T T . T
14 13 12 1 10 9 8 5 4 3 2 1 ]
f1 (ppm)
CARBON_01 ! 3 B A PR
Compound 39 EH = =2 238 2 8
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o]
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A.C _\_
Ny lo CH,
T

.
N \

1 NMR (100 MHz, CDCL) 8 157.7, 1518, 15001, 120.7, 103.1, 101.9, 60.5, 5.8, 523, 513,
336,244, 170,154,131,02

‘ ’ "

T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 . %10 ) 100 90 &0 70 60 50 40 30 20 10
1 (ppm,
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(R)-N-Methyl-N-(5-(phenylsulfonyl)-5-azaspiro[2.4] heptan-7-yl)-7H-pyrrolo[2,3-

d]pyrimidin-4-amine, 53

PROTON_O1 o o=
Compound 40 ;EER 8 % 2= i
Lat-97-68 | NGO W] VAR
o}
I
i
HaC. e
‘\N.\ 0
Es
LI
=, N
'HNMR {500 MHz, CDCY;) & 1222 (s, 1), 8.1 (s, 16}, 7.75 (s, 2ET), 7.56 (s, 1ED), 7.4% (s, 2, 7.00
(s, 1H), 6.42 (s, LH), 5.34 (s, 1H), 3.51 (s, 2H), 3.43 (& J=B.4 Hz, 1E). 324 (s, 3H), 200 (4 J=23H
1H), 0.79 {=, 1H), 0.64 (s, 1H), 0.52 (s, 2H).
JL N J"L_.,,_.,J ~
T L4 S A T
= ER- =
13 1z 1" m 3 G 7 i g 4 2 1 a -1 -z
1 (pom)
CARBON_O1 = zZz = = =
Compound 40 = sz : = : 8
LeM=-97-68 _I _\F -1= .‘\ i =i
(o]
Il
"
HaC
¥ "\Nu o
e,
T
N NH
B¢ NMR (125 MHz, CDCE) & 157.6, 152.0, 130.2, 135.1, 133.0, 1291, 1279, 1206,
10291018, 59.9, 56.0, 52.7,33.3,239, 14.5,9.6.
" L
230 220 210 200 190 180 170 160 150 140 130 120 10 100 80 B8O 70 60 50 40 E 20 -10
1 {(ppm)
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(R)-N-(5-((2-Fluorophenyl)sulfonyl)-5-azaspiro[2.4] heptan-7-yl)-N-methyl-7H-
pyrrolo[2,3-d]pyrimidin-4-amine, 54

PROTONK_01 =
Compound 41 i3
LSM-104-05-1 |

"
~

T

S~y ThH

8
703
7al
780
7

'\?ll\
&

w0

5=
554
547
54

HNME (400 MHz, CDCe) & 1184 (s, 1H), 8.21(s, 1H), 791 (t,./= 7.3 Hz, 1H),

768756 (m, 1H), 730 — 120 (m, 2H), 700 (d, J= 3.4 He 1H) 658 (L J=30
547 {d, 7= 5.4 Hz, 1H), 382 (dd, 7= 109, T 8 Hz, I1H), 3
[dd, J=1602, 9.9 Hz, 1H), 3.41 (5, 3H), 0.98 - 0.39 {m, IH),0.76 (de, J=

13.1, 6.5 He, 1H) 0.72— 061 {m, 2H).

o
T
14 13 12

CARBON_D1
Compound 41
LSM- 104-05-1
o
g
I
[

(4, 7= 84 Hy), 13

T T T T
230 20 210 200 190

.8 Hi)

TT-367 (m

1
L

I YR

1 100

[
f1 {pprm)

, CDCL) & 159.1 (4, J= 2558 Hz), 157.6, 151.7, 1502, 135.2
5.0(4.J §(dJ=3.8Ha), 1206, 1173 (4,
523,334,242 149,93,

), 12

. . e
180 170 160

————————r——

T T T —
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(R)-N-(5-((3-Fluorophenyl)sulfonyl)-5-azaspiro[2.4] heptan-7-yl)-N-methyl-7H-

pyrrolo[2,3-d]pyrimidin-4-amine, 55

il 2 % gnannemn eze TIhHETE
mpound 42 = WPt b T e w o
L5M-104-03 | [EVAS S P e
F
*HNMR (400 MHz, CDCL) & 1190 (s, 15, 820 (s, 15), 767 7,61 (m, 1H), 7.56
(dt, J=13.4, 6.6 He, 2H), 1.36 (ddd, /= 100, 3, 1.5 Ha. 1H), 710 (d /=33 Hz,
1), 6.53 {dh 7= 3.4 Ha, H), 5.84 {1, /= 50 Fiz, IH), 3.62 (4, /= 5.3 Fig, 2H), 5.37
(5. 3H). 3.33 (44, 7=185.. 9.6 Hz 7H), 0.96 - 085 (m, 1H). 0.7 (44 7= 102, 49
Hz, IH), 069 —0.34 {m, 1H).
AL A dL. L J\ U V. ULLLJ
o S N LY i, P
< i 2853 3§ £l 5388 538
it 13 12 11 10 9 ] 6 3 2 1 0 -1
f1 {ppm}
CARBON_D1 = 3
Compound 42 23k = 2 8
LSM-104-03 Ty T T
o]
I
N—S
HiCo o/l
o
£
T /3
LN/ NH
5 NMR (100 Mz, CDCL) & 162, (d, 7= 292.1 Hz), 1576, 1517, 130.1, 137.4 (d, /= 6.5
Hz), 1309 (d, J= 7.7 Hz), 123.6d, /= 3.4 Hz), 1206, 120.2{d,.J= 21 2 Ha), 115.1 (d, =
241 Hz), 1029, 1019, 60.0, 56.0, 528,334,139, 146,97,

230 20 210 200 190 180 170 160 150 140 130 120 %w ]100 90 80
ppr
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(R)-N-(5-((4-Fluorophenyl)sulfonyl)-5-azaspiro[2.4] heptan-7-yl)-N-methyl-7H-
pyrrolo[2,3-d]pyrimidin-4-amine, 56

K‘. NH

TH NIMR (500 Mz, CDCE) & 12.06 (s, 1H). 8.11 (4, J= 3.9 He, 1H), .78 {ddd /=88 46 20 He.

= 7.1 (m_ 3H), 702 (d, 7= 3.5 Hz. 1F). 6.48 (4, /=34 Hz, H), 535 (=, 1H). 351 {d, J=51
He, 1H), 344 (d, f=06Hs 1H) 318 (= 1H), 208 (d, S=05H: 1H) 087 —077 (m 1H) 071061
{m, [E), 0.60 - 043 {m, 2H).

1062

103
005
b
187 =
i oz

CARBON_01 53 BERE 2B 7 ] [
Compound 43 £3 ERE w8 2 7 3
LSM-97-81 17 R T [ | I |

o
N % F
HaGol o i ,\f'
e <]

T
C
W NH
1 NMER (100 ME:, CDCL) & 1653 (d, = 2553 H)
,130.5{d, 7=93 Hz), 1205,
S Hy), 1026, 1018, 60.0, 56.0, 527, 334

239, 146,97

— .50

230 220 210 200 190 180 170 160 150 140 130 120 110 100 o0 BO 70 &0 50 40 30 20
f1 {ppm)
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(R)-2-((7-(Methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)-5-azaspiro[2.4] heptan-5-
yl)sulfonyl)benzonitrile, 57

PROTON_O1 2 I
Campoun = e =
e s A v

f /

N—S

H,C\_ V4
> N\
K NH

‘LLJ Jll Wl

.00
1075

i iy
T T - - - - T : - : r T -
a 3 2 10 g 8 7 G 5 - 0 -1 -2
11 {ppm)
CARBON_01 = B88 EET = = 8 =
Compound 44 M E SR= 335 2 % g
LSM-97-80 \\ \ s A | I
o
N
AL"_TT {
HoCo o
oy b}
N | AN
RN HH

1iC NMR (100 MHz, CDCL) & 157.6, 1519, 150.2, 140.0,
320, 1303, 1207, 116.4.110.0, 103.0, 1018,

60.3,56.1,526,335,241, 148,93

230 220 210 200 190 180 170 160 150 140 130 120 110 100
f1 {ppm)
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(R)-3-((7-(Methyl(7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)-5-azaspiro[2.4] heptan-5-
yl)sulfonyl)benzonitrile, 58

