Journal Pre-proof %

Substituted 1-methyl-4-phenylpyrrolidin-2-ones — Fragment-based design of N-
methylpyrrolidone-derived bromodomain inhibitors A
J.P. Hilton-Proctor, O. llyichova, Z. Zheng, |.G. Jennings, R.W. Johnstone, J. Shortt, 7

S.J. Mountford, M.J. Scanlon, P.E. Thompson

PII: S0223-5234(20)30087-8
DOI: https://doi.org/10.1016/j.ejmech.2020.112120
Reference: EJMECH 112120

To appearin:  European Journal of Medicinal Chemistry

Received Date: 5 December 2019
Revised Date: 16 January 2020
Accepted Date: 3 February 2020

Please cite this article as: J.P. Hilton-Proctor, O. llyichova, Z. Zheng, I.G. Jennings, R.W. Johnstone, J.
Shortt, S.J. Mountford, M.J. Scanlon, P.E. Thompson, Substituted 1-methyl-4-phenylpyrrolidin-2-ones
— Fragment-based design of N-methylpyrrolidone-derived bromodomain inhibitors, European Journal of
Medicinal Chemistry (2020), doi: https://doi.org/10.1016/j.ejmech.2020.112120.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published

in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2020 Published by Elsevier Masson SAS.


https://doi.org/10.1016/j.ejmech.2020.112120
https://doi.org/10.1016/j.ejmech.2020.112120

Graphical abstract

|C50: 2659 HM |C50: 1143 |JM |C50: 14 |JM



Substituted 1-methyl-4-phenylpyrrolidin-2-ones — Frgment-
Based Design of N-Methylpyrrolidone-Derived Bromodmain
Inhibitors

Authors

Hilton-Proctor JP, llyichova O Noor A} Zheng Z* Jennings IG,Johnstone RV¥? Shortt

J*®Mountford SJ, Scanlon MJ, Thompson PE

Addresses

Medicinal Chemistry, Monash Institute of PharmaimlitScience, Monash University, 381

Royal Parade, Parkville, Victoria, Australia
2peter MacCallum Cancer Centre, 305 Grattan Stglhourne, Victoria, Australia

*The Sir Peter MacCallum Department of Oncology,versity of Melbourne, Parkville,

Victoria, Australia

“Blood Cancer Therapeutics Laboratory, School afi€él Sciences at Monash Health,

Monash University, 246 Clayton Road, Clayton, Vi@pAustralia

*Monash Haematology, Monash Health, 246 Clayton RG#aiton, Victoria, Australia

Keywords

BRD4, Bromodomain, Epigenetics, K-ac, NMP

Abbreviations

BET, Bromodomain and Extra Terminal; BRD4 BD1, FiBsomodomain of Bromdomain-
containing Protein 4; FBDD, Fragment-based DrugifldeHPLC, High Performance Liquid

Chromatography; K-ac, Acetyl-lysine; LLE, LipophiliLigand Efficiency; NHA, Non-



Hydrogen Atom; NMP ,N-Methylpyrrolidone; RMS, Root Mean Square; SAR,uSture-

Activity Relationship; vdW, van der Waals.

Graphical abstract

ICs0: 2659 UM ICso: 1143 pM ICs0: 14 uM



Abstract

N-Methylpyrrolidone is one of several chemotyped theve been described as a mimetic of
acetyl-lysine in the development of bromodomainibitbrs. In this paper, we describe the
synthesis of a 4-phenyl substituted analogue — thyhd-phenylpyrrolidin-2-one — and the
use of aryl substitution reactions as a divergente for derivatives. Ultimately, this has led
to structurally complex, chiral compounds with mexgively improved affinity as inhibitors

of bromodomain-containing protein 4.

1. Introduction

Fragment-based drug design (FBDD) is a moleculasigde strategy that has gained
significant traction as a means to develop new darglidates.[1, 2] It fundamentally enacts
a process of “growing” a small molecule with webkt ligand efficient interactions with a
target macromolecule into a high-affinity drug-likeolecule. That growth is typically
achieved by identifying a set of vectors and udingctional group manipulations to extend

away from the fragment to gain new interactions g improve binding affinity.[3-5]

In practice, the nature of the FBDD process haswvesha tendency towards extended
structures as the functional group transformati@re based around building block
chemistry.[6, 7] Obtaining more compact structudesnands accessing multiple functional
groups for elaboration on the same core fragmemerd has also been a tendency to avoid
chirality in fragment sets as it can lead to mooenplex syntheses.[8] However, recent
efforts have embraced the discovery, synthesis @abfloration of racemic and chiral

fragments to generate libraries and inhibitors $9-1

In our work, we wanted to consider both of thesdures as they might contribute towards
compounds with increased novelty and charactesistich as structural rigidity that might

provide for improved target affinity. Here, we repon the elaboration by successive aryl
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substitution of 1-methyl-4-phenylpyrrolidin-2-ore chiral, phenyl-substituted version of the
solvent N-methylpyrrolidone (NMP) as a bromodomain and exteaminal (BET)

bromodomain inhibitor.

Despite the vast amount of effort that has gone @ékborating the many fragments that are
known to fit inside the acetyl-lysine (K-ac) bindisite,[14, 16-22] NMP has been neglected
in these efforts. NMP’s historic use has been @ustrial applications such as paint removal
and coatings, along with pharmaceutical purposgsding drug solubilisation[23] and depot
injections, remarked for its low reactivity and imky. NMP has affinity for several
bromodomains[24] and crystallographic work has ldistiaed that NMP fits into the
conserved areas of the K-ac binding pocket. NMP wshoantimyeloma and
immunomodulatory activity in multiple myeloma mosleWwhich is attributed to pleiotropic
bromodomain inhibition.[25] At the moment, it is aphase | clinical trial for the treatment
of multiple myeloma.[26] NMP also has a well-docuntesl history with bone diseases like
rheumatoid arthritis and osteoporosis[27] by préwen bone resorption[28] and fat

accumulation in bone marrow.[29]

NMP has also served as the inspiration in the dgveént of other novel mimetic warheads,
including the dimethylisoxazole[16] and dihydrocaaolinone.[30] Both of these mimetics
have been greatly utilised in the development wficdl inhibitors[31] and probes.[21, 32,
33] We recently described the elaboration of the NBtructure with a series of aliphatic
extensions, which include preparing a mimic of tmetamide-containing bromodomain
inhibitor, Olinone.[34] In this manuscript, we debe the efforts undertaken to develop aryl-
functionalised derivatives of NMP as inhibitorstbé first bromodomain of bromodomain-

containing protein 4 (BRD4 BD1).



2. Results and Discussion

Based upon the available crystal structures of NB&pplementary Video S1), we decided
that the 4-position would be the most appropridéeeto substitute a phenyl ring, which is a
suitable group to further functionalise throughcélephilic aromatic substitution reactions.
Substituted analogues have the potential to intendtth the ZA channel and WPF shelf
regions of the bromodomain binding pocket in a Emmanner to other inhibitors reported

previously.[21, 31, 32]

2.1. Synthesis

The scheme for preparing 1-methyl-4-phenylpyrroliione5 is outlined in Scheme 1.
Commercially-available methytranscinnamatel was reacted with nitromethane and
1,1,3,3-tetramethylguanidine via Michael additionafford the nitroeste? in 82% yield as
previously reported[35]. The reduction 2to the amine8 and then cyclisation to the lactam
4 was achieved by hydrogenation with acetic acidh&ssolvent. Reduction under these
conditions gave the aming as an acetate salt. Refluxidgin a mixture of ethanol and
triethylamine drove cyclisation & to the lactan® in good yields across the 2 steps. The
lactam was then methylated by methyl iodide andusndhydride to give the desired phenyl

NMP derivatives.[36] This procedure reliably gaseon gram scale with 50% overall yield.
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Scheme 1. Synthesis ofb. Reagents and conditions: (a): £, 1,1,3,3-
tetramethylguanidine, 42 h, rt; (b)oHPd/C, CHCOOH, 4 d, rt; (c): BN, EtOH, o/n, reflux;

(d): N2, NaH, Mel, THF, o/n, 0 °CG> rt.

With the core scaffold in hand, the next step was to functionalise thenghgroup which
was achieved with chlorosulfonation followed by amsubstitution of the resultant sulfonyl
chloride. Treatment 0 with an excess of chlorosulfonic acid gave thermtxliate6. The
para-substituted sulfonyl chloridé was treated with a range of primary and secondary

amines to generate sulfonamid@s7nin yields ranging from 21-69% (Scheme 2).

0 O 0
N— (a) N— (b) N—
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CIx 21-69% N.
22 (2 steps) Ry 7\

Scheme 2. General formation of sulfonamidega): CISQH, CH,Cl,, o/n, rt; (b): NRRy,

EtzN, CH.Cl,, o/n, rt.



Alternatively, bromination using sodium bromide aswlfuric acid[37]gave a mixture of
both ortho- (8) and para-substituted §) products (Scheme 3) which were separated by
column chromatography. These aryl bromides undarw&uzuki coupling with

phenylboronic acid, giving the biphenyl NMP derivas 10 and11in respectable yields.[38]
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Scheme 3. Formation of bromid&sand 9 with subsequent Suzuki coupling. (a): NaBr,
H,SOy, 2 h, 80 °C. (b): N PhB(OH), Pd(PPhk),4, 1,2-dimethoxyethane, 2 M NaOs;, 4 h,

reflux.

The alkyl sulfonamides showed promising affinityisissed later), so the diethyl
sulfonamide7a was used to further functionalise the aryl groigp lwomination to give tri-
substituted benzene products. As outlined in Schénia was treated with a mixture of-
bromosuccinimide and sulfuric acid to gi%2 in good yield.[39] The aryl bromid&2 was
then subject to cross-coupling reactions. Heck togmave a series of alkenes3[ which
were in turn reduced to the corresponding alkatds Suzuki coupling using the method
described above gave a series of biaryl compoutis)440] The coupling of a thianaphthene

group (@5d) resulted in atropisomerism due to the hinderethtian between the



thianaphthene and NMP moieties. This was showrheybtoadening of the NMP signals in

the'H NMR, while the signals for the other compoundshis series were well-defined.

0O
N— (@
Cl<
//\\
OO0
5 6
R
DRY;
O .
\/st
7\
OO0
15a-15d
R 0
~ .
SN
//S\\
14a-14b

(b)

—_—

62%
(2 steps)

(e)

-

41-43%
(2 steps)

0O
J@(Efw
SN

o0
7a
() \ 69%
0
Br
N—
~N<
//S\\
12
(d) \
R 0
X
~ .
~Ns
2
13a-13b

Scheme 4. Formation of sulfonamida with bromination and cross-coupling &P. (a):

CISGsH, CHyCly, o/n, rt; (b): EANH, EGN, CHCl,, o/n, rt. (c): NBS, HSQy, o/n, rt. (d): N,

R-alkene, P(o-to}) Pd(OAc), DIPEA, DMF, o/n, 90 °C; (e): K Pd/C, EtOAc, o/n, rt; (f):

N2, R-B(OH), Pd(PPB)4, 1,2-dimethoxyethane, 2 M MaO;, 4 h, reflux.



The chiral nature of all these products led usxan@ne the generation of single enantiomers
of 5, as well as the biaryl derivativibe by diastereomeric resolution. As shown in Scheme 5
lactam4 was treated with lithium diisopropylamide ar®}-Naproxen chloridd.6[41] to give
diastereomeric imided7, which were separated carefully by column chromatplgy to
acquire theR,9-17 and 8,3-17. In agreement with the literaturihe '"H NMR signals of the
first eluted product corresponded with th&J-diastereomer, and the proton signals of the
second product matched th®,$-diastereomerThe imides were hydrolysed with aqueous
potassium hydroxide to giveR)-4 and §-4. The specific rotation of each enantiomer was
consistent with literature values. They were thezthylated as above to give the respective
isomers R)-5 and -5, which were carried forward tdR(-15c and §)-15c using the same
conditions described as in Scheme 4. The enantomesolved well by chiral
chromatography and matched the corresponding peake racemic mixture, with the first

eluting product being th&-enantiomer.
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Scheme 5. Stereoisomer resolution bfwith corresponding synthesis of phenyl NMP
isomers. (a): LDA, THF, 3 h, -78 °C. (b): Columnramatography, 10% EtOAc in
petroleum benzine. (c): 1 M KOH, THF, o/n, rt. (8)aH, Mel, THF, N, o/n, 0 °C- rt. (e):
CISGsH, CHyCly, of/n, rt; (f): EENH, EtN, CHCI,, o/n, rt. (g): NBS, HSQ,, o/n, rt. (h): N,

(CH30),-CgH3-B(OH),, Pd(PPBb)4, 1,2-dimethoxyethane, 2 M NaOs, 4 h, reflux.

