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1. Introduction

Psoriasis is a chronic autoimmune disease chaizetey thick, red and scaly lesions that affeétsdf the population worldwide.
Psoriasis, among other autoimmune diseases, ivbdlito be caused by pro-inflammatory cytokined TLproduced by differentiated
pathogenic T-helper 17 cells (TH-1¥7)With a direct impact on the IL-17 pathway, ROR a highly sought after target for the
treatment of autoimmune disease and in particulgrsoriasis’. Proof of concept was achieved with Vitae's VTP4374@ several
molecules have now followed suit in clirfic.

In recent communications, we described the desighsgnthesis of a novel class of bis(aryl) sulforderbased ROR inverse
agonists.® During our SAR (structure-activity relationship) aBBR (structure-property relationship) investigatisulfoximinel was
identified as a key molecule to target. The suliirie motif has attracted much attention in drugal®ry with kinase inhibitors
Roniciclib, Atuveciclib(BAY 1143572) andCeralasertib(AZD 6738) under clinical evaluatidhin our specific case, the sulfoximine
residue, a recognized alcohol bioisosterejas identified as part of a broader exploratiomtmduce hydrophilicityo one of GSK’s
lead compounds (Figure 1 Retrosynthetic analysis dfdrove us to consider 2 approaches: 1) a lineavergent route whereby the
sulfoximine would be introduced at the end of theusmce preceded by sulfonamide coupling from coroiaiéy-available sulfonyl
chloride 6 and aniline5 followed by aryl methyl ether deprotection, alkida and Pd-catalysed thioether formation; and Z)uch
more appealing divergent route allowing variatioritef key vector of interest at the end of the raiaeSAr or PGM (platinum group
metal) catalysis preceded by sulfoximine formatisalfonamide coupling requiring access to unknowifosyl chloride 9 that we

anticipated to be achlevable through a 4-step agpretarting froniO.
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Figure 1. Retrosynthetic analysis of racemic sulfoximine ¢adg
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2. Results and discussion
2.1.Medicinal chemistry: vector exploration

Our first successful route td focused on a linear convergent approach startiogn fcommercially-available 3-bromo-4-
methoxybenzenesulfonyl chlorid&)( Coupling with aniline5 afforded 4 followed by revelation of the phenol moiety through
dealkylation of the aryl methyl ether using thiopblate to afford 11.° Alkylation of phenol derivativell with 4-
(bromomethyl)tetrahydrot2-pyran affordedl2. Transformation to thioethé& was achieved in a respectable 67% isolated yigltjus
palladium catalysi$’ Finally, transformation to sulfoximing was achievedia first transformation to sulfoxidd3 followed by
rhodium-catalyzed sulfoximine formation using triffoacetamide as the imine source as describedlmy Bnd co-workers (Scheme

1).
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Scheme 1. Route A: First route to our racemic sulfoximineget 1. Reagents and conditions: a) pyridine, THF, 68%; b)
thiophenol, CgCO;, DMF, 100 °C, 80%; c) GEO,;, DMF, 80 °C, 87%; d) Pdba, Xantphos, CkENa, DIPEA, 1,4-dioxane, r.t., 67%;
e) mCPBA, DCM, r.t., 63%; f) Trifluoroacetamide, KBAc),, MgO, PhI(OAc), DCM, 40 °C; g) KCO;, MeOH, r.t., 30%

Encouraged by thia vitro activity of racemicl,” we decided to focus on building our SAR knowledgekyloring the vector from C-
4 (diversification point 3) and assessing the égtiof the individual enantiomers. To prepare oay lsulfonyl chloride building block
(9),"* we targeted 2-bromo-5-nitroanilin&0) as the starting material. Formation of thiocyariat through diazotisatiori followed by
reductiort* andin situ alkylation of the thiol moiety with dimethylsulfafeafforded thioethed5. Reduction, followed by a second
diazotisation ste} afforded our key sulfonyl chloride building blo8kwhich was in turn coupled with anilifieto afford sulfonamide
16. Unfortunately, from sulfoxidel7, we achieved a very poor conversion to sulfoximgemploying the rhodium catalyzed
methodology' that we used previously which could be explainedheypresence of the bromine atom that both lowettenphilicity
of the thioether moiety compared to sulfoxitié and creates considerable steric hindrance. Howemreerdion of the steps, by
formation of sulfiliminel8 followed by oxidatio’ and cleavage of the trifluoracetamide moiety aféaf an acceptable overall yield of
our key library precursd with two orthogonal diversification points (Schem)e 2
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Scheme 2. Route B: Route to sulfoximine building bloBkReagents and conditions: a) NalNQSCN, CuSCN, 0 °C-r.t., 2 h, 63%; b)
NaOH (aq), NaBH Me,SQ,, 2 h, 84%; c) Fe(s), NjEI, MeOH-H,0 (2:1), reflux, 2 h, 53%; d) NaNQSQ, in AcOH, CuC}, -10 °C-
r.t., 46%; e) pyridine, THF, r.t.,, 16 h, 78%; f) ABA, DCM, r.t., 30 min., 75%; g) trifluoroacetamidet,(OAc),, MgO, PhI(OAc),
DCM, r.t., 48 h; h) KCO,;, MeOH, r.t., 11%; i) NaH, trifluoroacetamide, 1,3-dibro-5,5-dimethylhydantoin, THF, 0 °C-r.t., 2 h, 7.3%
i) KoCOs, mCPBA, 0 °C-r.t., 16 h, 54%.
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Scheme 3. Route C: Alternative unoptimized route to sulfoxisnbuilding block8. Reagents and conditions: a) CE5IO0 °C-150 °C,
6 h, 78%; b) pyridine, THF, r.t., 16 h, 80%; c) BRbluene, 90 °C, 10 min. quant.; d) MeLGQO;, DMF, r.t., 20 min., 64%; e) NaH,
trifluoroacetamide, 1,3-dibromo-5,5-dimethylhydantdrHF, 0 °C-r.t., 2 h, 73%; f) }CO;, mCPBA, 0 °C-r.t., 16 h, 54%

While our route to our sulfoximine building blo&furnished the project with gram quantities8fthe sequence was very long with
two sensitive Sandmeyer steps to control and aftbedeoverall yield of just 13% to sulfonyl chlori@eand 4% td8. Moreover, the
alkyl group of the sulfoximine moiety (diversifigan point 1) was fixed early on in the sequence timging diversity (Scheme 2).
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Going forwards in the project, we explored a safeliclgr and more versatile route starting from conuiadiy-available 4-
bromobenzenesulfonyl chloridd9) whereby the key step concerned the differentiadbibis(sulfonylchloride) intermediat20 to
access21 (Scheme 3). Briefly, careful chlorosulfonylationfatled 20 in excellent yield that can also be prepared tliyeftom
bromobenzenéDespite the generally surprising absence of litzeasupporting the differentiation of the two chisutionyl groups of
20, we envisioned that the steric hindrance of the l@émnine atom and our hindered secondary anilinéfrabould increase our
chances of obtainingl with high regioselectivity. To our delight, throughareful dropwise addition of aniline to 20, the desired
sulfonamide regioisomel was obtained in 80% isolated yield with only traoéshe undesired regioisomer. From here, reduatfon
21 to the versatile and stable thiophenol intermed22tevas achieved in quantitative yield using triphehggphiné® permitting late
stage variation of the alkyl vector of the sulfokie moiety (diversification point 1)lo complete the sequence, we employed the
sulfoximine protocol described in Scheme 2 and vatte to prepar8 in a much improved overall yield of 15% over 6pst¢Scheme
3).

With these routes in hand, we gained access torlgigentities of intermediat@to study SARs from C-4. Although&r reactions on
haloarenes with unprotected sulfoximines atdhbo position have not yet been reported and theralig @ane reference at thgara
position with a fluorine atom as the leaving grdtipse preferred to explore the/& option first owing to the ease of preparing large
libraries compared to palladium or copper catalyzextessed From our model experiments using an excess ahttgtiro-H-pyran-
4-yl)methanamine as the nucleophile, product wasmks using the most reactiyefluoro derivative albeit in poor yield and
conversion (entry 1). While we also expected a y@gr reaction with bromide substrate having a deatotg SMe group at C-3
(entry 2), we were surprised to observe only traceuats of substituted product with an unprotecteébgirhine group at C-3 (entry
3). However and to our delight, using intermediges the substrate, the desired prod3civas afforded in 93% isolated yield at just
room temperature (entry 4, Table 1).

Table 1. SAr trials on8 and related structural motifs

NH, R,

Ry
R R; see Table 1 D/
—_—
fo) X HN
ﬂ

Entry Compound X R R, Conditions Yield %
P
e \N/Y
12 - F H 70°C,3d 45
Q\S//O
* \N/\r
2 - Br MeS-* 150 °C traces
3 - Br MeNH(O)S-* H 180 °C traces
QL
4 23 Br MeNH(O)S-* N/Y r.t. 93%

2 a 3-fold of excess of amine in DMF (5 volumes) wasd)® amine used as solvent

0

HN, 0 Q j/ HN\\ 7 g HN\\ /,0 ﬁ
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Scheme 4. Preparation of enantiomers bf Reagents and conditions: a) (tetrahydrb/ran-4-yl)methanol, NaH, DMF, r.t., 16 h,
84%; b) a solution of 20 mg / mL was purified bycktinjection using SFC chromatography to affédd(35.4%) an®5 (37.3%)
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Using8 as our diversification point, we prepared a vergédibrary of final compounds through/a reaction with alcohol, amine and
thiol based nucleophiles in order to thoroughly les the SARs from vector C-4 while retaining thdfaximine motif in place.
However, despite the large number of final compowndduated (>100 final compounds), no improvemergr @ur original hit was
made. Going forwards in the program, we decided tdoéxthis strategy to preparg in large quantity in order to separate the
enantiomers and compare their individual actiuityitro andin vivo. From this head-to-head property evaluation, thg significant
difference observed between the first eluting faaci(R4) and the second eluting fractio?5} was in potency.Enantiomer24 was ~2
fold more potent, therefore, we selecBadfor chemical development with no knowledge of itsabte configuration (Scheme 4).

2.2.Chemical development of the clinical candidate

In order to start early formulation activities apdrsue the biological evaluation of the candidi&eger quantities of drug substance
were required. At that point it became critical téedmine its chirality (Figure 2). Isolation of theast active enantiome2g) by chiral
HPLC followed by salt formation with B-(-)-10-camphorsulfonic acitlallowed for single crystal X-Ray diffraction andr#tution

of the R configuration to the sulfoximine stereocenter. r@hiesolution of the racemate with chiral sulfoamds was attempted but
was unsuccessful.