FROTGN_01
Compound 45

(EXE

B 2 =
LEM-87-78 T 1 5
/
9
Il
g
HG
“\N\\ 0
g
KN HH
TH NMR (300 MHz, CDOL) & 1203 (s, 1H), £18 (s, TH), 8 14 (s, 1H), 06 {d =79 Hz, 1), 781 (d.
=77 Ha, E), 7708, J= 7.8 B, 15), 7.1 (4, /=18 He, ), 6.52 (4, J=29 i, 1H), 540 (s, IED),
365 (t, S= 5 1 Hz 2H), 3.60 (d, = 0.8 Hx, 1H), 3 36 (=, IH), 3.10{d, = 0.7 Hz, 1H), 090 (dd, /=98
4z, 1), 083 0.74 (o, 1K), 0.73 —0.58 (m, 2H).
A _L_..—J |
F S S N ;i
z LTI A z
14 3 12 0 8 8 7 5 s M 0 -1
1 (ppm}
R S35 B3AEY SE3 Z% ALE L Boo® E g
Compound 45 =k naanA H=2 23 tEE EE " @ =z
LoM-e7-78 {5 b S fh \Y S o ﬁ | | [
/
f
e
ML e
WY 0
N | 3
K\ .
W HH
FCNMR (100 MHz CDCL) & 1575, 1518, 1502, 1375, 1360,
1316, 1312, 1302, 1207, 1171, 1135, 1030, 101.8, 60.1, 5611,
519,335,238, 148,96,
230 220 210 200 180 1BO 170 160 150 140 130 120 110 100 a0 a0 70 &0 50 40 30 20 10 L] 10
1 (ppm)
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(R)-4-((7-(Methyl(7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)-5-azaspiro[2.4] heptan-5-
yl)sulfonyl)benzonitrile, 59

Jul28-2017

Compound 45 5 msszzssssss semn RANR 933939588 I4RRILE
LSM-20-63 [ TP AT RRRIIZET T R

*E NMR (400 MHz, CDCL) & 10,595, 1H), §.18 5, 1H), .00 - 7.90 fm_ 7H),
159 (m, 2H), 7.08 (dd, /= 3.3, 18 Hz, 1H), 6.52(d, /= 24 Hz, IH), 136
7. 44 Hz, [H), 365 (s, 1H), 3.64(d J= 19 Hz 1H), 3.50{d. J=27
Hz, 1H), 334 (s, 3H), 3.10 (d, 7= 9.7 Hz, 1H), 091 (ddd, 7= 102, 6.2, 40 H,
1H), 0.82 - 0.75 {m, 1H), 0.73 — 050 {m, JH).

—
—

- L ] ¥ i S,
= 358 § = z X S8z
3 T 3 23383 238
T T T T T T T T T T T T T T T
16 15 14 13 12 11 10 9 B 7 & 4 3 2 1 o 1 -2 3
fL (ppm)
CARBON_01 2 @& =g% =3 Lem RER g = § g
Compound 46 g §& 5% 23 SR 73 Roa =%
LsM20.63 R Y, o= 70 I
M—lsl =M
e —
W [¢]

\N HH

Ve NME (100 MHz, CDCE) & 1575, 151.9, 1502, 1340, 1329, 1283, 1208,
117.2, 116.7, 103.0, 101.8, 60.2, 56.0, 52.9,33.5, 25.5, 14.9,9.3.

230 220 210 200 180 1BO 170 160 150 140 130 120 110 100 a0 a0 70 &0 50 40 30 20 10 L]
ft (ppm)
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(R)-N-Methyl-N-(5-((2-nitrophenyl)sulfonyl)-5-azaspiro[2.4] heptan-7-yl)-7H-
pyrrolo[2,3-d]pyrimidin-4-amine, 60

PROTON_01 = cserEssmoran =
Compound 47 = R H
IMS-103-24 | A
o
[
N—S
HiCo Il
PP
0=N,
e \ o

T NMR (400 MHz, €DCL) 5 1238 (5, 1H), 825 (s, 1H), $.00(d, /= 73 Hz, 1H), 7,69 (de, 1= 16.0, 7 8 Hz,
2H), 762 (d, J= 7.3 Hz, 1H), 7.10 (s, 1H), 6.53 (s, 1H), 5.30 (& /= 62 He, 1H), 405 - .87 (m, 15), 375 (d, J=
0.6 Hz, JH), 330 (s, 3H), 3.38 - 3.27 (m. 1E), 0.96 {4, J= 5.5 Ex 1H), 0.01— 059 e, 3H).

v
A \ M
T T T T T T
CEL T B B
14 13 12 11 10 9 8 6 5 4 3 2 1 0 -1
f1 (ppm)
CARBON_01 T 223 2R EE sgs o m e w o=
Compound 47 R 53 &8 EF cRe SHG B o5 4 2
IMS103-24 (IS ST N\ ~ AN [ |
0
-
N I 3\
O=H
DO
L
N NH
¢ NMR (100 MHz CDCL) & 1576, 1520, 1502, 148.4, 1335, 1316, 1308,
124.1,1207,103.0, 101.8, 60.4, 53.9, 526, 33.4,283,13.1,92
N il TR
r T T T T T T T T T T r T T T r T T T r T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 %10 ) 1 920 80 70 60 50 40 30 20 10 0 -10
1 (ppm
-
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(R)-N-Methyl-N-(5-((3-nitrophenyl)sulfonyl)-5-azaspiro[2.4] heptan-7-yl)-7H-
pyrrolo[2,3-d]pyrimidin-4-amine, 61

FROTON_01 = R R
Compound 48 = | oo e
IME-103-25 I ~
] —
i
N—
H,C . VA \ /
oy o
N'—0
N y,
=
\N Tk
'ENIMR (400 MEz, CDCL) & 10.4 (s, 1)) .67 {4, /= 1.4 Ha, {E). 849 {4, J=82 H, 1H), B16 (4.7
=34 Hz 2H), 778 (td. J= 8.1, 33 Hz, IH). 706 (s, IH). 6.51(s, [H). 5.47 1H),3.79 =357
(m, 37 (d, /=32 Hz, 5H), 3.14 {d, /= 9.7 Hz, 1H), 0.90 (dd, /= 6.2, 3.2 Hz, IH), 054 - .74 (m,
1H), 0,74 — 0.8 (m, 2H),
N _J._J._,/IJ._,JI_JLH S—
T ki 2% L ot
g AR ® =z 8 g
3 332 3 z 32 5
T T T : . T T T
14 13 12 1 10 g 8 7 6 5 4 3 z 1 o 4
f1 (ppm)
CARBON_01 is =42 mza = =
Compound 48 == 244 nEg 5 3
-1 ReE FRA = &
IMS-103-25 W |- A
o]
o
N—ﬁ
HaCo o
R o
J‘VN‘—U
M AN 8

“C NMR (100 MHz, CDCh) & 1575, 152.0, 150.6, 1484, 138.1, 1332, 1303,
127.4,122.7, 120.3, 102.8, 102.1, §0.1, 36.1, 52.9, 138,148,946,

T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 . %10 ) 100 90 &0 70 60 50 40 30 20 10 a -10
1 (ppm;
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(R)-N-Methyl-N-(5-((4-nitrophenyl)sulfonyl)-5-azaspiro[2.4] heptan-7-yl)-7H-

pyrrolo[2,3-d]pyrimidin-4-amine, 62

FROTON_01

Compound 49 2 FRAEZEY
IMS-103-26 | Wi
o] o
AN i
N—S5 N\\
H,C .
O~ | %

1H NMR (400 MEHz, CDCE) & 1161 (5, 1H). 850 - 830 (m. 2H), 81 (d, J= 3.4 Kz, 1H), 82 (s, '}n

7.08 (s, 1H), 650 (s, 1), 5.36 {4, /= 3.5 Hz, 1H),
SH) 3,10 - 305 . U, 083 — 0.75 G, 15, 067 (dd,J= 149, 0.8 He 3E).