2.2. BRD4 BD1 FRET Assay Results
The phenyl-substituted NMP compounds were all asske$or inhibition of a biotinylated
tetra-acetylated histone peptide (HKRK'’K'®@ag)) binding to BRD4 BD1 in a FRET-

based assay. The results of the first series afyasse shown in Table 1.

Firstly, the addition of a phenyl group to NMB) (ncreased the binding affinity for BRD4
BD1 by approximately 2-fold. This confirmed the tability of the aryl substituent for

functionalisation of NMP.

Introduction of the sulfonamide group gave somenifiant improvements with alkyl
sulfonamides/a, 7b, 7h and 7i having 1G, values between 120 — 150 uM, nearly a 10-fold
increase from5. However, other alterations to the sulfonamide rylpgeridines,
terahydroquinolines, benzylamines and nipecoticlsaei resulted in a loss of activity. An
interesting observation was that the activity7afwas similar to compoundé&, 7b, 7h and

7i, despite possessing a bulky adamantyl group. Thdsservations, paired with the
generated X-ray crystal structures to be discudaésel, suggest that certain aliphatic

substituents are best tolerated.

The introduction of a bromine group resulted in toyed affinity compared t8; the ortho-
bromide 8 (321 pM) had marginally affinity than thpara-bromide 9 (417 uM). The
substitution to a phenyl group was also tolerabed,was preferable in th@ara position11

(434 pM) compared to th@tho position10 (575 pM).
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Table 1. SAR data on initial phenyl NMP derivatives

Compound _ IC 50 (UM e
Number R= + SEM)? cLogP" | LLE
H 2660 + 480 -0.40 | 2.97
5 §© 1140+10 | 1.16| 1.78
O
—
7a E@é—w 123+29 | 1.08| 2.83
N
?
7b §@§—N‘ ) 144+18 | 155| 2.29
O]
ONAR
7c §@S—N o 27612 | 0.30| 3.26
6 \ /
Q
7d §O§—NC>—® 473+13 | 2.96 | 0.37
o
@
e
7e A 450+33 | 248 | 0.87
@
7t ¢ S-NH 443 171 | 165
)
Q
79 @S—NH 250 + 3 0.14 | 3.46
N
7h i / 147+% | 067 | 3.16
(ISDI—NH * . .
2
7i S—NH 134+ 7 0.45 | 3.42
O >
. Q
7j @ﬁ— 0 223+23 | 055 | 3.10
O
Q
7k & 1680 +240| 0.76 | 2.01
O
HO
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Table 1 (continued).

?
O
7l & — 1960+90 | 076 | 1.95

m g ( > gSI)N{-I_f 1390 + 20 0.19 2.67
1l

7n C Q @ 151+43 | 260 | 1.22
§—NH
o

8 §@ 321 + 48 202 | 1.47
9 é@Br 417+25 | 202| 1.36

10 575+ 177 2.75 0.49

11 § 434 +116 | 3.05| 0.31

qUnless stated otherwise, all results of means &r@r’SD reported®n = 1.%LogP values

were calculated using ChemDraw 18lipophilic ligand efficiency = —log(Ig,) — cLogP.

Control compound use¢tBET726 (ICso: 0.01uM).

The synthetic elaboration @fa yielded di-substituted aryl NMP analogues that pozdi a
range of activities, which are shown in TableTBe addition of the bromide to the selected
sulfonamide 12) resulted in a 5-fold poorer inhibitor compared’to The products from the
Heck/hydrogenation stepd4a — 14b) were found to be inactive. The change to a phenyl
group (53 was detrimental to activity, but compoubsic showed much improved inhibition

with an 1Gof 52 uM.
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Table 2. SAR data on halide-coupled NMP derivatives 7a.

R
O 9 —
§—N
Compound _ IC 50 (UM d
Number R= + SEM)? cLogP” | LLE

123 £ 29 1.08 2.83
652 + 116 1.95 1.24

7a
12

1l4a 4500 + 40 3.48 -1.13

H
Br
14b CQ >5000 401 -1.70
/

15a 3200 + 80 2.67 -0.18

15b Q 217 + 19 2.90 0.77
0

51.6+25 2.35 1.75

15c o)

15d S i 2670 + 220 3.72 -1.14

®Unless stated otherwise, all results of means ar@rfcLogP values were calculated using

ChemDraw 18.1%ipophilic ligand efficiency = —log(I§&) — cLogP. Control compound

used:-BET726 (ICsg: 0.01uM).

As described above, we also had the single enaat®of compoundS and15c There was
a modest level of chiral recognition shown with (Rgenantiomer being the eutomer in both
cases (Table 3)R)-15c proved to be the highest affinity compound of gtisdy with an 1G

14



of 14.1 uM, making it 190-fold more potent than NMself (dose response curves Idic

(R)-15cand(9S)-15care available in Supplementary Figure S3).

Table 3. Assay data on resolved isomers.

ot
R
/N
Compound ICs50 (UM d
Number + SEM)? cLogF* LLE
5 EO 1140+ 6 1.16 1.78
(R)-5 §© 629 + 26 1.16 2.04
(9-5 @ 1430 £ 170 1.16 1.69
—Q
o4 )
0
15¢ 51.6+2.5 2.35 1.75
SN
Wa ol
0
—O
o4 )
O
(R-15¢ 14.1+0.3 2.35 2.50
Q
O C
0]
—0
o4 )
0]
(9-15¢ 352+1.3 2.35 2.10
Q
WL
0]

eans are2n’SD reportedcLogP values were

3

®Unless stated otherwise, all results of
calculated using ChemDraw 18.1Lipophilic ligand efficiency = —log(1§) — cLogP.

Control compound use¢tBET726 (ICsp: 0.01uM).

With the elaboration of the phenyl NMP structureg were interested to see how the

structural modifications impacted the efficiencytnos. While5 has an initial LLE of 1.78,
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the increases in affinity, while associated witgrawing molecular weight, also results in a
rise in LLE due to the inclusion of the sulfonamigi®up (reducing cLogP), as shown in
Table 1. Further substitution via Suzuki reactigase further improved affinity, but at the
expense of LLE (Table 2). Overall, the developmen{R)-15c led to an improvement in
affinity by over 2 orders of magnitude with an LbE2.50. From the perspective of fragment
based elaboration this compares well to the dewedmp of BRD4 inhibitol-BET726 (ICsp

= 0.003uM, LLE = 1.93)[42] if considered as deriving fronracemic tetrahydroquinaldine

fragment (1Go = 158uM, LLE = 1.51).[43, 44]

2.3.  X-ray Crystallography
We were able to gather a number of X-ray structofesur compound series to support the

SAR studies of these compounds.

Firstly, a crystal structure d& bound to BRD4 BD1 was solved (Figure 2, Suppleargnt
Video S2). The NMP segment & retains the K-ac mimetic function, replicating the
interactions between Asnl140 and Tyr97. The phenyug moiety of5 emerges from the
pocket and rests on the WPF shelf and appearsrovi@ak interactions of its own with the
WPF shelf residues Trp81 and Pro82 and the gatekeegsidue llel146. Whiléd was
submitted as a racemic mixture, only tifig-énantiomer was observed in the X-ray crystal
structure of BRD4 BD1. This observation is consist&ith the binding activity acquired
from both R)-5 and §)-5. The §)-isomer in this pose would have more than likelyduced

a steric clash with the wall created by the ZA loop

16



Figure 2. Comparison of binding substrates in BRERIL. [A] K-ac (purple blue) (PDB:
3UVW). [B] (R)-5 (purple, resolution: 1.5 A). Water molecules shasred spheres. Pro86,
Val87 and Asp88 were hidden for better visualisatibistances in A, highlighted by red

dashes.

Crystal structures of the sulfonamidés and 7h were also solved. As shown in Figure 3,
only the R)-isomer was evident in these co-crystal structaresthe orientation of the NMP

ring in the binding pocket matches closely with pownd5. Despite the NMP backbone

atoms overlaying closelfRMS = 0.20 and 0.37, respectivelyhe phenyl group appears to
have shifted slightly (RMS = 1.25 and 1.63, respebt). This change has positioned the
phenyl group closer towards the side chain of Let®2 further away from Trp81, Pro82 and
lle146. Both the piperidyl group @ andn-propyl moiety of7h rest in a pocket adjacent to
the WPF shelf and form weak vdW interactions witp8l, Asp145 and Met149 (Figure 4,

Supplementary Video S3).
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) 4

N
Figure 3. Comparison of X-ray crystal structureNMP derivatives. [A, C, E] Binding site.

Pro86, Val87 and Asp88 were hidden for better \lisaton. [B, D, F] Emphasis on phenyl
group. [A, B]5 (purple, resolution: 1.5 A). [C, DRJ-7b (raspberry, resolution: 1.55 A). [E,

F] (R)-7h (orange, resolution: 1.59 A). Water molecules shas red spheres. Distances in

A, highlighted by red dashes.
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Figure 4. X-ray crystal structures illustrating timeractions between sulfonamide alkyl
moieties and BRD4 BD1. [A]R)-7b (raspberry, resolution: 1.55 A). [BRI-7h (orange,
resolution: 1.59 A). Water molecules shown as pglteees. Distances in A, highlighted by

red dashes.

Finally, we were able to obtain a co-crystal stmeetof our highest affinity compound5c
(Figure 5 and Supplementary Video S4). To our sseprthe inclusion of the
dimethoxyphenyl moiety had completely changed thientation of the molecule. The
dimethoxyphenyl group fills the acetamide bindiraciet, using the two oxygen atoms to
form a pair of hydrogen bonds to Asn140. The swafoide was re-oriented into the ZA
channel, with the sulfonyl forming a hydrogen bomith the backbone nitrogen of Asp88
and the diethyl group lining up against GIn85. @héhe ethyl moieties is situated in a small
pocket that is in close proximity to three backbaaebonyls: Pro82, GIn85 and Pro86.
Finally, the NMP segment rested in the pocket ajito Trp81, close to the sulfur atom of
Met149. Again, submitted as a racemate, tBeeflantiomer is observed in the co-crystal
(Figure 6), althoughS)-15cwas found to have lower affinity thaR)¢15c albeit only 2-fold.
This is potentially due to the differences in cajfistation and assay conditions (electron

density maps can be found in Supplementary Figd)e S
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(4

Figure 5. X-ray crysta

A}
| structure d)¢15c (cyan, resolution: 1.48 A) bound to BRD4 BD1,

illustrating interactions with the bromodomain. [Bjnding site. Pro86, Val87 and Asp88

were hidden for better visualisation. [B] NMP. [€henyl ‘hub’. [D] Sulfonamide. Water

molecules shown as red spheres. Distances in Alitfiged by red dashes.
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Figure 6. Comparison of X-ray crystal structuresofind NMP isomers in BRD4 BD1. [A]

(R)-5 (purple, resolution: 1.5 A). [B]R)-7b (raspberry, resolution: 1.55 A). [CRX-7h

(orange, resolution: 1.59 A). [DP(-15¢ (cyan, resolution: 1.48 A).

The presence of catechol ethers as acetamide mimBET inhibitors is precedented. The
kinase inhibitorGW612286X was assessed among other inhibitors by Ember.[é6hfor
BET inhibition. In their crystallographic studietie trimethoxy group olGW612286X
served as the K-ac mimetic in the binding pockeBBRD4 BD1. Chen et al.[46] evaluated
the trimethoxy group as a mimetic for novel BRD4Aibitors. In one of their compounds,
DC-BD-29, the 3- and 4-methoxy groups also formed the ohiataction to Asn140 seen in

15c While the catechol ether of each compound fitshm binding pocket of BRD4 BD1,

22



they all have subtle differences with how they riat¢ with the conserved tyrosine and

asparagine residues (Figure 7).