Figure 2. X-Ray of least active enantiom2s.camphor sulfonate

Route A was not really appealing for several reaséremd 4-(bromomethyl)tetrahydropyra8) @re not commercially available on
large scale, use of thiophenol and sodium methaiate is not preferred on scale and final sulfarieninstallation was low yielding.
To meet the project’s timelines, early stage prec@svelopment activities were initiated to ensurensoth scale-up of second
generation route B. Scale-up of the first stepsvgrlocomplicated: conversion dD to 14 involved energetic intermediates and
purification of14 was difficult, rendering chromatography impossitdl@vercome. On scale the reaction was not robustimilertant
batch to batch yield variations. Thiocyanate reiducand alkylation scaled up smoothly but involtegic reagents. Nitro reduction
followed by the second diazotization was also cundmesinvolving once again highly energetic internagel along with lack of
robustness. Several campaigns at 100 g scale weessay to furnish ultimately 500 g @f

Most of our efforts were turned toward the last stphe synthesis focusing mainly on the improvet@drintermediate isolation and
purification and on a robust and scalable introiicdf the sulfoximine moiety. Aniling is not commercially available on large scale
and was prepared by reductive amination and isolmtedgh yield and purity as a hydrochloride s&tom 5.HCI, a convenient
coupling process witB was devised. The 2 solids were suspended in acd®ait50 °C and coupling occurred smoothly upoREA
(N,N-diisopropylethylamine) addition. After addition &N aqueous HCI, the product crystallized out and vedieated by filtration
before being recrystallized (wet) in purrOH.16 was obtained in good yield and high purity at >80&cale. Sulfoximine formation
was challenging on large scale. Formation of trifhametyl sulfiliminel18 could be scaled up with minimal modifications (NaH
replaced with safem-HexLi) but concomitant sulfoxide formation (15-18%epending on batches) could not be avoided.
Recrystallization from iPrOH:water was necessary tmiakte this impurity, reducing the overall yield Z©% at 50 g scale. Further
oxidation of the trifluoroacetyl sulfilimine to theorresponding sulfoximine was not an easy task. Ajrahoxidants tested (MCPBA,
H,0,, Oxone, KMnQ, NaOCI, RuC]...), only Ru based oxidation systems were able tivelethe sulfoximine as the major product.
However, high amounts of RuGup to 30 mol%) and 4 to 6 equivalents of co-omidaere required, with conversion stalling at ~70%.
This prompted us to investigate other sulfilimireesl preliminary experiments rapidly showed that atiah of cyanosulfilimine to
cyanosulfoximine were much cleaner and higher yigjéi Ru based oxidation systems were once again affprifie best reaction
profiles and after complete optimization of thet2ps, a convenient and scalable access to the syfioximine 27 was devised
(Scheme 5)16 was converted to the cyanosulfilimi@@ using cyanamide with NBS as oxidant and potasseartsbutoxide as base in
a THF-MeOH mixture27 crystallized out of the reaction mixture upon &iddi of an agueous sodium metabisulfite solutiod ams
easily isolated in high yield and high purity (89f¢&ld, >97% purity at 500g scale). Oxidation 2 to cyanosulfoximine28 was
performed in a DCM-MeCN-water mixture with R4G2 mol%) and periodic acid as a co-oxidant. Cotep®nversion was reached
within two hours and after workup and solvent switctatmixture ofiPrOH-DIE-acetone, cyanosulfoximir28 crystallized and was
isolated in 82% yield and >96% purity at 500 g sc&br a more efficient process, remaining stepan@ moiety hydrolysis and,8r)
were combined. Upon treatment with TFA in wet DEMyude cyanosulfilimin€7 was converted to the crystalline and easily isdlate
urea29. Concomitant urea hydrolysis angA$ were achieved by treating the crude urea with 4hwyymethyl)tetrahydropyran and
cesium carbonate in 1,4-dioxane under reflux. A@mnpletion of the reaction and base filtration, final productl was crystallized
out of the reaction mixture as a tosylate saltbéng a very efficient impurity purging. Free-bagiwas achieved readily from 2-
methyltetrahydrofuran/aq. NaOH and after a solventcéwio acetone-TBME]L was crystallized and isolated in good yield anchhig
purity (72% vyield, >98% purity, 400 g scale).
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Scheme 5. Route D: Optimized route to deliver 100 g 28. Reagents and conditions: a) NalNRSCN, CuSCN, 0 °C-r.t., 2 h, 50%;
b) NaOH (aq), NaBk Me,SO,, 2 h, 50%; c) Fe(s), NiEI, MeOH-H,0 (2:1), reflux, 2 h, 82%; d) NaNOSG; in AcOH, CuC}, -10
°C-r.t., 30%; e) Isobutyraldehyde, NaBH(OAC)BME, 23°C, 18 h then 3M HCI in CPME, 75%; f) DIPEMeCN then 1N HCI; g)
iPrOH, 89% over 2 steps; h) Cyanamide, NBBUOK, MeOH-THF (2:1), 89%; i) Rug(1.5 mol%), HIOs, DCM-MeCN-H,0
(2:2:1); j)iPrOH, acetone, DIE, 93% over 2 steps; k) TFA, DCMHA40:1), 85%; |) CLO;, 1,4-dioxane, reflux, 24 h then p-TsOH,
acetone; m) NaOH (aq), 2-methyltetrahydrofura®®H70%; n) chiral HPLC, chiralpack AD

While scaling up this route, the search for a maable approach for larger scale production wasped. We focused on the following
criteria: 1) shorter sequence; 2) readily availaedotel cheap starting materials; and 3) possibleeeaparation of the enantiomers.
Route C, involving the two chlorosulfonyl group @iféntiation (Scheme 3) was briefly explored but whitdl suited for small scale
production, the anticipated low stability @0 and the harsh reaction conditions of its formatieere not suitable for large scale
production* A good compromise was found using the syntheticvpayhdescribed in Scheme 6 and demonstrated on nig $ea
Hydroxythioanisole 30), a cheap and readily available compotthdan be reacted with 4-(hydroxymethyl)tetrahydropytader
Mitsunobu conditions to delive3l in high yield. Conducting the reaction in toluamigh DEAD/PPHh as the activating agent allowed
easy removal of all by-products without chromatogsapPhPO was removed by addition of Mg@b the reaction mixture triggering
the formation of an insoluble MgEPhPO compleX and reduced DEAD could be removed by crystallizatipan heptane addition.
Cyanosulfilimine formation using the previously iopized conditions worked in 55% vyield after crystation albeit on small scale.
Oxidation of32 to the corresponding cyanosulfoximine under Ralgais worked well, furnishin@3 in 40% vyield (not optimized).
When 33 was treated with chlorosulfonic acid, a clean anity fregioselective chlorosulfonylation at C5 tookage. The crude
sulfonylchloride was directly engaged in a coupktgp with5.HCI delivering34 in 40% yield over 2 steps. Accessltoould then be
completed by converting cyanosulfoximine into tleeresponding trifluoroacetamide using TFAA followed toydrolysis with KCOs;

in MeOH. A lot of development work still remains totiopize and ensure complete robustness but thislrep@roach reduces the
longest linear sequence to only 6 steps and cireatsvthe use of expensive starting materials.sth affers interesting possibilities
such as earlier enantiomers separation by chiralGH&th cyanosulfoximin@3 or a possible enantioselective version by condgcai
chiral oxidation of sulfid@1 to the corresponding sulfoxide followed by iminatiasing Bolm’s method*
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5.HCI

Scheme 6. Route E: Last generation route towards racelmiReagents and conditions: a) BADEAD, toluene; b) MgG| heptane-
toluene, 92% over 2 steps; c) Cyanamide, NEHBJOK, MeOH-THF (2:1), 55%; d) Rug(1.5 mol%), HIOs, DCM-MeCN-HO
(2:2:1), 40%; e) HSELI, DCM, 0°C; f) DIPEA, DCM, 40% over 2 steps; g) TFAA, BICh) K,CO,;, MeOH, 75%.

3. Conclusion

In conclusion, we have developed five novel racemites (A,B,C,D and E) to a potent sulfoximine-baR€Ryt inverse agonist.
For exploratory medicinal chemistry, diversity-ariated routes B and C were particularly appealingpeg facilitated late stage
variation, particularly from our key exploratoryoter C-4 but also frorsandN of the sulfoximine moiety.Out of the three routes
explored during the medicinal chemistry phase, B&uwas retained and further optimised to deliverfitst 100 g of our lead
candidate24. Further route scouting led to the discovery ofiRcE, a much more efficient and convergent 6-stefe offering
potential avenues to develop an enantioselectipeoagh that is under investigation in our laboratr

4, Experimental

4.1. General methods

'H NMR spectra were recorded on a BRUKER Biospin

AVANCE 400 spectrometer. Chemical shifts are reported a
values downfield from internal TMS in appropriategamic
solutions. The abbreviations used for explainirgniultiplicities
were as follows: s = singlet, d = doublet, t = triptg= quartet, m
= multiplet, br = broad. High resolution mass (ESIMR was
recorded on a Thermofisher Q Exactive™ Hybrid Quadlep
Orbitrap™ Mass Spectrometer. The relative purity e mass
of the products were confirmed by UPLC-MS (220 nn4&f)
nm) on a Waters acquity uplc photodiode array detexystem
using the following conditions: Column, BEH C18 5 2mm;
1.8 um; Solvent A, water 0.1% formic acid or water ammm
carbonate 2 g/l; Solvent B, GEN; flow rate, 0.8 ml/min; run
time, 2.2 min; gradient, from 5 to 95% solvent Bass detector,
Waters SQ detector. For route D, in process contwese
performed using the previously described HPLC-MSddtions
and relative purity was assessed by HPLC on an Ag#igstem
using the following parameters: column Acquity BEH CIL&
pm 2.1*150 mm, flow rate= 0.8 mL/min, 14.0 min rusejvent
system: MeCN+0.1% HCOOH, ;8 +0.1% HCOOH, gradient:
10% to 35% MeCN from 0 to 10 min, and 35% to 95%nfrb0
to 14 min. All compounds for routes A, B and C wereifird by
LC/MS on a waters Autopurification system using tbkofving
conditions unless otherwise stated: Column, Xbridg&8 C
150*30mm, 5um; Solvent A, water 0.1% formic acid orteva
ammonium carbonate 2 g/l; Solvent B, £M; flow rate, 50
ml/min; run time, 10 or 15 min; with adapted isoratlution
mode; mass detector, Waters ZQ detector. Enantionpeniity
was determined by chiral SFC under the following dtoms:

column: 1A fum x 4.6 x 250mm; flow rate= 4.0 mL/min; co-
solvent: EtOH 35%; isocratic conditions.