367 {3, 2E), 365 — 3.56 (m, 1), 336 (4.7

‘U ' I | || |LI\JL y. 'I\,| I L
AN JVIA kh,_J\_ J'n__ s — -
T T T T iy T iy
g BSE i s 5 RZES 2%
14 13 12 11 10 9 8 6 5 4 2 1 1] -1
f1 (ppm)
CARBON_01 i s =8 —g= Tan = & =
Campaund 49 E: 5IE 2z RR= S g oa =3
IMS-103-26 | ZN ¥ % P I 7T
o] o
II !
N—& Ny
R -~/ g h
Nl T AN
L.
. NH
EC.\I’.\!‘RII.OD.\{H:.CDC‘I:J& 137.5,1320, 1503, 150.2, 141 6, 128.9, 124.3, 1206,
103.0,101.9,60.2, 361, 32.9,33.3, 238 149,93,
T T T T T T T T T T r T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 . %10 ) 100 920 80 70 60 50 40 30 20 10 0 -10
1 (ppm
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(R)-N-Methyl-N-(5-(m-tolylsulfonyl)-5-azaspiro[2.4] heptan-7-yl)-7H-pyrrolo[2,3-
d]pyrimidin-4-amine, 63

PROTON 01 fr smese 3 I s mamz=8
Compound 50 = Gy mreAR R E e e m e 3 Sees9a
LSM-10453 | W2 i T LI NG 1 VAN
CHy
DD
L
N NH
*H NMR (400 MHz, CDCL) & 12,57 (s, 1H), $22(d, /= 4.7 Hz, 1H), 7,65 (s, 2H), 743 (s, 2H), 710 (3,
1H), 6.50 (s, 1H), 5.41 (s, 1K), 361 (3, 2H), 3.2 (dd, /= 9.3, 4.4 Hz, 1K), 3.33 (d, J= 4.3 Hz, 3H), 3.08
(44, J=93, 45 Hz 1H), 242 (4 J= 43 Hz, 3H), 087 (4 J= 4 6 Hz, 1H), 0.75 (d 7= 0.6 Hz 1H), 061
(4,J=29Hz 2H).
J U | ll
\_)L \_J
e - W | o TeeT 7y
2 5 ¥%% 3 3 23T S3K
z & 38 8 ] L3 I L
: . : ; . . ; . . = T ; . .
14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 =5
f1 (ppm)
CARBON_01 mzn SERE=3E X . - o 2w T
Compaund 50 525  EZ53E3E B ERRE F84 o Am = 3
LSM-104-53 AR IRYARY A LAY b N | N
0
II
"
H,C -
SRR 5
CH,
8
L
N MH
S NMR (100 MHz, CDCk) § 1576, 1518, 1301, 1393, 1348,
13381200, 1282 125.0, 1207, 1020, 1018, 60.0. 560, 528 333,
239,214 144,97,
- ] a wow sty o

T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 . %10 ) 100 90 &0 70 60 50 40 30 20 10 a -10
1 (ppm,
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(R)-N-(5-((4-Methoxyphenyl)sulfonyl)-5-azaspiro[2.4] heptan-7-yl)-N-methyl-7H-

pyrrolo[2,3-d]pyrimidin-4-amine, 64

206

PROTON_01 z - e - ernconosT e-s@snrmornal
Compound 51 E S 8h haRmO  R2Z ShaRafay AzeAERiAsIil.
LSM-104-06-2 [ TV &Y g B e e
(o] CH,
I ’
N—ISI 0
HaGa
\N“ o
O
L
N NH
*H NMR (400 MHz, CDCL) & 1194 (s, 1H), $.19 (s, 1H), 7.78 (d, J= 8.5 Hz, 2H), 709 (d, J= 3.4 Hz,
1H), 7.02(d, J = 8.8 Hz, 2H), 6.53 (d, J= 3.1 Hz, 1H), 5.43 (1, /= 4.7 Hz, 1H), 3.89 (s, 3H), 336 (d, /=
49 Hz 2H), 336 (s, 3H), 327 (dd. J=1745,9.5 Hz 2H), 0.95—0.84 (m_ 1H), 0.78—0.68 (m, 1H), 0.62
(L.J=75Hz2H).
m L o o o 4 o i o B 7Y
2 2 & 5E 3 3 @®RSEF 832
z 88§ &R 8 g 283K3 33§
14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 -1
f1 (ppm)
CARBON_01 ZEEZ 23 7 A B momom z = -
Compound 51 ZEaE 53 § 3 g3 FH60 g & =3
LSM-104-06-2 PN T T W W/ (R
a CH,
Il .r
N—$S o
”SC\N\@' g
D
L
N NH
nCNMZR(IC'II MH;z, CDCL) & 163.2, 157.6, 151.7, 150.2, 130.1, 126.6, 120.5, 114.2,
1029, 102.0, 599, 56.0, 556, 527,334,239, 143,959,
230 220 210 200 190 180 170 160 150 140 130 120 %10 )10‘0 a0 70 60 50 40 30 20 10 [ 10
1 (ppm



(R)-N-Methyl-N-(5-((4-(trifluoromethyl)phenyl)sulfonyl)-5-azaspiro[2.4] heptan-7-yl)-
7H-pyrrolo[2,3-d]pyrimidin-4-amine, 65

PROTON_01

Compound 52 3 SE388R%33 & IEEE FEZEARDOS ZHEREEREEIRES
LSM-104-07 | SRR i (el A ¥
o] F
I
N—ﬁ F
HE
iy 0 F
D
L
N HH
“HNMR (400 MHz, CDCI) & 1177 (5, 1H), 3.25 (5, 1H), 790 (dd, /= 3.7, 82 Kz,
2H), 700 (d, J= 3.1 Hz, 1H), 654 (s, 1H), 541 (dd /= 6.0, 3.1 Hz, 1), 3.63 (d,J
=151, 48 Hz, 20, 3.37 (5, 3H). 3.34 (4d. /= 1916, 9.6 Hz, 7H), 0.9~ 0.87 (m,
1H}, 0.82—0.72 (m, 1H), 0.71—0.57 (m, 2H).
~ 1O 1 O O [\ O
. 'y i 7 T el I
H s m s 3 = 2R3 =1
T T T T T T T T . T T T T -
14 13 12 1 10 9 B & 5 4 3 2 1 o 1
1 (ppm)
CARBON_01 HES EEY| o 2 B g
Compound 52 RRE 33 g 8 =&
LSM-104-07 b 7T I A
4}
H—3
HL. o
e 0
Nl e
L
W NH
¢ NMR (100 MEz, CDCE) & 1575, 1515, 1499, 139.1,134.7 (g7 = 33.1 Ha),
1283, 1263 {g, /= 3.6 Hz), 123.2 (g, /= 2720 Hz), 120.7, 103.1, 102.0, 0.2, $6.0,
518,335,230, 14.7,07.
T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 180 1BO 170 160 150 140 130 120 110 100 a0 a0 70 &0 50 40 30 20 10 L]

ft (ppm)
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(R)-N-Methyl-N-(5-(naphthalen-2-ylsulfonyl)-5-azaspiro[2.4] heptan-7-yl)-7H-
pyrrolo[2,3-d]pyrimidin-4-amine, 66

PROTON_01

u
Compound 53 5 I3ZamaRIansTIaRRNANEY 5 23manaz 5 ursamd
LSM-10443 | e 27 T RN (RN 22

'H NMR (400 MHz, CDCL;) 6 12.98 (5, 1H), 8.42 (s, 1H), 8.19(d, J= 1.7 Hz, 1H), 7.96 (4 J= 8.1 Hz,
2H), 7.93 - 7.77 (m, 2H), 7.62 (dt. /= 16.4, 7.3 Hz, 2H), 7.06 (s. 1H), 643 (s, 1), 5.39 (s, 1H), 3.67 (.
J=38 Hz, 2H), 336 (dd, /= 1718, 9.6 Hz, 2H), 330 (s, 3H), 0.81 (d, /= 7.0 Hz, 1H), 071 (d, /= 46
Hz, 1H), 057 (L J=65 Hz. 2H).
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- Addry 9w @ - Somm hom
5 geg3z 8 g z 2522 288
2 Senos e 9 o =3A8% bped )
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510643 R 718 PoT T
o
I
i
HoCor o
) \N* ° Q
D)
L
N NH
L NMR (100 MHz, CDCL) & 157.5, 1318, 150.1, 1349, 1313, 1321, 12931292,
1289,127.9, 1276, 123.1, 1207, 1029, 1018, 0.0, 36.1, 52.9,33.4, 23.9, 145,97
A )
T T T T T T T T T T T T T T T T T T T T T T T T T
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(R)-N-Methyl-N-(5-(piperidin- 1-ylsulfonyl)-5-azaspiro[2.4] heptan-7-yl)-7H-
pyrrolo[2,3-d]pyrimidin-4-amine, 67