A
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Figure 7. Comparison of catechol ether groups bdaon8RD4 BD1. [A, B] §-15c (cyan,
resolution: 1.48 A). [C, DIGW612286X (pink) (PDB: 4078). [E, FIDC-BD-29 (sand)
(PDB: 5H21). [A, C, E] Chemical structure. [B, D] Binding site. Water molecules shown
as red spheres. Pro86, Val87 and Asp88 were hiftddretter visualisation. Distances in A,

highlighted by red dashes.

3. Conclusion

BRD4 is a well-characterised target for FBDD apphas and provides a useful exemplar of
bromodomain inhibitor discovery in general.[21, 48] NMP itself has been co-crystallised
with several bromodomains and could be a startimigtgfor campaigns against each one.

Here, we have tested these principles with a 4-ydhdarivative of NMP.

We devised a synthetic strategy built around ebptiitic aromatic substitution as a
chemically tractable way to introduce functionalitto the “naked” ring of5 which is
available in multigram quantities. We were ablgdofrom a mono-substituted precursor to a
tri-substituted analogues series, and in doingimgrove affinity 190-fold with just 30
compounds prepared. In terms of efficiency metitds, notable that the increase affinity has

come with a well preserved LLE with the sulfonamidepositive influence in keeping the
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logP of analogues down. As a proof-of-concept, task supports further investigation of
direct aromatic substitution reactions to drive HBI[Pprograms forward. Here, we have
utilised theortho- and para- directing effects of the NMP group to create thetoss, but
other means of ring activation could generate paylswtometasubstitution, relative to the
NMP group. The chiral nature of the precursor conmakb might typically be considered a
disincentive to progression in an FBDD campaigr, Here, we show that ready access to
both enantiomers gave rise to pairs of analogussctiuld be assessed either as racemates or,

where warranted, in enantiopure form.

Crystallography was also an important support fer tevelopment of the series with the
elaboration of NMP t® and subsequently tée showing the expected poses in response to
structure elaboration. In an unexpected turn, atatystructure of the lead compouh8c
adopted a new binding orientation in the BRD4 brdomain pocket. This change provides a
clear explanation of the SAR surrounding the thstiluted compounds4 and15 and shows
that the tri-substituted aryl ring is perhaps r@ best for preserving the NMP group in the
acetamide pocket. On the other habisi;itself may prove an excellent new starting poimt fo
analogue design projecting the sulfonamide and NWHtors” in potentially productive

directions.
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4. Experimental

4.1. Chemistry

'H and*C Nuclear Magnetic Resonance spectra were conducteal Bruker Advance Il
Nanobay 400 MHz spectrometer coupled to the BACS@®matic sample changer and
obtained at 400.1 MHz and 100.6 MHz. All spectraaverocessed using MestReNova 6.0
software. The chemical shifts of &l were measured relative to the expected solvesktspe
of the respective NMR solvents; CRCI7.26; MeOD, 3.31; DMSO, 2.50. The chemical
shifts of all**C were measured relative to the expected solveakspef the respective NMR
solvents; CD(, 77.2; MeOD, 49.0; DMSO, 39.5. The data for abcpa are reported in the
following format: chemical shift (integration, miglicity, coupling constant, assignment).
Multiplicity is defined as; s = singlet, d= doublét triplet, g = quartet, quint = quintet, dd =
doublet of doublets, dt = doublet of triplets, ttriplet of doublets, tt = triplet of triplets, g
guartet of doublets, ddd = doublet of doublet afililets, m = multiplet. Coupling constants

are applied as J in Hertz (Hz). Fét and**C spectra, refer to Supplementary Figure S5.

All HRMS analyses were done on an Agilent 6224 TT@QFMS Mass Spectrometer coupled
to an Agilent 1290 Infinity (Agilent, Palo Alto, QAAIl data were acquired and reference
mass corrected via a duesppray electrospray ionisation (ESI) source. Eaelm sx data point

on the Total lon Chromatogram (TIC) is an avera@el® 700 transients, producing a
spectrum every second. Mass spectra were createddrgging the scans across each peak
and background subtracted against the first 10 relcof the TIC. Acquisition was
performed using the Agilent Mass Hunter Data Acgjois software version B.05.00 Build
5.0.5042.2 and analysis was performed using MasstdduQualitative Analysis version

B.05.00 Build 5.0.519.13.
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All LCMS analyses were carried out on an Agilen0@Series Single Quad LC/MS coupled
with an Agilent 1200 Series HPLC, 1260 Infinity G2B Binary pump, 1260 Infinity
G1367E 1260 HiP ALS autosampler and 1290 Infinig2G2A 1290 DAD detector. The
liquid chromatography conditions were: reverse phE®LC analysis fitted with a Luna
C8(2) 5uL 50 X 4.6 mm 100A at a temperature of 30 °C. Tamle injection volume was
SuL, which was run in 0.1% formic acid in acetondriat a gradient of 5-100% over 10
minutes. Detection methods were either 254 nm dr r#h. The mass spectrum conditions
were: Quadrupole ion source with Multimode-ES. Tnging gas temperature was 300 °C
and the vaporizer temperature was 200 °C. The laapilvoltage in positive mode was
2000V, while in negative mode, the capillary votagas 4000V. The scan range was 100-

1000 m/z with a step size of 0.1 second over 1Qtam

TLCs were carried on Merck TLC Silica gel 6@sFplates using the appropriate mobile
phase. Purification by column chromatography waslaoted with Davisil Chromatographic

Silica LC60A (40-63 micron) using the specified nielphases.

Purification on reverse-phase HPLC was done on &eM/aelta Prep 2000 Prep HPLC
System that was fitted with a Waters Delta Prep02BOmp and Controller. Samples were
injected into a Waters Prep Rack with Manual Imgecivhich were run through a Luna C8(2)
10 uL 50 X 21.20 mm 100A and Waters 486 Tunable AbsacbeDetector. The conditions

were: Solvent A (0.1% TFA in #0) and Solvent B (0.1% TFA in GBN), with a gradient

of 0-80% Solvent B over a 20-minute period.

Compound purity was determined using an Agilent0LB®inity Analytical HPLC (1260
Infinity G1322A Degasser, 1260 Infinity G1312B Bigapump, G1367E HiP ALS
autosampler, 1260 Infinity G1316A Thermostattedutmt Compartment, and 1260 Infinity

G4212B DAD detector. The liquid chromatography atads were: reverse phase HPLC
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analysis fitted with a Zorbax Eclipse Plus C18 RaResolution 4.6 X 100 mm 3Micron.
The sample injection volume wasull, which was run in Solvent A (0.1% TFA in,&) and
Solvent B (0.1% TFA in CECN), with a gradient of 5-100% Solvent B over ariwute
period. All compounds submitted for assays and YKergstallography studies were assessed

for purity of 95% or greater on 214 nm and 254 nm.

Separation on chiral HPLC was done on an Agile@0l&finity Prep HPLC (1260 Infinity
G1361A Prep Pump, 1260 Infinity G2260A Prep ALS6Q2nfinity G1328C Man Inj, 1260
Infinity G1315D DAD VL, and 1260 Infinity G1364B F€S. The liquid chromatography
conditions were: normal phase HPLC analysis fittgth a Phenomenex Lux 5 um Cellulose-
1 4.6 x 150 mm. The sample injection volume wasulLGat a concentration of 1 mg/mL,
which was run in Solvent A (40% petroleum ether) &olvent B (60% ethanol), over a 10-

minute period.

Specific rotations were measured using a JascoOB-@6larimeter. The light source was a
sodium lamp with a wavelength of 589 nm. Compownvdse loaded into a 3.5 mm x 100

mm cylindrical glass cell. Digital integration timeas 5 seconds per cycle for 10 cycles.

4.1.1. Methyl 4-nitro-3-phenylbutanoat® (

Methyl trans-cinnamatel (5.01 g, 30.9 mmol) was weighed into a 250 mL dbbottom
flask with a magnetic stir-bar and dissolved irrantethane (17 mL, 0.308 mol), to which
stirring commenced. 1,1,3,3-tetramethylguanidinés(jiL, 6.18 mmol) was added, and the
mixture was left to stir for 42 hours at room temgpere, checking for completion with TLC.
After completion, the mixture was quenched with B%I| (75 mL) and washed with diethyl
ether (3 x 75 mL). The organic layers were combindied with MgSQ, filtered and
concentrated under reduced pressure to afford angercoloured oil. The oil was then

purified using column chromatography (Mobile phat@% EtOAc in petroleum benzine,
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TLCs were checked in 20% EtOAc in petroleum benzioafford2 (5.62 g, 82%) as a clear
oil. 'H NMR (400 MHz, CDC}) § 7.37 — 7.21 (m, 5H), 4.70 (ddd,= 20.5, 12.6, 7.5 Hz,
2H), 3.99 (quintJ = 7.4 Hz, 1H), 3.64 (s, 3H), 2.83 — 2.74 (m, 2HpPP°*C NMR (101

MHz, CDCk) 5 171.2, 138.4, 129.2, 128.2, 127.4, 79.5, 52.13,48¥.6 ppm.

4.1.2. 4-phenylpyrrolidin-2-onel)

A two-neck 250 mL round-bottom flask with a stirrbaas purged with B to which
palladium on carbon (10%, 453 mg) was added andhstded in a minimum amount of
dichloromethane. Methyl 4-nitro-3-phenylbutanoat&t.53 g, 20.3 mmol) was dissolved in
acetic acid (150 mL) and pipetted into the flaskilevtkeeping it under N The flask was
purged three more times with, ldnd then purged with Hhree times, to which the contents
were left to stir at room temperature. The progidsthe reaction was monitored by NMR.
After completion, the flask was purged with thiree times and the contents filtered carefully
through a glass microfiber filter paper under veggntle vacuum. The filtered palladium
catalyst was washed with dichloromethane then sé&ggrquenched with ¥ while the
filtrate was concentrated under reduced pressuggvd methyl 4-amino-3-phenylbutanoate
(3) as a caramel-coloured oil. In a 250 mL rounddmutflask, the oil was then taken up in
EtOH (75 mL) and BN (1 mL) and then heated under reflux overnightol@ssessing
completion via LCMS, the mixture was concentratedar reduced pressure, then purified
with a silica column (Mobile phase: neat EtOAc)ftord the lactam (2.73 g, 83%) as an
orange crystalline solidH NMR (400 MHz, CDC}) 5 7.54 (br s, 1H), 7.36 — 7.29 (m, 2H),
7.28 — 7.21 (m, 3H), 3.82 — 3.74 (m, 1H), 3.66 {dt, 16.9, 8.6 Hz, 1H), 3.41 (dd,= 9.5,
7.3 Hz, 1H), 2.73 (dd] = 16.9, 8.9 Hz, 1H), 2.50 (dd,= 16.9, 8.8 Hz, 1H) ppn’C NMR
(101 MHz, CDC}) 6 178.3, 142.2, 128.8, 127.0, 126.8, 49.7, 40.2 pm.ESI-MS: m/z

162.1 [M+HT.
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4.1.3. Lactam Methylation

In a round-bottom flask with a magnetic stir-bamphenylpyrrolidin-2-one4 was weighed
out and dissolved in THF. The flask was partiathaled with a rubber septum, purged with
N, and placed on an ice-bath. Sodium hydride (2 eml. 60% dispersed in mineral oil) was
added to the mixture under,ldnd the contents were stirred for 30 minutes. noethane (5
mol. eq.) was then added via syringe, and the otsmterere stirred at room temperature
overnight. After completion, the THF was removediemreduced pressure. The resulting
residue was quenched with 50% saturated agqueoukadd@vashed with EtOAc three times.
The combined organic layers were dried with MgS@itered and concentrated under
reduced pressure to obtain the crude product, wivigh then purified with silica column
chromatography (Mobile phase: 20% petroleum benirinétOAc) to afford the respective

products.