4.2. Route A: First route to racemic sulfoximinetarget 1
4.2.1. 4-Ethyl-N-isobutylanilines}

To a stirred solution of 4-ethylaniline (94.8 mL76 mol), was
addediso-butyraldehyde (63.3 mL, 0.69 mol) in THF (1.0 ljda
the reaction mixture was stirred at 2-methyltetrabfudtan
temperature for 30 minutes, cooled to 0 °C and NaBH{©QAc
(162 g, 0.76 mol) was added portionwise while keepimg
temperature below 25 °C. The reaction mixture wasestiat
room temperature for 16 h, quenched with water (109 amd
extracted with EtOAc (2 x 200 mL). The organic phasese
combined, washed with brine (100 mL), dried over Mga@d
concentrated to dryness to afford a pale brown wesid he
residue was purified by flash chromatography elutingh
heptane-DCM (0-100%) to afford the title compoubd {11 g,
90%) as a pale orange oil: UPLC-MStz=1.10 min,
purity=100%), ESIm/z 179.20 (M+HJ; '"H NMR (DMSO-d) 6
0.91 (d,J=6.6 Hz, 6H), 1.10 (tJ=7.6 Hz, 3H), 1.80 (m, 1H),
2.42 (q,J=7.6 Hz, 2H), 2.77 (ddJ=6.7, 5.5 Hz, 2H), 5.35 (t,
J=5.7 Hz, 1H), 6.40 — 6.56 (m, 2H), 6.77 — 7.01 (m, 2H).

4.2.2. 3-Bromo-N-(4-ethylphenyl)-N-isobutyl-4-megrox
benzenesulfonamidd)(

3-Bromo-4-methoxy-benzenesulfonyl chloride (4.83 6.9
mmol) was added portionwise to a stirred solutiod-athyl-N-
isobutylaniline 6, 3.00 g, 16.9 mmol) and pyridine (8.19 mL,
102 mmol) in THF (60 mL). The reaction mixture waisred at
r.t. for 5 h, quenched with water (10 mL) and ex&dctvith
EtOAc (2 x 30 mL). The organic phases were combineghac
with 1.0 M HCI (aq) (10 ml), brine (10 mL), dried avielgSO,
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and concentrated to dryness to afford an orangeluesThe = acetone)palladium (0) (0.53 g, 0.92 mmol) ansodium
crude product was purified by flash chromatographgireg with methanethiolat€0.35 g, 5.06 mmol) in 1,4-dioxane (23.5 mL)
heptane-EtOAc (0-20%) to afford the title compound$4g,  purged with argon, was added 4,5-bis(diphenylphosptirp-
65%) as a white solid: UPLC-MSg£1.51 min, purity=100%), dimethylxanthene (0.21 g, 0.37 mmol). The reactiorture was
ESI m/z 426.10 / 429.08 (M+H) 'H NMR (CDCL) § 7.77 (d,  heated at 90 °C for 16 h, cooled to r.t. and digietween water
J=2.2 Hz, 1H), 7.50 (ddJ=8.6, 2.2 Hz, 1H), 7.23 — 7.11 (m, (10 mL) and EtOAc (50 mL). The organic phase was ctal
2H), 7.02 — 6.95 (m, 2H), 6.92 (378.6 Hz, 1H), 3.98 (s, 3H), washed with brine (2 x 5 mL), dried (Mg9Qand concentrated
3.30 (d,J=7.4 Hz, 2H), 2.67 (aJ=7.6 Hz, 2H), 1.69 — 1.56 (m, to dryness. The residue was purified by flash chtography
1H), 1.26 (1,J=7.6 Hz, 3H), 0.93 (dJ=6.7 Hz, 6H);"°C NMR eluting with heptane-EtOAc (0-30%) to afford the tittmpound
(101 MHz, DMSO€) 6 158.8, 143.6, 136.5, 131.7, 130.6, 128.9,(1.75 g, 59%) as a pale yellow solid: UPLC-M8=(.48 min,
128.3, 112.8, 110.9, 57.1, 57.0, 27.7, 26.4, 15674. purity=100%), ESIm/z 478.23 (M+HYJ; 'H NMR (400 MHz,
CDCly) ¢ 7.31 (dd,J=8.5, 2.2 Hz, 1H), 7.09 — 7.00 (m, 2H), 6.93
4.2.3. 3-Bromo-N-(4-ethylphenyl)-4-hydroxy-N-isgfbut (dGJEi%(LnHZZH)ZS)YS;’(A% ?m5 ga)lg)lg?dld=733905(;nH22H)2|_3l)86
benzenesulfonamide1) 2.56 (q, J=7.6 Hz, 2H), 2.16 (s, 3H), 1.73 (m, 2H), 1.49
To a stirred suspension of 3-bromei-ethyl-phenyN-  (Overlapping s and m, 3H), 1.30 — 1.02 (m, 3H), d&3)=6.8,
isobutyl-4-methoxy-benzenesulfonamidg 6.0 g, 11.7 mmol) 6H).
and CsCO; (4.58 g, 14.1 mmol) in DMF (100 mL) , was added

thiophenol (1.32 mL, 12.9 mmol). The reaction migtuvas 45 g N-(4-Ethylphenyl)-N-isobutyl-3-(methylsulfjr4-

stirr_ed at 1(_)0 °C, tre_ated W!th a saturated aquesmhs;tion_ of ((tetrahydro-2H-pyran-4-yl)methoxy)benzenesulfonarfiap
sodium sulfite and dlitued with EtOAc (100 mL). Theacgon

mixture was extracted with EtOAc (2 x 100 ml) and thgaoic  To a stirred solution of N-(4-ethyl-phenyl)N-isobutyl-3-
phases were combined, washed with water (2 x 50 migddr methylsulfanyl-4-(tetrahydro-pyran-4-ylmethoxy)-lzeme-
over MgSQ and concentrated to dryness. The residue wasulfonamide (500 mg 0.73 mmol) in DCM (7.0 mL) &t@ was
purified by flash chromatography eluting with he@d&ftOAc  added mCPBA (131 mg, 0.59 mmol). The reaction méxtwas
(0-80%) to afford the title compound (3.87 g, 808&6) a white stirred at r.t. for 30 minutes, quenched with a 10%) aqueous
solid: UPLC-MS {z=1.36 min, purity = 100%), ESh/z413.96 /  solution of NaS,0; and extracted with DCM (20 mL). The
415.82 (M+HJ; '"H NMR (400 MHz, DMSOdg) 6 11.44 (br s, organic phases were washed with 0.1 M NaOH (aq), briied d
1H), 7.49 (dJ=2.3 Hz, 1H), 7.37 (dd]=8.6, 2.3 Hz, 1H), 7.26 — over MgSQ and concentrated to dryness. The residue obtained
7.15 (m, 2H), 7.06 (dJ=8.6 Hz, 1H), 7.01 — 6.92 (m, 2H), 3.28 was purified by flash chromatography eluting with taee-
(d, J=7.3 Hz, 2H), 2.60 (pJ=7.6 Hz, 2H), 1.40 (m, 1H), 1.18 (t, EtOAc (0-100%) to afford the title compound (235 r6§%) as
J=7.6 Hz, 3H), 0.84 (dJ=6.6 Hz, 6H);"°C NMR (101 MHz, a white solid: UPLC-MSt4=1.32 min, purity=100%), ESin/z
DMSO-ds) & 158.2, 143.5, 136.6, 132.1, 129.0, 128.3, 116.4494.22 (M+HJ; 'H NMR (400 MHz, DMSO#d,) 6 7.78 — 7.59
109.4, 57.1, 27.8, 26.4, 19.7, 15.4. (m, 2H), 7.34 (dJ=8.5 Hz, 1H), 7.26 — 7.11 (d=8.4 Hz, 2H),
7.01 - 6.89 (dJ=8.4 Hz, 2H), 4.18 — 3.97 (m, 2H), 3.90 (ddd,
) J=11.6, 4.6, 1.9 Hz, 2H), 3.32 (m, 2H), 2.74 (s, 3HRO2(q,
4.2.4. 3-Bromo-N-(4-ethyIphenyl)-N-|spbutyl-4-(|(daélydro-2H- J=7.6 Hz, 2H), 2.05 (m, 1H), 1.65 (m, 2H), 151 - 1.86 3H)1
pyran-4-yl)methoxy)benzenesulfonamiti2) ( 1.18 (t,J=7.6 Hz, 3H), 0.85 (t/=6.8 Hz, 6H).

To a stirred suspension of 3-brome-ethyl-phenyl)-4-
hydroxy-N-isobutyl-benzenesulfonamidel( 2.20 g, 5.34 mmol) , 5 7 N-(4-Ethylpheny!)-N-isobutyl-3-(S-methylsniifoidoy1)-4-

and CsCO; (3.48 g, 10.7 mmol) in DMF (44 mL), was added 4- (ietrahydro-2H-pyran-4-yl)methoxy)benzenesulfonartijie
(bromomethyl)tetrahydropyran (1.15 g, 6.40 mmobheTeaction

mixture was stirred at 80 °C for 16 h, cooled toartd quenched To a stirred solution of N-(4-Ethylphenyl)N-isobutyl-3-
with water (5.0 mL). The reaction mixture was extrecteth (methylsulfinyl)-4-((tetrahydro-B-pyran-4-yl)methoxy)benzene-
EtOAc (2 x 50 mL) and the organic phases were combinedulfonamide(230 mg, 0.47 mmol) in DCM (11.5 mL) purged
washed with a saturated solution of sodium carborfaiee,  with argon, was added 2,2,2-trifluoroacetamide (132 h16
dried over MgS@and concentrated to dryness. The residue wammol), rhodium(ll) acetate dimer (30.9 mg, 70 pmol)
triturated with heptane and the solid obtained wdkeated by  magnesium oxide (93.9 mg, 2.33 mmol) and iodobemzen
filtration and dried to a constant weight in a vaouaven at 40 diacetate (285 mg, 0.89 mmol). The reaction mixiues stirred
°C to afford the title compound (2.36 g, 87%) awhite solid:  at r.t. for 16 h, filtered through a pad of Celite®d concentrated
UPLC-MS (-=1.52 min, purity=100%), ESh/z510.11 / 512.11 to dryness. The residue was dissolved in MeOH (11.5 amd
(M+H)"; *H NMR (400 MHz, CDC)) ¢ 7.77 (d,J=2.3 Hz, 1H), K,CO; (322 mg, 2.33 mmol) was added and the reactiorungix
7.46 (dd J=8.6, 2.3 Hz, 1H), 7.21 — 7.09 (m, 2H), 7.04 — 6.93 (mwas stirred for 30 minutes. Water (2.5 mL) was added the
2H), 6.87 (dJ=8.6 Hz, 1H), 4.07 (dddl=11.6, 5.0, 1.8 Hz, 2H), reaction mixture was extracted with EtOAc (2 x 20 mhe
3.94 (d,J = 6.4 Hz, 2H), 3.50 (tdJ=11.6, 2.1 Hz, 2H), 3.29 (d, organic phases were combined, washed with brine, dnied
J=7.3 Hz, 2H), 2.67 (qJ=7.6 Hz, 2H), 2.19 (m, 1H), 1.83 (m, MgSQ, and concentrated to dryness. The residue was gulikify
2H), 1.67 — 1.49 (m, 2H), 1.26 (7.6 Hz, 3H), 0.93 (dJ = 6.6  flash chromatography eluting with DCM-MeOH (0-5%) féoad
Hz, 6H). the title compound (91.4 mg, 39%) as a white sdlifL.C-MS
(tz=1.33 min, purity=100%), ESh/z509.33 (M+HJ; 'H NMR