PROTON_01

L3 B Ag 3 S8 ESSRRFRS SIIRGR8TERARERES

Compound 54 =4 A @ mmmmm e b i e ) S o
L5M-10¢-35 T T iT v RV | N2 =

[o]

Il

N—ﬁ—N

HsC -
TN 5
D
kn/ NH

*HNMR (400 MHz, CDCl) § 11.36 (2, 1H), 8.25 (s, 1H), 7.09 (s, 1H), 6.38 (=, 1H), 5.56 (4. /= S8 Hz,
1H), 3.92—3.76 (m, 1H), 3 34 (d, /= 9.5 Hz, 2H), 3.48 (s, 4H), 3 28 (d, /= 4.3 Hz, 4H), 1 61 (dd, /=
266,39 Hz, 6H), 1.03 (d, /= 9.7 Hz, 1H), 076 (d /= 9.9 Hz, 2H), 0.69 (d, J= 99 Hz, 1H)

o T . i) T py: T
5 3 2 8 g 3ang 8 =23
3 3 g 2 3 2373 8 393
T T T T T T T T T T T T T T T T
1 13 12 u 10 9 8 6 4 3 2 1 0 1
f1 (ppm)
CARBON_01 nEE 5 =z s 2zma s mzm =
Compound 54 RIZ 2 B H5E% 25ma L
458 E £8 REZ FREE FoAiE 4 S
LSM-104-35 4 | N S AN [N
o
I
N—ﬁ—N
HiCo o
g 5
e
P
N HH

BC NME (100 MHz, CDCL) 8 157.7, 1520, 150.6, 1203, 1028, 1000, 60.2, 36.6, 528,
255,24.0,23.8,151,95,

T T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 E %10 ) 100 90 &0 70 60 50 40 30 20 10 a -10
1 (ppm,
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(R)-N-Methyl-N-(5-(morpholinosulfonyl)-5-azaspiro[2.4] heptan-7-yl)-7H-
pyrrolo[2,3-d]pyrimidin-4-amine, 68

PROTON_01 5
Compound 55 3 LI - F R ER R R R R e EEE
LSM-10d-40-1 | et Y I LI LI I T T IR AR PRI R
o
(VAN
N—S5—N [s]
Hie TN/
N o
D
LN/ HH

'ENMR (400 MEz, €DCL) & 1233 (s, 15, 827 (4, /= 1.8 Ha, 1), 743 (s, 1H),
6.57(s, 1H), 363 - 5.51 (a, LED), 390 (ddd. /= 106, 7.6, 1.7 Hz, 1H), 3.75 (dd, /=
5.5,3.1 H, 4H), 3.69 - 3.55 (m, 2H), 3.48 {d, /=28 H, 3H), 3.37 - 3.2 {m. 5H),

104 (4= 9.6 Hz, 1H), 0.83 - 0.75 (m, 2H). 0.73 - 0.6 fm. 1H).

NI

T T o T 2T T
3 : o3 S
T T T . T T T T T T T T T
14 13 12 1 10 9 5 5 H 4 3 2 1 [
f1 (ppm)
CARBON_D1 328 z ig sszz @ mpm o= e = -
Compound 55 258 z B £53% 8 =mo = R T
a8 8 EE RERE # F&b @ g & 4 2
LSM-104-40-1 Y ] N 2 A | [

|
I\/ R

TIC NMR. (100 MHz, CDC) & 157.7, 1520, 1503,

0.7, 102.9, 1018, 66.4, 60.2, 36.8, 53.1, 46.4, 33.5, 4.0, 153,03

T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 . %10 ) 100 90 &0 70 60 50 40 30 20 10
1 (ppm,
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(R)-3-(3-(Methyl(7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)pyrrolidin-1-
vl)propanenitrile, 69

mﬁcﬁdml? i L} LELA B R BEZRASEIRREINREIGGATRAARAAER
L5M-113-18 | | Y i T e it g
CN_\__
H’C‘\Nw'" =N
D
L

'HNMR (400 MEz, CDCE) & 1232 (s, 1H), 832 (s 1H), 740 (4, J=34 Hz 1H),
6584, /=33 Hz 1H), 5.73 (s, 1H), 3.4 (s, 3H), 106 (1. /= 7.1 H 1), 204
(dd, =99, 3.1 Hz, 1H), 283 (m, 1H), 272 {m, 1E) 264 (1, /=02 Hz, 1H), 2.56
(¢, =68 Hz JH), 234 fm, 7H), 103 (de, 7= 13.0,10.0 He, 1H)

- W 7t w i,
g & % 8 g 4853385 3
E g 3 fag3zaing
1% 13 12 1 10 ] 8 s 3 4 3 2 1 o 1
11 (ppm)
CARBON_D! =
Compound 17 i HeR®  asap A &
Lst-113-18 i W W A
[/\N_\_
P =
D
I\N/ i
C NMR (100 MHz, CDCL) B 1576, 1518, 1506, 120.4, 1188, 103.1, 102.1, 37.2, 344, 53.7, 50.8, $2.4,293,17.7.
" e s L

T T T T T T T T T

70 60 50 40 30 20 10 1] -10

T T T

ey ' T ‘
230 220 0 200 19 180 170 160 150 140 130 120 110 100 80 80
1 (ppm)
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(R)-N-(1-Butylpyrrolidin-3-yl)-N-methyl-7H-pyrrolo[2,3-d] pyrimidin-4-amine, 70

RREWARYERAAIRRORYES

sl 3 33 BB A%ARE HasnEEsEARsay
LSM-113-05 I | LYW LR i
[:)N
Hslns o _\_\
CH,
)
LN/ it

'H NMR (400 MHz, DMS0-d6) 5 1169 (s, 1H), 811 (s, 1H), 7.11{d, /= 3.1 Hz, 1H), 638 (4, /= 3.1 Hz.
1B, 5.53 (dt, /= 15.1, 7.7 Hz, 1H), 3.25 (s, 48, 3.08 (m, 2H), 2.81 {m. 350, 2.16 m, 1H), 1.95 (m, 1H), 1.50
(dt.7=15.2, 7.4 H, 2H), 125 (dq,/= 14.5, 7.3 Hx, 2H), 0.824t, /= 7.3 Hz, 3H).

N UL .
[ w oo N i i
i 5 3 3 iR% 33 38 3
14 13 12 1 10 a L] 7 & 5 4 3 2 o 1 -2
1 (ppm)
Compound 18 2 Fags siamAs & 3
LsM-113-03 Y] V] B YT 100
Or
HEC\N‘\_J- _\_\
CHy

(D

g

N NH
"'CNMR[IWI\MLDMSOM)é 156.7, 1516, 150.4,120.1, 102 5, 101.5, 54.5,54.3,55.7, 529,327, 232,
27,197,136,

A J
230 220 10 200 190 180 170 160 150 140 130 120'1(10 ]ID') el B0 70 at 50 40 30 20 10 L] -10
1 (ppm
o
3 _./{ —'L,I:'.' .I:-'{ -L 1
, k. =1
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(R)-2-Azido-1-(3-(methyl(7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)pyrrolidin- 1 -

yl)ethan-1-one, 71

PROTON_D1
Compound 19
LSM-104-32-1

C 0 ’
N{ N
. &
H:AC\.N,..- M

'H NMR (400 MHz, CDCE) & 1197 (4, /= 32.0 Hz, H), 8.34 (4. /= 19 Hz, 1H), 7.15 (dd. J = 6.5, 36 Hz. TH), 659
(5. 1E5, 5.75 fan, 1) 3.92 {m, 3H) 379 (dd, J = 19.2, 10.6 Hz, 1H), 3.57 (1t,/= 119, 8.2 Hz, 7H), 334 fm. 31, 221
(m. 2H)
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e
o941
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b
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-
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4

CARBON_D1
Compound 19
LSM-104-32-1

C O !
N{ N
O e z

NS

L

N

— 18621
15782

15226
Lisose
121,17
_~10355
~ 10184

\

NH

HC NMR (100 MHz, CDCL) & 166.2, 1578, 152.3, 150.7,121.1, 103.6, 101.8, 55.0, 51.3, 467, 44.6, 323,267,

5500
e

i
—un
—.01

—5131

230 220 210 200 190 180 170 160 150 140 130 120 110 100
1 (ppm)
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(R)-3-Methyl-1-(3-(methyl(7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)pyrrolidin- I -
yl)butan-1-one, 72

PROTON_01
Compound 18
LSM-104-29

(o]
ON 4<—<CH X
HaCul -
CH,
M AN

\
k/ N

N

*H NMR (400 MHz, CDCL;) 8 11.67 (s, 1H), 8.38 (s, LH), 7.14 (s, 1H), 6.60 (s, 1H), 5.72 (m, 1H), 351 (m, 2H), 3.49
(m, 2H), 3.34 (d, = 11.5 Fz, 3H), 2.18 (m, 4H), 1.50 (d,./= 35.8 Hz, 1H), 0.94 (d, J = 44.9 Hz, 6H).