4.1.3.1. 1-methyl-4-phenylpyrrolidin-2-ons (

Acquired 1.44 g (88%) as a clear oil from 1.51 glofH NMR (400 MHz, CDC}) & 7.37 —
7.31 (m, 2H), 7.29 — 7.20 (m, 3H), 3.75 (ddk 9.6, 8.3 Hz, 1H), 3.58 (di,= 16.9, 8.4 Hz,
1H), 3.41 (dd] = 9.6, 7.0 Hz, 1H), 2.91 (s, 3H), 2.82 (dds 16.9, 9.1 Hz, 1H), 2.55 (dd=
16.9, 8.3 Hz, 1H) ppnt*C NMR (101 MHz, CDC}) & 174.1, 142.6, 129.0, 127.21, 126.85,
56.9, 38.9, 37.3, 29.7 pprESI-MS: m/z176.2 [M+H]; HR-MS: m/zcalcd. for GiH1aNO

[M+H] *: 175.0997; found 175.099RPLC (PP gradient, MeOH): 4.87 min.

4.1.3.2. (R)-1-methyl-4-phenylpyrrolidin-2-one {33)

Acquired 40.9 mg (85%) as a clear oil from 44.3 ofigR)-4. [¢]p>>- 38.4 € 1, CHCE). *H
NMR (400 MHz, CDC}) & 7.37 — 7.30 (m, 2H), 7.29 — 7.20 (m, 3H), 3.74, (ti¢ 9.6, 8.3
Hz, 1H), 3.57 (dtJ = 16.9, 8.4 Hz, 1H), 3.40 (dd= 9.6, 7.0 Hz, 1H), 2.90 (s, 3H), 2.81 (dd,

J=16.9, 9.1 Hz, 1H), 2.54 (dd,= 16.8, 8.3 Hz, 1H) ppn®’C NMR (101 MHz, CDC}) 5

30



174.0, 142.7, 129.0, 127.18, 126.83, 56.8, 38.9Q,F0.7 ppmESI-MS: m/z176.0 [M+HT;
HR-MS: m/zcalcd. for GiH1sNO [M+H]™: 175.0997; found 175.0996IPLC (PP gradient,

MeOH): 4.67 min.

4.1.3.3. (S)-1-methyl-4-phenylpyrrolidin-2-one {6p)

Acquired 23.5 mg (85%) as a clear oil from 25.3ah¢S)-4. [0]p>*+ 43.2 (c 0.5, CHG). *H
NMR (400 MHz, CDC}) & 7.37 — 7.29 (m, 2H), 7.29 — 7.19 (m, 3H), 3.74, (tid 9.6, 8.3
Hz, 1H), 3.57 (dtJ = 16.9, 8.4 Hz, 1H), 3.40 (dd= 9.6, 7.0 Hz, 1H), 2.90 (s, 3H), 2.81 (dd,
J=16.9, 9.1 Hz, 1H), 2.54 (dd,= 16.8, 8.3 Hz, 1H) ppmt’C NMR (101 MHz, CDC}) 5
174.0, 142.7, 129.0, 127.17, 126.82, 56.8, 38.8,ZB.7 ppmESI-MS: m/z176.0 [M+HT;
HR-MS: m/zcalcd. for GiH1aNO [M+H]": 175.0997; found 175.0994PLC (PP gradient,

MeOH): 4.71 min.

4.1.4. Sulfonamide Formation

1-methyl-4-phenylpyrrolidin-2-onés was weighed in a 25 mL round-bottom flask and
dissolved in CHCI, (5 mL). Chlorosulfonic acid (8 mol. eq.) was th&owly pipetted into
the mixture at room temperature and left to stieroight. After this time, the mixture was
slowly quenched with water (25 mL) at 0 °C and veaskvith CHCI, (3 x 25 mL). The
combined organic layers were dried with MgS®@ltered and concentrated under reduced
pressure to acquire the sulfonyl chlori@eas an oil. This was then re-taken up in,CH
(15mL) and the appropriate amine (10 mol. eq.) added, followed by BN (5 mol. eq.).
The mixture was left to stir overnight, quenchedniater (20 mLj and then washed with
CH.Cl, (3 x 20 mL). The organic layers were combinededirwith MgSQ, filtered and
concentrated under reduced pressure to afford sadébnamide as an oil or a solid. These

were purified using the specified methods to affivel sulfonamidega-7n
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41.4.1. N,N-diethyl-4-(1-methyl-5-oxopyrrolidinggbenzenesulfonamidés)

Acquired 42.8 mg (30%) as a brown oil from 80.0 afi¢p using diethylamine as the amine
(Mobile phase: 1% MeOH in GiEl,). '"H NMR (400 MHz, CDC}) 6 7.75 (d,J = 8.4 Hz,
2H), 7.33 (dJ = 8.2 Hz, 2H), 3.77 (dd] = 9.7, 8.3 Hz, 1H), 3.67 — 3.57 (m, 1H), 3.39 (@d,
= 9.8, 6.5 Hz, 1H), 3.21 () = 7.2 Hz, 4H), 2.90 (s, 3H), 2.83 (d#i= 16.9, 9.2 Hz, 1H),
2.50 (ddJ = 16.9, 7.7 Hz, 1H), 1.11 @,= 7.1 Hz, 6H) ppm-*C NMR (101 MHz, CDC}) &
173.3, 147.4, 139.3, 127.74, 127.48, 56.3, 42.25,387.0, 29.7, 14.3 ppnkSI-MS: m/z
311.0 [M+H]. HR-MS: m/z calc. for GsH2,N,0sS [M+H]": 310.1351; found 310.1359.

HPLC (PP gradient, MeOH): 5.44 min.

41.4.1.1. Upscaled Formation @

1-methyl-4-phenylpyrrolidin-2-ong (578 mg, 3.30 mmol) was weighed in a 100 mL round-
bottom flask and dissolved in GEI, (20 mL). Chlorosulfonic acid (3.07 g, 1.76 mL, ®Im
eq.) was then slowly pipetted into the mixtureaim temperature and left to stir overnight.
After this time, the mixture was slowly quenchedhmvater (50 mL) at 0 °C and washed
with CH,CI; (3 x 50 mL). The combined organic layers weredlngth MgSQ, filtered and
concentrated under reduced pressure to acquirsullfienyl chloride6 as an oil. This was
then re-taken up in Gi€l, (40 mL) and diethylamine (2.41 g, 3.41 mL, 10 mex.) was
added, followed by BN (1.67 g, 2.30 mL, 5 mol. eq.). The mixture wélt te stir overnight,
then quenched in water (50 mL) and washed with@H(3 x 50 mL). The organic layers
were combined, dried with MgSQfiltered and concentrated under reduced pressure
afford the crude product as an oil. This were pedlifusing the same conditions as previously

described to afforda (630 mg, 62%) as a clear oil.

4.1.4.2. 1-methyl-4-(4-(piperidin-1-ylsulfonyl)ply®pyrrolidin-2-one {b)
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Acquired 94.6 mg (64%) as a yellow solid from 8§ of 5 using piperidine as the amine
(Mobile phase: EtOAc)H NMR (400 MHz, CDC}) 6 7.68 (d,J = 8.4 Hz, 2H), 7.35 (d] =
8.2 Hz, 2H), 3.77 (dd] = 9.7, 8.3 Hz, 1H), 3.63 (di,= 16.0, 8.2 Hz, 1H), 3.39 (dd,= 9.8,
6.5 Hz, 1H), 2.98 — 2.91 (m, 4H), 2.88 (s, 3H),2(8d,J = 16.9, 9.2 Hz, 1H), 2.49 (dd,=
16.8, 7.8 Hz, 1H), 1.66 — 1.55 (m, 4H), 1.44 — 1(B% 2H) ppm.”*C NMR (101 MHz,
CDCl3) 6 173.2, 147.7, 135.2, 128.33, 127.40, 56.1, 48%,337.0, 29.7, 25.2, 23.5 ppm.
ESI-MS: m/z323.0 [M+H]. HR-MS: m/zcalc. for GgH2:N20sS [M+H]": 322.1351; found

322.1356HPLC (PP gradient, MeOH): 5.63 min.

4.1.4.3. 1-methyl-4-(4-(morpholinosulfonyl)phenyfplidin-2-one {c)

Acquired 69.9 mg (52%) as a yellow solid from 7éh§ of 5 using morpholine as the amine
(Mobile phase: 2% MeOH in Gigl,). *H NMR (400 MHz, CDC}) & 7.68 (d,J = 8.4 Hz,
2H), 7.38 (dJ = 8.2 Hz, 2H), 3.77 (dd] = 9.7, 8.3 Hz, 1H), 3.74 — 3.57 (m, 5H), 3.38 (@d,
= 9.8, 6.5 Hz, 1H), 3.01 — 2.91 (m, 4H), 2.88 (4),32.83 (dd,J = 16.9, 9.2 Hz, 1H), 2.49
(dd,J = 16.8, 7.6 Hz, 1H) ppnt>C NMR (101 MHz, CDC}) § 173.2, 148.3, 133.9, 128.56,
127.61, 66.1, 56.1, 46.0, 38.5, 37.0, 29.7 pE8I-MS: m/z324.9 [M+H]. HR-MS: m/z
calc. for GsHaoN204S [M+H]": 324.1144; found 324.1154PLC (PP gradient, MeOH):

4.62 min.

4.1.4.4. 1-methyl-4-(4-((4-phenylpiperidin-1-ylgulyl)phenyl)pyrrolidin-2-one7d)
Acquired 73.8 mg (63%) as a white solid from 510 of5 using 4-phenylpiperidine as the
amine (Mobile phase: EtOAc)H NMR (400 MHz, CDC}) 6 7.76 (d,J = 8.4 Hz, 2H), 7.40
(d,J = 8.2 Hz, 2H), 7.33 — 7.25 (m, 2H), 7.23 — 7.17 {d), 7.17 — 7.11 (m, 2H), 3.93 (@,
=11.6 Hz, 2H), 3.81 (dd, = 9.7, 8.3 Hz, 1H), 3.73 — 3.60 (m, 1H), 3.43 (@¢,9.7, 6.5 Hz,
1H), 2.93 (s, 3H), 2.87 (dd,= 16.9, 9.2 Hz, 1H), 2.54 (dd= 16.9, 7.7 Hz, 1H), 2.49 — 2.32

(m, 3H), 1.93 — 1.76 (m, 4H) ppM°C NMR (101 MHz, CDC}) § 173.2, 147.8, 144.8,
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135.2, 128.63, 128.42, 127.46, 126.67, 56.1, 48.%9, 38.6, 37.0, 32.5 (d,= 2.1 Hz), 29.7
ppm. ESI-MS: m/z398.9 [M+H]. HR-MS: m/zcalc. for GsH2eN-OsS [M+H]™: 398.1670;

found 398.1664HPLC (PP gradient, 1:1 CG#&N:H,O with 0.1% formic acid): 6.75 min.

4.1.4.5. 4-(4-((3,4-dihydroquinolin-1(2H)-y)sulfgiphenyl)-1-methylpyrrolidin-2-
one (e

Acquired 51.1 mg (48%) as a yellow gum from 50.1 mf 5 using 1,2,3,4-
tetrahydroquinoline as the amine (Mobile phase: A0'H NMR (400 MHz, CDC}) &
7.77 (dd,J = 8.3, 0.8 Hz, 1H), 7.57 (d,= 8.5 Hz, 2H), 7.26 — 7.22 (m, 2H), 7.22 — 7.16 (m
1H), 7.08 (tdJ = 7.4, 1.2 Hz, 1H), 7.04 — 6.99 (m, 1H), 3.83 Z%B(m, 2H), 3.76 (dd) =
9.8, 8.3 Hz, 1H), 3.64 — 3.55 (m, 1H), 3.39 — 38R 1H), 2.90 (s, 3H), 2.83 (dd,= 16.9,
9.3 Hz, 1H), 2.52 — 2.42 (m, 3H), 1.68 — 1.64 (id) ppm.**C NMR (101 MHz, CDC}) &
173.3, 148.0, 138.7, 136.8, 130.7, 129.3, 127.87,411, 126.66, 125.16, 124.79, 56.2, 46.7,
38.6, 36.9, 29.7, 26.7, 21.8 ppr&ESI-MS: m/z 370.8 [M+H]. HR-MS: m/z calc. for

C15H2:N205S [M+H]™: 370.1351; found 370.135APLC (PP gradient, MeOH): 6.26 min.