_ ) (400 MHz, DMSO¢g) 6 8.00 (dJ=2.4 Hz, 1H), 7.67 (dd]=8.8,
4.2.5. N-(4-Ethylphenyl)-N-Isobuty|-3-(methylth|0)-4 2.4 Hz, 1H), 7.39 (dJ=88 Hz, 1H), 7.21 (dJ:84 Hz, 2H), 7.01
((tetrahydro-2H-pyran-4-yl)methoxy)benzenesulfonanijie (d, J=8.4 Hz, 2H), 4.41 (s, 1H), 4.11 (m, 2H), 3.96 — 3.88 (

To a stirred solution of 3-bromi-(4-ethyl-phenyl)N-isobutyl- ~ 2H), 3.39-3.24 (m, 4H), 3.19 (s, 3H), 2.61 {g7.6 Hz, 2H),
4-(tetrahydro-pyran-4-ylmethoxy)-benzenesulfonam(@® 2.35 2.21 - 292 (m, 1H), 1.83 —1.66 (m, %H)' 1.58 - ](_m7 3H)'_
g, 4.60 mmol), DIPEA (2.38 mL, 13.8 mmol), bis(dilzglidene- ~ 1-18 (1.J=7.6 Hz, 3H), 0.86 — 0.84 (d=6.4 Hz, 6H); HRMS:
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(M+H)" calculated for GH3N,OsS, 509.20656; ' found ' added and the reaction mixture was allowed to warnt.tand

509.21724. stirred for 2 hours. The reaction mixture was etad with
_ o EtOAc (500 mL). The extract was washed brine, driedr ove
4.3. Route B: Route to building block 8 NaSQ, concentrated to dryness and purified by flash

chromatography eluting with heptane-EtOAc (0-10%) fford
the title compound (63 g, 46%) as a white solid: URIE
2-Bromo-5-nitroaniline 10, 470 g, 2.19 mol) and 6N HCI (4 L) (tz=1.02 min, purity=100%), ES/z 281.03 / 282.96 (M(-
were stired at r.t. untl a homogeneous paste wdairg.  CI)+OH)-H); *H NMR (400 MHz, CDC)) 6 7.77 (m, 1H), 7.62
Sodium nitrite (167.4 g, 2.42 mol) dissolved iRCH(300 mL) (M, 2H), 2.57 (s, 3H):°C NMR (101 MHz, DMSO) 148.2,
was added dropwise to the paste at 0 °C under an inet39.6, 132.6, 123.6, 122.5, 121.2, 15HMRMS: (M-H)
atmosphere. After the addition was complete, the unéxivas calculated for ¢H¢BrClO,S, 298.8681; found 280.8952 (M(-
stirred for an additional hour at 0 °C then addedipnwise to a  Cl)+OH)-H).

solution of KSCN (295 g, 3.03 mol) and CuSCN (25243

mol) in water (1.50 L) at r.t. over a period of 2um® and the . .
reaction mixture was stirred overnight. The resgltsuspension 4-3-5. 4-Bromo-N-(4-ethylphenyl)-N-isobutyl-3-(métiig)-

was filtered and the solid was washed with DCM (3 x 609,  Penzenesulfonamideq)

The filtrate was recupera_ted and washed with DCM (100D 14 3 stirred solution of 4-ethyl-isobutylaniline §, 5.58 g, 31.5
and the combined organic extracts were washed witarW200 mmol) and pyridine (15.3 mL, 189 mmol) in THF (18Q) at
mL) fand dried over MgSpand concentrated to de”ess to afford r.t., was added 4-bromo-3-(methylthio)benzenesulfamoride
the title compound (352 g, 63%) as a yellow soliat tvas used (9, 10.0 g, 31.5 mmol) in THF (47.5 mL) over 10 migait The
without further purification: MS ESm/z no ion detected’H reaction mixture was stirred for 16 h at r.t. Wa@rmL) was
NMR (400 MHz, CDCY) 6 8.64 (s, 1H), 8.24 (dI=8.4 Hz, 2H),  5qqed and the reaction mixture was extracted with EtQAe

7.88 (d,J=8.4 Hz Hz, 1H). 200 mL). The organic phases were combined, washed avith
saturated aqueous solution of N, brine, dried over MgSp
4.3.2. (2-Bromo-5-nitrophenyl)(methyl)sulfari&) and concentrated to dryness to afford the titlepoumnd (12.9 g,
92%) as a pale yellow solid that was used withouthéurt
NaOH (55.4 g, 1.39 mol) was dissolved in a mixture ofewa purification: UPLC-MS {z=1.53 min, purity=100%), ESin/z
(660 mL) and methanol (3400 mL). 1-Bromo-4-nitro-2- 443.95 (M+HJ; '"H NMR (400 MHz, DMSOds) 5 7.83 (d,J=8.2
thiocyanatobenzene4l, 352 g, 1.36 mol) was added under Hz, 1H), 7.26 (ddJ=8.2, 2.0 Hz, 1H), 7.22 (dI=8.2 Hz, 2H),
stirring. After 30 minutes, the reaction mixture wamled to 0-5 7.06 — 7.00 (dJ=8.2 Hz, 2H), 6.98 (dJ=2.0 Hz, 1H), 3.47 —
°C and sodium borohydride (25.7 g, 0.68 mol) waseddahd the  3.16 (m, 3H), 2.61 (q)=7.6 Hz, 2H), 2.32 (s, 3H), 1.43 (m, 1H),
reaction mixture was stirred for a further 30 misube an ice  1.18 (t,J=7.6 Hz, 3H), 0.85 (d]=6.6 Hz, 6H);"*C NMR (CDCE,
bath. MgSQ, (176 g, 1.40 mol) was added dropwise and thel01 MHz) 6 144.2, 141.6, 137.8, 136.6, 132.8, 131.2, 128.7,
resulting mixture was stirred for 30 minutes thérr.a for 30 128.5, 128.4, 128.3, 125.8, 124.9, 123.9, 123.63,387.9, 41.8,
minutes. The volatiles were removed and water wascatidthe  28.4, 26.8, 26.7, 19.8, 15.4, 15BRMS: (M+H)" calculated
reaction mixture and the product was extracted athgl ether  for CeH3BrClL,0,S, 442.0431; found 442.0503.
(2.00 L). The extract was washed twice with water (100, m
dried over MgSQ@and concentrated to dryness to afford the title
compound (283 g, 84%, purity 65%) that was usedhia t 4.3.6. 4-Bromo-N-(4-ethylphenyl)-N-isobutyl-3-(médbifinyl)-
following step without further purification: MS E®h/zno ion  benzenesulfonamidé?)

detected;'H NMR (400 MHz, CDCJ)) 6 7.92 (s, 1H), 7.82 (d, . . .
J=8.4 Hz, 2H), 7.6§() (dJ=8.4 Hz, 1H).) ( ) ( To a stirred solution of 4-bromid-(4-ethylphenyl)N-isobutyl-3-

(methylthio)-benzenesulfonamidel§( 1.00 g 2.26 mmol) in

DCM (20 mL) at 0 °C, was added mCPBA (0.46 g, 2.03othm
4.3.3. 4-Bromo-3-(methylthio)aniline The reaction mixture was stirred at r.t. for 30 utés, treated

with a 10% w/v aqueous solution of }$30; and extracted with
Fe (291 g, 5.20 mol) and NBI (223 g, 4.16 mol) were added to DCM (100 mL). The organic phase was washed with 0.1 M
a solution of (2-bromo-5-nitrophenyl)(methyl)suléar{258 g, NaOH (aq), brine, dried over Mg$Qand concentrated to
1.04 mol) in a mixture of C¥DH-H,O (2.00 L-1.00 L). The dryness. The crude product was purified by flash
reaction mixture was heated at refluxed for 2 hout®  chromatography eluting with heptane-EtOAc (0-100%fford
suspension was filtered, concentrated and the mesias the title compound (784 mg, 76%) as a white soli@MS (=
extracted with EtOAc (3 x 1.00 L). The organic layevere 1 .35 min, purity = 100%), ESi/z 460.04 (M+HJ: '"H NMR
combined, dried over MgSQconcentrated and purified by flash (400 MHz, DMSOdg) 5 7.98 (d,J=8.2 Hz, 1H), 7.74 (dJ=2.3
chromatography eluting with DCM-MeOH (0-5%) to affaite Hz, 1H), 7.66 (ddJ=8.2, 2.3 Hz, 1H), 7.20 (dI=8.2 Hz, 2H),
titte compound as a pale brown solid (120 g, 53M§:ESIm/z 7,01 (d,J=8.2 Hz, 2H), 3.44 — 3.20 (m, 2H), 2.79 (s, 3H), 2160 (
217 (M+H)’; 'H NMR (400 MHz, CDC)) 4 7.76 (d,J=7.8 Hz,  3=7.6 Hz, 2H), 1.43 (m, 1H), 1.18 (8=7.6 Hz, 3H), 0.86
1H), 6.45 (s, 1H), 6.34 (m, 1H), 3.70 (br s, 2H), A43H). (overlapping d,J=6.6 Hz, 6H).

4.3.1. 1-Bromo-4-nitro-2-thiocyanatobenzeté) (

4.3.4. 4-Bromo-3-(methylthio)benzenesulfonyl chio@)

4.3.7. (E)-N-((2-bromo-5-(N-(4-ethylphenyl)-N-
isobutylsulfamoyl)phenyl)(methyif-sulfaneylidene)-2,2,2-
trifluoroacetamide 18)

To a solution of concentrated HCI (300 mL) dilutedhwiH,O
(160 mL) was added 4-bromo-3-(methylthio)anili{di®0 g, 0.46
mol) and the mixture was cooled to -10 ° C. A soluidd NaNQ
(34.8 g, 0.51 mol) in kO (60 mL) was added and the resulting A solution  of  4-bromaN-(4-ethylphenyl)N-isobutyl-3-
slurry was stirred at -10 °C for 20 minutes thenrpduinto a  (methylsulfinyl)-benzenesulfonamide (12.0 g, 27.mol) and
freshly prepared chilled saturated solution o 8DACOH (1000 2,2 2-trifluoroacetamide (4.60 g, 40.7 mmol) in AKR4 mL)
mL). A solution of CuCJ (25.9 g, 0.19 mol) in O (60 mL) was  was added to a suspension of 60% NaH (0.98 g, 24 dl)mim



THF (60 mL) at 0-5 °C over 10 minutes. Next, a solutf 1,3-
dibromo-5,5-dimethylhydantoin (11.6 g, 40.7 mmal)THF (24
mL) was added while maintaining the temperatureat’G. The
reaction mixture was allowed to warm to r.t. andretirfor 2 h,
quenched with a 10% w/v aqueous solution of citrid 6 mL)
and extracted with EtOAc (2 x 100 mL). The organic ggsa
were combined, washed with brine, dried over MgSd
concentrated to dryness. The residue was trituriated mixture
of isopropyl ether and the solid was collected lyafiion and
dried to a constant weight to afford the title commpad (11.0 g,
73%) as a white solid: UPLC-MSg€E1.40 min, purity=100%),
ESIm/z553.07 / 554.97 (M+H) *H NMR (400 MHz, DMSO-
de) 0 8.12 (d,J=8.4 Hz, 1H), 7.79 (dJ=2.2 Hz, 1H), 7.68 (dd,
J=8.4, 2.2 Hz, 1H), 7.28 — 7.13 (@8.4 Hz, 2H), 7.05 — 6.85 (d,
J=8.4 Hz, 2H), 3.38 — 3.26 (m, 2H), 3.21 (d&;12.9, 6.6 Hz,
1H), 3.13 (s, 3H), 2.60 (g=7.6 Hz, 2H), 1.51 — 1.33 (m, 1H),
1.17 (t, J=7.6 Hz, 5H), 0.83 (2 dJ=6.6 Hz, 6H);"°C NMR

10
calculated for gH3BrCI,0,S, 350.8033; found 332.8320 (M(-
CI)+OH)-H).