— 1167
8.38
727
—714

I

T T T T T Y44 ™ T T
14 13 12 11 10 9 8 7 6 4 3 2 1 o 1
f1 (ppm)
CARBON_O01 T 25n 2 o R .
Compound 20 E EE% = 55 H §§g gEEE
LSM-104-29 RN ¥l ANy AT

(s
N CH,
He D
g %_<
CH,
NS

\
k/ N

N
HC NMR (100 MHz, CDCL) & 1716, 1577, 1519, 150.2, 1211, 103.5, 101.7, 54.8, 478, 45.4,43.8, 32.1,20.7,25.5,22.8

L

T
00 90 80 70 60 50 40 30 20 10

230 220 210 200 190 180 170 160 150 140 130 120 110
f1 (ppm)
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Isobutyl (R)-3-(methyl(7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)pyrrolidine-1-
carboxylate, 73

PROTON_01 H - aN=E Rk 2
Compound 19 = e el e 2
CYC-112-88 | SY VY |
HaC e C ‘/ _>_

'H NMR (400 MHz. CDCL) & 11.83 (. 1H), 8.33 (s, 1H). 7.11(d. J=2.8 Hz.

1H), 6.38 (d, /= 3.3 Hz, 1H), 5.72 (4, J= 63 Hz, 1H), 390 (4. /= 6.5 Hz, 2H),

3.76 (4, J=9.2 Hz, 1H), 3.69 (m, IH). 3.45 (m, 2H), 3.3 (s, 3H), 2.15 (dd, /=

219, 12.3 Hz, 2H), 195 (d, J=6.1 Hz, 1H), 0.94 (d. /=62 Hz, 6H).

T ' T T T ST T T
14 13 12 11 10 9 8 6 4 3 2 1 o -1
f1 (ppm)
CARBON_01 geeG N 25 ssan s =@ 2 =
Compound 19 Sg5% g EE Aran : #3z sz = 2
CYG112-88 NRYS 4 S Y [ | |
Halu o C
S
CHa
'\" N AN HoC
LN/ NH

€ NMR (100 MHz, CDQ1;) 8 1579, 155.5, 1520, 150.6, 120.8, 103.4, 102.0, 71.5, 54.7, 468, 44 8,320,282, 192,95

L | Ll .

T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 P %10 ) 100 90 80 70 60 50 40 30 20 10 [t} -10
1 (ppm
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(R)-3-(Methyl(7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)-N-phenylpyrrolidine-1-
carboxamide, 74

PROTON_O1 2
Compound 22 =]
LSM-113-19 |
0
[
Hals -
S \N.\“ NH_@
N AN

"\N NH

*H NMR (400 MHz, DMSO-46) 5 11.72 (s. 1H). 822 (s, 1H), 8.1 (s, 1H), 7.54{d. /=
$.1Hz 2H), 725 (t, /= TR Hz, 7H), 718 (4, /=23 Hz, 1H). 692 (t, /= T2 Hz TH),
6.64 (¢, =5.1Hz, 1H). 556 (m, 1H),3.75 (m, 1H), 5.67 (a_ 1H), 5.45 {m, 7H), 325 (5,
3H), 116 (m, 2H).

9.}

110 —
| =———

£y AR T b T

G 2 ZLr 3 E
. - : r : . . i r r . . i + r .
14 13 12 n 10 s 8 4 3 2 1 0 1

CARBON_O1 o £ a
Compound 22 2 8 =
L5M-113-19 | | ]

0
e \N"‘""DN _<NH —@
L2

¢ NMR (100 MHz DMSO-d6) & 157.1, 154.1, 1518, 150.6, 140.5, 1285,

1217, 1211, 119.5, 102.6, 100.6, 542, 46.8, 44.4, 316,276,

T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120'

T

T T
110 100 90 80 70 &0 50 40 20 10 L] -10
1 (ppm)
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(R)-N-Methyl-N-(1-(methylsulfonyl)pyrrolidin-3-yl)-7H-pyrrolo[2,3-d] pyrimidin-4-
amine, 75

PROTON_D1 H e R
Compound 23 -1 5 5 33
LSM-104-37 | 5 VoY
o]
Il
N—ﬁ—CH,
HiCu
‘\No 0
LD
L
N NH
'H NMR (400 MHz, DMSO-d6) 3 11.70 (s, 15), 8.15 (4, /= 1.3 Ha, 1H), 7.17 (4, J=29 Hz, 1H), 6.62 (4, J=27 Ha, 1H), 5.58 (m,
1H), 3,52t J= 9.0 Hz, 1H), 346 (m. 1H), 351 (dd, /= 174, 8 7 Hz, 18), 325 (dd, /= 10.0, 4 4 Hz, 4H), 298 (d J= 13 Hz 3H),
214 (m, 2H).
T Ly Yoy iy Y w
=z g 5 9 2 frgz2 z
pet = = B pt 2RT33 n
14 13 12 11 10 ] 8 7 6 5 4 3 2 1 0 1
1 (ppm)
CARBON_01 20z E 2e
Compound 23 g 5 H 5 2 §'
LSM-104-37 Ry | A
o
Il
Nt
HC 5
Nl T AN
(g
" NH

B¢ NMR (100 MHz DMSO-d6) & 157.0, 1518, 1503, 1211, 102.6, 1013, 542, 48.4, 465, 33.4,31.8,279.

50 50 40 30 20 10 0 <10

160 150 140 130 120 110 100 90 80 70
1 (ppm)

T T T T T T T
230 220 210 200 190 180 170
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(R)-N-Methyl-N-(1-((trifluoromethyl)sulfonyl)pyrrolidin-3-yl)-7H-pyrrolo[2, 3-

d]pyrimidin-4-amine, 76

PROTON 01 B e ST S Mot e i e 3 i e 5, e ==
Compound 24 & 33 NN EESOSOGAEA  mmomam e oo a3 32
LSM-104-36 e e T Voo Y Y

0O F
Il
N—ﬁ F
HLC. "
e 0 F
9.
Lz
N HH
T NME. (400 MHz, CDCl) & 1277 (s, UH), 837 (4, 7= 8.8 He, 1H), 7.18 (m, 1H),
659 (im, 155}, 5.84 (m, 15y, 3.80 fan, JH), 3.62 (m, 1H), 353 {m, 1K), 336 (4 T=27
Hz, 3H), 230 (dd, J= 170, 8.6 Hs, 35H).
L}. | \
N — L8 = \——J lk—-q___ax_/x )
i e (L | L ity i
g g £ & 7 RNZE 3
4 13 12 1 10 9 ] ] 4 3 1 o 1
11 (ppm)

CARBON_01 o= i o
e EE 3 L -

LSM-104-36 78y V7 ~A PR l

o F
I
N—ﬁ F

HaC
3\Nu o F
LD
L.