4.1.4.6. N-benzyl-4-(1-methyl-5-oxopyrrolidin-3bghzenesulfonamidéf]

Acquired 68.9 mg (69%) as a white solid from 51§ on5 using benzylamine as the amine
(Mobile phase: 2% MeOH in Gigl,). *H NMR (400 MHz, CDC}) & 7.80 (d,J = 8.4 Hz,
2H), 7.31 (dJ = 8.3 Hz, 2H), 7.27 — 7.12 (m, 5H), 5.38 (b £ 5.5 Hz, 1H), 4.12 (d] = 5.4
Hz, 2H), 3.77 (ddJ = 9.7, 8.3 Hz, 1H), 3.61 (di,= 15.9, 8.1 Hz, 1H), 3.38 (dd,= 9.8, 6.5
Hz, 1H), 2.95 — 2.78 (m, 4H), 2.48 (d#i= 16.9, 7.7 Hz, 1H) ppnt’C NMR (101 MHz,
CDCls) 6 173.5, 147.8, 139.0, 136.4, 128.71, 127.97, 127123.87, 127.56, 56.2, 47.3,
38.6, 37.0, 29.8 ppnESI-MS: m/z 344.9 [M+H]. HR-MS: m/z calc. for GgHaoN,O3S

[M+H] *: 344.1195; found 344.119BIPLC (PP gradient, MeOH): 5.22 min.

41.4.7. N-ethyl-4-(1-methyl-5-oxopyrrolidin-3-y@iwzenesulfonamid&d)
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Acquired 46.4 mg (58%) as a white solid from 50.8 of 5 using ethylamine as the amine
(Mobile phase: 2% MeOH in Gigl,). *H NMR (400 MHz, CDC}) & 7.82 (d,J = 8.4 Hz,
2H), 7.35 (dJ = 8.3 Hz, 2H), 5.01 () = 6.0 Hz, 1H), 3.78 (dd] = 9.7, 8.3 Hz, 1H), 3.64
(dt,J = 16.1, 8.2 Hz, 1H), 3.40 (dd,= 9.8, 6.5 Hz, 1H), 2.98 (qd,= 7.2, 6.1 Hz, 2H), 2.91
(s, 3H), 2.85 (ddJ = 17.0, 8.7 Hz, 1H), 2.52 (dd,= 16.8, 7.7 Hz, 1H), 1.09 ({,= 7.2 Hz,
3H) ppm.**C NMR (101 MHz, CDC}) & 173.4, 147.7, 138.9, 127.74, 127.50, 56.2, 38.6,
38.2, 36.9, 29.7, 15.1 pprESI-MS: m/z282.9 [M+H]. HR-MS: m/zcalc. for GaH1gN,03S

[M+H] *: 282.1038; found 282.104RPLC (PP gradient, MeOH): 4.17 min.

4.1.4.8. 4-(1-methyl-5-oxopyrrolidin-3-yl)-N-propgnzenesulfonamidéh)

Acquired 40.5 mg (59%) as a white solid from 40.§ of 5 using n-propylamine as the
amine (Mobile phase: 2% MeOH in GEl,).'"H NMR (400 MHz, CDC}) 5 7.83 (d,J = 8.5
Hz, 2H), 7.36 (dJ = 8.2 Hz, 2H), 4.82 (t) = 6.1 Hz, 1H), 3.79 (dd] = 9.8, 8.3 Hz, 1H),
3.65 (dt,J = 16.1, 8.2 Hz, 1H), 3.41 (dd= 9.8, 6.5 Hz, 1H), 2.95 — 2.82 (m, 6H), 2.52 (@d,
=16.9, 7.7 Hz, 1H), 1.55 — 1.43 (m, 2H), 0.86)¢&, 7.4 Hz, 3H) ppm~C NMR (101 MHz,
CDCl) 6 173.3, 147.7, 139.0, 127.72, 127.49, 56.2, 43305,336.9, 29.7, 23.0, 11.1 ppm.
ESI-MS: m/z297.2 [M+H]. HR-MS: m/zcalc. for G4H20N20sS [M+H]": 296.1195; found

296.1198HPLC (PP gradient, MeOH): 4.64 min.

4.1.4.9. N-isopropyl-4-(1-methyl-5-oxopyrrolidinyBbenzenesulfonamidéi)
Acquired 46.6 mg (68%) as a white solid from 40.§ of 5 using 2-propylamine as the
amine (Mobile phase: 2% MeOH in GEl,).*H NMR (400 MHz, CDC})  7.84 (d,J = 8.5
Hz, 2H), 7.35 (dJ = 8.2 Hz, 2H), 4.62 (d] = 7.5 Hz, 1H), 3.79 (dd] = 9.7, 8.3 Hz, 1H),
3.65 (dt,d = 16.7, 8.2 Hz, 1H), 3.52 — 3.37 (m, 2H), 2.923(d), 2.86 (dd,) = 17.0, 9.2 Hz,
1H), 2.53 (ddJ = 16.9, 7.8 Hz, 1H), 1.08 (d,= 6.5 Hz, 6H) ppm**C NMR (101 MHz,

CDCls) 6 173.3, 147.6, 140.1, 127.66, 127.44, 56.2, 46882%,336.9, 29.7, 23.8 ppr&SI-
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MS: m/z 297.2 [M+H]. HR-MS: m/z calc. for G4H20N.0sS [M+H]": 296.1195; found

296.1198HPLC (PP gradient, MeOH): 4.54 min.

4.1.4.10. 8-((4-(1-methyl-5-oxopyrrolidin-3-yl)ph@sulfonyl)-8-
azabicyclo[3.2.1]octan-3-on€j()

Acquired 28.2 mg (34%) as a white solid from 406 oh5 using 8-azabicyclo[3.2.1]octan-
3-one as the amine (Mobile phase: 2% MeOH in,@p. *H NMR (400 MHz, CDC}) §
7.87 (d,J = 8.5 Hz, 2H), 7.37 (d] = 8.3 Hz, 2H), 4.53 — 4.44 (m, 2H), 3.79 (dc 9.7, 8.3
Hz, 1H), 3.65 (dtJ = 15.9, 8.1 Hz, 1H), 3.39 (dd= 9.8, 6.5 Hz, 1H), 2.91 (s, 3H), 2.86 (dd,
J=16.9, 9.2 Hz, 1H), 2.78 (dd,= 16.0, 4.4 Hz, 2H), 2.50 (dd,= 16.8, 7.7 Hz, 1H), 2.36
(dd,J = 16.4, 1.3 Hz, 2H), 1.75 (dd= 9.2, 4.4 Hz, 2H), 1.64 — 1.57 (m, 2H) ppriC NMR
(101 MHz, CDC}) 6 206.7, 173.1, 148.5, 138.7, 127.98, 127.67, 566604, 50.1, 38.5,
36.9, 29.67, 29.42 ppnESI-MS: m/z362.9 [M+H]. HR-MS: m/z calc. for GgH2,N,04S

[M+H] *: 362.1300; found 362.130BIPLC (PP gradient, MeOH): 4.55 min.

4.1.4.11. (3R)-1-((4-(1-methyl-5-oxopyrrolidin-3pthenyl)sulfonyl)piperidine-3-
carboxylic acid Tk)

Acquired 21.4 mg (25%) as a white solid from 40.% of 5 using R)-nipecotic acid as the
amine (Reverse-phase HPL&). NMR (400 MHz, DMSO) 7.70 (d,J = 8.4 Hz, 2H), 7.57
(d, J = 8.4 Hz, 2H), 3.78 — 3.65 (m, 2H), 3.52 {d 7.0 Hz, 1H), 3.37 (ddd), = 8.8, 6.5, 2.3
Hz, 2H), 2.77 (s, 3H), 2.69 (dd,= 16.5, 8.6 Hz, 1H), 2.54 — 2.49 (m, 2H), 2.44.352(m,
2H), 1.83 — 1.75 (m, 1H), 1.75 — 1.64 (m, 1H), 1-566.42 (m, 1H), 1.42 — 1.27 (m, 1H) ppm.
3C NMR (101 MHz, DMSO)$ 173.8, 172.5, 148.5 (d,= 3.7 Hz), 133.8, 128.10, 127.83,
55.0 (d,J = 2.0 Hz), 47.5, 46.0, 40.1, 38.0 (U= 3.8 Hz), 36.5 (dJ = 1.8 Hz), 29.1, 25.6,
23.4 ppm. ESI-MS: m/z 366.8 [M+H]. HR-MS: m/z calc. for GHx»N»OsS [M+H]™

366.1249; found 366.125BIPLC (PP gradient, 1:1 G€N:H,0): 4.63 min.
4Compound was extracted from 5% HCI (pH 0).
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4.1.4.12. (3S)-1-((4-(1-methyl-5-oxopyrrolidin-3phenyl)sulfonyl)piperidine-3-
carboxylic acid 7l)

Acquired 17.8 mg (21%) as a white solid from 40.8§ of 5 using §)-nipecotic acid as the
amine (Reverse-phase HPLE) NMR (400 MHz, DMSO) 7.70 (d,J = 8.4 Hz, 2H), 7.58
(d, J = 8.4 Hz, 2H), 3.80 — 3.65 (m, 2H), 3.53 {d= 7.0 Hz, 1H), 3.40 — 3.35 (m, 2H), 2.78
(s, 3H), 2.70 (ddJ = 16.5, 8.6 Hz, 1H), 2.55 — 2.50 (m, 2H), 2.46.362m, 2H), 1.85 — 1.76
(m, 1H), 1.71 (ddJ = 9.0, 4.4 Hz, 1H), 1.57 — 1.43 (m, 1H), 1.43 291(m, 1H) ppm*C
NMR (101 MHz, DMSO) 173.8, 172.4, 148.5 (d,= 3.7 Hz), 133.7, 128.08, 127.81, 55.0
(d, J = 2.1 Hz), 47.5, 46.0, 40.1, 38.0 (0= 3.9 Hz), 36.5 (dJ = 1.9 Hz), 29.1, 25.6, 23.4
ppm. ESI-MS: m/z366.9 [M+H]. HR-MS: m/zcalc. for G/H2oN-0sS [M+H]": 366.1249;

found 366.1250HPLC (PP gradient, 1:1 G#&N:H,0): 4.63 min.
4Compound was extracted from 5% HCI (pH 0).

4.1.4.13. N-(3-(1H-imidazol-1-yl)propyl)-4-(1-mektdroxopyrrolidin-3-
yl)benzenesulfonamidén)

Acquired 13.2 mg (21%) as a white solid from 30.9 of 5 using 3-(H-imidazol-1-
yl)propan-1-amine as the amine (Reverse-phase HPHOYMR (400 MHz, MeOD) 8.84
(s, 1H), 7.80 (dJ = 8.5 Hz, 2H), 7.61 (s, 1H), 7.54 (s, 1H), 7.50)¢& 8.3 Hz, 2H), 4.36 (1]

= 6.8 Hz, 2H), 3.86 (dd] = 9.8, 8.3 Hz, 1H), 3.75 (df, = 16.2, 8.2 Hz, 1H), 3.49 (dd,=
9.8, 6.6 Hz, 1H), 2.90 (s, 3H), 2.89 — 2.80 (m, 3251 (dd,J = 16.8, 7.9 Hz, 1H), 2.11 —
2.02 (m, 2H) ppm*C NMR (101 MHz, MeOD)& 174.6, 148.0, 138.6, 135.5, 127.51,
127.17, 121.7, 120.5, 55.9, 46.0, 39.1, 38.3, 38B6, 28.4 ppmESI-MS: m/z 362.9
[M+H]*. HR-MS: m/z calc. for G7H2oN4O0sS [M+H]": 362.1413; found 362.1425PLC

(PP gradient, 1:1 C4#&N:H,0): 3.49 min.