4.4.2. 2-Bromo-5-(N-(4-ethylphenyl)-N-isobutylsoitayl)-
benzenesulfonyl chlorid@X)

A solution of 4-ethyIN-isobutylaniline , 0.43 g, 2.17 mmol)
and pyridine (180 pL, 2.23 mmol) in THF (11.0 mit)da°C was
added dropwise a solution of 4-bromobenzene-1,3fdisyl
dichloride @0, 1.00 g, 2.17 mmol) in THF (10 mL) at 0 °C. The
reaction mixture was stirred at r.t. for 20 h, quetwith 1.0 M
HCI (aqg) (1 mL) and extracted with EtOAc (30 mL). Thrganic
phase was washed with water (2 x 5 mL), dried over Mgs@d
concentrated to dryness. The residue was purifiedfléagh
chromatography eluting with heptane-EtOAc (0-20%) fford
the title compound 21, 0.86 g, 80%) as an off-white solid:
UPLC-MS (z=1.49 min, purity=92%), ESin/z474.00 / 476.98

(CDCl;, 101 MHz)§ 177.4, 144.6, 140.8, 135.7, 134.3, 132.8,(M-(C+OH)H): 'H NMR (400 MHz, DMSOd) ¢ 8.13 (d,

128.8, 128.3, 126.4, 126.2, 58.5, 33.5, 28.3, 2850, 19.6,
15.1.

4.3.8. 4-Bromo-N-(4-ethylphenyl)-N-isobutyl-3-(S-
methylsulfonimidoyl)benzenesulfonamidle (

Potassium carbonate (8.24 g, 59.6 mmol) was add¢s)-1d-((2-
bromo-5-(\-(4-ethylphenyl)N-isobutylsulfamoyl)phenyl)-
(methyl)4.*-sulfaneylidene)-2,2,2-trifluoroacetamid&s( 11.0 g,

J=2.3 Hz, 1H), 7.78 (dJ=8.2 Hz, 1H), 7.28 (dd)=8.3, 2.3 Hz,

1H), 7.21 (d,J=8.4 Hz, 2H), 7.01 (dJ=8.4 Hz, 2H), 3.31 (d,
J=7.2 Hz, 2H), 2.61 (qJ=7.6 Hz, 2H), 1.42 (m, 1H), 1.18 (t,
J=7.6 Hz, 3H), 0.85 (d)=6.7 Hz, 6H).

4.4.3. 4-Bromo-N-(4-ethylphenyl)-N-isobutyl-3-mercabpénz-
enesulfonamide2@)
of

A solution 2-bromo-5¥-(4-ethylphenyl)N-isobutyl-

19.9 mmol) in MeOH (110 mL) at 0 °C, followed by mCPBA sulfamoyl)benzenesulfonyl chloride (1.50 g, 3.03 a@fmin

(6.68 g, 29.8 mmol) while maintaining a temperatof®-5 °C.
The reaction mixture was allowed to warm to r.t. amag stirred
for 16 h. Water (5 mL) was added and the reactioxture was
extracted with EtOAc (2 x 100 mL). The organic phasese
combined, washed with brine, dried over MgS@nd
concentrated to dryness. The residue was trituraigith
isopropyl ether and the solid was collected bydiltm and dried
to a constant weight to afford the title compou8d5(07 g, 54%)
as a white solid: UPLC-MSt{ =1.35 min, purity=100%), ESI
m/z473.01 / 475.01 (M+H) 'H NMR (400 MHz, DMSOds) &
8.19 (d,J=2.4 Hz, 1H), 8.06 (dJ=8.3 Hz, 1H), 7.61 (dd]=8.3,
2.4 Hz, 1H), 7.29 — 7.14 (d=8.3 Hz, 2H), 7.09 — 6.95 (d=8.3

toluene (6.00 mL) was added dropwise to a stirredtisol of
triphenylphosphine (2.39 g, 9.09 mmol) in tolueh®.Q0 mL) and
the reaction mixture was heated at 90 °C for 2 loJambto r.t.
and concentrated to dryness to afford the title mmmd (4.30 g,
(contaminated  with  excess triphenylphospshine
triphenylphosphine oxide) as a white solid that wsedudirectly
in the next step without further purification: UP-L@&Wtr=1.51
min, purity=89%), ESIm/z426.01 / 428.01 (M-H)

4.4.4, 4-Bromo-N-(4-ethylphenyl)-N-isobutyl-3-(méithip)-
benzenesulfonamidé®q)

and

To a stirred solution of 4-bromid-(4-ethylphenyl)N-isobutyl-3-

Hz, 2H), 4.73 (d,J=1.6 Hz, 1H), 3.33 (m, 2H), 3.26 (s, 3H), 2.61 mercaptobenzenesulfonamidz2,(1.20 g, 2.80 mmol, 1.00 eq.)

(9, J=7.6 Hz, 2H), 1.44 (m, 1H), 1.18 7.6 Hz, 3H), 0.86 (2
d, J=6.7 Hz, 6H);"*C NMR (101 MHz, CDG)) § 169.9, 144.2,
140.3, 136.6, 128.5, 128.4, 126.3, 122.4, 110.23,68.1, 48.7,
34.2, 30.6, 28.4, 26.8, 19.9, 15HRMS: (M+H)" calculated
for CigH2sBrN,OsS, 473.04899; found 473.05634.

4.4, Route C: Alternative route to sulfoximine building block
8

4.4.1. 4-Bromobenzene-1,3-disulfonyl dichlorig@) (

A mixture of 4-bromobenzene sulfonyl chloride9(50.0 g, 197
mmol) and chlorosulfonic acid (260 mL, 3.91 mol) wsisred
for 6 h at 150 °C. The reaction mixture was pourewly in a
1.5 L bath of ice-water [CAUTION: Strongly exothermidlhe
reaction mixture was extracted with DCM (500 mL an@ #il)
and the organic phases were combined, dried overQylgid
concetrated to dryness. The solid was suspendednixtare of
EtOAc-heptane (1:10, 330 mL) and the resulting gregipitate
was collected by filtration and dried to a constamtight to
afford the title compound2Q, 54.0 g, 78%) as a grey solid:
UPLC-MS ¢z =1.26 min, purity=98%), ESin/z332.78 / 334.73
(M-(CI+OH)H); '"H NMR (CDCE) 6 8.81 (d,J=2.0 Hz, 1H),
8.18 (d,J=2.0 Hz, 2H);**C NMR (101 MHz, CDGJ) 5 144.32,
143.90, 138.26, 132.85, 129.04, 129.01. HRMS:

in DMF (12 mL) at r.t. was added,80; (0.43 g, 3.08 mmol)
followed by iodomethane (0.26 mL, 4.20 mmol). Thacté&®n

mixture was stirred at r.t. for 20 minutes and wgfemL) was
added. The reaction mixture was extracted with EtCA& 0

mL) and the organic phases were combined, washedviita (3

x 5 mL) and concentrated to dryness. The residuepwased by

flash chromatography eluting with heptane-EtOAc (0-1G%o
afford the title compound (0.79 g, 64%) as a whitkkds UPLC-

MS (tz=1.53 min, purity=100%), ESim/z 441.85 / 443.90
(M+H)*; '"H NMR (DMSO4d,) ¢ 7.83 (d,J=8.3 Hz, 1H), 7.26
(dd, J=8.3, 2.1 Hz, 1H), 7.24 (dI=8.3 Hz, 2H), 7.05 (dJ=8.3

Hz, 2H), 6.99 (dJ=2.1 Hz, 1H), 3.30 (m, 2H), 2.61 (d=7.6

Hz, 2H), 2.32 (s, 3H), 1.44 (m, 1H), 1.18J%7.6 Hz, 3H), 0.85
(d,J=6.7 Hz, 6H).

4.5, Exploration of C-4 vector by SyAr

4.5.1. N-(4-Ethylphenyl)-N-isobutyl-3-(S-methylsuifioidoyl)-4-
((tetrahydro-2H-pyran-4-yl)methoxy)benzenesulfonar(igle

NaH (60% dispersion in mineral oil, 0.51 g, 12.7 mmohs
added portionwise to (tetrahydropyran-4-yl)methafibl08 g,
9.29 mmol) in DMF (80 mL) at 0 °C followed by 4-brohb(4-
ethylphenyl)N-isobutyl-3-&methylsulfonimidoyl)benzene-

sulfonamide (4.00 g, 8.45 mmol). The reaction migtwas
allowed to warm to r.t. and stirred overnight. WaemL) was

(M-H) added and the reaction mixture was extracted with Et(2Ax



100 mL). The organic phases were combined, washddbuniite,
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MHz) ¢ 169.87, 144.21, 140.34, 136.64, 133.38, 128.47,

dried over MgS@and concentrated to dryness. The residue wa$28.42, 126.28, 123.19, 122.40, 110.15, 77.32,1{772.01,

purified by flash chromatography eluting with DCM-MeQb+
5%) to afford the title compoundL,(3.63 g, 84%) as a white
solid: UPLC-MS {z=1.32 min, purity=100%), ESin/z 510.16
(M+H)"; NMR analyses were identical 1o

45.2. (S)-N-(4-Ethylphenyl)-N-isobutyl-3-(S-methljtn-
imidoyl)-4-((tetrahydro-2H-pyran-4-yl)methoxy)benzene
sulfonamide Z4) and (R)-N-(4-ethylphenyl)-N-isobutyl-3-(S-
methylsulfon-imidoyl)-4-((tetrahydro-2H-pyran-4-
yl)methoxy)benzene-sulfonami@s)(

A solution of 1 (2.60 g, 5.11 mmol) in a mixture of MeOH-
MeCN-DCM (52 mL:52 mL:13 mL) was purified by stack
injections using SFC at 20 mg / mL (PIC Solutioreparative
SFC; column: Chiralpak IA, 5 uM x 4.6 x 250 mm; elte65%
CO, / 35%iso-propanol; flow rate, 4 mL / min.; 100 Bar) to
afford 24 as the first eluting fractiof0.92 g, 35.4%):t=2.49
min, purity=100%), §]o>°= +0.6° (c = 2 g/L, EtOH); an@l5 as
the second eluting fraction (0.97 g, 37.3%)=5.31 min,
purity=100%), f]p>°= -0.6° (c = 2 g/L, EtOH).