N TH

50 MMR (100 MHz, CDCL) & 1576, 1523, 1503, 1213, 1204
(3. /=333 Hz), 105.7,101.6,54.7,48.0,47.7, 324,28 5.

230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 B0 70 &0 S0 40 30 0 10 0

11 (ppm)
- f,z___} O ‘” ;
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(R)-N-(1-(Ethylsulfonyl)pyrrolidin-3-yl)-N-methyl-7H-pyrrolo[2,3-d] pyrimidin-4-
amine, 77

PROTON_01

G i 5 nm @ HER IRISRVYRANEER ENE2 efermg3s
ompound 23 = = A Won Mmoo mom e m o P &
LSM-104-26 | Vo ~ T N e
o]
I
T
H,C o
3 \N"“ 0 CH,
Nl = AN
L
N NH
'HNMR (400 MEz, CDCL) 3 1130 (s, 1H), 8.34 (s, 15}, 7.13 (s, 1H), 6 61 (s. 15}, 5.80 (m, 1H), 3.70 (dd, J =
19.4, 10.1 Hz, 2H), 3.43 (4 J= 103 Hz, 2H), 3.38 (s, 35), 3.08 {q, /= 7.3 Hz, 2H), 228 (s, 15, 2.19 (m. 1H}, 1.43
(LJ=73Hz 3H).
T T T T TRT X T
T T T T T T T T T T T T T T T T
14 13 12 11 10 9 8 7 6 4 3 2 1 0 1
f1 (ppm)
CARBON_D1 T x o . .
Compound 25 & 3§ = gg § :;i §§ =
LSM-104-26 [ VY [ e N
o]
N—a—
A N fl
W 0 CHy
S
L
- NH

CNMR (100 MHz, CDCE) & 157.6, 1516, 1499, 121.1, 103.8, 102.0, 54.9, 48,6, 46,6, 4.6, 29.8, 288, 8.1

“. I o Ja ].J | A

T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 P EIU ) 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm
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(R)-N-(1-(Isopropylsulfonyl)pyrrolidin-3-yl)-N-methyl-7H-pyrrolo[2,3-d] pyrimidin-4-
amine, 78

r:m:‘ﬁglze § [ z=x By HERAT -
N L.
LSM-104-30-1 | T LR R &
ﬁ' CH,
C”_ﬁ (
HiGu o
g 0 CH
Nl S 3
L~
N NH

'H NMR (400 MHz, CDCl) & 1233 (=, 1H), 833 (s, 1H), 7.14 (d, J= 3.2 Hz, 1H),
6.9 (4 7=16Hz, H), 578 (m, 1H), 3.75 {m, TH), 3.46 (m, 1H), 3.36 (5, 3H),
328(dt. J= 136,68 Hz, 1H), 226 (m, LH), 2.16 (m, LH), 141 (d, /= 6.8 Hz, 6H).

]
10—

7o iy Faiad ™y T
i 2 dens a8 2
ER - 2R3 38 &
14 13 12 11 10 ] 8 6 5 4 3 2 1 0 1
1 (ppm)
CARBON_D1 nen H 23 . =
Compound 26 agé g ég E;gg :g z
LSM-104-30-1 [N Y Ve [ |
ﬁ CH,
C“_ﬁ*
HCo o
T ) CH,
Nl e A\
L.
- NH

HCNMR (100 MHz, CDCE) & 157.8, 1522, 1506, 120.9, 103.5, 101.9, 55.0, 53.6, 49.0, 472,323,239, 168

T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 P EIU ) 100 50 80 70 60 50 40 30 20 10 o -10
1 (ppm
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(R)-N-Methyl-N-(1-(propylsulfonyl)pyrrolidin-3-yl)-7H-pyrrolo[2,3-d] pyrimidin-4-

amine, 79
PROTON_01 " -
Compound 27 = :
LSM-11316 | T
0
O]
HiCo
e T
D)
LA

'H NMR. (400 MHz, CDCE) & 1236 (s, 1H), 834 (s, 1H), T.15 (s, 1H). 658
(s, 1H), 3.78 {m, 1H), 367 (m, 2H), 3.41 (d, /= 9.3 Hz, 2H), 3.36(s. 3H), 3.01
(m, 2H), 127 (s, 1H), 210 (m, 1H), 1.90 (&d, = 145,72 Hz, 1K), 1.09 (1, =
71 Hz 3H).

—720
—7.15

—e52

T T T T ™ ™™ T T
: A S % [ .
g 8 E sEg LEE 4
g g - ZEE SEE E
14 13 12 11 10 9 8 6 3 2 1
1 (ppm)
CARBON_D1 == © sa s . R
Compound 27 FE iz N 5 -
LSW-113-16 [ Y S [RRY (| [
o
I
H—ﬁ.
O o _\_
¥ ‘\N\- 0 CHy
Nl = N
LA
g NMR (100 MHz CDCly) & 157.7, 1521, 150 5, 1210, 105 3,
101.8,54.8,51.5 485, 465,323,287,171
| )

T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 P EIU ) 100 90 80 70 60 50 40 30 20 10
1 (ppm
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(R)-N-Methyl-N-(1-((1-methyl-1H-imidazol-4-yl)sulfonyl)pyrrolidin-3-yl)-7H-

pyrrolo[2,3-d]pyrimidin-4-amine, 80

PROTON 01 g 5 = T o 2o
Compound 28 3 = - RESS RRAZEIOAGRNNEMSSEE R=
IM5-103-55 | | e & 1 [V
. e
N—S;
W, II‘g/N
3 \N“ o \CH,
e
L
N NH
lH?\)ERHDﬂ,\JI{LDMSU—ﬂD) S11.70(s. IH), 8.10(s. IH), 789 (5.
652 (s, LH), 531 (dd, J= 156, T8 Hz, IH). 3.74 (s,
{m, 2H), 3.12 (s, 3H), 1.99 (dd. J=15.6, 80 Bz,
", —J‘L—_ uJ \_.)L‘-J-ﬁ_,-,—
iy s b iy it o byl b
g g4 = a 3 BEGE =
g L& = B 3 ER] "
: 1 v . : ! v r r v v r . .
4 13 12 n 10 ] 8 7 6 4 3 2 1 ] 1
11 (ppm)
CARBON_01 3% 88 5§35 -
Compound 28 538 8 &3 +
IM5-103-55 7 ] T 7
8 n
HiCa o Il \ Ny
] Q CHs
T
P
N NH
UE NME (100 MHz, DMSO.46) & 1568, 151.6, 1503, 1402, 135.8, 126.1, 1212, 102.4, 101.4,
5$42,487,469,336,314,277.
v r : 1 r 1 : r . r r T " .
100 60 80 70 60 50 40 30 20 10 0 -0

230 220 210 200 180 180 170 160 150 140 130 120 110
1 (ppm)
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(R)-N-Methyl-N-(1-(phenylsulfonyl)pyrrolidin-3-yl)-7H-pyrrolo[2,3-d] pyrimidin-4-
amine, 81

PROTON_01 =
Compound 29 o
LSM-104-31 |
[}
Il
1
HaCo
S o
D
LA

TH NIME (400 MHz, CDCL) & 1218 (s, 1H), .26 (s, 1H), 7.87 (dd, /=10, 14 Hz, 1H),
765 (m, 1H), 7.58 (m, 2H), 7104, J = 3.0 Hz, 1H), 650 (d, J= 2.6 Hs, 1H), 5 60 (m, 1H),
164 (dd, = 121,37 Hz, H), 343 (dd, J= 136, 5.3 Kz, 1H), 3.38 (m, TH), 327 (4, J=
21 Hz, 3H), 312 (dt, /- 16.6,4.7 Hz, 1H), 217 (ddd, S~ 12.3, 100, 7.7 Hz, 1H), 2.09 (m,
1H)
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W R - gy
§8RER = g 3 825R3 L
238% 3 % L] LR L
T T r T T : r r T T T v v T
14 13 1 10 3 ] 6 5 4 3 2 1 [ 1
11 (ppm)
CARBON_O1 = e - - -
i i s 43 3 38
LSM-104-31 ] v/ N [ I
Q
HJCKN“\ E
0
I\N/ tiH
BC NME (100 MHz, CDCL) § 1576, 152.1, 1503, 135.8, 133.1, 1293, 1275,
1209, 1034, 1015, 54.4, 493,472,322, 28.5.
v T - T - r v r - 1 r 1 T 1 T T T T T T T T
Zo 20 A0 200 190 180 0 160 150 M40 10 1N }w i 00 90 e 70 & 50 40 30 20 10 0 -0
1 (ppm,
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(R)-N-(1-((2-Fluorophenyl)sulfonyl)pyrrolidin-3-yl)-N-methyl-7H-pyrrolo[2,3-
d]pyrimidin-4-amine, 82