4.1.4.14. N-(adamantan-1-yl)-4-(1-methyl-5-oxopiidio-3-yl)benzenesulfonamide
(7n)
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Acquired 26.4 mg (38%) as a white solid from 31 g @5 using adamantan-1-amine as the
amine (Mobile phase: 1% MeOH in GEl,). '*H NMR (400 MHz, CDC}) & 7.86 (d,J = 8.5
Hz, 2H), 7.32 (d,J = 8.3 Hz, 2H), 4.82 (s, 1H), 3.79 (dbz 9.7, 8.3 Hz, 1H), 3.70 — 3.59 (m,
1H), 3.41 (ddJ = 9.7, 6.6 Hz, 1H), 2.91 (s, 3H), 2.86 (dds 17.1, 9.3 Hz, 1H), 2.54 (dd=
16.8, 7.8 Hz, 1H), 2.00 (br s, 3H), 1.78 (brdds 2.8 Hz, 6H), 1.57 (br g} = 12.4 Hz, 6H)
ppm.**C NMR (101 MHz, CDC}) & 173.5, 147.2, 143.0, 127.60, 127.34, 56.3, 438%,3
37.0, 35.9, 29.78, 29.57 ppnESI-MS: m/z 389.0 [M+H]. HR-MS: m/z calc. for

C,1H28N20sS [M+H]™: 388.1821; found 388.182BIPLC (PP gradient, MeOH): 6.34 min.

4.1.5. Bromination (NaBr)

1-methyl-4-phenylpyrrolidin-2-onB (560 mg, 3.23 mmol) was weighed into a 25 mL reund
bottom flask with a stir-bar. NaBr (864 mg, 8.40 oijmand HSO, (824 mg, 8.40 mmol)
were added and the mixture was heated to 80 “@adtthen stirred for 2 hours or until the
dark brown colour disappeared from the walls offthsk. The mixture was cooled to room
temperature before being diluted in water (40 nid washed with EtOAc (3 x 40 mL). The
combined organic layers were dried, filtered andcemtrated under reduced pressure to
obtain a brown oil. The crude material was chedkeanalytical HPLC for completion, and
was repeated until the starting material was cotalyl&eonsumed. The oil was then purified
using column chromatography (Mobile phase: 20%oatetim benzine in EtOAc) to afford

bromides8 and9.

4.1.5.1. 4-(2-bromophenyl)-1-methylpyrrolidin-2-q8g

Acquire 112 mg (14%) as a yellow oiH NMR (400 MHz, CDC}) 6 7.57 (ddJ = 8.0, 1.2
Hz, 1H), 7.34 — 7.28 (m, 1H), 7.27 — 7.24 (m, 1AH),2 (dddJ = 8.0, 7.2, 1.9 Hz, 1H), 4.07
—3.96 (m, 1H), 3.82 (dd,= 9.9, 8.2 Hz, 1H), 3.33 (dd,= 9.9, 5.5 Hz, 1H), 2.91 — 2.78 (m,

4H), 2.54 (dd,J = 17.0, 6.5 Hz, 1H) ppm>C NMR (101 MHz, CDCY) § 173.7, 141.7,

38



133.3, 128.66, 128.16, 127.1, 124.5, 55.6, 37.61,389.7 ppm.ESI-MS: m/z 253.9
[("Br)M+H]* and 255.9 f{'Br)M+H]*. HR-MS: m/z calc. for G;H1-BrNO [M+H]":

253.0102; found 253.010BIPLC (PP gradient, MeOH): 5.70 min.

4.1.5.2. 4-(4-bromophenyl)-1-methylpyrrolidin-2-q9¢

Acquired 184 mg (23%) as a clear dHf NMR (400 MHz, CDCH}) 5 7.45 (d,J = 8.5 Hz,
2H), 7.09 (dJ = 8.3 Hz, 2H), 3.74 (dd] = 9.7, 8.3 Hz, 1H), 3.53 (di,= 16.6, 8.3 Hz, 1H),
3.35 (dd,J = 9.7, 6.8 Hz, 1H), 2.90 (s, 3H), 2.81 (dd= 16.9, 9.1 Hz, 1H), 2.48 (dd,=
16.9, 8.0 Hz, 1H) ppm>C NMR (101 MHz, CDC}) & 173.7, 141.7, 132.1, 128.6, 121.0,
56.6, 38.8, 36.8, 29.7 ppESI-MS: m/z253.9 [(*Br)M+H]* and 255.9 f'Br)M+H]*. HR-
MS: m/z calc. for GiH1:BrNO [M+H]": 253.0102; found 253.009${PLC (PP gradient,

MeOH): 5.90 min.

4.1.6. Bromination (NBS)
N,N-diethyl-4-(1-methyl-5-oxopyrrolidin-3-yl)benzendtnamide9a (630 mg, 2.03 mmol)
was weighed in a round-bottom flask, to whigbromosuccinimide (434 mg, 2.44 mmol)
was added, as well as a magnetic stir-bar. Coratextisulfuric acid (4 mL) was then added,
the mixture was heated to 60 °C and the contente e to stir overnight. After this time,
the mixture was quenched with water (50 mL) andhgdswith EtOAc (3 x 50 mL). The
organic layers were combined, dried with MgS@ltered and concentrated under reduced
pressure to givd2 as an oil. This was then purified with column e¢hedography (Mobile

phase: neat EtOAc) to give the bromidz

4.1.6.1. 3-bromo-N,N-diethyl-4-(1-methyl-5-oxop¥idin-3-yl)benzenesulfonamide
(12)

Acquired 550 mg (69%) as a purple dHf NMR (400 MHz, CDC}) § 8.01 (d,J = 1.9 Hz,

1H), 7.72 (dd,J = 8.2, 1.9 Hz, 1H), 7.36 (d,= 8.2 Hz, 1H), 4.06 (tt) = 8.7, 5.7 Hz, 1H),
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3.86 (dd,J = 10.2, 8.2 Hz, 1H), 3.34 (dd= 10.2, 5.2 Hz, 1H), 3.24 (4,= 7.2 Hz, 4H), 2.95
— 2.85 (m, 4H), 2.54 (dd,= 17.3, 5.9 Hz, 1H), 1.15 @,= 7.1 Hz, 6H) ppm™C NMR (101
MHz, CDCk) 6 173.5, 146.1, 140.9, 131.7, 127.7, 126.6, 1246%8,%2.4, 37.4, 36.2, 29.9,
14.40 ppm.ESI-MS: m/z388.7 [(*Br)M+H]* and 390.8 [{Br)M+H]*. HR-MS: m/z calc.
for CisH2:BrN,OsS [M+H]": 388.0456; found 388.0459HPLC (PP gradient, 1:1

CH3CN:H0): 5.85 min.

4.1.7. Suzuki Coupling

The appropriate bromide was weighed and dissolnetl 2-dimethoxyethane (5 mL). Upon
addition of each reagent,Mas bubbled through the mixture for 5 minutes. &ppropriate
boronic acid (1.2 mol. eq.) was added, followed2by! Na&CO; (5 mL) and then Pd(PB)a

(3 mol%). After addition of Pd(PRh, the mixture was bubbled with,Nor 10 minutes
before being sealed under a nitrogen atmosphee nTikture was heated under reflux and
left to stir overnight. After this time, the mixtiwas quenched with saturated aqueous NacCl
(25 mL) and washed with EtOAc (3 x 25 mL). The avigdayers were combined, dried with
MgSQ,, filtered and concentrated under reduced pressure. crude products was then

purified accordingly to afford the respective protu

4.1.7.1. 4-([1,1'-biphenyl]-2-yl)-1-methylpyrrolii2-one 10)

Acquired 53.7 mg (70%) as a white solid from 76 oh 8 using phenylboronic acid as the
boronic acid (Mobile phase: 40% petroleum benznEtOAc).'H NMR (400 MHz, CDC)

§ 7.47 — 7.35 (m, 5H), 7.32 — 7.22 (m, 4H), 3.72.603m, 1H), 3.52 (ddj = 9.7, 8.5 Hz,
1H), 3.40 (ddJ = 9.7, 6.8 Hz, 1H), 2.86 (s, 3H), 2.68 (d&; 16.9, 9.5 Hz, 1H), 2.54 (dd=
17.0, 7.9 Hz, 1H) ppnt®C NMR (101 MHz, CDC}) § 173.9, 142.11, 141.29, 140.58, 130.3,

129.22, 128.42, 128.39, 127.34, 126.67, 125.823,539.9, 33.0, 29.7 ppnkSI-MS: m/z
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252.0 [M+H]". HR-MS: m/zcalc. for G7H17NO [M+H]": 251.1310; found 251.130BIPLC

(PP gradient, MeOH): 6.46 min.

4.1.7.2. 4-([1,1'-biphenyl]-4-yl)-1-methylpyrrolici2-one 11)

Acquired 44.7 mg (75%) as a white solid from 60§ of 9 using phenylboronic acid as the
boronic acid (Mobile phase: 35% petroleum benzinEtOAc and reverse-phase HPL&.
NMR (400 MHz, CDC}) § 7.62 — 7.55 (m, 4H), 7.49 — 7.42 (m, 2H), 7.39.337(m, 1H),
7.30 (d,J = 8.2 Hz, 2H), 3.84 (dd] = 9.8, 8.5 Hz, 1H), 3.74 — 3.63 (m, 1H), 3.52 (dd;
9.8, 7.0 Hz, 1H), 3.04 — 2.93 (m, 4H), 2.71 (dd; 17.4, 8.1 Hz, 1H) ppnt’C NMR (101
MHz, CDCk) 6 175.6, 140.89, 140.60, 140.47, 129.0, 127.82,5I27127.26, 127.15, 57.3,
38.7, 37.0, 30.2 ppmESI-MS: m/z 252.0. [M+H]. HR-MS: m/z calc. for G7/H;sNO

[M+H] *: 251.1310; found 251.131BIPLC (PP gradient, 1:1 C}&N:H,0): 6.61 min.

4.1.7.3. N,N-diethyl-6-(1-methyl-5-oxopyrrolidinyg-[1,1'-biphenyl]-3-sulfonamide
(15a)

Acquired 10.6 mg (27%) as a clear oil from 40.0 ofd.2 using phenylboronic acid as the
boronic acid (Mobile phase: 3% EtOH in,Btand reverse-phase HPLCH NMR (400
MHz, CDCk) & 7.81 (ddJ = 8.3, 2.1 Hz, 1H), 7.69 (d,= 2.0 Hz, 1H), 7.51 — 7.40 (m, 4H),
7.22 (ddJ = 7.7, 1.7 Hz, 2H), 3.80 — 3.68 (m, 1H), 3.58 (@i, 10.1, 8.6 Hz, 1H), 3.42 (dd,
J=10.1, 6.5 Hz, 1H), 3.26 (d,= 7.2 Hz, 4H), 2.90 (s, 3H), 2.79 (dbiz 17.3, 9.5 Hz, 1H),
2.61 (ddJ =17.3, 7.5 Hz, 1H), 1.16 (@,= 7.1 Hz, 6H) ppm**C NMR (101 MHz, CDC}) 5
174.5, 144.8, 143.1, 139.50, 139.08, 129.07, 128.88.83, 128.25, 126.91, 126.70, 57.3,
42.4, 39.5, 33.1, 30.0, 14.5 pprESI-MS: m/z 386.8 [M+H]. HR-MS: m/z calc. for
C21H26N203S [M+H]": 386.1664; found 386.166HPLC (PP gradient, 1:1 CI&N:H,0):

6.33 min.
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4.1.7.4. 4'-(dimethylamino)-N,N-diethyl-6-(1-metBybxopyrrolidin-3-yl)-[1,1'-
biphenyl]-3-sulfonamidelbb)

Acquired 13.1 mg (30%) as a clear oil from 39.6 nmg 12 using (4-
(dimethylamino)phenyl)boronic acid as the bororwadaMobile phase: 4% EtOH in KD
and reverse-phase HPLCH NMR (400 MHz, CDC}) § 7.81 (ddJ = 8.3, 2.0 Hz, 1H), 7.65
(d, J = 2.0 Hz, 1H), 7.50 (dJ = 8.3 Hz, 1H), 7.37 (d] = 8.8 Hz, 2H), 7.29 (d] = 8.8 Hz,
2H), 3.74 — 3.64 (m, 1H), 3.60 (= 9.2 Hz, 1H), 3.44 (ddl = 9.9, 6.3 Hz, 1H), 3.25 (d,=
7.1 Hz, 4H), 3.18 (s, 6H), 2.90 (s, 3H), 2.77 (@d,17.2, 9.4 Hz, 1H), 2.58 (dd=17.2, 7.5
Hz, 1H), 1.16 (tJ = 7.1 Hz, 6H) ppm**C NMR (101 MHz, CDC}) § 174.2, 145.65, 144.90,
141.7, 139.3, 136.5, 130.8, 128.8, 127.17, 1261938,3, 57.2, 44.5, 42.4, 39.6, 33.1, 30.0,
14.5 ppm.ESI-MS: m/z 429.9 [M+H]. HR-MS: m/z calc. for GaH3iN3O3S [M+H]":

429.2086; found 429.208APLC (PP gradient, 1:1 G¥&N:H,0): 4.94 min.