4.5.3. (5-(N-(4-ethylphenyl)-N-isobutylsulfamoylj(&trahydro-
2H-pyran-4-yl)methoxy)phenyl)(methyl)(oxo)-16-sulfaimium
((1R,4S)-7,7-dimethyl-2-oxobicyclo[2.2.1]heptan-1-
yl)methanesulfonate%.camphorsulfonate)

To a solution of25 (from elution fraction 2) (0.50 g, 0.9 mmol)
in DCM (3.0 mL) at 23 °C was added a solution dR){{-)-10-
camphorsulfonic acid (228 mg, 0.9 mmol) in DCM (810). The
solution was stirred at 23 °C for 24 h and evapdraébedryness
to yield a white solid. In a 20 mL vial, the solid sveuspended in
10 mL of acetonitriie and 5 mL of DCM were added unti
complete dissolution occurred. The vial was thereseand the
screw cap perforated with a needle. The vial was #flewed to
settle for several days at 23°C while large neel&gpe crystals
slowly formed. Crystals o25.camphorsulfonate were collected
by filtration, dried under vacuum and used as sfahsingle
crystal X-Ray analysissH NMR (400 MHz, DMSOd,) & 7.92
(d,J = 2.5 Hz, 1H), 7.88 (dd] = 8.8, 2.4 Hz, 1H), 7.56 (d,=
8.9 Hz, 1H), 7.23 (d) = 8.3 Hz, 2H), 7.03 (d] = 8.3 Hz, 2H),
4.27 — 4.12 (m, 2H), 3.96 — 3.87 (m, 2H), 3.70 (s,, 337 (td J
=11.7, 2.2 Hz, 2H), 3.30 (dd,= 7.3, 3.8 Hz, 2H), 2.89 (d,=
14.7 Hz, 1H), 2.73 — 2.56 (m, 3H), 2.39 M= 14.7 Hz, 1H),
2.29 — 2.20 (m, 1H), 2.20 — 2.09 (m, 1H), 1.94)(t 4.6 Hz,
1H), 1.90 — 1.61 (m, 5H), 1.51 — 1.24 (m, 6H), 1.19 @& 7.6
Hz, 3H), 1.05 (s, 3H), 0.86 (dd= 6.6, 3.6 Hz, 6H), 0.75 (s, 3H)

4.5.4. N-(4-Ethylphenyl)-N-isobutyl-3-(S-methylsuifioidoyl)-4-
((tetrahydro-2H-pyran-4-yl)methoxy)benzenesulfonan@dg

A solution of 4-bromadN-(4-ethylphenyl)N-isobutyl-3-&
methylsulfonimidoyl)benzene-sulfonamidg (5.0 mg, 30 pmol)
in (tetrahydro-#-pyran-4-yl)methanamine (11.3 pl, 0.10 mmol)
was stirred overnight and purified directly by méasggered
preparative LC/MS to afford the title compour2B,(15.0 mg,
93%) as a white solid: UPLC-MSgE1.30 min, purity=100%),
ESIm/z509.33 (M+HJ; '*H NMR (400 MHz, DMSOds) J 7.84
(t, 3=5.5 Hz, 1H), 7.70 (dJ=2.3 Hz, 1H), 7.50 (dJ=9.0 Hz,
1H), 7.20 (d,J=8.1 Hz, 2H), 7.00 (dJ=7.9 Hz, 2H), 6.95 (d,
J=8.9 Hz, 1H), 4.74 (s, 1H), 3.89 (dik11.6, 4.0 Hz, 2H), 3.24
(dd, J=7.4, 3.3 Hz, 2H), 3.17 (q]=6.8 Hz, 2H), 3.01 (s, 3H),
2.61 (q,J=7.4 Hz, 2H), 1.87 (s, 1H), 1.66 (d=13.3 Hz, 2H),
1.46 — 1.37 (m, 1H), 1.28 (dd=14.5, 10.3 Hz, 2H), 1.18 (t,
J=7.7 Hz, 3H), 0.84 (dJ=6.7 Hz, 6H);"*C NMR (CDC}, 101

76.69, 67.29, 58.07, 48.74, 34.18, 30.59, 28.417%619.86,
15.26.

4.6. Route D: Optimized route to deliver 100 g of 24

4.6.1. 4-Ethyl-N-isobutylaniline hydrochlorid&.iCl)

In a 15 L double jacketed reactor 4-ethylanilind4mL, 3.56
mol, 1.00 eq.) and isobutyraldehyde (324 mL, 3.5, 1h.00 eq.)
were charged at 23 °C followed Ibgrt-butylmethylether (4.50
L). Reaction mixture turned to a deep red solutifimnis solution
was stirred at 23 °C for 1 h and then cooled to @5 At this

temperature solid sodium triacetoxyborohydride 31K, 5.34

mol, 1.50 eq.) was added portionwise (~200 g peliqrs} over
1 hour. An exotherm was observed after each add#iah the

internal temperature was kept below 25 °C between each

addition. After the last addition the reaction mietwvas allowed
to warm to 23 °C and stirred at this temperaturel®h. LC/MS
analysis after this time revealed complete conwersilfo the
reaction medium was added water (2.50 L) (no exothar gaz
evolution was observed) and the mixture was stirte28&C for
15 minutes. Phases were separated and the aqueeunsmas
discarded. The organic layer was washed with wate©O (R)5
The reactor was cleaned and the organic layer negetlaTo this
solution was added at 23 °C 3M HCI in cyclopentylnytther
(1.40 L, 3.00 M, 4.27 mol, 1.20 eq.). Crystallipatioccurred
rapidly and the suspension was stirred for 2 h &i@3The solid
was collected by filtration and the cake washed wBME (2 x
1.00 L) collected and dried under vacuum at 45 €18 h to
afford the title compound (575 g, 75% yield) as aitavh
crystalline solid: mp 147 °C; UPLC-MStg£1.11 min,
purity=100%), ESIm/z 179.1 (M+H); 'H NMR (400 MHz,
CDCly) 6 11.21 (s, 2H), 7.48 (d=8.5 Hz, 2H), 7.15 (dJ=8.4
Hz, 2H), 3.01 (t, 2H), 2.59 (d=7.6 Hz, 2H), 2.09 (m, 1H), 1.17
(t, J=7.6 Hz, 3H), 0.98 (dJ=6.7 Hz, 6H):"*C NMR (101 MHz,
DMSO0)6 143.9, 135.0, 129.1, 122.6, 57.8, 27.7, 25.3,,265.

4.6.2.4-Bromo-N-(4-ethylphenyl)-N-isobutyl-3-(methylthio)-
benzenesulfonamidéq)

In a 15 L double jacketed reactor was introducedhieN-
isobutylaniline hydrochloride (183 g, 0.86 mol, 3.Ceq.)
followed by a suspension of 4-bromo-3-(methylthiojbene-1-
sulfonyl chloride9 (260 g, 0.82 mol, 1.00 eq.) in acetonitrile
(1.73 L). The reaction mixture was warmed up to 5&AGN,N-
diisopropylethylamine (352 ml, 2.05 mmol, 2.50 eggds added
slowly. An exotherm was observed upon addition witteriml
temperature rising to 60 °C. The reaction mixtwenéd to a
solution and was stirred at 50 °C for 3 h. LC/MSIgsia after
this time revealed complete conversion with lesatB&o of
starting material remaining. The reaction mixtureswermed up
to 70 °C and slowly was added 1N aqueous HCI (1.70AL).
precipitate formed rapidly. The suspension wasestiat 50 °C
for 30 minutes and allowed to cool down to 23°C didr. The
solid was collected by filtration, washed with wated ahied on
the filter for 2 h with a flux of M The crude wet solid was
charged in the clean reactor and isopropanol (B)#@as added.
The suspension was warmed to 80 °C and turned tdutioso
The solution was stirred under reflux for 15 minutes allowed
to cool down to 23 °C slowly over 4 h. The solid waflected
by filtration, washed with 1.00 L ofPrOH and dried under
vacuum at 45 °C to afford the title compoui3@0 g, 88% yield)
as a beige solid: mp 114 °C; HPLC-M%=1.9 min,
purity=98.9%), ESIm/z 443.5 (M+HJ; 'H NMR (400 MHz,
DMSO-dg) ¢ 7.83 (d,J=8.3 Hz, 1H), 7.26 (ddJ=8.3, 2.2 Hz,
1H), 7.22 (d,J=8.2 Hz, 2H), 7.03 (dJ=8.2 Hz, 2H), 6.98 (d,



J=2.0 Hz, 1H), 3.35 — 3.28 (m, 2H), 2.61 {g7.6 Hz, 2H), 2.32
(s, 3H), 1.43 (m, 1H), 1.18 (=7.6 Hz, 3H), 0.85 (dJ=6.6 Hz,
6H); *°C NMR (101 MHz, DMSOY 143.6, 141.3, 137.5, 136.2,
133.2, 128.3, 128.1, 125.0, 124.0, 122.9, 56.85,276.3, 19.5,
15.3, 14.5.

4.6.3. 4-Bromo-3-(N-cyano-S-methylsulfinimidoyl)-N-(4
ethylphenyl)-N-isobutylbenzenesulfonami@d (

In a 15 L double jacketed reactor were chartj@d540 g, 1.22
mol, 1.00 eq.) and potassiuert-butoxide (164 g, 1.46 mol, 1.20
eq.) followed by THF (2.70 L) and methanol (4.80 A}.23 °C
was added a solution of cyanamide (66.7 g, 1.59 80 eq.) in
methanol (540 mL). No exotherm was observed. Sdlid
bromosuccinimide (326 g, 1.83 mol, 1.50 eq.) waseddd
portionwise over 30 min. (a slight exotherm from 8326 °C
was observed). A yellow precipitate formed rapidly athe
suspension was stirred for 18 h at 23 °C. LC/MS yaislafter
this time revealed complete conversion. The reactioxture was
diluted with 3.5 L of 5% aqueous b®Os solution. The
suspension turned white (slight exotherm observew) was
cooled down to 5 °C. The solid was collected by dilon,
washed with 1.0 L of water and dried under high vacatm5
°C for 36 h to afford the title compourf25 g, 89% yield) as a
white solid: mp = 191 °C; HPLC-MS tg£9.3 min,
purity=97.1%), ESIm/z 504.0 (M+NaJ; '"H NMR (400 MHz,
DMSO-ds) § 8.10 (d,J=8.3 Hz, 1H), 7.89 (d}=2.2 Hz, 1H), 7.75
(dd, J=8.3, 2.2 Hz, 1H), 7.24 (dI=8.3 Hz, 2H), 7.03 (dJ=8.3
Hz, 2H), 3.37 — 3.28 (m, 2H), 3.09 (s, 3H), 2.61 Jg7.6 Hz,
2H), 1.43 (m, 1H), 1.18 (t)=7.6 Hz, 3H), 0.86 (dJ)=6.6 Hz,
6H); °C NMR (101 MHz, DMSOY 144.0, 138.7, 138.7, 136.0,
135.2, 132.2, 128.7, 128.3, 126.2, 125.3, 119.%4,55.8, 27.7,
26.4, 19.6, 15.3; HRMS: (M+H)" calculated for
C,y0H24BrN3O,S, 482.04933; found 482.05649.