PROTON_01 o REZERAmRARANACE RER EREZRYFREMAARARI=ESR & 8
Compound 30 = [ g emomcmommoman e o H
IMs-103-33 | e i | S B b e | I
N—S
He C I
R o \
F
D0
L.
N HH
TH NMER (400 MEz €DEE) & 12,38 (s, 1H), 8.29 (s, 1H), .81 ¢, /=
68 Hz, 1H), 760 (d.7= 5.0 Hz, H), 727 m, 25}, 7.11 (s, 16, 6.31 (5,
1H}, $.68 (m, 1H), 3.73 (d, J= 8.2 Hz, 1H), 363 (t, /= 9.1 Hz, 1H), .40
(. 1H), 334 (¢, /= 3.3 Hz, 15), 318 (s, 3H), 220 (5, 1H), 2.10 (dd, =
19.8, 8.1 Hz, 1)
[ R Jum— -
= S 2353 = ZZR8% =8
z 2 23RS 3 23737 z2
T T T T T T T T T T T T T
14 13 12 1 10 ] 8 7 & 4 3 2 1
1 (ppm)
CARBON_01 LS HAR ¥ Ia g3
Compound 30 EE ERE 3 9¥ HAE
IMS5103-33 ¥, 3 Y (i
o
Moo i
e 0 3
F
0
|\N/ WA
Ve NMR. (100 MEz, CDCI) & 1603, 15 13,1520, 1303,
1352(d, J=84Hz), 1314, 1254 (d, J= |49 H), 124.6(d, =
36 Hz), 1210, 1174 (4 /=220 Ha), 1025 (d, J= 1713 Hz),
F45, 454, 466,321,285
T T T . T .
50 40

230 220 210 200 190 180 170 160 150 140 130 120 110 100 o0
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(R)-N-(1-((3-Fluorophenyl)sulfonyl)pyrrolidin-3-yl)-N-methyl-7H-pyrrolo[2,3-
d]pyrimidin-4-amine, 83
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Compound 31 = § IRARRAEET IR0E ZE3tREEC Z
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T4 NAR (400 MHz, CDCL) & 1264 (=, 1H), £27 (=, 1H), 765 (d, J= 1.5 Hz,
1B, 755 {dd, J= 147, 6.6 Bz, 16, 733 m, 15, 7.0 {d, J=2 8 Hz. 1HD),
649 (d, /=29 Hz, 1H), $.59 (dd, /= 149, 7.4 Hz, 1H), 3634, /= 7.3 Hz,
1HD), 347 (1,7 = 93 H, 1H), 3.33 (44, 7= 102, 6.6 Hz, 1H), 326(s, 35,
313 (dd, F= 16.7,9.1 H, 1H), 215 (m, 1H), 2.06 (m, 1H).
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S
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L
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5C NMR (100 MHz, CDCL) & 163.8, 1613, 157.4, 1520,
1502, 1579 (4, J=6.5 Hz), 131.1 (4, J=7.THz), 1235
(d,J=32 Hz), 121.0(s), 1202 (4, /=212 Ha), 1150 (4,
J=241Hz), 102.5 (4, J=172.4 Hz), 543, 40.1. 470,
321,283
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(R)-N-(1-((4-Fluorophenyl)sulfonyl)pyrrolidin-3-yl)-N-methyl-7H-pyrrolo[2,3-

d]pyrimidin-4-amine, 84

PROTON_01 3 S " -
Compound 30 = e s c
IMS-103-27 | N | [
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N—ﬁ F
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P
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"H NMR (400 MHz, CDC;) 6 11.08 (s, 1H), 824 (s, 1H), 789 (dd, J=84, 5.1
Hz, 2H), 726 (dd, /=92, 7.5 Hz, 2H), 7.09 (d, /= 2.7 Hz, 1H), 652 (d, /=29
Hz, 1H), 561 (m, 1H), 3.65(t, J=7.5 Hz, 1H), 3.38 (dt, /= 10.1, 6.9 Hz, 2H), 331
(d,J=87Hz 3H), 311 (m 1H), 218 (d. /=47 Hz, 1H), 208 (dd,J=149 64
Hz, 1H)
T TT OTT T T ey 77
2 s g =2z 3 2 85358 25
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L
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P NMR (100 Mz, CDCL) & 1665, 1642, 1576, 1521, 1505, 132.1, 1306 (4 J=
9.6Hz), 1009, 1166 (4 J=225Hy), 904, 344,492 472,323,185
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(R)-2-((3-(Methyl(7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)pyrrolidin-1-
yl)sulfonyl)benzonitrile, 85
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Compound 33 L
IM5-103-29 |
o
Il
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HE g \

L

‘Hmmpﬂumﬁ CDCL) & 1229 (s, 1H), 828 (d, /=37 Hz, 1H), 811 {44, /= 7.4, 28 Hz,
1H), 791 (m, 1H), 7.74 (m, 2H), 7.12(s, 1H), 6.55 (s, L), 573 (d, J= 6.3 Hz, TH), Jlﬁn\J-
.8 Hz, 1H), 367 (td, J= 101, 3.9 Ha, 1H), 3.43 (m, 2H), 3.32 (d, ./ = 3.5 Haz, 3H), 2.22 (ddd, J=
183,111, 4.5 Hz, 2H)
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1 KMR. (100 MH:, CDCL) & 1576, 1521, 1504, 1407,
1357, 1332, 133.0, 1304, 1200, 116 5, 110.8, 103.5, 100.8,
346,487,472,523, 285,
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(R)-4-((3-(Methyl(7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)pyrrolidin-1-
yl)sulfonyl)benzonitrile, 86
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TH NME (400 MHz, DMSO-d6) § 1166 (s, 1H), 8.09 (m_ 2H), 8.05 (d, /= 3.0 Hz, 1H), 7.98 (dd. /= 4.7, 5.0 Hz, 2H), 7.0¢
(d, J=1.3 Hz, 1H), 6.43 (5, 1H), 524 (m, 1H), 3.44 (m, 2H), 3,17 (ddd, J= 18.1, 10,9, 5.2 Hz, 7H), 3,06 (4, J= 2.8 Hz, 3H),
1.96 (m, 2H).
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L
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BC NMR (100 MHz, DMSO-d6) 8 156.8, 151.7, 1504, 139.8, 133.6, 1282,
1211, 1177, 1156, 1026, 1014, 541,487, 468,317,276
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(R)-N-Methyl-N-(1-((2-nitrophenyl)sulfonyl)pyrrolidin-3-yl)-7H-pyrrolo[2, 3-
d]pyrimidin-4-amine, 87
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HiC ‘\No“"D
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TH NMR (400 MH:z, €DCL:) & 11,92 (s, 1H), 830 (s, 1H), 805 (dd, J=73,17
Hz, 1H), 7.72 (m, 2H), 764 (dd, /= 7.5, 1.6 Hz, 1H), 712 (d S= 32 Ha, 1H),
6.6 (d.S= 3.3 Hz, 1H), .73 (dd, /= 13.9, 7.8 Hz, 1K), 3.76 (m, 2H), 346
(ddd, /=170, 9.8, 7.2 Hz, 2H), 332 {5, 3H), 2.26 {m_ 1H), 218 (m, 1H)
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HC NMR (100 MHz, CDCL) 8 1577, 1522, 150.6 1485, 1339,
1318 1316, 1311, 1242 1200, 1035, 1019, 54.7, 486 470,
23 n7
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(R)-N-Methyl-N-(1-((3-nitrophenyl)sulfonyl)pyrrolidin-3-yl)-7H-pyrrolo[2, 3-

d]pyrimidin-4-amine, 88
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*H NMR (400 MHz, CDCL;) 8 10.63 (s, 1H), 8.70 (s, 1H), 8.50(d, /= 7.9 Hz, 1H),
822(s, 1H), 8.19 (d, /= 8.1 Hz, 1H), 7.80 (t, /= 7.9 Hz, 1H), 7.08 (s, 1H), 6.54 (s
1H), 5.60 (m, 1H), 3.73 (t,/ = 7.5 Hz, 1H), 3.50 (dd, /= 11.6, 7.1 Hz, 1K), 3.40 (m,
1H), 331 (s, 3H), 3.18 (dd. /= 16.8, 92 Hz, 1H), 2.15 (m, 2H).
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0 NMR (100 MHz, CDCL) & 1576, 152.2, 1505, 1486, 1387, 1332, 1307,
12751228 110,1035, 1019 544 491 472,325 284
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(R)-N-Methyl-N-(1-((4-nitrophenyl)sulfonyl)pyrrolidin-3-yl)-7H-pyrrolo[2, 3-
d]pyrimidin-4-amine, 89