4.1.7.5. N,N-diethyl-3',4'-dimethoxy-6-(1-methyd&pyrrolidin-3-yl)-[1,1'-
biphenyl]-3-sulfonamidelbc)

Acquired 226 mg (50%) as a clear oil from 39.7 nu 12 using (3,4-
dimethoxyphenyl)boronic acid as the boronic acidofie phase: 5% EtOH in ¥ and
reverse-phase HPLC)H NMR (400 MHz, CDC}) & 7.78 (ddJ = 8.3, 2.1 Hz, 1H), 7.69 (d,
J=2.0 Hz, 1H), 7.46 (d] = 8.3 Hz, 1H), 6.94 (d] = 8.2 Hz, 1H), 6.76 (dd] = 8.1, 2.0 Hz,
1H), 6.72 (dJ = 2.0 Hz, 1H), 3.93 (s, 3H), 3.89 (s, 3H), 3.83.72 (m, 1H), 3.57 (dd] =
10.0, 8.6 Hz, 1H), 3.40 (dd,= 10.0, 6.4 Hz, 1H), 3.25 (d,= 7.1 Hz, 4H), 2.89 (s, 3H), 2.77
(dd,J = 17.2, 9.6 Hz, 1H), 2.57 (dd,= 17.2, 7.5 Hz, 1H), 1.16 @ = 7.1 Hz, 6H) ppm*’C
NMR (101 MHz, CDC4) 6 174.0, 149.09, 149.06, 145.3, 142.8, 138.9, 1328,8, 126.68,
126.62, 121.5, 112.33, 111.32, 57.17, 56.18, 564244, 39.6, 33.1, 30.0, 14.5 ppESI-
MS: m/z 446.8 [M+H]. HR-MS: m/z calc. for GsH3zN,OsS [M+H]": 446.1875; found

446.1880HPLC (PP gradient, 1:1 C#&N:H,0): 5.98 min.

42



4.1.7.6. 3-(benzolb]thiophen-3-yl)-N,N-diethyl-4+(lethyl-5-oxopyrrolidin-3-
yl)benzenesulfonamidé&5d)

Acquired 24.0 mg (54%) as a clear oil from 39.3 opfgl2 using benzdjjthiophen-3-
ylboronic acid as the boronic acid (Mobile phase &tOH in EtO and reverse-phase
HPLC).'H NMR (400 MHz, CDCJ) (mixture of atropisomers) 7.95 (d,J = 8.0 Hz, 1H),
7.89 (dd,J = 8.3, 2.1 Hz, 1H), 7.75 (d,= 2.0 Hz, 1H), 7.56 (d] = 8.3 Hz, 1H), 7.46 — 7.39
(m, 1H), 7.39 — 7.32 (m, 2H), 7.30 — 7.24 (m, 181K5 — 3.30 (m, 3H), 3.27 (4,= 7.2 Hz,
4H), 2.83 (br d,J) = 8.7 Hz, 3H), 2.77 — 2.44 (m, 2H), 1.15J& 7.1 Hz, 6H) ppm*C NMR
(101 MHz, CDC}) (mixture of atropisomers) 129.6, 127.64, 126.85, 125.1 {ds 17.4 Hz),
123.20, 122.24, 57.0 (d,= 67.2 Hz), 42.3, 39.84, 38.75, 33.3 {ds 19.8 Hz), 29.9, 14.4
ppm. ESI-MS: m/z442.8 [M+H]. HR-MS: m/zcalc. for GsHeN20sS, [M+H]*: 442.1385;

found 442.1391HPLC (PP gradient, 1:1 G¥&N:H,O0): 6.79 min.

4.1.8. Heck Coupling and Alkene Reduction

The appropriate bromide was weighed and dissolvetisitilled DMF (1 mL). Upon addition
of each reagent, Nwas bubbled through the mixture for 5 minutes. @ppropriate alkene
(1.6 mol. eq.) was added, followed by DIPEA (300,uR(-tol); (10 mol%) and Pd(OAg)
(10 mol%). After addition of Pd(OAg)N, was bubbled through the mixture for 5 minutes
before being sealed, and then vacuumed and backfillth N> three times. The mixture was
heated to 90 °C and left to stir overnight. Afteisttime, the mixture was quenched with
saturated aqueous NaCl (25 mL) and washed with Et(3Ax 25 mL). The organic layers
were combined, dried with MgSQfiltered and concentrated under reduced pressure
afford the crude alkenes. These were then punfigldl column chromatography to afford the
respective alkened %) as intermediates. A three-neck 25 mL round-botliask with a stir-
bar was purged with N to which palladium on carbon (10% w/w) was addadd

submerged in a minimum amount of dichloromethare dppropriate alkene was dissolved
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in ethyl acetate and pipetted into the flask whkideping it under N The flask was purged
three more times with )N and then purged with Hhree times, to which the contents were
left to stir at room temperature. The progresshefreaction was monitored by NMR. After
completion, the flask was purged with, fhree times and the contents filtered carefully
through a glass microfiber filter paper under veggntle vacuum. The filtered palladium
catalyst was washed with dichloromethane then dushseparately with @ while the
filtrate was concentrated under reduced pressuggvd each reduced product, which were

then purified with reverse-phase HPLC.

4.1.8.1. N,N-diethyl-4-(1-methyl-5-oxopyrrolidiny8-3-
phenethylbenzenesulfonamidéd)

Acquired 27.7 mg (43%) as a clear oil from 59.7 @fid.2 using styrene as the alkertel
NMR (400 MHz, CDC}) § 7.63 (ddJ = 8.2, 2.0 Hz, 1H), 7.59 (d,= 2.0 Hz, 1H), 7.30 (dJ

= 8.2 Hz, 1H), 7.28 — 7.23 (m, 2H), 7.22 — 7.17 (i), 7.08 — 7.02 (m, 2H), 3.76 — 3.66 (m,
1H), 3.54 (ddJ = 10.2, 8.5 Hz, 1H), 3.26 (dd,= 10.2, 6.0 Hz, 1H), 3.16 (d,= 7.1 Hz, 4H),
3.05 — 2.99 (m, 2H), 2.97 — 2.85 (m, 5H), 2.75 @d,17.3, 9.4 Hz, 1H), 2.45 (dd,= 17.4,
7.0 Hz, 1H), 1.12 (tJ = 7.1 Hz, 6H) ppm**C NMR (101 MHz, CDC}) § 174.5, 145.5,
140.31, 140.27, 139.0, 128.72, 128.65, 128.58,5K28.26.44, 125.76, 56.9, 42.3, 39.0, 37.7,
34.7,32.1, 30.0, 14.4 pprESI-MS: m/z414.9 [M+HT. HR-MS: m/zcalc. for GaHzoN,03S

[M+H] *: 414.1977; found 414.198HPLC (PP gradient, 1:1 C}&N:H,0): 6.62 min.

4.1.8.2. N,N-diethyl-4-(1-methyl-5-oxopyrrolidinyB-3-(3-
phenylpropyl)benzenesulfonamiddif)

Acquired 27.3 mg (41%) as a clear oil from 59.9 @nd 2 using allyloenzene as the alkene.
'H NMR (400 MHz, CDC}) 6 7.64 — 7.60 (m, 2H), 7.34 — 7.28 (m, 3H), 7.242070m, 1H),
7.20 - 7.16 (m, 2H), 3.69 — 3.59 (m, 2H), 3.36313m, 1H), 3.22 (¢J = 7.2 Hz, 4H), 2.92

(s, 3H), 2.84 — 2.76 (m, 1H), 2.73 — 2.65 (m, 4439 (dd,J = 17.0, 6.4 Hz, 1H), 1.93 — 1.84
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(m, 2H), 1.13 (tJ = 7.1 Hz, 6H) ppm-*C NMR (101 MHz, CDC}) & 174.2, 145.2, 141.44,
141.26, 139.1, 128.65, 128.55, 128.30, 126.49,3824.25.60, 56.8, 42.2, 39.0, 35.7, 33.14,
32.43, 31.98, 30.0, 14.37 ppnESI-MS: m/z 428.9 [M+H]. HR-MS: m/z calc. for
C24H3:N-0sS [M+H]™: 428.2134; found 428.214BIPLC (PP gradient, 1:1 CJ&N:H,0):

6.92 min.

4.1.9. Diastereomer Resolution

A 100 mL oven-dried round-bottom flask with a maimestir-bar was purged with JN
Diisopropylamine (138 mg, 193 uL, 1.37 mmol) wasled via syringe and dissolved in
distilled THF (5 mL). The contents were stirrecgritplaced on a dry ice-bath. While kept at
—78 °C,n-butyllithium (850 uL, 1.37 mmol, 1.6 M in hexaneas then added via syringe and
the contents were stirred for 20 minutes. A sotutid 4-phenylpyrrolidin-2-ond (200 mg,
1.24 mmol) dissolved in distilled THF (10 mL) waddad to the mixture via syringe and left
to stir for 45 minutes. After this timeSENaproxen chloridel6 (617 mg, 2.48 mmol) was
dissolved in distilled THF (10 mL) and added viaisge. The contents were lifted off the
dry ice-bath and allowed to stir at room tempemattor 2.5 hours. Saturated aqueous
NaHCO; (30 mL) was used to quench the mixture, which waen washed with
dichloromethane (3 x 30 mL). The organic layersenambined, dried with MgSQfiltered
and concentrated under reduced pressure to affiearude diastereomers as a solid. The
diastereomers were separated using column chronagtog (Mobile phase: 10% EtOAc in
petroleum benzine, TLCs were checked in 20% EtQApsdtroleum benzine) to afford both

(R,9-17and 6,9-17.

4.1.9.1. (R)-1-((S)-2-(6-methoxynaphthalen-2-ylhauaoyl)-4-phenylpyrrolidin-2-one
((R,S)17)[41]

Acquired 136 mg (29%) as a clear dHf NMR (400 MHz, CDC}) § 7.73 — 7.70 (m, 3H),

7.49 (dd,J = 8.5, 1.8 Hz, 1H), 7.38 — 7.32 (m, 2H), 7.31277(m, 1H), 7.23 — 7.17 (m, 2H),
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7.15 — 7.11 (m, 2H), 5.24 (d,= 7.0 Hz, 1H), 4.20 (dd] = 11.7, 8.2 Hz, 1H), 3.80 (dd,=
11.7, 8.9 Hz, 1H), 3.45 — 3.35 (m, 1H), 2.81 (& 17.4, 9.3 Hz, 2H), 1.56 (d,= 7.0 Hz,

3H) ppm.HPLC (PP gradient, MeOH): 7.74 min.

4.1.9.2. (S)-1-((S)-2-(6-methoxynaphthalen-2-yipairwoyl)-4-phenylpyrrolidin-2-one
((S.S)17)[41]

Acquired 136 mg (29%) as a clear diH NMR (400 MHz, CDC}) § 7.74 — 7.68 (m, 3H),
7.48 (ddJ = 8.6, 1.7 Hz, 1H), 7.20 — 7.12 (m, 4H), 7.12067(m, 2H), 6.98 — 6.92 (m, 2H),
5.24 (q,J = 7.0 Hz, 1H), 4.33 (ddl = 11.7, 7.9 Hz, 1H), 3.93 (s, 3H), 3.70 (dd; 11.7, 6.8
Hz, 1H), 3.56 — 3.43 (m, 1H), 2.94 (db= 17.5, 8.4 Hz, 1H), 2.60 (dd,= 17.5, 8.0 Hz, 1H),

1.58 (d,J = 7.0 Hz, 3H) ppmHPLC (PP gradient, MeOH): 7.64 min.