4.6.4. 4-Bromo-3-(N-cyano-S-methylsulfonimidoyl)-Ne(dyl-
phenyl)-N-isobutylbenzenesulfonamids)(

In a 15 L double jacketed reactor was charg@d483 g, 1.00
mol, 1.00 eq.) followed by dichloromethane (1.93 ahd
acetonitrile (1.93 L). To this solution was addethemium(lll)
chloride hydrate (3.39 g, 0.02 mol, 0.02 eq.) fekkd by a
solution of periodic acid (274 g, 1.20 mol, 1.20)eq water (966
mL). The black suspension was stirred at 23 °C féx. HPLC
analysis after this time revealed 6% remainingtisigimmaterial.
Extra periodic acid (12.0 g, 0.05 mol, 0.05 eq) wdded (solid)
and stirring was pursued for 1 h. LCMS analysisratiés time
revealed complete conversion. Water (2.00 L) waeddd the
solution and layers were separated. The aqueous laygs
extracted with DCM (1.00 L) and the combined orgdaigers
were charged in the reactor. A solution of sodiumalisulfite
(300 g, 1.58 mol, 1.58 eq.) in 3.00 L of water wasleatl
Biphasic mixture was stirred vigorously for 15 miesit(color
changed from dark-brown to yellow) and phases weraraggd.
The aqueous layer was extracted with 500 mL
dichloromethane. Combined organic layers were clihingethe
reactor, washed with 1.00 L of water and filtered ¢mnove
mechanical impurities. The reactor was cleaned aedfiltrate
was charged and distilled to a residual volume 0602.. 3.00 L
of iPrOH were added and distillation was pursued to auakid
volume of 2.00 L. 3.00 L oiPrOH were added and distillation
was pursued to a residual volume of 2.00 L. 3.80 fL
diisopropylether were slowly added to the reactiortane at 80
°C followed by acetone (300 mL) to solubilize crusthe
solution was then allowed to cool down to 23 °C ci&h while
a white solid crystallized. The solid was collected fiftration
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and the cake washed with 2 x 500 mL of diisopropgeth
The solid was dried under vacuum at 45 °C for 18 &fford the
titte compound (408 g, 82 %, 96.1 HPLC A% purity)aabeige
solid: mp = 167°C; HPLC-MSt{ =9.7 min, purity=96.1%), ESI
m/z 498.1 (M+HY, '"H NMR (400 MHz, DMSOds) ¢ 8.30 (d,
J=8.0 Hz, 1H), 7.98 — 7.90 (m, 2H), 7.23 (&8.4 Hz, 2H), 6.99
(d, J=8.4 Hz, 2H), 3.89 (s, 3H), 3.44 — 3.21 (m, 2H), 2.1 (
J=7.5 Hz, 2H), 1.45 (m, 1H), 1.18 @#=7.6 Hz, 3H), 0.88 (d,
J=6.6 Hz, 3H), 0.84 (dJ=6.6 Hz, 3H),”*C NMR (101 MHz,
DMSO0) 6§ 144.2, 137.9, 137.9, 136.3, 135.7, 134.4, 13(23,8,
128.3, 125.5, 111.0, 57.5, 40.9, 27.8, 26.4, 19%6, 15.4.
HRMS: (M+H)" calculated for GH.,BrN;0;S, 498.04424;
found 498.05118.

4.6.5.  4-Bromo-3-(N-carbamoyl-S-methylsulfonimidoykédN-
ethylphenyl)-N-isobutylbenzenesulfonamiz#) (

In a 10 L double jacketed reactor was introdu2edg445 g, 0.89
mol, 1.00 eq.) followed by dichloromethane (1.30and water
(32.1 ml, 1.79 mol, 2.00 eq.). To this solution vealsled slowly
at 23 °C trifluoroacetic acid (2.2 L) (no exothewas observed).
The solution turned dark brown and was stirred gtQ8or 20 h.
LC/MS analysis after this time revealed completavession.
The solution was cooled down to 0 °C and water (4.Qvas
added slowly, keeping the internal temperature bek®wv°C.

Then dichloromethane (1.0 L) was added and phases wer

separated. The aqueous layer was extracted witfodichethane
(2.0 L) and discarded. The combined organic layene washed
with water (2 x 1.0 L). Phases were separated anarifpnic
layer (slurry) was recharged in the reactor. 1.5 £ o
dichloromethane were distilled off and then 3.0 LiBfOH
followed by 1.0 L of water were added. The suspensias
stirred at 23 °C for 1 h and the solid collectedfittyation and
dried under vacuum at 45 °C for 18 h to afford titee
compound(327 g, 71% vyield): mp = 211 °C; HPLC-M&%7.7
min, purity=97.6%), ESin/z515.1 (M+HJ; '"H NMR (400 MHz,
DMSO-ds) § 8.08 (d,J=8.1 Hz, 1H), 8.07 (d}=2.1 Hz, 1H), 7.70
(dd, J=8.3, 2.3 Hz, 1H), 7.21 (dI=8.4 Hz, 2H), 7.01 (dJ=8.3
Hz, 2H), 6.51 (s, 1H), 6.16 (s, 1H), 3.45 (s, 3H), Y@Y=7.3
Hz, 2H), 2.61 (gJ=7.5 Hz, 2H), 1.43 (m, 1H), 1.18 (7.6 Hz,
3H), 0.87 (d,J=2.5 Hz, 3H), 0.85 (dJ=2.6 Hz, 3H);*C NMR
(101 MHz, DMSOQ)s 159.8, 143.9, 140.8, 137.7, 136.5, 136.0,
132.2, 130.1, 128.7, 128.4, 124.2, 57.6, 40.8,,27674, 19.6,
15.3; HRMS: (M+H)" calculated for GH,sBrN;O,S,
516.05481; found 516.06201.

4.6.6. (S)-N-(4-ethylphenyl)-N-isobutyl-3-(S-metulfonim-
idoyl)-4-((tetrahydro-2H-pyran-4-yl)methoxy)benzene-
sulfonamide Z4)

In a 4 L double jacketed reactor were chargéd405 g, 0.73
mol, 1.00 eq.) and cesium carbonate (831 g, 2.55 310 eq.)
followed by a solution of 4-(hydroxymethyl)tetrahggyran
(339 g, 2.92 mol, 4.00 eq.) in 1,4-dioxane (2.63 [his
suspension was warmed to reflux (105 °C) and 1.4 1,6f

ofdioxane were distilled off in 7 h. Distillation wasopped after

this time and the suspension stirred at 100 °Cfbh. LC/MS
analysis after this time revealed complete conwersiThe
reaction mixture was cooled down to 80 °C and cesiarnonate
was removed by filtration. The solid was rinse witlk 300 mL
of acetone. The filtrate was charged in the cleactoe and
heated to 60 °C to yield a clear dark mixture. fis solution was

Oadded a solution gb-toluenesulfonic acid monohydrate (166 g,

0.88 mol, 1.20 eq.) in acetone (750 mL). A solidred rapidly
and the suspension was allowed to cool down to 28v&C 48 h.
The solid was collected by filtration, washed with 50Q of
acetone and dried overnight under vacuum to yidbgige solid



(386 g). This solid was charged in the clean reaenod
suspended in 2-methyltetrahydrofuran (3.0 L). Thepgnsion
was warmed to 50 °C and half of a solution of sodhyaroxide
(117 g, 2.92 mol, 4.00 eq.) in water (1.5 L) was add&hen
complete solubility was reached, phases were sepaatite0 °C.
The organic layer was washed with the second halieNaOH
solution and finally with 500 mL of water. The mix¢éuwas then
warmed to reflux and 2-methyltetrahydrofuran wasiltist off
to a final volume of 200 mLtert-butylmethylether (1.0 L) was
added slowly to the hot reaction mixture followed dgetone
(830 mL) keeping the internal temperature abovéG@o ensure
full solubility. Then 2.30 L ofert-butylmethylether were slowly
added and the solution stirred for 45 min undeturef The
solution was allowed to cool to 23 °C over 18 h. Shepension
was then cooled to 5 °C and stirred at this tempegdior 2 h.
The solid was collected by filtration at 5 °C andedrunder
vacuum at 45 °C for 24 h to affort (racemate, 279 g, 70%
yield, 98.5 HPLC A% purity) as a white solidChiral
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compound (78.0 g, 92% yield) as a white solid: URUG-
(tz=1.66 min), ESIm/z 239.3.2 (M+HJ, 'H NMR (400 MHz,
DMSO<dy) § 7.19 — 7.05 (m, 2H), 7.03 — 6.86 (m, 2H), 3.93 —
3.81 (m, 4H), 3.34 (td}=11.7, 2.2 Hz, 2H), 2.36 (s, 3H), 2.07 —
1.88 (m, 1H), 1.70 (ddd)=12.9, 4.1, 2.0 Hz, 2H), 1.38 (dtd,
J=13.3, 11.8, 4.5 Hz, 2H}’C NMR (101 MHz, DMSOY 154.7,
127.2, 125.4, 124.8, 121.2, 111.3, 72.5, 66.8,,32973, 13.3;
HRMS: (M+H)" calculated for GH;40,S 239.10275; found
239.10994 (M+H).

4.7.2. N-(Methyl(2-((tetrahydro-2H-pyran-4-yl)metlydx
phenyl)i4-sulfaneylidene)cyanamida?)

To a stirred solution of31 (30.0 g, 0.13 mol, 1.00 eq.) and
potassiuntert-butoxide (16.9 g, 0.15 mol, 1.20 eq.) in THF (210
mL) at 23 °C was added a solution of cyanamide (§,88.16
mol, 1.30 eq.) in methanol (90.0 mL). No significaaotherm
was observed. Solid-bromosuccinimide (33.6 g, 0.19 mol, 1.50

separation: Enantiomer separation was performed by our partnegq.) was added portionwise. An exotherm was observied af

Kyrapharm on 250 g of the racemate under the fofigwi
conditions: Stationnary phase =

each addition, total addition time of 30 minuteshwihternal

CHIRALPACK AD, semi- temperature rising to 45 °C. LC/MS analysis aftér rhinutes

automated Prochrom LC200 apparatus, 200 mm DAC columrevealed complete conversion. The reaction mixiuae diluted

packed at 100 bars. 17 injections were performenigustOH as
the eluent with a 40 L/h flow rate. Fractions containthe
desired enantiomer was evaporated to dryness uredierced
pressure to afford the title compound (121 g) adie solid: mp
= 155°C; LC/MS {r=1.61 min), HPLC-MS t=7.9 min,
purity=99.6%), ESm/z509.2 (M+HJ; Chiral SFC z=2.4 min,
purity=99.9% ee);'H NMR (400 MHz, DMSOd;) § 8.00 (d,
J=2.5 Hz, 1H), 7.67 (dd}=8.8, 2.5 Hz, 1H), 7.39 (dI=8.8 Hz,
1H), 7.20 (d,J=8.0 Hz, 2H), 7.00 (dJ=8.0 Hz, 2H), 4.58 (br s,
1H), 4.10 (dtJ=11.8, 5.8 Hz, 2H), 3.90 (dd711.0, 4.1 Hz, 2H),
3.44 — 3.21 (m, 4H), 3.20 (s, 3H), 2.61 Jg7.6 Hz, 2H), 2.17 —
2.03 (m, 1H), 1.73 (dJ=9.9 Hz, 2H), 1.41 (9J=11.0, 9.7 Hz,
3H), 1.18 (t,J=7.6 Hz, 3H), 0.85 (ddJ=6.6, 4.4 Hz, 6H)*C

NMR (101 MHz, DMSOs) 6 159.0, 143.5, 136.4, 133.6, 132.1,

129.2, 128.5, 128.5, 128.3, 114.1, 73.8, 66.7, ,54327, 34.4,
29.1, 29.1, 27.7, 26.4, 19.6, 15.3.

4.7. Route E: Last generation routeto 1

4.7.1.
(31)

4-((2-(Methylthio)phenoxy)methyl)tetrahydig-@yran

In a 1 L flask was charged triphenylphosphine (1,12.43 mol,
1.20 eq.), 4-(hydroxymethyl)tetrahydropyran (45,6089 mol,
1.10 eq.) and 2-methylsulfanyl-phenol (50 g, 0.3d,r.00 eq.)
in toluene (500 mL). The reaction mixture was warree80 °C.
At this temperature was added slowly diethyl azodicaylate
(170 g, 0.39 mol, 1.10 eq.) (40% w/w solution in &ig). An
exotherm was observed upon addition and the teryeraf the
reaction mixture was kept below 65 °C. The reactiaxtume was
stirred overnight at 23 °C. LC/MS analysis afteiisthime
revealed complete conversion. The slurry was wartnes0-60
°C and magnesium chloride (74.7 g, 0.78 mol, 2.80 €70
microns from Aldrich) was added. Stirring was pursémdl h.
The reaction mixture was cooled to 23 °C and fillefEhe cake
was washed with 50 mL of toluene. To the filtrate wédea 500
mL of heptane and stirring was pursued for 2 h af@3The
reaction mixture was filtered and evaporated tondsg under
reduced pressure. The residue was triturated innfl0®f a 8:2
heptane/toluene mixture. A solid formed and was redoby
filtration. The filtrate was evaporated to drynessyteld and
orange oil. This oil was triturated in 250 mL of tepe and
crystallized rapidly as a white solid. Trituration svaursued for
1 h at 23 °C and the solid collected by filtrationafford the title

with 10% NaS,0s (200 mL) and evaporated under reduced
pressure to remove the organic solvents. The aguleger was
extracted with 2-methyltetrahydrofuran (2 x 200 ndnd the
combined organic layers were dried and evaporateliytoess to
yield an orange liquid which was further purified by
chromatography eluting with DCM-EtOAc (0-30%) to affdhe
titte compound (19.1 g, 54% yield) as a white crijista solid:
UPLC-MS ¢z=1.15 min,), ESM/z279.0 (M+HY; '*H NMR (400
MHz, DMSO-dg) ¢ 7.82 (dd,J=7.9, 1.6 Hz, 1H), 7.65 (ddd,
J=8.6, 7.4, 1.6 Hz, 1H), 7.34 — 7.26 (m, 2H), 4.10993m, 2H),
3.95 — 3.85 (m, 2H), 3.37 (dd&11.8, 2.2 Hz, 2H), 3.05 (s, 3H),
2.14-1.99 (m, 1H), 1.76 — 1.62 (m, 2H), 1.47 — 1r@82H).

4.7.3.  N-(Methyl(oxo)(2-((tetrahydro-2H-pyran-4+ythoxy)-
phenyl)i6-sulfaneylidene)cyanamida3l)

To a stirred solution of32 (11.0 g, 0.04 mol, 1.00 eq.) and
ruthenium(lll) chloride hydrate (267 mg, 1.18 mm@I03 eq.) in
acetonitrile (110 mL) and dichloromethane (44 mL23 °C was
added a solution of periodic acid (9.91 g, 0.04,mdl0 eq.) in
water (44.0 mL). LC/MS analysis after 1 h revealednplete
conversion. The reaction was quenched by additionl@¥o
N&S,05 and diluted with DCM. Phases were separated and the
aqueous layer washed with DCM. Combined organic layers
washed with 10% N&,0Os, dried and evaporated to dryness to
yield a brown oil. The oil was purified by flash chratography
on SiG eluting with DCM-EtOAc (0-30%) to afford the title
compound (4.75 g, 40 %) as a white crystalline s@JidLC-MS
(tz=1.18 min), ESIm/z 295.0 (M+H); '"H NMR (400 MHz,
DMSO-dg) § 7.90 (dd,J=8.0, 1.7 Hz, 1H), 7.85 (ddd=9.0, 7.3,
1.8 Hz, 1H), 7.47 — 7.42 (m, 1H), 7.29 (&7.8, 0.9 Hz, 1H),
4.12 (ddd,J=39.6, 9.4, 6.3 Hz, 2H), 3.90 (ddd11.2, 4.5, 1.9
Hz, 2H), 3.67 (s, 3H), 3.43 — 3.31 (m, 2H), 2.20 — @5 1H),
1.83-1.62 (m, 2H), 1.51 — 1.27 (m, 2H).

4.7.4. 3-(N-Cyano-S-methylsulfonimidoyl)-N-(4-ethgipy)-N-
isobutyl-4-((tetrahydro-2H-pyran-4-yl)methoxy)benzen
sulfonamide 34)

To 33 (300 mg, 1.02 mmol, 1.00 eq.) at 10 °C was added pu
chlorosulfonic acid (1.36 mL, 20.0 mmol, 20.0 egqnd the
solution was stirred at 23 °C. LCMS analysis afteb h
(pyrrolidine quench) revealed complete conversidre reaction
mixture was slowly poured over ice and extracted iBM.
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Phases were separated and the organic layer was wadlhed Referencesand notes

water, dried and evaporated to dryness. The whitd sbtained
was dissolved in DCM (6.0 mL) arid,N-diisopropylethylamine
(0.53 mL, 3.05 mol, 3.00 eq.) was added followed sthdyl-N-
isobutylaniline hydrochloride (240 mg, 1.12 mollQ.eq.). The
reaction mixture was stirred at 23 °C for 18 h. HPagalysis
after 18 h (pyrrolidine quench) revealed compledaversion.
The reaction mixture was diluted with 1N HCI and phasese
separated. The organic layer was washed with sat.oaque
NaHCQ, brine, dried and evaporated to dryness. The arang
solid was purified was purified by flash chromatodmapn SiQ
eluting with DCM-EtOAc (0-50%) to afford the title c@mund
(220 mg, 40% vyield) as a white solid: UPLC-Mx=(.69 min),
ESI m/z534.3 (M+H): '"H NMR (400 MHz, DMSOsd,) 6 8.03
(dd, J=8.8, 2.4 Hz, 1H), 7.74 (d=2.3 Hz, 1H), 7.64 (dJ=9.0
Hz, 1H), 7.22 (dJ=8.3 Hz, 2H), 6.96 (dJ=8.3 Hz, 2H), 4.32 —
4.12 (m, 2H), 3.91 (dddl=11.3, 4.5, 1.9 Hz, 2H), 3.72 (s, 3H),
3.41 - 3.36 (m, 2H), 3.42 — 3.17 (m, 2H), 2.61J&¥.6 Hz, 2H),
2.22 — 2.08 (m, 1H), 1.84 — 1.63 (m, 2H), 1.51 — 1183 3H),
1.18 (t,J=7.6 Hz, 3H), 0.87 (dJ=6.6 Hz, 3H), 0.84 (d]=6.6 Hz,
3H); °C NMR (101 MHz, DMSOY 159.2, 143.9, 136.3, 136.2,
129.7, 129.6, 128.7, 128.3, 123.0, 115.4, 111.8,%6.6, 57.4,
41.5,34.2,29.1, 28.8, 27.8, 26.4, 19.7, 19.64.15.

4.7.5. N-(4-Ethylphenyl)-N-isobutyl-3-(S-methylsuifioidoyl)-4-
((tetrahydro-2H-pyran-4-yl)methoxy)benzene-sulfonan(ly

To 34 (200 mg, 0.37 mmol, 1.00 eq.) in DCM (3 ml) was atide
trifluoroacetic anhydride (83.0 mg, 0.39 mmol, 1)) and the
solution was stirred at 23 °C for 2 h. HPLC analysier 2 h
revealed complete conversion to the intermediate
trifluoroacetamide. The reaction mixture was quechwith
water (0.50 mL) and evaporated to dryness. The uesidas
dissolved in MeOH (3 mL) andJX0; (100 mg, 0.74 mmol, 2.00
eg.) was added. The suspension was stirred at 23ra@ h.
LC/MS analysis after 1 h revealed complete conwversiThe
reaction mixture was diluted with water (5.0 mL) andvlite
solid precipitated. The solid was collected bydiiton to afford
the title compound (173 mg, 92% yield) as a whitéds®JPLC-
MS (tz=1.61 min, purity=97.2%), ESin/z 509.2 (M+HY); ‘H
NMR (400 MHz, DMSOsdg) 6 8.00 (d,J=2.5 Hz, 1H), 7.67 (dd,
J=8.8, 2.5 Hz, 1H), 7.39 (d}=8.8 Hz, 1H), 7.20 (dJ=8.0 Hz,
2H), 7.00 (d,J=8.0 Hz, 2H), 4.58 (br, 1H), 4.10 (d11.8, 5.8
Hz, 2H), 3.90 (ddJ=11.0, 4.1 Hz, 2H), 3.44 — 3.21 (m, 4H), 3.20
(s, 3H), 2.61 (qJ=7.6 Hz, 2H), 2.17 — 2.03 (m, 1H), 1.73 (d,
J=9.9 Hz, 2H), 1.41 (qJ=11.0, 9.7 Hz, 3H), 1.18 (8=7.6 Hz,
3H), 0.85 (ddJ=6.6, 4.4 Hz, 6H)**C NMR (101 MHz, DMSO-
ds) 0 159.0, 143.5, 136.4, 133.6, 132.1, 129.2, 12828B.5l
128.3, 114.1, 73.8, 66.7, 57.2, 43.7, 34.4, 2911,227.7, 26.4,
19.6, 15.3.
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