PROTON_O01 =
Compound 37 =
IM5-103-32 |
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IHNMR (400 Mz, CDCL) § 10.99 (s, 1H), 842 (d,/ = 8.6 Hz, 2H), 22 (s, 1H),
8.05(d, /= 8.6 Hz, 2H), 7.09 (d, /= 2.1 Hz, 1H), 6.52 (d, /= 2.6 Hz, 1K}, 3.9 (dt.
J= 156,79 Hz, 18), 3.70 (m, 1H), 351 (m, 1H), 338 (dd, /= 10.2, 7.0 Hz. IH),
3305, 3ED. 3.15 (dd. = 16.9, 9.2 Hz. 1H). 115 (m. 2H).
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B¢ NMR (100 MEz, CDQy) § 1576, 1522, 1509, 150.5, 1423, 129.0, 1246, 1207,
103.5,102.1, 54.5,49.1, 472, 305, 284.
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(R)-N-Methyl-N-(1-(m-tolylsulfonyl)pyrrolidin-3-yl)-7H-pyrrolo[2,3-d] pyrimidin-4-

amine, 90
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H MR (400 ME:, CDCL) & 12.57 (5, 15}, 827 (s, 15, T66(4.7= 9.2 . 1), .44 (m,
2H), 740 (d J= 3.0 Ez, 1H), 648 (4. =17 Hz, 1H), 5.5% {dr, /= 149, 7.4 Hx. 15, 3.82 ¢,
J=75Hz, 1H), 3.4 fm, 15}, 333 (44 7= 102, 6.4 Hx. 1H), 3.25 (s, 35}, 310 (dd. 7=
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1335, 1290, 128.1, 1249, 1209, 1033, 1016, 343,492, 47.1,
320,284,214,
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(R)-N-Methyl-N-(1-tosylpyrrolidin-3-yl)-7H-pyrrolo[2,3-d] pyrimidin-4-amine, 91
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15 MR, (400 MHz, CDCL) & 12.57 (s, 1H), 8.26 (s, 18, 7.73 (d, /= 6.8 Hz 2H), 7.33
(d.=7.1 Hz, ZH), 7.10 (3, IH). 638 (s, IH). 5.38 (m, IH), 361 (d../= 7.6 Hr. IH), 5.41
(/=90 Hr, 1H), 331 {dd, /= 8.7, 62 H, 1H), 325 (s, 3H), 3.08 {dd. /= 163, TTEz,
13,244 (=, 3, 2.13 (5, 1), 2.04 (dd, /= 182, 9.9 Hz, L),

)\ N JUV
o L5 i (s o}
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3 § REZ
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1C NMR (100 MHz, CDCl:) 6 1574, 151.9,150.2, 143 8, 1325, 129.8, 1278,
1208, 1032, 1016, 542,492 47.0,320,283,215.
L .
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(R)-N-(1-((4-Methoxyphenyl)sulfonyl)pyrrolidin-3-yl)-N-methyl-7H-pyrrolo[2, 3-

d]pyrimidin-4-amine, 92

FROTON 01 2 n gmecoms = 2 LEEnYEENSRoESTaDS
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ms10338 | I VNI i e
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HNME (400 ME&, CDCL) & 1156 (s, 1), 837 (s, 1), 778 (4, J= 6.6 Hz, 35, 700 (s, 1), 702 { 7= 6.6 Hz 3H), 6.4 (s,
1H), 5.38 (5, 1), 3.87 (5, 3H), 3.9 (t./= .5 Hz, 16, 3.40(t, /= 9.0 Hz, 15, 331 (d, /= 6.3 Hz, 1H), 323 (5, 35,308 m. 1H),
214 (s, 1E), 2.03 {m, 1.
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B¢ NMR (100 MHz, CDCl:) & 163.1, 1574, 151.9, 1502, 1298, 127.1,120.8, 1143,
1032, 1016, 55.6, 542,492, 47.0,32.0,28 3.
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(R)-N-Methyl-N-(1-((4-(trifluoromethyl)phenyl)sulfonyl)pyrrolidin-3-yl)-7H-

pyrrolo[2,3-d] pyrimidin-4-amine, 93

ﬁmmN,gi g — . & Sore. Heiols_toe oooiis o
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HNME (400 MHz, DMSO-46) & 11.71 (s, 1H), .05 (m, SH), 7.12 (s,
1H), 6.48 (s. 1H). 3.8 (dd, /= 14.4, 7.2 Hz, 1H), 3.51 (s, 1H), 3.43 (dd, J=
182, 8.1 Hz, 3H), 3.22 (m, 2H), 3.12 (m, 3H), 104 fm, 2H).
_ e e LJL_J\__L_,' R \JLJ W
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] & L 8 SR%8 L
: 1 v r . : ! v r . r v v r . .
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1C NMR (100 MHz, DMSO-d6) & 1572, 152.1, 150.8, 140.0, 133.2 (q. J=32.4
Hz), 1289, 127.0(d,/=31Hz), 1239 (q./=2727Hz), 1215, 1029, 101.7, 54 5,
491,472,321,280.
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(R)-N-Methyl-N-(1-(naphthalen-2-ylsulfonyl)pyrrolidin-3-yl)-7H-pyrrolo[2, 3-
d]pyrimidin-4-amine, 94

Compound 42

PROTONLOL
L10d-44 |

(de, = 8.9, 6.7 Ez, 1H), 3.20 (s, 3H). 316 (m, 11, 110 (ddd, I =
189, 8.3, 6.1 He, 1H), 200 (m, 15).
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5C NMR (100 MHz, CDCL) § 1574, 151.9, 1502, 1348,
1328, 1322, 1204, 1292, 129.1, 1289, 1279, 1276,
123.0, 1208, 1032, 101.6, 543,492, 47.1,32.0,28.3.
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(R)-N-Methyl-N-(1-(piperidin- 1-ylsulfonyl)pyrrolidin-3-yl)-7H-pyrrolo[2, 3-
d]pyrimidin-4-amine, 95

PROTOND! 2 e — o ==
Compound 43 & b szz 8 22z TERRRRAARAN RASTEORG 3=
LSM-10434 | 1 Voo T W Tee——Se N e e
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*H NME. (400 MEz, CDC) @ 12,63 (s, IH), 836 (s, 1), 7.13 (s, IH), 6.38 (s, 1H), 1.78 (m, 1H), 3.60 fm. 2H), 3.33 (s, 3H), 334 (m,
IH), 326 (d, /= 4.7 Ha, 4H), 2.28 (dd, J= 9.6, 74 Hz, 1H), 2.13 (m, 1H), 1.64(d, J=4.2 Hz, 4H), 1.36 (d, J= 3.4 Hz, 2H).
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MR (100 MHz, €DCL) & 1576, 1520, 1504, 1209, 103.3, 1017, 77.5, 7.2, 769, 546,494,473,
47.1,320,285,25.5, 238,
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(R)-N-Methyl-N-(1-(morpholinosulfonyl)pyrrolidin-3-yl)-7H-pyrrolo[2,3-d] pyrimidin-
4-amine, 96
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]Hhm(‘mmmgﬁ 1237 (s, 1H), 835(s, 1H), 715 (s, 1H), 6.58 (s, 1H), 5.79 {m, 1H), 3.76 (m,
4H), 3.65 (m, 2H), 338 (m, 25), 3.36 (5, 3H), 3.28 (m, 4H), 227 (de /= 10.4, 8.5 Hz, 1H), 216 (m, 1H).
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B¢ NMR (100 MHz, CDCL) § 157.7, 1522, 150.5,121.0, 1033, 101 8, 66.5, 54.7,40.4,47.6, 46 5, 32.2, 286,
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