4.1.10. Chiral Auxiliary Uncoupling

The appropriate imid&7 was weighed in a round-bottom flask, to which aynsic stir-bar
was added. The compound was dissolved in THF a1tV KOH was added. The mixture
was left to stir overnight. After this time, theganic solvent was evaporated off under
reduced pressure, then washed with,Clk (3 x 20 mL). The organic layers were combined,
dried with MgSQ, filtered and concentrated under reduced presturafford the crude
lactams. These were purified with column chromaipby (Mobile phase: neat EtOAc) to

afford each lactam.

4.1.10.1. (R)-4-phenylpyrrolidin-2-one ((R)-

Acquired 47.1 mg (84%) as a white solid from 134 afgR,3-17. [a]p?®- 39.4 € 0.9,
CHCl). 'H NMR (400 MHz, CDC}) § 7.39 — 7.30 (m, 2H), 7.30 — 7.19 (m, 3H), 7.07gpr
1H), 3.83 — 3.74 (m, 1H), 3.68 (dt= 16.9, 8.6 Hz, 1H), 3.42 (dd,= 9.4, 7.2 Hz, 1H), 2.73
(dd,J = 16.9, 8.9 Hz, 1H), 2.51 (dd= 16.9, 8.8 Hz, 1H) ppn*C NMR (101 MHz, CDC})

5178.1, 142.3, 128.9, 127.17, 126.86, 49.7, 4@42 PpmESI-MS: m/z162.0 [M+H]".
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4.1.10.2. (S)-4-phenylpyrrolidin-2-one ((8)-

Acquired 28.4 mg (80%) as a white solid from 81@of (S,9-7. [a]p>*+ 44.8 € 1, CHCE).
'H NMR (400 MHz, CDC}) 6 7.39 — 7.30 (m, 2H), 7.30 — 7.21 (m, 3H), 7.08gbtH), 3.80
(dd,J = 13.2, 4.6 Hz, 1H), 3.69 (di,= 16.9, 8.6 Hz, 1H), 3.43 (dd= 9.4, 7.3 Hz, 1H), 2.75
(dd,J=17.0, 8.9 Hz, 1H), 2.53 (dd= 17.0, 8.8 Hz, 1H) ppnt’C NMR (101 MHz, CDC})

5 178.5, 142.2, 129.0, 127.24, 126.87, 49.8, 4B BpM.ESI-MS: m/z162.0 [M+H]".

4.1.11. Formation of (R)5¢c and (S)i5c

The phenyl NMP isomersR}-5 and §-5 were weighed in separate 10 mL round-bottom
flasks and dissolved in GBI, (4 mL). Chlorosulfonic acid (8 mol. eq.) was th&lowly
pipetted into the mixture at room temperature afttb stir overnight. After this time, the
mixture was quenched with water (10 mL) at 0 °C awadhed with ChkCl;, (3 x 15 mL). The
combined organic layers were dried with MgS®@ltered and concentrated under reduced
pressure to acquire each sulfonyl chloride as hnThese were then re-taken up in £

(10 mL) and diethylamine (10 mol. eq.) was addetlowed by EtN (3 mol. eq.) The
mixture was left to stir overnight, then the excessine was evaporated off with rotary
evaporation. The residue was quenched in watem{lpand washed with Cil, (3 x 15
mL). The organic layers were combined, dried witg3W, filtered and concentrated under
reduced pressure to afford each sulfonamide. Thwese then weighed in separate round-
bottom flasks, to whicN-bromosuccinimide (1.2 mol. eq.) was added, as ash magnetic
stir-bar. Concentrated sulfuric acid (3 mL) wasitlaeded, the mixtures were heated to 60 °C
and the contents were left to stir overnight. Attas time, each mixture was quenched with
water (15 mL) and washed with EtOAc (3 x 15 mL).eTérganic layers were combined,
dried with MgSQ, filtered and concentrated under reduced predsugeve each isomer as

an oil. These were then purified with column chrtwgaaphy (Mobile phase: neat EtOAc) to
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give the bromides. Lastly, the bromides were welgied dissolved in 1,2-dimethoxyethane
(5 mL). Upon addition of each reagent; Was bubbled through the mixture for 5 minutes.
3,4-dimethoxyphenylboronic acid (1.2 mol. eq.) wdsled, followed by 2 M N&O; (5 mL)
and then Pd(PRJx (3 mol%). After addition of Pd(PRh, the mixture was bubbled with,N
for 10 minutes before being sealed under a nitragfemsphere. The mixture was heated
under reflux and left to stir overnight. After thisne, the mixture was quenched with
saturated aqueous NaCl (15 mL) and washed with Et(3Ax 15 mL). The organic layers
were combined, dried with MgSQfiltered and concentrated under reduced pres3dure.
crude products was then purified with column chriwgeaphy (Mobile phase: 8% EtOH in

Et,0O) to afford the respective isomers.

4.1.11.1. (R)-N,N-diethyl-3',4'-dimethoxy-6-(1-ny&roxopyrrolidin-3-yl)-[1,1'-
biphenyl]-3-sulfonamide ((R)5c)

Acquired 5.60 mg (10%) as a clear oil from 22.3oh¢R)-5. *H NMR (400 MHz, CDC}) &
7.78 (dd,J = 8.3, 2.0 Hz, 1H), 7.70 (d,= 2.0 Hz, 1H), 7.47 (d] = 8.3 Hz, 1H), 6.94 (d] =
8.2 Hz, 1H), 6.77 (dd) = 8.1, 2.0 Hz, 1H), 6.73 (d,= 2.0 Hz, 1H), 3.94 (s, 3H), 3.89 (s,
3H), 3.79 — 3.69 (m, 1H), 3.55 (ddi= 9.9, 8.5 Hz, 1H), 3.38 (dd,= 9.9, 6.2 Hz, 1H), 3.26
(q,J = 7.1 Hz, 4H), 2.88 (s, 3H), 2.72 (dti= 17.1, 9.5 Hz, 1H), 2.51 (dd,= 16.9, 7.2 Hz,
1H), 1.16 (tJ = 7.1 Hz, 6H) ppm:>C NMR (101 MHz, CDC}) § 173.3, 149.1, 145.7, 142.8,
140.8, 138.9, 132.2, 128.8, 126.67, 126.64, 121112,4, 111.3, 56.96, 56.20, 56.17, 42.4,
39.8, 33.0, 29.8, 14.5 pprESI-MS: m/z447.2 [M+HT. HR-MS: m/z calc. for GsH3gN,05S
[M+H] *: 446.1875; found 446.188BIPLC (PP gradient, CKCN): 5.91 min.Chiral HPLC :

5.88 min.

4.1.11.2. (S)-N,N-diethyl-3',4'-dimethoxy-6-(1-nye&roxopyrrolidin-3-yl)-[1,1'-
biphenyl]-3-sulfonamide ((S)5c)
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Acquired 2.40 mg (8.4%) as a clear oil from 11.2oh¢S)-5. 'H NMR (400 MHz, CDC}) &
7.78 (dd,J = 8.3, 2.1 Hz, 1H), 7.70 (d,= 2.0 Hz, 1H), 7.47 (d] = 8.3 Hz, 1H), 6.94 (d] =
8.2 Hz, 1H), 6.77 (ddj = 8.1, 2.0 Hz, 1H), 6.73 (d,= 2.0 Hz, 1H), 3.94 (s, 3H), 3.89 (s,
3H), 3.78 — 3.68 (m, 1H), 3.55 (ddi= 9.9, 8.5 Hz, 1H), 3.38 (dd,= 9.9, 6.3 Hz, 1H), 3.26
(q,J = 7.1 Hz, 4H), 2.88 (s, 3H), 2.72 (dti= 16.9, 9.7 Hz, 1H), 2.51 (dd,= 17.0, 7.4 Hz,
1H), 1.16 (t,J = 7.1 Hz, 6H) ppm-C NMR (101 MHz, CDC}) § 128.8, 126.68, 126.65,
121.5, 112.4, 111.3, 56.97, 56.21, 56.17, 42.48,3%3.1, 29.8, 14.5 ppnESI-MS: m/z
447.2 [M+HT. HR-MS: m/z calc. for GzH3oN>OsS [M+H]": 446.1875; found 446.1886.

HPLC (PP gradient, CECN): 5.91 minChiral HPLC : 4.75 min.

4.2. Fluorescence Resonance Energy Transfer Assay

The 1Ges were measured using a Fluorescence ResonancgyEhansfer (FRET) assay,
which was carried out based on the protocol dewsldpy CisBio Assay, France. The assay
consists of a europium (E) cryptate-conjugated antibody attached to gluterhiS
transferase (GST) fused to BRD4 BD1 (49-170) amdpBavidin-D2 bound to biotin which
is attached to a Histone H4 peptide, SGRG-K(Ac)-K@B¢)-GLG-K(Ac)-GGAK(AC)-
RHRKVGG-K (Biotin). Both Streptavidin-D2 and the Eucryptate-conjugated antibody
were purchased from CisBio Assays. In the absehaghibitors, the Histone H4 peptide is
bound to BRD4 BD1. When both are in close proximéy337 nm laser light activates the
Eu®* donor and emits at 620 nm, which causes D2 todlm® at 665 nm. In the presence of a
ligand, this reaction is interrupted. The assaysewserformed in 384-well small volume
microtiter plates. The serially diluted small malkx inhibitors were added to a buffer
mixture with a final concentration of 1% DMSO. Tieal buffer concentrations were 10 nM
of GST-BRD4 BD1, 40 nM of Histone H4 peptide, 5 mfIEW*" cryptate-conjugated GST-
antibody, 6.25 nM Streptavidin-D2, 50 mM Hepes,nal NaCl, 0.5 mM CHAPS, 400 mM
KF, 0.01% BSA, pH 7.5. After mixing and incubatiahroom temperature for at least 1.5
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hours, the plates were measured in a PheraStar nglatler (BMG Labtech) (excitation: 337

nm with 10 flashes; emission: 620 and 665 nm).

4.3. Crystallisation and Data Collection

X-ray crystal structures were obtained using a $-tdigged bromodomain, BRD4 BD1,
which was expressed in E.coli and purified usingabfarose chromatography. The 6-His tag
was then removed by TEV protease digestion. Thenbdomain was purified using gel
filtration chromatography using a Superdex-75, Q6¢6lumn (GE Healthcare) in a buffer
containing 50 mM Hepes pH 7.5, 0.3 M NaCl and 5%egtol. The concentrated BRD4 BD1
protein (17 mg/ml) was then incubated with 50 mMtwd ligand at 4 °C for 16h. The final
ligand concentration used in the hanging drop wasMa Crystals were obtained using the
hanging drop method in 24-well plates using 1 olpdrof protein and the reservoir solution
containing 0.2 M NaNg) PEG-3350 (35%) and ethylene glycol (6% v/v) conions.
This was then flash frozen in liquid nitrogen. Aitasets were collected at the Australian
Synchrotron on MX1 and MX2 beamlines.[49] Datasetye merged and scaled using
MOSFLM50] andAIMLES$51] from the CCP4 suite.[52] 5% of reflectionsaach dataset
were flagged for calculation ofs® A summary of statistics is provided in Suppleraent
Table S1. Molecular replacement was performed whhase[53] using a previously solved
structure of BRD4 as a search model (PDB: 5DW2g fiimal structures were obtained after

several rounds of manual refinement ustap{54] and refinement witpphenix.refing55]
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Highlights

Fragment Based Drug Design (FBDD) from the solvent N-methylpyrrolidine (NMP) as BET

bromodomain inhibitors.
Successive aromatic substitution reactions to build inhibitors ~200-fold more potent than NMP.

Chiral and Enantiopure synthesis of phenyl-NMP and derivatives.

Crystal structure show pose switch of most potent inhibitor.

Medicinal Chemistry

Monash Institute of Pharmaceutical Sciences

381 Royal Parade, Parkville

Telephone +61 3 9903 9672 Facsimile +61 3 9903 9582
Philip. Thompson@monash.edu

www.monash.edu.au

ABN 12 377 614 012 CRICOS provider number 00008C



Declaration of interests

The authors declare that they have no known competing financial interests or personal relationships
that could have appeared to influence the work reported in this paper.

[(IThe authors declare the following financial interests/personal relationships which may be considered
as potential competing interests:




