A PROCESS FOR THE PREPARATION OF THE APOPTOSIS PROMOTER
ABT-263

FIELD OF THE INVENTION
The present invention relates to, arnong other things, novel compounds and synthetic

processes, including those useful for making N-acytsuifonamide apoptosis promoters.

BACKGROUND OF THE INVENTION
- Novel N-acylsuifonamide apoptosis promoters are described in, for example, U. 5.
Patent Publication US2005/0159427A1, U. S. Patent 7,390,799 B2 (referréd to hereinafter s
the “*799 Pétent”) and elsewhere. Synthetic routes for the preparation of N-acylsulfonamide

apoptosis promoters are described i the799 Patent and K Ding, et al (Svnthesis, 2008, 15, ~
2398-2404).

SUMMARY OF THE INVENTION

The prescnt disclosure prowdes among other things, safe, efficient and cost—effectlve
processes for making N- acylsulfonamde apoptosis promoters.

In one aspect, there is provided a process for making N-(4-(4~({2-(4-chlorophenyl)-5,5-
dimethyl-1-cyclohex-1-en-1- yl)methyl)mpcrazm— -yi)benzoyl}-4-(((1R}-3- (morphelm—4 -yI)-1-
((phenylsulfanyi)muthyl)propyl)ammo) -3- ((tnﬂuoromethyl)sulfonyl)benzcnesulfonamlde ora

- pbarmaceutically- acceptable salt thereof, compnsmg ‘

(e)  reacting 2- (4~ch10ropheny1} -5,5- dlmethyicyclohex ]-ene-1-carbaidehyde, ethyl 4-
pip.arazin—l—ylbcnzoate and a first reducing agent and isolating or not isolating the ethyl 4~(4-((2-
"(4gchloropheny1)— 5,5-dimethylcyclohex-1-en-1-yhmethyl)pip erazin-1-yl)benzoate;

' (f). - reacting ethyl 4—(4-((2-(4-011101’0911’611311)55,Swd’mﬁgthylcyclohex-l—en-l—
yl)methyl)pipérazin_—l -yl)benzoate and an agueous t‘mrd base, and isolating or not isolating the 4- "
| ,(4-((2-(4-cmompheny1}-5,S-dimsthylcyclohgx-1~en-1-ymmthyl)pipsrazm-1—yi)benzoic acid;

(g)  reacting 4~(4-((2-(4»chloropheny1)¥5-,S-dimethylcyciohcx-‘l -en-1-

yl)ﬁe&iyl)pip erazin-1-yl)benzoic acid, 4-(((1R}—3—morpholin~4—y1— 1.
((phenyithio)methyl)prbpyl)amino)—3—((niﬂuorométhyl)sulfonyl)benzenes’uifonamidc and a first
coupling ruacrent with or Wrchout a fourth base and with or without an auxiliary couplmg rcavent,
and 1so}atmg or not 1solatmg theN (4-(4-((2-(4-chlorophenyl)- 5,5~cumethy1 i cyclohex-1- en-1-
yl)methyi)plperazm 1—y1)benzoy1}-—4 (((IR) ~3-(morpholin-4-yl}-1-
((phenylsulfanyl)methyl)propyl)ammo} -3~ ((tnﬂuommeﬂlyl)sulfonyl)’ocnzenesulfonazmde
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‘ One aspect of this disclosure pertains to a process for making N-(4-(4-((2-(4-
E:hlorophcnyl)-.S S-dimethyl-1-cyciohex-1-en-1-yljmethyljpiperazin-1 “yhbenzoyi)}-4-(((1R)-
3-(morph01m—4-yl)-i-((phenyisulfanyi)methyi)pmpy%)aminﬁ)—S»
((triﬂuorbmethyl)sulfonyl)benzenesuifonanﬁde, comprising:

(2)  reacting 4,4-dimethyleyclobexanone, an alkyl formate and 2 first base to
provide { 2E}~2—(hydroxmethylene)—4 4-dimethylcyclohexanone and isolating or not isolating
the (2E)-2- (hydmxymcthyinne)—4 4.dimethyicyclohexanone;

{ty  reacting the (2E)-2-(hydroxymethylene)-4,4- dlmﬂthylcyclohpxanone, a second
base and a first sily! ether protecting group reagent to provide a first protected (2E)-2-
(hydroxymethylene)-4,4-dimethyloyclobexanone and isolating or not isolating the first
protected (2E)-2-(hydroxymethylene) -4 4-dimethyl cyclohcxaﬁone;

(¢)  reacting the first protected (2E)-2-(hydroxymethylene)-4,4-
dimethyleyciohexanone and 4-chloropheny! magnesium brommde to provide the first
protected (2E)-1 -(4-chlorophenyl)-2-(hydroxymethylene)-4,4-dimethyl cyclohexanol; and
isolating or not isolating the first protected (2E)-1 ~(4-chloropheny!)-2-(hydroxymethylene)-
¢ A-dimethyleyclohexanol; and
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(d)  reacting the first protected (2E)-1-(4-chloropheny!)-2-(hydroxymethylene)-

4 4-dimethylcyclohexano! and a first acid to provide 2-(4-chiorophenyl)-5,5-
dimethylcyciohex-1-ene-1-carbaldehyde and isolating or not isolating the 2~(4-chiorophenyl)-
5,5-dimethyicyclohex-1-ene-1-carbaldehyde;

{e)  reacting 2—(4—chloropheny1)—5,Sfdimethylcyciohex—l-ene~1 ~carbaldehyde,
ethyl 4-piperazin-1-ylbenzoate and a first reducing agent and isolating or not isolating the
ethyl 4-(4-((2-(4-chiorophenyl)-5,5-dimethylcyclobex-1-en-1-yhmethylpiperazin-1-
ylbenzoate;

(H) reacting ethyl 4-(4-((2-(4-chlorophenyl)-5,5-dimethyleyclohex-1-en-1-
ylmethyl)piperazin-1-ylibenzoate and an aqueous third base, and isolating or not isolating
the 4-(4-((2-(4-chlorophenyt)-5,5-dimethylcyclohex-1-en-1-ylymethyDpiperazin-1-yDbenzoic
acid; and

{g)  reacting 4-(4-((2-(4-chlorophenyl}-5,5-dimethyicyclohex-1-en-1-
yhmethylpiperazin-1-yl)benzoic acid, 4-(({1R)-3-morpholin-4-yl-1-
{(phenylthio)methylypropyl)amino)-3-((trifluoromethyl)sulfonylybenzenesulfonamide, a first
coupling reagent, and, optionally; a first auxiliary coupling reagent and isolating or not
- 1solating the N-(4-(4-((2-(4-chlorophenyi}-5,5-dimethyl-1-cyciohex-1-en-1-
yhmethylpiperazin- ! -yl)benzoyl-4-(((1R)-3-(morpholin-4-y)-1-
((phenyisulfanyl)rﬁethyl)propyl)amino)—3~((triﬂuoromethyl)sulfonyi)benzenesulfonam:ide. :

Another aspect of this disclosure pertains to a process for making N-(4-(4-((2-(4-
chlorophenyl)-5,5-dimethyl-1-cyclohex-1-en-1~yhmethylpiperazin-1-yDbenzoyl}-4-(((1R)-
3-(morpholin-4-y1}-1-((phenyisulfanyDmethyl)propylyaminoe)-3-
((trifluoromethyl)sulfonyl)benzenesulfonamide, comprising:

(2} reacting 4,4-cdimethylcyclohexanone, an alicyl formate and a first base to
provide (2E)-2-(hydroxymethylene)-4,4-dimethylcyclohexanone and isolating or not isolating
the (2E)-2-(hydroxymethylene)-4,4-dimethyicyclohexanone;

(b)  reacting the (2E)-2-(hydroxymethylene)-4,4-dimethylcyclohexanone, a second
base and & first 5in1 ether protecting group reagent to provide a first protected (2ZE)-2-
(hydroxymethylene)-4,4-dimethyleyclohexanone and isolating or not isolating the first
profeoted (2E)-2-(hydroxymethylene)-4,4-dimethylcyclohexanone;

{c) reacting the first protected (2E)-2-(hydroxymethylene)-4,4-
dirmethyicyclohexanone and 4-chlorophenyl magnesium bromide to provide the first

protecied (2E)-1-{4-chlorophenyl)-2-(hydroxymethylene)-4,4-dimethyicyclohexanol; and
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isolating or not isolating the first protected (2E)-1-(4-chloropheny!)-2-(hydroxymethylene)-
4 4-dimethylcyclohexanol; and

{(d)  reacting the first protected (2E)-1-(4-chlorophenyl)-2-(hydroxymethylene)-
4,4-dimethylcyclohexanol and a first acid to provide 2-(4-chlorophenyi)-5,5-
dimethylcyclohex-1-ene-1-carbaldehyde and isolating or not isolating the 2-(4-chlorophenyl)-
5,5-dimethylcyclohex-1-ene-1-carbaldehyde;

{e)  reacting 2-(4-chlorophenyl)-5,5-dimethylcyciohex-1-ene-1-carbaldehyde,
ethyl 4-piperazin-1-ylbenzoate and a first reducing agent and isolating or not isolating the
ethyl 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-yl)methyl)piperazin-1-
yl)benzoate; '

(5 reacting ethyl 4-(4-((2-(4-chlorophenyl)-3,5-dimethylcyclohex-1-en-1-
yhmethyl)piperazin-1-ylbenzoate and an agueous third base, and isolating or not isolating
the 4-{4-({2-(4-chiorophenyl)-5,5-dimethyleyclohex~1~en-1-ylymethyl)piperazin-1-ylibenzoic
acid;

(m)  reacting 2-fluorobenzenesulfonyl chloride, and a first fluoride source to
provide 2-fluorobenzenesulfonyl fluoride and isolating or not isolating the 2-
fluorobenzenesulfonyl fluoride;

(n)  reacting the 2-fluorobenzenesulfony! fluoride, Ruppert’s reagent (CHaSiCFs),
and a second fluoride source to provide 1-fluoro-2-({trifluoromethyl)sulfonyljbenzene and
1solating or not isolating the 1-fluoro-2-((trifluoromethylisulfonyl)benzene;

(0) reacting 1-fluoro-2-({trifluoromethylsulfony!)benzene, and chlorosuifonic
acid to provide 4-fluoro-3-((trifluoromethyl)sulfonylybenzenesulfonyl chloride and isolating
or not isolating the 4-fluoro-3-({trifluoromethyl)sulfonylybenzenesulfonyl chloride;

(p) reécting 4-fluoro-3-((trtfluoromethyl)sulfonylybenzenesuifonyi chloride, and a
first NH; source to provide 4-fluore-3-((trifluoromethyl)sulfonyl)benzenesulfonamide and
1solating or not isolating the 4-fluore-3-((trifluoromethyl)sulfonyl)benzenesuifonamide;

(@)  reacting 4-fluoro-3-((trifluoromethyl)sulfonyl)benzenesulfonamide, (1R)-3-
morpholin-4-yl-1-({(phenylthio)methyl)propylamine and a sixth base to provide 4-(((1R)-3-
morpholin-4-yl-1-{(phenylithio)methyl)propylamino)-3-
((triflucromethyl)sulfonyl)benzenesulfonamide and isolating or not isolating the 4-(({1R)-3-
morpholin-4-yl-1-((phenylthicymethyt)propyiyamino)-3-
((trifluoromethyl)sulfonyl}benzenesulfonamide; and

() reacting 4-(4-{(2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-
yhmethyDpiperazin-1-yDbenzoic acid, 4-(((1R)-3-morpholin-4-yl-1-



((phenylthio)methy!)propy!)amino)-3-((trifluoromethyl)sulfonyl}benzenesulfonamide, a first
coupling reagent, and, optionally; a first auxiliary coupling reagent and isolating or not
isolating the N-(4-(4-((2-(4-chlorophenyl)-5,5-dimethyl-1-cyclohex-1-en-1-
yDmethy)piperazin-1-yl)benzoyl)-4-(((1R}-3-(morpholin-4-yl}-1-
({phenyisuifanylymethylypropyl)amino)-3-((trifluoromethyl)sulfonyl)benzenesulfonamide.

Another aspect of this disclosure pertains to a proéess for making N-(4-(4-((2-(4-
chlorophenyl)-3,5-dimethyi-1-cyclohex-1-en-1-ylmethyl)piperazin-1-yhbenzoyl)-4-({(1R)-
3-(morpholin-4-yi)-1-((phenylsulfanyhmethyl)propyl)amino)-3-
((trifluoromethyl)sulfonyl)benzenesulfonamide, comprismg:

(&) - reacting 4,4-dimethyicyclohexanone, an alkyl formate and 2 first base to
provide (2E)-2-(hydroxymethylens)-4,4-dimethylcyclohexanone and isolating or not isolating
the (2E)-2-(hydroxymethylene)-4,4-dimethyicyclohexanone;

(b)  reacting the (2F)-2~(hydroxymethylene)-4,4-dimethylcyclohexanone, a second
base and a first sily! ether protecting group reagent to provide a first protected (2E)-2-
(hydroxymethylene)-4,4-dimethyicyclohexanone and isolating or not isolating the first
protected (2E)-2-(hydroxymethylene)-4,4-dimethylcyclohexanone;

{c) reacting the first protected (2E)-2-(hydroxymethylene)-4,4- -
dimethylcyclohexanone and 4-chlorophenyl magnesium bromide to provide the first
'protected (ZE)»14(4-chlorophenyl)-2—(hydr0xymethylene)—4,4~dimethylcyc16hexanol; and
isolating or not isolating the first protected (2E)-1-(4-chlorophenyl)-2-(hydroxymethylene)-
4, 4-dimethyleyclohexanol; and

(d)  reacting the first protected (2E)-1-(4-chlorophenyl)-2-(hydroxymethylene)-

4 4-dimethyleyclohexanol and a first acid to provide' -2-(4—chioropheny1)~5,5— |
dimethylcyclohex-1-ene-1-carbaldehyde and isolating or not isolating the 2-(4-chlorophenyl)-
5,5-dimethylcyclohex-1-ene-1-carbaldehyde;

() reacting 2-{4-chlorophenyl)-5,5-dimethylcyclohex-1-ene-1-carbaldehyde,
ethyl 4-piperazin-1-ylbenzoate and a first reducing agent and isolating or not 1solating the
ethyl 4-(4-((2-(4-chiorophenyl}-3,5-dimethylcyclohex-1-en-1 —yl)methyl)piperazin.— 1-
ylbenzoate;

H reacting ethy! 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-
yDmethyl)piperazin-1-yhbenzoate and an agueous third base, and isolating or not isolating
the 4-(4-((2-(4-chloropheny!)-5,5-dimethylcyclohex-1-en-1-ylymethyl)piperazin-1 -yl)benzoic

acid;



(r) reacting a first metal trifluoromethanesulfinate, a first aryl fluoride source, and
a first catalyst to provide 1-ﬂuoro—2~{(triﬂuorometh_y1)sulfonyl)bénzene and isolating or not
1solating the 1-fluoro-2-({trifluoromethyl}sulfonyljbenzene;

(o)  reacting 1-fluoro-2-((trifluoromethyl)sulfonyl)benzene, and chlorosulfonic
acid to provide 4-ﬂu0ro—3—((‘a‘iﬂuoromethyl)sulfonyl)benzenesﬁlfonyl chloride and isolating
or not isolating the 4-fluoro-3-({triflucromethyl)sulfonyl)benzenesulfonyl chlonde;

(p)  reacting 4-fluoro-3-((trifluoromethylsulfonyl)benzenesulfony! chioride, and 2
first NH; source to provide 4~ﬂuor0—3—((triﬂuoromcthy})sulfonyi)bcnzenesulfonamide and
isolating or not isolating the 4-fluoro-3-({trifluoromethyl)sulfonyl)benzenesulfonamide;

(q)  reacting 4-fluoro-3-{(trifluoromethyl)sulfonyl)benzenesulfonamide, (1R)-3-
morpholin-4-yl-1-((phenylthio)ymethyl)propylamine and a sixth base to provide 4-(((1R)-3-
morpholin-4-yl-1-((phenylthio)methyl)propylamino)-3-
((trifluoromethylsulfonylbenzenesulfonamide and isolating or not isolating the 4-(({1R)-3-
morpholin-4-yl-1-((phenylthio ymethylpropyl)amina)-3-
((triftuoromethyl)sulfonyl)benzenesulfonamide; and

(g}  reacting 4-(4-((2-(4-chlorophenyl)-5,5-dimethyleyclohex-1-en-1-
yhmethyl)piperazin-1-yl)benzoic acid, 4-(((1R)-3-morpholin-4-yi-1-
({(phenylthioymethylpropyl)amino)-3-((trifluoromethyl)suifonyl)benzenesulfonamide, a first
coupling reagent, and, optionally; a first auxiliary coupling reagent and isolafing or not
isolating the N-(4-(4-((2-(4-chloropheny!)-3,5-dimethyl-1-cyclohex-1-en-1-
ylmethyl)piperazin-1-yl)benzoyD)-4-(((1R)-3-(morpholin-4-yl)-1- |
((phenylsulfany!)methypropyl)amino)-3-((trifluoromethyl)sulfonyl)benzenesulfonanide.

Another aspect of this disclosure pertains to a process for making N-{(4-(4~((2-(4-
chlorophenyl)-3,5-dimethyl-1-cyclohex-1-en-1-yimethyl)piperazin-1-yhbenzoyl)-4-(((1R)-
3-(morpholin-4-y1)-1-((phenylsuifanylymethyl)propylyamino)-3-
((trifluoromethyl)sulfonyljbenzenesulfonamide, comprising:

(a)  reacting 4,4-dimethylcyclohexanone, ethyl formate and potassium tert-
butoxide to provide (2E)-2-(hydroxymethylene)-4,4-dimethylcyclohexanone and isolating or
not isolating the (2E)-2-(hydroxymethylene}-4,4-dimethylcyclohexanone;

()  reacting the (2E)-2-{hydroxymethyiene)-4,4-dimethyleyclohexanone,
triethylamine and trimethylchlorosilane, tert-butylchlorodimethylsilane, or
triisopropylchlorosilane to provide (2E}-4,4-dimethyl-2-
(({triisopropylsityhioxymethylene)cyclohexanone, (2E)-4,4-dimethyl-2-
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(((trimethylsilyl)oxy)ymethylene)cyclohexanone, or (2E)-2-(({tert-
butyl{dimethyl)sifyl)oxy)methylene)-4,4-dimethylcyclohexanone and isolating or not
1solating the (2E)-4,4-dimethyl-2-(((triisopropylsilyl)oxy)methylene)cyclohexanone, (2E)-
4,4-dimethyl-2-(((trimethylsilyDoxy)methylene)cyclohexanone, or (2E)-2-(((tert-
butyl{dimethyl)silyl)oxy)methylene)-4,4-dimethylcyclohexanone;

(c) reacting the (2E)-4,4-dimethyl-2-
(((tritsopropylsilyloxy)methylene)cyclohexanone, (2E)-4,4-dimethy!-2-
{({({trimethyisilyDoxy)methylene)cyclohexanone, or (2E)-2-(((tert-
butyl(dimethyl)silyljoxy)ymethyiene)-4.4-dimethylcyclohexanone and 4-chloropheny!
magnesium bromide to provide ((2E)-1-(4-chlorophenyl)-4,4-dimethyl-2~
(({(triisopropylsilyDoxy)methylene)éyclohexanol, (2F)-1-(4-chiorophenyl)-4,4-dimethyl-2-
(((trimethylsilyl)oxy)methylenejcyclohexanol, or (2E)-2-(({tert-
butyl(dimethylsilyoxy)methylene)-1-(4-chlorophenyl)-4,4-dimethyleyclohexanol; and
isolating or not isolating the (2E)-1-(4-chlorophenyl)-4,4-dimethyl-2-
{({(triisopropylsilyDoxy)methylene)cyclohexanol, (2E)-1-(4-chlorophenyl)-4,4-dimethyl-2-
(((trimethylsilyhoxy)methylene)cyclohexanol, or (2E)-2-(({tert-
butyl{dimethyDsilyDoxy)ymethyiene)-1-(4-chlorophenyl)-4,4-dimethylcyclohexanol;

{d) reacting (2E)-1-(4-chlorophenyl)-4,4-dimethyl-2-
(({(tnisopropylsilyloxy)methylene)cyclohexanol, (2E)-1-(4-chlorophenyl)-4,4-dimethyl-2-
{({(trimethylsilyDoxy)methylene)cyclohexanol, or (2E)-2-(((tert-
butyl{dimethyl)silyl)oxy)methylene)-1-(4-chlorophenyl)-4,4-dimethyleyclohexanol and
hydrochloric acid to provide 2-(4-chlorophenyt)-5,5-dimethyicyclohex-1-ene-1-carbaldehyde
and isolating or not isolating the 2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-ene-1-
carbaldehyde; , ”

(e) reacting 2-(4-chlorophenyl}-3,5-dimethyleyclohex-1-ene-1-carbaldehvde,
ethyl 4-piperazin-1-ylbenzoate and sodium triacetoxyborohydride and isolating or not
isolating the ethyl 4-(4-((2-(4-chlorophenyi}-5,5-dimethyleyclohex-1-en-1-
ylymethyl)piperazin--yljbenzoate;

(f) reacting ethyl 4-(4-((2-(4-chlorophenyl}-5,5-dimethylcyclohex-1-en-1-
yhmethyl)piperazin-1-yl)benzoate and aqueous sodium hydroxide, and isolating or not
isolating the 4-(4-((2-(4-chloropheny!)-5,5-dimethylcyciohex-1-en-1-ylymethyhpiperazin-1-
yDbenzoic acid; and

(2) reacting 4-(4-((2-(4-chlorophenyl)-5,5-dimethyleyclohex-1-en-1-
yhmethyl)piperazin-1-ylYbenzoic acid, 4-(((1R)-3-morpholin-4-yi-1-



((phenylthio)methyl)propylyamino)-3-((trifluoromethyl)sulfonyljbenzenesulfonamide, 1-
ethyl-3-(3 -(dimethyizimino)propyl}-carbodiimide hydrochlornide, and
4-dimethylaminopyridine and isolating or not isolating the N-{4-(4-((2-(4-chloropheny)-5,5-
dimethyl-1-cyclohex-1-en-1-ylmethyl)piperazin-1-yl)benzoyl)-4-(((1R)-3-(morpholin-4-yl}-
1-({phenylsulfanylymethyl)propyDamino)-3-({trifluoromethyl)sulfonylybenzencsul fonamide.

Ancther aspect of this disclosure pertains to a process for making N-(4-(4-((2-(4-
chlorophenyl)-5,5-dimethyi-1-cyciohex-1-en-1-yDmethyl)piperazin-1-yl)benzoyl)}-4-(({(1R)-
3-(morpholin-4-y1)-1-((phenyisulfanyimethyl)propyl)amino)-3-
((trifluoromethyl)sulfonyl}benzenesuifonamide, compriging:

(a)  reacting 4,4-dimethylcyclohexanone, ethyl formate and potassium tert-
butoxide to provide (2E)-2-(hydroxymethylene)-4,4-dimethylcyciohexanone and isolating or
not isolating the (2E)-2-(hydroxymethyiene)-4,4-dimethylcyclohexanone;

(b)  reacting the (2E)-2-(hydroxymethylene)-4,4-dimethyicyclohexanone,
triethylamine and trimethylchlorosilane, tert-butylchiorodimethylsilane, or
triisopropylchldrosﬂane to provide (2E)-4,4-dimethyl-2-
(((triisopropylsilylioxy)methylene)cyciohexanone, (2E)-4,4-dimethyl-2-
{((trimethyisityDoxy)ymethylene)cyclohexanone, or (2E)-2-(((tert-
butyi{ dimethyDsilylDoxyimethylene)-4,4-dimethylcyclohexanone and isolating or not
isolating the (2E)-4,4-dimethyl-2-({(friisopropyisilylJoxyimethylene)cyclohexanone, (2E)-
4,4-dimethyl-2-(((trimethylsilyhoxyymethylene)cyclohexanone, or (2E)-2-(((tert-
butyl{dimethyhsiiyDoxy)methylene)-4,4-dimethylecyclohexanone;

(c)  reacting the (2E)-4,4-dimethyl-2-
(((triisopropylsilylyoxy)methylene)cyclohexanone, (2E)-4,4-dimethyl-2~
{({((trimethylsilyDoxy)methylene)eyclohexanone, or (2E)-2-(((tert-
butyl(dimethyDsilylyoxyymethylene)-4,4-dimethylcyclohexanone and 4-chlorophenyl
magnesium bromide o provide ((2E)-1-(4-chlorophenyl)-4,4-dimethyl-2-
(({(triisopropylsityloxy)methylene)cyclohexanol, (ZE}~1~(4—chlorophenyi)—4,4~dimethyl~2~
(((trimethylsﬂyl)oxy)methy}ehe)cyolohexanoi, or 2E)-2-{{(tert-
butyl{ dimethyl}silyDoxy)methylene)-1-(4-chloropheny!)-4,4-dimethylcyclohexanol, and
isolating or not isolating the (2E)-1-{4-chiorophenyl}-4,4-dimethyi-2-
(((tritsopropylsilyDoxy)methviene)cyclobexanol, (2E)-1-(4-chlorophenyl)-4,4-dimethy!-2-
({((trimethylisityDoxyymethylene)cyclohexanol, or (ZE)-2-(((tert-
butyl(dimethylsilyhoxy)methylene)-1-(4-chlorophenyl)-4,4-dimethyleyclohexanol;
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(d) reacting (2F)-1-(4-chlorophenyl}-4,4-dimethyl-2-
(({(triisopropylsilyloxy)methylene)cyciohexanol, (2E)-1-(4-chloropheny!}-4,4-dimethyl-2-
{(((trimethylsilylyoxy)methylene)cyclohexanol, or (ZE)-2-({{tert-
bhutyi(dimethyl)silyDoxy)ymethylene)-1-(4-chlorophenyl)-4,4-dimethylcyclohexanol and
hydrochioric acid to provide 2-(4-chloropheny!)-5,5-dimethylcyclohex-1-ene-i-carbaldehyde
and isolating or not isolating the 2-(4-chlorophenyl)-5,5-dimethyicyclohex-1-ene-1-
carbaldehyde;

() reacting 2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-ene-1-carbaldehyde,
ethyl 4-piperazin-1-ylbenzoate and sodium triacetoxyborohydride and igolating or not
isolating the ethyl 4-(4-((2-(4-chlorophenyl)-5,5-dimethyicyclohex-1-en-1~
yvhmethylpiperazin-1-yhbenzoate;

(f) reacting ethyl 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-
yDmethylypiperazin-1-yiYbenzoate and aqueous sodium hydroxide, and isolating or not
isolating the 4-(4-((2-(4-chlorophenyl)-5,5-dimethyicyclohex-1-en-1-yl)methyljpiperazin-1-
ylbenzoic acid;

(m)  reacting 2-fluorobenzenesulfonyl chloride, and tetra-r-butylammonium
fluoride to provide 2-fluorobenzenesulfonyl fluoride and isolating or not isolating the 2-
fluorobenzenesulfonyl! fluoride;

{n) reacting the 2-fluorobenzenesulfonyl! fluoride, Ruppert’s reagent (CH;S1CFs),
and tris(dimethylamino)sulfonium difluorotrimethylsilicate to provide 1-fluoro-2-
((trifluoromethyl)sulfonyl)benzene and isolating or not isolating the 1-fluoro-2-
({trifluoromethyl)sulfonybenzene;

(0) reacting 1-fluoro-2-{{trifluoromethyl)sulfonyi)benzene, and chiorosulfonic
acid to provide 4-fiuoro-3-((trifluoromethyl)sulfonyl)benzenesulfonyl chloride and isolating
or not 1solating the 4-fluoro-3-((trifluoromethyl)sulfonylbenzenesulfonyl chloride;

(p)  reacting 4-fluoro-3-((trifluoromethyl)sulfonylibenzenesulfonyl chloride, and
agqueous ammonium hydroxide to provide 4-fluoro-3-
((trifluoromethyDsulfonylybenzenesulfonamide and isolating or not isolating the 4-fluoro-3-
({trifluoromethyljsulfonyhbenzenesulfonamide;

(qp  reacting 4-fluoro-3-((trifluoromethyl)sutfonyl)benzenesulfonamide, (1R)-3-
morphoiin-4-yi-1-((phenylthio)methyl)propylamine and triethylamine to provide 4-(((1R)-3-
morpholin-4-vi-1-((phenylthio ymethyljpropyliamino)-3-

{(triffuoromethyl)sulfonyl)benzenesulfonamide and isolating or not isolating the 4-(({1R)-3-



morpholin-4-yi-1-((phenylthicymethyljpropyl)amino)-3-
{(trifluoromethyl)sulfonyl)benzenesutfonamide; and

(g)  reacting 4-(4-({2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-
yDmethyl)piperazin-1-yhbenzoic acid, 4-(({1R)-3-morpholin-4-yi-1- |
((phenylthio)methyl)propyliamine)-3-{{triflucromethyl)sulfony!jbenzenesulfonamide, 1-
ethyl-3-(3-(dimethylamino)propyl)-carbodiimide hydrochioride, and
4-dimethylaminopyridine and isolating or not isolating the N-(4-(4-((2-(4-chlorophenyl)-5,5-
dimethyl-1-cyclohex-1-en-1-ylimethylpiperazin-1-y)benzoyl)-4-(((1R)-3-(morpholin-4-y1)-
1-((phenyisulfanylymethyDpropyhamino}-3-({trifluoromethyl)sulfonyl)benzenesul fonamide.

Another aspect of this disclosure pertains to a process for making N-(4~(4-((2~(4-
chlorophenyl)-5,5-dimethyl-1-cyclohex-1-en-1~ylimethylpiperazin-1-yhbenzoyl)-4-(((1R)-
3-(morpholin-4-yl)-1 —((phenylsuifanyl)methyl)propyl) amino)-3-

- ((trifluoromethylsul fonyl)benzenesulfonamide, comprising:

(2)  reacting 4,4-dimethylcyclohexanone, ethyl formate and potassium tert-
butoxide to provide (2E)-2-(hydroxymethylene)-4,4-dimethyleyclohexanone and isolating or
not isolating the (2E)-2-(hydroxymethylene)-4,4-dimethylcyclohexanone;

(b)  reacting the (2E)-2-(hydroxymethyiene}-4,4-dimethylcyclohexanone,
triethylamine and trimethylchlorosilane, tert-butylchlorodimethylsiiane, or
| triisopropylchlorosilane to provide (2E)-4,4-dimethyl-2-
({((tritsopropylsilyDoxy)methylene)cyclohexanone, (2E)-4,4-dimethyl-2-
(((trimethylsilyloxy)methylene)cyclohexanone, or (2F)-2-(((tert-
butyl{dimethy!silyDoxy)methylene)-4,4-dimethyleyclohexanone and isolating or not
isolating the (2E)-4,4-dimethyl-2-(((triisopropylsilyDoxy)methylene)cyclohexanone, (2E)-
4 4-dimethyl-2-({(trimethylsilylDoxyymethylene)cyclohexanone, or (2E}-2-(({tert-
butyi(dimethy!)silyDoxy)methylene)-4,4-dimethyicyclohexanone;

(c)  reacting the (2E)-4 4-dimethyl-2-
(((misopmpyisﬂyl)oxy)methyiene)cyciohexanone, (2E)-4,4-dimethyl-2-
{((trimethylsilyhoxy)methylene)cyclohexanone, or (2E)-2-(((tert-
buty1(dimethyl).silyl)oxy)methyiene)~4,4-dimethylcyciohexanone and 4-chlorophenyl
magnesium bromide to provide ((2E)-1-(4-chlorophenyl)-4,4-dimethyl-2-
(((triisopropylsilyhoxy)methylene)cyclohexanol, (2E)-1-(4-chiorophenyl)-4,4-dimethy!-2-
({(trimethylsilyhoxy)methylenejeyclohexanol, or (2E)-2-(((tert-
butyl(dimethyDsilyl)oxy)methylene)-1-{4-chlorophenyl)-4,4-dimethyleyclohexanol; and
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isolating or not isolating the (2E)-1-(4-chloropheny!)-4,4-dimethyl-2-
(({(tnisopropylsilyboxy)methylene)cyclohexanol, (2E)-1-{4-chiorophenyl)-4,4-dimethyl-2-
(((trimethylsilyDoxy)methylene)eyclohiexanol, or (2E)-2-(((tert- _
butyl{dimethyl)silyl)oxy)methylene)-1-(4-chlorophenyi)-4,4-dimethylcyciohexanol;

(dy  reacting (2E)-1-(4-chiorophenyl)-4,4-dimethyl-2-
(((;criisopropyisilyl)oxy)methylene)cyclohex anol, (ZE)-1-(4-chlorophenyl)-4,4-dimethyl-2-
({{trimethylisilyl)oxy)methylene)cyciohexanol, or (2E)-2-(({tert-
butyl(dimethyl)silyhoxy)methylene)-1-(4-chlorophenyl)-4,4-dimethyleyclohexanol and
hydrochloric acid to provide 2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-ene-1-carbaldehyde
and isolating or not isolating the 2-(4-chlorophenyl}-5,5-dimethylcyclohex-1-ene-1-
carbaldehyde;

(e) reacting 2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-ene-1-carbaldehyde,
ethyl 4-piperazin-1-yibenzoate and sodium triacetoxyborohydride and isolating or not
isolating the ethyl 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-
yhmethylpiperazin-1-yl)ybenzoate;

{f) reacting ethyl 4-(4-((2-(4-chlorophenyl)-5,5-dimethyleyclohex-1-en-1-
yhmethyl)piperazin- 1-yl)benzoate and aqueous sodium hydroxide, and isolating or not
isolating the 4~(4-({2-(4-chlorophenyl)-5,5-dimethyleyclohex-1-en-1-yl)methyl)piperazin-1-
yhbenzoic acid,

()  reacting sodium trifluoromethanesulfinate, bis-(2-fluorophenyliodonium
tetraflucroborate and copper(I) oxide to provide !-fluoro-2-
{(triflooromethyl)sulfonylybenzene and 1solating or not isolating the 1-fluoro-2-
((trifluoromethyDsulfonyl)benzene;

(0)  reacting 1-fluoro-2-((trifluoromethyisuifonyljbenzene, and chlorosulfonic
acid to provide 4-fluoro-3-((trifluoromethyl)sulfonylybenzenesutfonyl chloride and isolating
or not 1solating the 4-fluoro-3-{(trifluoromethyi)sulfonylybenzenesulfonyl chioride;

(p)  reacting 4-fluoro-3-({trifluoromethyl)sulfonyl)benzenesulfonyl chloride, and
aqueous ammonium hydroxide to provide 4-fluoro-3-
((triftuoromethyl)sulfonyl)benzenesulfonamide and isolating or not isolating the 4-fluoro-3-
((trifluoromethyl)sulfonyl)benzenesulfonamide,

(q)  reacting 4-fluore-3-((trifluoromethyl)sulfonyl)benzenesulfonamide, (1R)-3-
morpholin-4-yl-1-((phenytthio)methyl)propylamine and triethylamine to provide 4-({(1R)-3-
morpholin-4-yl-1-((phenylthio)methypropyl)amino)-3-

{(trifluoromethyl)sulfonyl Ybenzenesulfonamide and isolating or not isolating the 4-(({1R -3~

10



morpholin-4-yl-1-((phenylthio)methyl)propyl)amino}-3-
: ((triﬂﬁoromethyl)suifonyl)benzenesulfonamide; and

(g)  reacting 4-(4-((2-(4-chlorophenyl}-5,5-dimethylcyclohex-1-en-1-
yDymethylpiperazin-1-yhb enzoic acid, 4-(((1R)-3-morpholin-4-y1-1-
((phenylthio)methyi)propyl)amino)-3—((triﬂﬁorome:‘chyl)sul,fonyl)benzenesulfonamide, 1-
ethyl-3-(3-(dimethylamino)propyl)-carbodiimide hydrochloride, and
4-dimethylaminopyridine and isolating or not isolating the N-(4-(4-((2~(4-chlorophenyl)-5,5-
dimethyl-1-cyclohex-1-en-1-yDmethyl)piperazin-1-yhbenzoyt)-4-{((1R)-3-(morpholin-4-yl}-
1-((phenylsulfanylymethyl)propyl)amino)-3-({trifluoromethyl)sulfonyl)benzenesul fonamide.

Another aspect of this disclosure pertains to a process for making N-(4-(4-((2-(4-
chlorophenyl)-5 ,5~difnethy1— 1-cyclohex-1-en-1-yDmethyl)piperazin-1-yl)benzoyl}-4-(((1R)-
3-(morpholin-4-y1)-1-{(phenyisulfanyljmethylypropyl)amino)-3-
((trifluoromethylsulfonyl)benzenesulfonamide, or 2 pharmaceutiéaﬂy acceptable salt thereof,
comprising: _ |

(e) reacting 2-(4-chlorophenyt)-3,5-dimethyloyclohex-1-ene-1-carbaldehyde,
ethyl 4-piperazin-1-ylbenzoate and a first 'reducing agent and isolating or not isolating the
ethyl 4—(4-((2—(4-ohlomphenyl)—5,S—dimethyl cyclohex-1-en-1-yhmethyl)piperazin-1-
yl)benzoate;

(H reacting ethyl 4-(4-((2-(4-chlorophenyl)-5,5-dimethylicyclohex-1-en-1-
ylymethyl)piperazin-1-yl)benzoate and an agueous third bese, and isolating or not isolating
the 4-(4-((2-(4-chiorophenyl)-5,5-dimethylcyclohex-i-en-1-ylmethyl)piperazin-1-yljbenzoic
acid; and |

(g)  reacting 4-(4-((2-(4-chiorophenyl)-5,5-dimethylcyciohex-1-en-1-
ylymethyl)piperazin-1-ylybenzoic acid, 4-(({1R)-3-morpholin-4-yl-1-
((phenylthio)methyt)propyl)amino)-3-((trifluoromethylsulfonyljbenzenesulfonamide and a
first coupling reagent with or without & fourth base and with or without an auxiliary coupling
reagent, and isolating or not isolating the N-(4~(4-{(2-(4-chloropheny!)-3,5-dimethyl-1-
cyclohex-1-en-1-yl)methylypiperazin-1-yhbenzoyl}-4-(((1R)-3-(morpholin-4-yl)-1-
({(phenylisulfanylymethyl)propylamine)-3-((trifluoromethyl)sulfonyljbenzenesulfonamide.

Another aspect of this in;\rention pertains to a process for making N-(4-(4-((2-(4-
chlorophenyl)-5,5-dimethyl-1-cyclohex-1-en-1-yhmethyl)piperazin-1-yiyoenzoyl-4-(((1R}-
3-(morpholin-4-y)-1-((phenylsulfanylmethylypropyl)amino)-3-

11



((trifluoromethyDsulfonylybenzenesulfonamide, or a pharmaceutically acceptable salt thereof,
comprising:

(e}  reacting 2-(4-chiorophenyl)-5,5-dimethylcyclohex-1-ene-1-carbaldehyde,
ethyl 4-piperazin-1-ylbenzoate and sodium triacetoxyborohydride and isolaﬁﬁg or not
isolating the ethyl 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-
yhmethylpiperazin-1-ylhibenzoate;

H reacting ethyl 4-(4-((2-(4-chlorophenyl)-5,5-dimethylicyclohex-1-en-1-
ylmethyl)piperazin-1-yl}benzoate and aqueous sodium hydroxide, and isolating or not
isolating the 4-(4-((2-(4-chlorophenyl)-3,5-dimethylcyclobex-1-en-1-yDmethyl)piperazin-1-
yl)benzoic acid; and

(g  reacting 4-(4-((2-(4-chloropheny!}-5,5-dimethyicyclohex-1 -en-1-
yDmethyl)piperazin-1-yl)benzoic acid, 4-({({(1R)-3-morpholin-4-yl-1-
((phenylthio)methyljpropyiamino)-3-((trifluoromethyl)sulfonyl)benzenesulfonamide,
1-ethyl-3 —(3-(dimethy1anﬁno)lpropy].)cafbodiimide hydrochloride and
4-dimethylaminopyridine and ésoiating or not isolating the N—(4-(4-((2~(4-chlorophény1)-5,S—
dimethyi-1-cyclohex-1-en-1-ylimethyl)piperazin-1-yl)benzoyl}-4-({{ 1R)-3-(morpholimn-4-yl)-
1-((phenylsulfanylymethyhpropyl)amino)-3-((trifluoromethyl}sutfonyl)benzenesuifonamide.

Another aspect of this disclosure pertains to a compound, or a pharmaceutically
acceptable sait thereof, chosen from (2E)-4,4-dimethyl-2-
{{(tritsopropylsilyDoxy)methylene)cyclohexanone, (2E)-4,4-dimethyl-2-
(((trimethylsilyloxy)methylene)cyclohexanone, and (2E)}-2-(({tert-
butyl(dimethyl)silyDoxy)methylene)-4 4-dimethyleyciohexanone.

Another aspect of this disclosure pertains to 2-(4-chlorophenyl)-5,5-dimethyleyclohex-

1-ene-1-carbaldehyde or a pharmaceutically acceptable salt thereof.
DETAILED DESCRIPTION OF THE INVENTION

Variable moieties are represented by identifiers (capital letters with numerical and/or

alphabetical superscripts) and may be specifically embodied.

12
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The term “alkyl,” as used herein, means Cy-alkyl, Cy-alkyl, Cs-alkyl, Cy-alkyl,
Cs-alkyl, and Cg-alkyl.

The term “Cy-alkyl,” as used herein, means methyl.
The term “Co-alkyl,” as used herein, means ethyl.
The term “Cs-alkyl,” as used herein, means prop-1-yl and prop-2-y1 (isopropyl).

The term “Cy-alkyl,” as used herein, means but-1-yi, but-2-yi, 2-methylprop-i-yi, and

2-methylprop-2-yi (tert-butyl).

The term “Cs-alkyl,” as used herein, means 2,2-dimethylprop-1-yl (neo-pentyl), 2-
methylbut-1-yl, 2-methylbut-2-y1, 3-methylbut-1-yl, 3-methylbut-2-yl, pent-1-yl, pent-2-yl,
and pent-3-yl.

The term “Cg-alkyl,” as used herein, means 2,2-dimethylbut-1-yi, 2,3-dimethylbut-1-
yl, 2,3-dimethyibut-2-yl, 3,3-dimethylbut-1-yl, 3,3-dimethylbut-2-yl, 2-cthylbut-1-y1, hex-I-
vl, hex-2-yl, hex-3-yl, 2-methylpent-1-yl, 2-methylpent-2-vi, 2-methylpent-3-vl, 3-
methylpent-1-yl, 3-methylpent-2-yl, 3-methylpent-3-yl, 4-methylpent-1-yl, and 4-
methylpent-2-yl.

The term “alcohol,” as used herein, means methanol, ethanol, isopropanol,

tert-butanol, and the like or a mixture thereof.

The term, “bis-(2-fluorophenyl)iodonium alkyl-sulfonate,” as used herein means bis-
(2-fluorophenyl)iodonium methylsulfonate, bis-(2-fluorophenyl)iodonium
hexanesulfonate,bis-(2-fluorophenyl}iodonium dodecanesulfonate, bis-(2-
fluoropheny!)iodonium trifluromethyisulfonate, bis-(2-fluorophenyi)odonium allylsulfonate,

bis-(2-fluorophenyl}iodonium poly(vinylsulfonate and the like.
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The term, “bis-(2-fluorophenyl)iodonium aryl-sulfonate,” as used herein means bis-
(2-fluorophenyl)iodonium benzenesulfonate, bis-(2-fluorophenyliodonium p-
toluenesuifonate, bis-(2-tfluorophenylyiodonium mesitylsulfonate, bis-(2-

fluorophenyl)iodonium naphthylsulfonate and the like.

The term, “bis-(2-fluorophenyl)iodonium cycloalkyl-sulfonate,” as used herein means
bis-(2-fluorophenyl)iodonium cyclopropylsulfonate, bis-(2-fluorophenyl)iodonium

cyclohexylsulfonate and the like.

The term, “bis-(2-fluorophenyl)iodonium heterocycle-sulfonate,” as used herein
means bis-(2-fluorophenyiiodonium thiophenylsulfonate, bis-(2-fluorophenyi)iodonium-2-
pyridylsulfonate, bis-(2-fluorophenyhiodonium-3-pyridylsulfonate, bis-(2-
fluorophenyl)iodonium furfuryl-5-sulfonate, bis-(2-fluorophenylyiodonium indonylsulfonate,

and the hilke.

Compounds of this invention can have onc or more than one asymmetrically
substituted carbon atoms in the R or S configuration. Compounds having asymmetrically
substituted carbon atoms enriched with one configuration over the other are assigned the
configuration which is present in the higher amount, preferably 85% to 95% enrichment,
more preferably 95% to 99% enrichment, and still more preferably greater than 99%
enrichment. Accordingly, compounds of this invention can exist as enantiomers, mixtures of
enantiomers, diastereomers having relative stereochemistry, diastereomers having absolute
stereochemistry, diastereomers having at least one asymmetrically substituted carbon atom
which is enriched in one configuration and at least one asymmetrically substituted carbon

atom which is not enriched, and mixtures of the preceding.

Compounds of this invention can also have one or more than one carbon-carbon
double bond or carbon-nitrogen double bond. Accordingly, compounds of this invention can

exist as geometric isomers of either Z or E configuration or as mixtures of geometric isomers.

The terms “R”, 87, “Z”, and “E” are as defined by the IUPAC 1974
Recommendations for Section E, Fundamental Stercochemistry, Pure Appl. Chem. (1976) 45,
13-10.
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Compounds of this invention may exist as acid addition salts or base addition salts
and may be prepared during their isolation or following their purification. Acid addition salts
of compounds are prepared by reaction with acid. For example, the acetate, adipate, alginate,
bicarbonate, citrate, aspartate, benzoate, benzenesulfonate, bisulfate, butyrate, camphorate,
camphorsufonate, citrate, digluconate, formate, fumarate, glycerophosphate, glutamate,
hemisulfate, heptanoate, hexanoate, hydrochloride, hydrobromide, hydroiodide, lactobionate,
lactate, maleate, mesitylenesulfonate, methanesulfonate, naphthylenesulfonate, nicotinate,
oxalate, pamoate, pectinate, persulfate, phosphate, picrate, propionate, succinate, tartrate,
thiocyanate, trichloroacetate, trifluoroacetate, para-toluencsulfonate, and undecanoate salts of
compounds of this invention are meant to be embraced thereby. Base addition salts of
compounds of this invention may be prepared by reaction with a base such as the hydroxide,
carbonate, bicarbonate, phosphate, hydrogen phosphate, or dihydrogen phosphate of cations

such as calcium, iron, lithium, potassium, sodium or magnesium.

The term “isolating” as used herein, means separating a compound from a solvent,
anti-solvent, or a mixture of solvent and anti-solvent to provide a solid, semisolid or syrup.
This is typically accomplished by means such as centrifugation, filtration with or without
vacuum, filtration under positive pressure, distillation, evaporation or a combination thereof,
Isolating may or may not include purifying during which the chemical, chiral or chemical and
chiral purity of the isolate is increased. Purifying is typically conducted by means such as
crystallization, distillation, extraction, filtration through acidic, basic or neutral alumina,
filtration through acidic, basic or neutral charcoal, column chromatography on a column
packed with a chiral stationary phase, filtration through a porous paper, plastic or glass
barrier, column chromatography on silica gel, ion exchange chromatography,
recrystailization, normal-phase high performance liquid chromatography, reverse-phase high

performance liquid chromatography, trituration and the like.

The phrase “isolating or not isolating” as used herein, means that during the practice
of this invention, it is optional to isolate a particular compound after each step prior to the
next step. Such a decision can easily be made by one of ordinary skill in the art, based on

stability, purity, solvent conditions of the next step, ete.
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The exemplified compounds and intermediates were named using ACD/ChemSketch
Version 5.06 (05 June 2001, Advanced Chemistry Development Inc., Toronto, Ontario), or
ChemDraw® Ver. 9.0.5 (CambridgeSoft, Cambridge, MA). N-(4-(4-((2-(4-chlorophenyl)-
5,5-dimethyl-1-cyclohex-1-en-1-ylmethyhpiperazin-1-yhbenzoyl)-4-((( 1 R }-3-(morpholin-4-
yh)-1-((phenylsulfanylymethyl)propyl)amino}-3-

({trifluoromethyl)suifonyl)benzenesulfonamide was named as in the *799 Patent.

Synthetic routes to prepare 4-fluoro-3-
((trifluoromethyl)sulfonyl)benzenesulfonamide, and 4-(4-((2-{4-chlorophenyl)-5,5-
dimethyleyclohex-1-en-1-ylymethylpiperazin-1-yl)benzoic acid, intermediates in the
synthesis of apoptosis promoters are described in the "799 Patent, and K. Ding, et al.
(Synthesis, 2008, 15, 2398-2404, referred to hereinafter as the Ding reference). The *799
Patent describes a synthesis using trifluoromethyl iodide, a gas with toxicity concerns. Also,
the subsequent oxidation step uses RuCls and NalQy, creating a highly exothermic reaction.
The Ding reference describes numerous chemical steps to make 4-(4-((2-(4-chlorophenyl)-
5,5-dimethylcyclohex-1-en-1-y)methyl)piperazin-1-yl)benzoic acid and lower overall vield.
In addition, the very high reaction temperatures are not readily achicvable or ideal on a large
scale. Finally, the synthesis described in the Ding reference utilizes a relatively expensive
starting material,

The present inventors previous explorations of the synthesis described in the Ding, et
al. reference identified a number of problems. First of all, the chemistry used is burdened
with a potential genotoxic liability due to brominated products created when hydrobromic
and trifluoroacetic acids are used together, Also, when these or other acids such as

s Tn e it o] vnromey proerdd vy bl e 5y e e s e dined vr ety 1eresyecs e DE s eapd T
mothanesulfonic acid were used, multiple impuritios woere generated which were mefficiently

and wetfoctively removed by typieal purification methods sach as erystatlization, Yield,

purity and provessing Hime were compromised as a result, Finally, poor physical properties of

isolated intermediates made filtrations slow and inefficient.

The present invention avoids these disadvantages.

EMBODIMENTS

One embodiment of this invention, therefore, pertains to a process for making a

protected (2E)-2-(hydroxymethylene)-4,4-dimethyleyclohexanone, comprising:
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(a) reacting 4,4-dimethyicyclohexanone, an alky! formate and a first base to

provide (2E)-2-(hydroxymethylene)-4,4-dimethylcyclohexanone and isolating or not isolating

the (2E)-2-(hydroxymethylenc)-4,4-dimethylcyclohexanone; and

{b)  reacting the (2E)-2-(hydroxymethylenc)-4,4-dimethylcyclohexanone, a second

base and a first silyl ether protecting group reagent to provide a first protected (2E)-2-
(hydroxymethylene)-4,4-dimethylcyclohexanone and isolating or not 1solating the first

protected (2E)-2-(hydroxymethylene)-4,4-dimethylcyclohexanone.

Another embodiment pertains to (2E)-4,4-dimethyl-2-
(({triisopropylsilyDoxy)methylene)cyclohexanone, (2E)-4,4-dimethyl-2-
(({(trimethylsilyloxy)methylencicyciohexanone, and (28)-2-(((tert-
butyl{dimethyljsilyl)oxy)methylene)-4.4-dimethyicyclohexanone, or a pharmaceutically

acceptable salt thereof, prepared as described in the preceding embodiment,

Another embodiment pertains to the compound (2E)-4,4-dimethy[-2-
({((truisopropylsilyhoxy)methylene)cyclohexanone or a pharmaceutically acceptable salt

thereof,

Another embodiment pertains to (2E)-4,4-dimethyl-2-
{{(triisopropylsilyl)oxy)methylene)cyclohexanone, or a pharmaceutically acceptable salt
thereof, for use in making N-(4-(4-((2-(4-chlorophenyi)-5,3-dimethyl-1-cyclohex-1-en-1-
ylmethylpiperazin-1-yhbenzoyD-4-{{{1R)-3-(morpholin-4-y1)-1-

((phenylsulfanylymethyDpropyllamine)-3-((trifluoromethyl)sulfonylibenzenesulfonamide or

a pharmaceutically acceptable salf thereof.

Another embodiment pertains to (2E)-4,4-dimethyl-2-
({(triisopropylsilylyoxy)methylene)cyclohexanone, or a pharmaceutically acceptable salt
thereof, for use in making compounds such as those described in , for example, U, S, Patent
Publication US2005/0159427A1, the ‘799 Patent, and U.S. Provisional Applications
61/145611, 61/120275, 61/181180, and 61/181203, which are hereby incorporated by

reference,
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Another embodiment pertains to the compound (2F)-4,4-dimethyl-2- -
{((trimethylsilyloxy)methylene)cyclohexanone, or a pharmaceutically acceptable salt

thereof,

Another embodiment pertains to (2E)-4,4-dimethyl-2-
(((trimethylsilyl)oxy)methylene)jcyclohexanone, or a pharmaceutically acceptable salt
thereof, for use in making N-(4-(4-((2-(4-chlorophenyl)-5,5-dimethyl-1-cyclohex-1-en-1-
yDmethylpiperazin- 1 -ylybenzoyl)-4-(((LR)-3-(morpholin-4-y1}-1-
{(phenylsulfanylymethylypropyllamino)-3-{{trifluoromethyl)sulfonylbenzenesulfonamide or

a pharmaceutically acceptable salt thereof.

Another embodiment pertains to (2E)-4,4-dimethyl-2-
(((trimethylsilyDoxy)methylene)cyclohexanone, or a pharmaceutically acceptable salt
thereof, for use in making compounds such as those described in, for example, 1. S. Patent
Publication US2005/0159427A1, the *799 Patent, and U.S. Provisional Applications
61/145611, 61/120275, 61/181180, and 61/181203.

Another embodiment pertains to the compound (2E)-2-({(tert-
butyl(dimethyl)silyloxy)methylene)-4,4-dimethylcyclohexanone, or a pharmaceutically

acceptable salt thereof.

Another embodiment pertains to (2E)-2-(({tert-butyl{dimethyDsilyDoxy)methylene)-
4 4-dimethylcyclohexanone, or a pharmaceutically acceptable salt thereof, for use in making
N-(4-(4-((2-(4-chlorophenyl)-5,5-dimethyl- 1 -cyclohex-1-en-1-yhmethyDpiperazin-1-
yhbenzoyl)-4-(((1R)-3-(morpholin-4-yl)- 1-((phenylsulfanylymethyhpropyl yamino)-3-

((trifluoromethyl)sulfonylbenzenesulfonamide or a pharmacecutically acceptable salt thereof.

Another embodiment pertains to (2E)-2-(({tert-butyl{dimethyl)silyDoxy)methylene)-
4,4-dimethylcyclohexanone, or a pharmaceutically acceptable salt thereof, for use in making
compounds such as those described in , for example, U, S. Patent Publication
US2005/0159427A1, the *799 Patent, and U.S. Provisional Applications 61/145611,
61/120275, 61/181180, and 61/181203.
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Compounds described in U, S. Patent Publication US2005/0159427A1, the 799
Patent, and U.S. Provisional Applications 61/145611, 61/120275, 61/181180, and 61/181203,
mchude 4-{4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en- I-yDmethylpiperazin-1-y1)-N-
((4-(((1R)-3-(dimethylamino)- 1 -((phenylthio)methylpropylamino}-3-
nitrophenyl)sulfonyl)benzamide, 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-
ylymethybpiperazin-1-y1)-N-((4-(((1R)-3-(isopropyl{methyl)amino)-1-
((phenylthio)methyDpropyDamino)-3-((trifluoromethyl)sulfonyl)phenylisulfonyl)benzamide
4-(4-((2-(4-chlorophenyl)-5,5-dimethyleyclohex-1 ;en~ I-yhmethylpiperazin-1-y1}-N-{(5-
(((1R)-3-(isopropyl(methyl)amino)- 1-((phenylthio)methyl)propylyamino }-4-nitrothien-2-
yhsulfonyl)benzamide, 4-(4-((2-(4-chlorophenyl)-5,5-dimethyleyclohex-1-en-1-
yDmethyl)piperazin-1-y1)-N-({(4-((3-morpholin-4-ylpropylamino}-3-nitrophenyl)sulfonyl)-2-
phenoxybenzamide, 4-(4-((2-(4-chlorophenyl)-5,5-dimethyleyclohex-1-en-1- |
yhmethyl)piperazin- 1-yl)-N-((3-nitro-4-((tetrahydro-2H-pyran-4-
yimethyDamino)phenyl)sulfonyl)-2-(1H-pyrrolo(2,3-b)pyridin-3-yloxy)benzamide, and the
like.

One embodiment of this invention, therefore, pertains to a process for making 2-(4-
chlorophenyl)-5,5-dimethylecyclohex-1-ene-1-carbaidehyde, comprising:

(a) reacting 4,4-dimethylcyclohexanone, an alkyl formate and a first base to
provide (2E)-2-(hydroxymethylene)-4,4-dimethylcyclohexanone and isolating or not isolating
the (2E)-2-(hydroxymethylene)-4,4-dimethylcyclohexanone;

(b)  reacting the (2E)-2-(hydroxymethyiene)-4,4-dimethylcyclohexanone, a second
base and a first sityl ether protecting group reagent to provide a first protected (2E)-2-
(hydroxymethylene)-4,4-dimethylcyclohexanone and isolating or not isolating the first
protected (2E)-2-(hydroxymethylene)-4,4~-dimethylcyclohexanone;

{c) reacting the first protected (2E)-2-(hydroxymethylene)-4,4-
dimethylcyclohexanone and 4-chlorophenyl magnesium bromide to provide the first
protected (2E)-1-(4-chlorophenyl)-2-(hydroxymethylene)-4,4-dimethyleyclohexanol; and
isolating or not isolating the first protected (2E)-1-(4-chlorophenyl)-2-(hydroxymethylene)-
4.4-dimethylcyclohexanol; and

{d)  reacting the first protected (2E)-1-(4-chlorophenyl)-2-(hydroxymethylene)-
4,4-dimethylcyclohexanol and a first acid to provide 2-(4-chlorophenyi)-5,5-
dimethylcyclohex-1-ene-1-carbaldehyde and isolating or not isolating the 2-(4-chlorophenyi)-
5,5-dimethylcyclohex-1-ene-1-carbaldehyde.
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Another embodiment pertains to 2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-ene-1-
carbaldehyde, or a pharmaceutically acceptable salt thereof, prepared as described in the

preceding embodiment.

Another embodiment pertains to 2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-ene-1-

carbaldehyde or a pharmaceutically acceptable salt thereof.

Another embodiment pertains to 2-(4-chlorophenyl)-3,5-dimethylcyclohex-1-ene-1-
carbaldehyde, or a pharmaceutically acceptable salt thereof, for use in making N-(4-(4-((2-(4-
chlorophenyl)-3,5-dimethyl-i-cyclohex-1-en-1-yl)methyl)piperazin-1-yibenzoyl)-4-(((1R)-
3-(morpholin-4-yl)-1-((phenylsulfanylymethyl)propyl)amino)-3-

((trifluoromethyl)sulfonyl)benzenesulfonamide or a pharmaceutically acceptable salt thereof.

Another embodiment pertains to 2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-ene-1-
carbaldehyde, or a pharmaceutically acceptable salt thereof, for use in making compounds
such as those described in, for example, U, S. Patent Publication US2005/0159427A1, the
799 Patent, and U.S. Provisional Applications 61/145611, 61/120275, 61/181180, and
61/181203.

Examples of alkyl formates useful for the practice of this invention are methyl

formate, ethyl formate, n-propyl formate, tert-butyl formate and the like.

Examples of first bases useful for the practice of this invention are sodium hydride,

sodium tert-butoxide, potassium tert-butoxide and the like.

Examples of second bases useful for the practice of this invention are triethylamine,
2,6-tutidine, pyridine, imidazole, ditsopropylethylamine, N-methylmorpholine,

dimethylaniline and the like.
Examples of first silyl ether protecting group reagents useful for the practice of this

mvention include trimethylchlorosilane, tert-butylchlorodimethylsilane,

triisopropylchlorosilane, tert-butylchlorodiphenylsilane, and the like.
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Examples of first protected (2E)-2-(hydroxymethylene)-4,4-dimethyleyclohexanones
useful for the practice of this invention include (2E)-4,4-dimethyl-2-
(((triisopropylsilyhoxy)methylene)cyclohexanone, (2E)-4,4-dimethyi-2-
{{(trimethylsilyD)oxy)methylene)cyclohexanone, (2E)-2-({(tert-
butyl(dimethyl)silylyoxy)methylene)-4,4-dimethylcvelohexanone, and the like,

Examples of first protected (2E)-1-(4-chlorophenyl)-2-(thydroxymethylene)-4,4-
dimethylcyclohexanols useful for the practice of this invention include (2E)-1-(4-
chlorophenyl)-4,4-dimethyl-2-(((triisopropylsilyl)oxy)methylene)cyclohexanol, (2E)-1-(4-
chlorophenyl}-4,4-dimethyl-2-(((trimethylsilyl)oxy)methylene)cyclohexanol, (2E)-2-(((tert-
butyl(dimethyl)silyDoxy)methylene)- 1-(4-chlorophenyl)-4,4-dimethylcyclohexanol and the
like.

Examples of first acids useful for the practice of this invention are
tetra-n-butylammonium fluoride, trifluoroacetic acid, hydrochloric acid,

trifluoromethanesulfonic acid, sulfuric acid and the like.

Step (a) is typically conducted for about 6 to about 18 hours in a solvent such as

tetrahydrofuran, N,N-dimethylformamide, mixtures thercof and the like.

Step (b) is typicaily conducted for about 4 to about 16 hours in solvents such as
tetrahydroturan, DME, toluene, 2-methyltetrahydrofuran, ethyl acetate, mixtures thereof and
the like.

Step (c) 1s typically conducted from about 2 to about 4 hours in a solvent including
toluene, diethyl ether, tetrahydrofuran, N,N-dimethylformamide and the like or mixtures

thereof,

Step (d) 1s typically conducted from about 1 to about 4 hours in solvents such as
toluene, diethyl ether, tetrahydrofuran, N,N-dimethylformamide, water, methanol, and the

like or mixtures thereof,

Still another embodiment pertains to a process for making ethyl 4-(4-((2-(4-

chlorophenyl)-5,5-/dimethyleyclohex-1-en-1-ylmethylpiperazin- 1 -y)benzoate, comprising:
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(e) reacting 2-(4-chlorophenyl)-5,5-dimethyleyclohex-1-ene-1-carbaldehyde,
ethyl 4-piperazin-1-ylbenzoate and a first reducing agent and isolating or not isolating the
ethyl 4-(4-((2-(4-chloropheny()-5,5-dimethylcyclohex-1-en-1-yDmethyl)piperazin-1-

yl)benzoate.

Examples of first reducing agents useful for the practice of this invention include

sodium triacetoxyborohydride and sodium cyanoborohydride.

Step {¢) is typically conducted from about 10 to about 16 hours in solvents such as
dichloromethane, acctonitrile, toluene, diethyl ether, tetrahydrofuran,

N,N-dimethylformamide, methyl tert-butyl ether, mixtures thereof and the like.

Still another embodiment pertains to ethyl 4-(4-((2-(4-chlorophenyi)-5,5-
dimethylcyclohex-1-en-I-yl)methyl)piperazin-I-yl)benzoate prepared as described in the

preceding embodiment.

Still another embodiment pertains to ethyl 4-(4-((2-(4-chiorophenyl)-5,5-
dimethylcyclohex-1-en-1-yhymethyl)piperazin-i-yl)benzoate , or a pharmaceutically
acceptable salt thereof, for use in making N-(4-(4-((2-(4-chloropheny!}-3,5-dimethyl-1-
cyclohex-1-en-1-ymethyl)piperazin-1~yhbenzoyl)-4-(((1R)}-3-(morpholin-4-yl1}-1-
((phenylsulfanylDmethyDpropylamino)-3-({trifluoromethyl)sulfonyDbenzenesulfonamide , or

a pharmaceutically acceptable salt thereof.

Another embodiment pertains to ethyl 4-(4-((2-(4-chlorophenyl)-3,5-
dimethylcyclohex-1-en-1-yhmethyDpiperazin-1-yl)benzoate, or a pharmaceutically
acceptabie salt thereof, for use in making compounds such as those described in , for
example, U, S. Patent Publication US2005/0159427A1, the ‘799 Patent, and U.S. Provisional
Applications 61/145611, 61/1202753, 61/181180, and 61/181203.

Still another embodiment pertains to a process for making 4-(4-((2-(4-chlorophenyl)-
5.5-dimethylcyclohex-1-en-1-yDimethylpiperazin-1-yhbenzoic acid, comprising:

(f) reacting ethyl 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-
yhymethyhpiperazin-1-ylybenzoate and a third base and isolating or not isolating the 4-(4-((2-
(4-chlorophenyl)-5,5-dimethylcyclohex-1-en- l-yDmethyl)piperazin-1-yl)benzoic acid.
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Examples of third bases useful for the practice of this invention are sodium hydroxide,

potassium hydroxide and the like,

Step (f) is typically conducted from about 10 hours to about 20 hours in solvents such
as ethanol, tetrahydrofuran, heptanes, 2-methyltetrahydrofuran, water, mixtures thercof and
the like.

Still another embodiment pertains to 4-(4-((2-(4-chlorophenyi)-5,5-dimethylcyclohex-
1-en-1-ylymethyl)piperazin-1-yijbenzoic acid, or a pharmaceutically acceptable salt thereof,

prepared as described in the preceding embodiment.

Still another embodiment pertains to 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-
I-en-1-yDmethyl)piperazin-1-yl)benzoic acid, or a pharmaceutically acceptable salt thereof,
for use in making N-(4-(4-((2-(4-chlorophenyl)-5,5-dimethy!-1-cyclohex-1-en-1-
yhmethyhpiperazin-1-yDbenzoyh-4-(((IR)-3-(morpholin-4-yl)-1-
((phenylsulfanyl)ymethyDpropyDamino}-3-{{trifluoromethylsulfonyDbenzenesulfonamide | or

a pharmaceutically acceptable salt thercof.

Another embodiment pertains to 4-(4-((2-(4-chlorophenyl)-3,5-dimethylcyclohex-1-
en-1-yhmethyDpiperazin-1-yl)benzoic acid, or a pharmaceutically acceptable salt thereof, for
use in making compounds such as those described in , for example, U. 5. Patent Publication
US2005/0159427A1, the *799 Patent, and U.S. Provisional Applications 61/145611,
61/120275,61/181180, and 61/181203.

Still another embodiment of this invention, therefore, pertains to a process for making
(2E)-4.,4-dimethyl-2-(((triisopropylsilyljoxy)methylene)cyclohexanone, (2E)-4,4-dimethyl-2-
({((trimethylsilyDoxymethylene)cyclohexanone, or (2E)-2-({(tert-
butyl{dimethy!)sityl)oxy)methylene)-4,4-dimethylcyclohexanone, comprising:

(a) reacting 4,4-dimethylcyclohexanone, ethyl formate and potassium
tert-butoxide to provide (2E)-2-(hydroxymethylene)-4,4-dimethylcyclohexanone and
isolating or not isolating the (2E)-2-(hydroxymethylene)-4,4-dimethylcyclohexanone; and

(b) reacting the (2E)-2~(hydroxymethylene)-4,4-dimethylcyclohexanone,

triethylamine and trimethylchlorosilane, tert-butylchlorodimethylsilane, or
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triisopropylchlorosiiane to provide (2F)-4,4-dimethyi-2-
(((triisopropylsilylyoxy)methylene)cyclohexanone, (2E)-4,4-dimethyl-2-
{((trimethylsilyloxy)methylene)cyclohexanone, or (2E)-2-({(tert-
butyl{dimethyl)silyl)oxy)methylene)-4,4-dimethylcyclohexanone and isolating or not
isolating the (2E)-4,4-dimethyt-2-(((triisopropylsilyloxy)methylene)cyclohexanone, (2E)-
4,4-dimethyl-2-(((trimethylsilyl)oxy)methylene)cyclohexanone, or (2E)-2-(({tert-
butyl(dimethylsilyl)oxy)methylene)-4,4-dimethylcyclohexanone.

Another embodiment pertains to (2E)-4,4-dimethyl-2-
(((tritsopropylsilyDoxy)methylene)eyclohexanone, (2E)-4,4-dimethyl-2-
{((trimethylsilyloxy)methylene)cyclohexanone, and 2E)-2-(({tert-
butyl(dimethyl)sifyl)oxy)methylene)-4,4-dimethylcyclohexanone , or a pharmaceutically

acceptable salt thereof, prepared as described in the preceding embodiment.

Still another embodiment of this invention pertains to a process for making 2-(4-
chlorophenyl)-3,5-dimethylcyclohex-1-ene-1-carbaldehyde, comprising:

(a) reacting 4,4-dimethylcyclohexanone, ethyl formate and potassium tert-
butoxide to provide (2E)-2-(hydroxymethylene)-4,4-dimethylcyclohexanone and isolating or
not isolating the (2E)-2~(hydr0xymethyieﬁe)~4,4wdimethylcyclohexanon_c;

(b} reacting the (2F)-2-(hydroxymethylene)-4,4-dimethylcyclohexanone,
triethylamine and trimethylchlorosilane, tert-butylchlorodimethylsilane, or
tritsopropylchlorosilanc to provide (2E)-4.4-dimethyl-2-
{{{triisopropylsilyhoxy)methylene)cyclohexanone, (2E)-4,4-dimethyl-2-
(((tfrimethylsilyloxy)methylene)cyclohexanone, or (2E)-2-(((tert-
butyl{dimethyl)silyl)oxy)methylene)-4,4-dimethylcyclohexanone and tsolating or not
isolating the (2E)-4,4-dimethyl-2-({(triisopropylsilylhoxy)methylene)cyclohexanone, (2E)-
4,4-dimethyl-2-(((trimethylsilyloxy)methylene)cyclohexanone, or (2E)-2-(((tert-
butyl(dimethyl)silyl)oxy)methylene)-4,4-dimethyleyclohexanone;

(c) reacting the (2E)-4,4-dimethyl-2-
{((triisopropylsilyljoxy)methylene)cyclohexanone, (2E)-4,4-dimethyl-2-
{(((trimethyisilyDoxy)methylene)cyclohexanone, or (2E)-2-(({tert-
butyl(dimethyl)silyh)oxy)methylene)-4,4-dimethylcyclohexanone and 4-chlorophenyl
magnesium bromide to provide ((2E)}-1-(4-chlorophenyl}-4,4-dimethyl-2-
{(({triisopropylsilyljoxy)methylenc)cyclohexanol, (2E)-1-(4-chiorophenyl)-4,4-dimethyl-2-
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({((trimethylsilyDoxy)methylene)cyclohexanol, or (2E)-2-(((tert-
butyl(dimethyl}silyljoxy)ymethylene)-1-(4-chlorophenyl)-4,4-dimethyleyclohexanol; and
1solating or not isolating the (2E)-1-(4-chlorophenyl)-4,4-dimethyl-2- |
(((triisopropylsilyl)oxy)methylene)cyclohexanol, (2E)-1-(4-chlorophenyl)-4,4-dimethyl-2-
({(trimethylsilyDoxy)methylene)cyclohexanol, or (2E)-2-{((tert-
butyl(dimethyl)silylyoxy)methylene)-1-(4-chlorophenyl)-4,4-dimethylcyclohexanol; and

(d)  reacting (2E)-1-(4-chlorophenyl}-4,4-dimethyl-2-
(((triisopropylsilyDoxy)methylene)cyclohexanol, (2F)-1-(4-chlorophenyl}-4,4~dimethyl-2-
(((trimethylsilyDoxy)methylene)cyclohexanol, or (2E)-2-(({tert-
butyl{dimethyl)silyhoxy)methylene)-1-{4-chlorophenyl)-4,4-dimethyleyclohexanol and
hydrochloric acid to provide 2-{4-chlorophenyl}-3,5-dimethylcyclohex-1-ene-1-carbaldehyde
and isolating or not isolating the 2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-ene-1-
carbaldehyde.

Still another embodiment pertains to 2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-ene-
I-carbaldehyde, or a pharmaceutically acceptable salt thereof, prepared as described in the

preceding embodiment.

Still another embodiment pertains to a process for making ethyl 4-(4-((2-(4-
chlorophenyl)-5,5-dimethyicyclohex-1-en-1-ylymethyl)piperazin-1-yhbenzoate, comprising:

(©) reacting 2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-ene-1-carbaldehyde,
ethyt 4-piperazin-1-ylbenzoate and sodium triacetoxyborohydride and isolating or not
isolating the ethyl 4-(4-((2-(4-chlorophenyl)-5,5-dimethyleyclohex-1-en-1-
yDmethyhpiperazin-1-yl)benzoate.

Still another embodiment pertains to ethyl 4-(4-((2-{4-chlorophenyl)-5,5-
dimethyleyclohex-1-en-1-ylymethyl)piperazin-1-yhbenzoate, or 2 pharmaceutically

acceptable salt thereof, prepared as described in the preceding embodiment.

Still another embodiment pertains to a process for making 4-(4-((2-(4-chlorophenyl)-
5,5-dimethyleyclohex-1-en- L -ylymethyl)piperazin-1-yDbenzoic acid, comprising:

(D reacting ethyl 4-(4-((2-(4-chlorophenyl)-5,5-dimethyleyclohex- 1 -en-1-
yDmethyl)piperazin-1-ylYbenzoate and sodium hydroxide and isolating or not isolating the 4-

(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-ylymethyl)piperazin-1-ylbenzoic acid.
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Still another embodiment pertains to 4-(4-((2-(4-chloropheny!)-3,5-dimethylcyclohex-
I-en-I-yhmethylypiperazin-I-ylYbenzoic acid, or a pharmaceutically acceptable salt thereof,

prepared as described in the preceding embodiment.

Still another embodiment of this invention, therefore, pertains to a process for making
(2E)-4,4-dimethyl-2-(((triisopropyisilyDoxy)methylene)cyclohexanone, (2E)-4,4-dimethyl-2-
({({trimethylsilyloxy)methylene)cyclohexanone, or (2E)-2-(((tert-
butyl(dimethybsilyloxy)methylene)-4,4-dimethylcyclohexanone, comprising:

{(a) reacting 4,4-dimethylcyclohexanone, ethyl formate and potassium tert-
butoxide to provide (2E)-2-(hydroxymethylene)-4,4-dimethyleyclohexanone at about -10°C
to about 0°C and isolating or not isolating the (2E}-2-(hydroxymethylene)-4,4-
dimethylcyclohexanone; and

(b)  reacting the (2E)-2-(hydroxymethylene)-4,4-dimethylcyclohexanone,
triethylamine and trimethylchlorositane, tert-butylchlorodimethylsilane, or
trissopropylchlorositane at about -10°C to about 0°C to provide (2E)-4,4-dimethyl-2-
(((triisopropylsilylloxy)methylene)cyclohexanone, (2E)-4,4-dimethyl-2-
(({(trimethylsilyDoxy)methylene)cyclohexanone, or (2E)-2-(((tert-
butyl(dimethyl)silylyoxy)methylene)-4,4-dimethyleyclohexanone and isolating or not
isolating the (2E)-4,4-dimethyl-2-(((triisopropylsilyl)oxy)methylene)cyclohexanone, (2E)-
4,4-dimethyl-2-(((trimethylsilyDoxy)methylene)cyclohexanone, or (2E)-2-(((tert-
butyl{dimethyl)silyDoxy)methylene)-4,4-dimethylcyclohexanone.

Another embodiment pertains to (2E)-4,4-dimethyl-2-
(((triisopropylsilyhoxy)methylenc)cyclohexanone, (2E)-4,4-dimethyl-2-
(((trimethylsilyloxy)methylene)eyclohexanone, and 2E)-2-(((tert-
butyl(dimethyl)silylyoxy)methylene)-4,4-dimethyicyclohexanone, or a pharmaceutically

acceptable salt thereof, prepared as described in the preceding embodiment.

Still another embodiment pertains to a process for making 2-(4-chlorophenyl)-53,5-
dimethylcyclohex-1-ene-1-carbaldehyde, comprising:
() reacting 4,4-dimethylcyclohexanone, ethyl formate and potassium

tert-butoxide at about -10°C to about §°C to provide (2E)-2-(hydroxymethylene)-4,4-
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dimethylicyciohexanone and isolating or not isolating the (2E)-2-(hydroxymethylene)-4,4-
dimethylcyclohexanone;

(b)  reacting the (2E)-2-(hydroxymethylene)}-4,4-dimethylcyclohexanone,
triethylamine and trimethylchlorosilane, tert-butylchlorodimethylsilane, or
triisopropylchlorosilane at about -10°C to about 0°C to provide (2E)-4,4-dimethyl-2-
(((triisopropylsilyDoxy)methylene)eyclohexanone, (2E)-4,4-dimethyl-2-
({(trimethylsilylyoxy)methylene)cyclohexanone, or (2E)-2-(((tert-
butyl(dimethyl}sityDoxy)methylene)-4,4-dimethylcyclohexanone and isolating or not
isolating the (2E)-4,4-dimethyl-2-({(triisopropylsilyloxy)methylene)cyclohexanone, (2E)-
4, 4-dimethyl-2-({{trimethyisilvhoxy)methylene)cyclohexanone, or (2E)-2-({{tert-
butyl{dimethyi)silyl)oxy)methylene)-4,4-dimethylcyciohexanone;

(c) reacting the (2E)-4,4-dimethyl-2-
{{(triisopropylsilylyoxy)methyiene)cyclohexanone, (2E)-4,4-dimethyl-2-
({(trimethylsityljoxy)methylene)cyclohexanone, or (2E)-2-({{tert-
butyl(dimethyf)silyloxy)methylene)-4,4-dimethyleyclohexanone and 4-chlorophenyl
magnesium bromide at about -10°C to about 5°C to provide ((2E)-1-(4-chlorophenyl)-4,4-
dimethyl-2-(((triisopropylsilyloxy)methylene)cyclohexanol, (2E)-1-(4-chlorophenyl)-4,4-
dimethyl-2-(((trimethylsiiyDoxy)methylene)cyclohexanol, or (2E)-2-(({tert-
butyl(dimethyl)silyl)oxy)methylene)- [ -(4-chiorophenyl)-4,4-dimethylcyclohexanol; and
isolating or not isolating the ((2E)-1-(4-chlorophenyl)-4,4-dimethyl-2-
(((trizsopropylsilyl)oxy)methylene)cyclohexanol, (2E)-1-(4-chlorophenyl)-4.4-dimethyl-2-
({{trimethylsilyl)oxy)methylene)cyclohexanol, or (2E)-2-({(tert-
butyl(dimethyl)sityDoxy)methylene)- 1-(4-chlorophenyl)-4,4-dimethylcyclohexanol, and

(d) reacting ((2E)-1-(4-chlorophenyl)-4,4-dimethyl-2-
({(triisopropylsilyl)oxyymethylene)cyclohexanol, (2E)-1-(4-chlorophenyl)-4,4-dimethyl-2-
(((trimethylsilyDoxy)methylene)cyclohexanol, or (2E)-2-({{tert-
butyl(dimethyl)silyDoxy)methylene)-1-(4-chlorophenyl)-4,4-dimethylcyclohexanol and
hydrochloric acid at about 5°C to about 20°C to provide 2-(4-chlorophenyl)-3,5-
dimethylcyclohex-1-ene-1-carbaldehyde and isolating or not isolating the 2-(4-chlorophenyl)-
3,5-dimethylcyclohex-1-ene-1-carbaldehyde.
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Still another embodiment pertains to 2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-ene-
I-carbaldehyde, or a pharmaceutically acceptable salt thereof, prepared as described in the

preceding embodiment.

Still another embodiment pertains to a process for making ethyl 4-(4-((2-(4-
chiorophenyl)-3,5-dimethylcyclohex-1-en-1-yDmethylpiperazin-1-yl)benzoate, comprising:

{e) reacting 2-(4-chlorophenyl}-5,5-dimethylcyclohex-1-ene-I-carbaldehyde,
cthyl 4-piperazin-1-ylbenzoate and sodium triacetoxyborohydride at about 15°C to about
30°C and isolating or not isolating the cthyl 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-
f-en~-l-ylymethylpiperazim-1-yl)benzoate.

Still another embodiment pertains to ethyl 4-(4-((2-(4-chlorophenyl)-5,5-
dimethylcyciohex-1-en-1-yl)methyl)piperazin-1-ylibenzoate, or a pharmaceuticaliy

acceptable salt thereof, prepared as described in the preceding embodiment,

Still another embodiment pertains to a process for making 4-(4-((2-(4-chlorophenyl)-
5,5-dimethylicyclohex-[-en-1-yl)methyDpiperazin-1-yl)benzoic acid, comprising:

(f) reacting ethy! 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-
ylymethyl)piperazin-1-yl)benzoate and sodium hydroxide at about 55°C to about 75°C, and
1solating or not isolating the 4-(4-((2-(4-chlorophenyl)-5,5-dimethyleyclohex-1-en-1-
yhmethyDpiperazin-1-ylbenzoic acid.

Still another embodiment pertains to 4-(4-((2-(4-chlorophenyl)-5,5-dimethyleyclohex-
I-en-1-yDmethyl)piperazin-1-yl)benzoic acid, or a pharmaceutically acceptable sait thereof,

prepared as described in the preceding embodiment.

Still another embodimnent pertains to a process for making N-(4-(4-((2-(4-
chlorophenyl)-5,5-dimethyl-1-cyclohex-I-en-1-yDmethyl)piperazin- i ~yDhbenzoyl)-4-(((1R)-
3-(morpholin-4-yl)-1-((phenylsulfanyhmethyl)propyl)amino)-3-
{(trifluoromethyl)sulfonyl)benzenesulfonamide comprising:

() reacting 4-(4-((2-(4-chlorophenyl)-5,5-dimethyleyclohex-1-en-1-
yDmethyDpiperazin- 1-yl)benzoic acid, 4-(((1R)-3-morpholin-4-yl-1-
((phenylthio)methylpropyljamino)-3-((trifluoromethyl)sulfonyl}benzenesulfonamide and a
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first coupling reagent with or without a fourth base and with or without an auxiliary coupling
reagent, and isolating or not isolating the N-(4-(4-((2-(4-chlorophenyl)-5,5-dimethyl-1-
cyclohex-1-en-1-yhmethylhpiperazin-1-yDbenzoyl}-4-(((1R)-3-(morpholin-4-yl)-1-
((phenylsulfanyhmethypropyhamino)-3-({trifluoromethyl)sulfonyl)benzenesulfonamide.

Stiil another embodiment pertains to N-(4-(4-((2-{4-chlorophenyl)-5,5-dimethyi-1-
cyclohex-1-en-1-ylymethyl)piperazin-1-yhbenzoy)-4-(((1R)-3-(morpholin-d-y1}-1 -
{(phenylisulfanylymethyl)propyhamino)-3-{{(trifluoromethyl)suifonyl)benzenesuifonamide, or
a pharmaceutically acceptable salt thereof, prepared as described in the preceding

embodiment.

Still another embodiment pertains to a process for making an apoptosis promoter, or a
pharmaceutically acceptable salt thereof, such as those described in, for example, U. S. Patent
Publication US2005/0159427A1, the “799 Patent, and U.S. Provisional Applications
61/145611, 61/120275, 61/181180, and 61/181203, comprising;

{2) reacting 4-(4-((2-(4-chlorophenyl)-5,5-dimethyleyclohex-1-en-1-
yhmethylpiperazin-1-yl)benzoic acid, a first appropriate benzenesulfonamide and a first
coupling reagent with or without a fourth base and with or without an auxiliary coupling

reagent, and isolating or not isolating the apoptosis promoter.

Examples of first coupling reagents are 1-ethyl-3-(3-(dimethylamino)propyl)-
carbodiimide hydrochloride, N.N'-dicyclohexylearbodiimide, N,N'-diisopropylearbodiimide,

I,1'-carbonylditmidazole and the like.

Examples of first auxiliary coupling reagents include 4-dimethylaminopyridine,

hydroxybenzotriazole, 1-hydroxy-7-aza-benzotriazole and the like.

Examples of fourth bases include 1,8-diazabicyclo(5.4.0)undec-7-ene, potassium tert-

butoxide and the like.

Examples of apoptosis promoters include 4-(4-((2-(4-chlorophenyl)-5,5-
dimethylcyclohex-1-en-1-yl)methyDpiperazin- 1 -y1)-N-((4-(((1R)-3-(dimethylamino)-1-
{{phenylthio)ymethyl)propyl)amino)-3-nitrophenyl)sulfonylypenzamide, 4-(4-((2-(4-
chlorophenyt)-5,5-dimethylcyclohex-1-en-1-yl)methylpiperazin-1-y1)-N-({4-(((1R }-3-

29



10

15

20

25

30

WO 2009/155386 PCT/US2089/047723

(1sopropyl(methyl)amino)-1-((phenyithio)methyl)propyl)amino)-3-
((trifluvoromethylsulfonyl)phenyl)sulfonyl)benzamide , 4-(4-((2-(4-chlorophenyl)-5,5-
dimethylcyclohex-1-en-1-ylimethyl)piperazin- 1 -y1)-N-((5-(((1R)-3-
(isopropyl(methyl)amino)-1-((phenylthio)methyDpropyi)amino)-4-nitrothien-2-
yDsulfonyl)benzamide, 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-I-en-1-
yDmethylpiperazin- 1-y1)-N-((4-((3-morpholin-4-ylpropyl)amine)-3-nitrophenyDsulfonyi)-2-
phenoxybenzamide, 4-(4-((2-(4-chlorophenyl)-5,5-dimethyleyclohex-1-en-1-
yhmethylpiperazin-1-y)-N-((3-nitro-4-((tetrahydro-2H-pyran-4-
yimethyl)amino)phenyl)sulfonyl)-2-(1H-pyrrolo(2,3-b)pyridin-3-yloxy)benzamide, and the

like.

Examples of first appropriate benzenesulfonamides include 4-(((1R)-3-morpholin-4-
yi-1-{(phenylthioymethyypropyDamino)-3-((triffuoromethyl)sutfonylybenzenesulfonamide,
(R)-4-(4-(dimethylamino)-1-(phenylthio)butan-2-ylamino)-3-nitrobenzenesulfonamide, and
the like.

Step (g) 1s typically conducted from about 36 to about 50 hours in solvents such as

dichloromethane, acetonitrile, dioxane, tetrahydrofuran, mixtures thereof and the like.

Still another embodiment pertains to a process for making an apoptosis promoter, or a
pharmaceutically acceptable salt thereof, compounds such as those described in |, for
example, U. S. Patent Publication US2005/0159427A1, the ‘799 Patent, and U.S. Provisicnal
Applications 61/145611, 61/120275, 61/181180, and 61/181203, comprising:

(e) reacting 2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-ene-1-carbaldehyde,
ethyl 4-piperazin-1-yibenzoate and a first reducing agent and isolating or not isolating the
ethyl 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyciohex-1-en-1-yhmethyl)piperazin-1-
yl)benzoate,

(f) reacting ethy! 4-(4-((2-(4-chloropheny!)-5,5-dimethylcyclohex-1-en-1-
yl)methyl)piperazin-1-yhbenzoate and an aqueous third base, and isolating or not isolating
the 4-(4-((2-(4-chlorophenyl)-5,5-dimethyleyclohex-1-en-1-yl)methyl)piperazin-1-yl)benzoic
acid; and

(g) reacting 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyciohex-1-en-1-

yhmethyl)piperazin-1-yhbenzoic acid, a first appropriate benzenesulfonamide and a first
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coupling reagent with or without a fourth base and with or without an auxiliary coupling

reagent, and isolating or not isolating the apoptosis promoter.

Still another embodiment pertains to a process for making N-(4-(4-((2-(4~
chlorophenyl)-5,5-dimethyl-1-cyclohex-1-en-1-ylimethylpiperazin- L -yD)benzoy])-4-(((1R)-
3-(morpholin-4-y1)- 1-((phenylsulfanylymethyl)propyl)amino)-3-
((trifluoromethyl)sulfonyl)benzenesulfonamide, or a pharmaceutically acceptable salt thereof,
comprising:

(e)  reacting 2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-ene-1-carbaldehyde,
cthyl 4-piperazin-1-ylbenzoate and a first reducing agent and isolating or not isolating the
cthyl 4-(4-((2-(4-chlorophenyl)-35,5-dimethylcyclohex-1-en-1-yhmethyl)piperazin-1-
yiYbenzoate;

H reacting cthyl 4-(4-((2-(4-chlorophenyi)-5,5-dimethylcyclohex-1-en-1-
yhmethyi)piperazin-1-yl)benzoate and an aqueous third base, and isolating or not isolating
thé 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-yhmethyl)piperazin-1-yl)benzoic
acid; and

(g)  reacting 4-(4-{(2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-i-
yDmethyl)piperazin- [-yl)benzoic acid, 4-(({1R)-3-morpholin-4-yl-1-
((phenyithio)methyl)propyl)amino)-3~((triﬂu0r0methyl)sulfonyi)benzen,esulfonamidal and a
first coupling reagent with or without a fourth base and with or without an auxiliary coupling
reagent, and isoiating or not isolating the N-(4-(4-((2-(4-chlorophenyi)-5,5-dimethyl-1-
cyclohex-1-en-1-yhmethyl)piperazin-1-ybenzoyl}-4-(({ i R)-3-(morpholin-4-yl)-1-
((phenylsulfanyDmethyl)propyl)amino)-3-((trifluoromethyl)sulfonyl)benzenesuifonamide.

Still another embodiment pertains to N-(4-(4-((2-(4-chlorophenyl)-5,5-dimethyl-1-
cyclohex-1-en-1-ylymethyl)piperazin-1-yhbenzoyl)-4-(((1R)-3-(morpholin-4-yl)-1-
((phenylsultanyl)methylpropyDamino)-3-((trifluoromethylsulfonyl)benzenesulfonamide, or
a pharmaceutically acceptable salt thereof, prepared as described in the preceding

embodiment,

Still another embodiment pertains to a process for making N-(4-(4-((2-(4-
chlorophenyl)-5,5-dimethyl-1-cyclohex-1-en- 1 -yhmethyl)piperazin- i -yl)benzoyl)-4-(((1R)-
3-(morpholin~4~yl)~1~((phenylsulfanyi)methyl)prdpyl)amin0)~3—

((trifluoromethyl)sulfonyl)benzencsulfonamide comprising:
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(g)  reacting 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-
yhmethyl)piperazin-1-yhbenzoic acid, 4-(((1R)-3-morpholin-4-yl-1-
({(phenylthio)methyl)propylyamino }-3-((trifluoromethy!)sulfonylybenzenesulfonamide,
1-ethyl-3-(3-(dimethylamino)propyl)carbodiimide hydrochloride and
4-dimethylaminopyridine and isolating or not isolating the N~(4~(4~((2~(4»chloropheﬁyl)—5,5—
dimethyi-1-cyclohex-1-en-1-ylmethyl)piperazin-1-yl)benzoyl)-4-(((1R)-3-(morpholin-4-y1)-
1-((phenylsulfanylymethylpropyl)amine)-3-((trifluoromethyl)sulfonyl)benzenesulfonamide.

Still another embodiment pertains to N-(4-(4-((2-(4-chloropheny!)-5,5-dimethyl-1-
cyclohex-1-en-1-yDmethylpiperazin-1-yi)benzoyl)-4-(((1R)-3-(morpholin-4-yi)-1-
({(phenylsulfanyl)methyl)propyi)amine)-3-((trifluoromethyl)sulfonyi)benzenesulfonamide, or
a pharmaceutically acceptable salt thereof, prepared as described in the preceding

embodiment.

Still another embodiment pertains to a process for making an apoptosis promoter, or a
pharmaceutically acceptable salt thereof, such as those described in, for example, U. S. Patent
Publication US2005/0159427A1, the “799 Patent, and UJ.S. Provisional Applications
61/145611, 61/120275, 61/181180, and 61/181203, comprising:

(g)  reacting 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-
ylymethyi)piperazin-1-yl)benzoic acid, a first appropriate amine, 1-ethyl-3-(3-
{dimethyiamino)propyljcarbodiimide hydrochloride and 4-dimethylaminopyridine, and

isolating or not isolating the apoptosis promoter.

Still another embodiment pertains to a process for making an apoptosis promoter, or a
pharmaceutically acceptable salt thereof, for use in making compounds, such as those
described in, for example, U. 8. Patent Publication US2005/0159427A1, the “799 Patent, and
U.S. Provisional Applications 61/145611, 61/120275, 61/181180, and 61/181203,
comprising:

(e) reacting 2-(4-chlorophenyl)-3,5-dimethylcyclohex-1-ene-1-carbaldehyde,
ethyl 4-piperazin-1-ylbenzoate and sodium triacetoxyborohydride and isolating or not
isolating the ethyl 4-(4~((2-(4~chlorophenyi)-5,5-dimethylcyclohex-1-en-1-
yDymethyl)piperazin-1-yl)benzoate;

() reacting ethyl 4-(4-((2-(4-chlorophenyl)-5,5-dimethyleyclohex-1-en-i-

vhmethylpiperazin-1-yl)benzoate and aqueous sodium hydroxide, and isclating or not
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isolating the 4-(4-((2-{(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-yDmethyl)piperazin-1-
yhbenzoic acid; and

(g)  reacting 4-(4-{(2-(4-chlorophenyl)-3,5-dimethylcyclohex-1-en-1-
yhmethyl)piperazin- 1 -yl)benzoic acid, a first appropriate amine, [-ethyl-3-(3-
(dimethylamino)propyl)carbodiimide hydrochloride and 4-dimethylaminopyridine, and

1solating or not 1solating the apoptosis promoter.

Still another embodiment pertains to a process for making N-(4-(4-((2-(4-
chlorophenyl)-5,5-dimethyl-1-cyclohex-1-en-1-yl)methylpiperazin-1-yl)benzoyh-4-(({ 1R)-
3-(morpholin-4-y1)-1-((phenylsulfanylymethylpropylamino}-3-
((trifluoromethylsulfonyl)benzenesulfonamide, or a pharmaceutically acceptable salt thereof,
comprising;

(e}  reacting 2-(4-chlorophenyl)-5.5-dimethylcyclohex-1-ene-1-carbaldehyde,
ethyl 4-piperazin-1-ylbenzoate and sodium triacetoxyborohydride and isolating or not
isolating the ethyt 4-(4-({2~(4-chlorophenyl)-5,3-dimethyicyclohex-1-en-1-
yhmethyDpiperazin-1-yl)benzoate;

H reacting ethyl 4-(4-({(2~(4-chlorophenyl)-5,5~dimethyicyclohex-1-en-1-
ylmethyl)piperazin-1-yl)benzoate and aqueous sodium hydroxide, and isolating or not
isolating the 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-yl)methyl)piperazin-1-
ylibenzoic acid; and

(2) reacting 4-(4-((2-(4-chlorophenyt)-5,5-dimethylcyclohex-1-en-1-
yhmethyl)piperazin-1-yibenzoic acid, 4-({{1R)-3-morpholin-4-yl-1-
({(phenylthio)ymethypropyhamine)-3-({(trifluoromethyl)sulfonyl}benzenesulfonamide,
1-ethyl-3-(3-(dimethylamino)propyhcarbodiimide hydrochloride and
4-dimethylaminopyridine and isolating or not isolating the N-(4-(4-((2-(4-chlorophenyl)-5,5-
dimethyl-1-cyclohex-1-en-1-ylmethyl)piperazin-1-yDbenzoyl)-4-(((1R)-3-(morpholin-4-y)-
I-((phenylsulfanylymethyl)propyl)amine)-3-((trifluoromethyl)sulfonyhbenzenesulfonamide.

Still another embodiment pertains to N-(4-(4-((2-(4-chlorophenyl)-5,5-dimethyl-1-
cyclohex-1-en-1-yhmethyi)piperazin-1-yhbenzoyi)-4-(((1R)-3-(morpholin-4-y1)-1-
({phenylsulfanyl)methv)propyl)amino)-3-({(trifluoromethyi)sulfonyl)benzenesulfonamide, or
a pharmaceutically acceptable salt thercof, prepared as described in the preceding

embodiment.
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Still another embodiment pertains to a process for making N-(4-(4-((2-(4-
chlorophenyl)-3,5-dimethyl-1-cyclohex- [ -en-1-yDmethyl)piperazin- 1-yl)benzoyl }-4-(((1R)-
3-(morpholin-4-yl)-1-((phenylsulfanyl)methyDpropylamino)-3-
((trifluoromethyl)sulfonyl)benzencsulfonamide comprising:

{g)  reacting 4-{4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-¢n-1-
yhmethylypiperazin- 1-yljbenzoic acid, 4-(((1R)-3-morpholin-4-y1-1-
((phenylthio)methyl)propyhamino)-3-((trifluoromethyl)sulfonyDbenzenesulfonamide,
1-ethyl-3-(3-(dimethylamino)propyl)carbodiimide hydrochloride, and
4-dimethylaminopyridine at about 25°C to about 35°C and isolating or not isolating the N-(4-
(4-((2-(4-chlorophenyl)-5,5-dimethyl-1-cyclohex-i-en-1-yhmethyh)piperazin-1-yl)benzoyl)-
4-(((1R)-3-(morpholin-4-y1}-1 -((phenylsutfanylymethylpropylyamino)-3-

({trifluoromethyl)sulfonyhbenzenesulfonamide.

Still another embodiment pertains to N-(4-(4-((2-(4-chlorophenyl}-5,5-dimethyl-1-
cyclohex-1-en-1-ylymethylypiperazin-1-yl)benzoyl)-4-(((1R)-3-(morpholin-4-y1)-1-
((phenylsulfanylmethyDpropylDamino)-3-((trifluoromethyl)sulfonyl)benzenesulfonamide, or
a pharmaceutically acceptable salt thereof, prepared as described in the preceding

embodiment.

Still another embodiment pertains to a process for making an apoptosis promoter, or a
pharmaceutically acceptable salt thereof, such as those described in, for example, U. S. Patent
Publication US2005/015%427A1, the 799 Patent, and U.S. Provisional Applications
61/145611, 61/120275, 61/181180, and 61/181203 comprising:

(g)  reacting 4-(4-({2-(4-chlorophenyl}-5,5-dimethyleyclohex-1-en-1-
yhymethylypiperazin-1-yl)benzoic acid, a first appropriate amine, 1-ethyl-3-(3-
(dimethylamino)propyl)carbodiimide hydrochloride and 4-dimethylaminopyridine at about

25°C to about 35°C, and isolating or not isolating the apoptosis promoter.

Still another embodiment pertains to a process for making an apoptosis promoter, or a
pharmaceutically acceptable salt thercof, such as those described in, for example, U. S. Patent
Publication US2005/0159427A1, the “799 Patent, and U.S. Provisional Applications
61/145611, 61/120275, 61/181180, and 61/181203, comprising:
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(e) reacting 2-(4-chlorophenyl)-5.5-dimethyleyclohex-1-ene-1-carbaldehyde,
ethyl 4-piperazin-1-ylbenzoate and sodium triacetoxyborohydride at about 15°C to about
30°C and isolating or not isolating the ethyl 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-
I-en-1-ylymethyl)piperazin-1-yl)benzoate;

() reacting ethyl 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex~1-en-1-
yDmethybpiperazin-1-yDbenzoate and sodium hydroxide at about 55°C to about 75°C, and
isolating or not isolating the 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-
yhmethyl)piperazin-1-yl)benzoic acid; and

{g)  recacting 4-(4-{(2-(4-chlorophenyl)-3,5-dimethylcyclohex-1-en-1-
yhymethyl)piperazin-1-yl)benzoic acid, a first appropriate amine, 1-ethyl-3-(3-
(dimethylamino)propyl)carbodiimide hydrochloride and 4-dimethylaminopyridine at about

25°C to about 35°C, and isolating or not isolating the apoptosis promoter.

Stilt another embodiment pertains to a process for making N-(4-(4-((2-(4-
chlorophenyl}-5,5-dimethyl-1-cyclohex-1-cn-1-ylimethyl)piperazin-1-yDybenzoy)-4-(((1R)-
3-(morpholin-4-y1)-1-({(phenylsulfanyymethyl)propyl)amino)-3-
({trifluoromethyl)sulfonyl)benzenesulfonamide, or a pharmaceutically acceptable salt thereof,
COTNPIISINgG:

(e) reacting 2-(4-chlorophenyl)-3,5-dimethyicyclohex-1-ene-1-carbaldehyde,
ethyl 4-piperazin-1-ylbenzoate and sodium triacetoxyborohydride at about 15°C to about
36°C and 1solating or not isolating the ethyl 4-(4-{{2-(4-chlorophenyl)-3,5-dimethylcyclohex-
1-en-1l-yDmethyl)piperazin- 1 -yl)benzoate;

(H) reacting ethyl 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-
ylmethyl)piperazin-1-yl)benzoate and sodium hydroxide at about 55°C to about 75°C, and
isolating or not isolating the 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyciohex-1-en-1-
ylymethylpiperazin-1-yl)benzoic acid; and

(g)  reacting 4-(4-((2-(4-chloropheny!)-5,5-dimethyleyelohex-1-en-1-
yiymethyl)piperazin-1-ylbenzoic acid, 4-(((1R)-3-morpholin-4-yl-1-
({phenylthio)methyl)propylyamino)-3-((trifluoromethyl)sulfonyl)benzenesulfonamide,
-ethyl-3-(3-(dimethylamino)propyl)carbodiimide hydrochloride, and
4-dimethylaminopyridine at about 25°C to about 35°C and isolating or not isolating the N-(4-

(4-((2-(4-chlorophenyl)-5,5-dimethyl-1-cyclohex-1-en-1-yDhmethyl)piperazin-1-yl)benzoyl)-
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4-(((1R)-3-(morpholin-4-y)-1-((phenylsulfanylymethy)propyl)amino)-3-

((trifluoromethylsulfonyl)benzenesulfonamide.

Still another embodiment pertains to N-(4-(4-((2-(4-chlorophenyl)-5,5-dimethyl-1-
cyclohex-1-en-1-yhymethylpiperazin-f-yhbenzoyl)-4-(({ 1 R)-3-(morpholin-4-y1)-1-
((phenylsulfanylmethylypropyhamino)-3-({trifluoromethyl)sulfonyl)benzenesulfonamide, or
a pharmaceutically acceptable salt thereof, prepared as described in the preceding

embodiment.

Stilt another embodiment of this invention pertains to a process for making N-(4-(4-
((2-(4-chlorophenyl)-5,5-dimethyl-1-cyclohex- 1-en-1-yymethyl)piperazin-1-ybenzoyl )-4-
(({1R)-3-(morpholin-4-yl}-1-({(phenylsulfanyDmethyDpropyl)amino)-3-
((trifluoromethyDsulfonyl)benzenesulfonamide, comprising:

(a) reacting 4,4-dimethylcyclohexanone, an alkyl formate and a first base to
provide (2E)-2-(hydroxymethylene)-4,4-dimethylcyclohexanone and isolating or not isolating
the (2E)-2-(hydroxymethylene)-4,4-dimethyleyclohexanone;

(b)  reacting the (2E)-2-(hydroxymethylene)-4,4-dimethylcyclohexanone, a second
base and a first silyl ether protecting group reagent to provide a first protected (2E)-2-
{hydroxymethylene)-4,4-dimethylcyelohexanone and isolating or not isolating the first
protected (2E)-2-(hydroxymethylene)-4,4-dimethylcyclohexanone;

(c) reacting the first protected (2E)-2-(hydroxymethylene)-4,4-
dimethylcyclohexanone and 4-chlorophenyl magnesium bromide to provide the first
protected (2E)-1-(4-chlorophenyl)-2-(hydroxymethylene)-4,4-dimethylcyclohexanol; and
isolating or not isolating the first protected (2E)-1-(4-chlorophenyl)-2-(hydroxymethylene)-
4,4-dimethylcyclohexanol; and

(d)  reacting the first protected (2E)-1-(4-chlorophenyl)-2-(hydroxymethylene)-
4,4-dimethylcyclohexanol and a first acid to provide 2-(4-chlorophenyl)-5,5-
dimethylcyclohex-1-ene-1-carbaldehyde and isolating or not isolating the 2-(4-chlorophenyl)-
3,5-dimethyicyclohex-1-ene~1-carbaldehyde;

(e) reacting 2-(4-chlorophenyl)-5,5-dimethyleyclohex-1-ene-1-carbaldehyde,
ethyl 4-piperazin-1-ylbenzoate and a first reducing agent and isolating or not isolating the
ethyl 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-yhmethylpiperazin-1-

yh)benzoate;
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H reacting ethyl 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-
yhmethyl)piperazin-1-yl)benzoate and an aqueocus third base, and isolating or not isolating
the 4-(4-((2-(4-chlorophenyl)-5,5-dimethyicyclohex-1-en-1-ylymethyl)piperazin-1-yl)benzoic
acid; and

(g)  reacting 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-
ylymethyl)piperazin-1-yl)benzoic acid, 4-({{1R)-3-morpholin-4-yl-I-
((phenylthio)methyl)ypropyl)amino)-3-((trifluoromethyl)sulfonyl)benzenesulfonamide, a first
coupling reagent, and, optionally; a first auxiliary coupling reagent and isolating or not
isolating the N-(4-(4-((2-(4-chloropheny)-5,5-dimethy!-1-cyclohex-1-en-1-
yhmethyhpiperazin- 1-yl)benzoyt)}-4-(({(1R)-3-(morpholin-4-y1)-1-
((phenylsulfanylymethyi)propyl)amino)-3-((triftuoromethyl)suifony!)benzenesulfonamide.

Still another embodiment pertains to N-(4-(4-((2-(4-chlorophenyl)-5,5-dimethyl-~1~
cyclohex-1-en-1-yhmethyDpiperazin-1-ylYbenzoyl)-4-(((1R)-3-(morpholin-4-yl)-1-
((phenylsulfanyl)methyl)propyl)aming)-3-{(triffuoromethylsulfonyhbenzenesulfonamide, or
a pharmaceutically acceptable salt thercof, prepared as described in the preceding

embodiment.

Still another embodiment of this invention pertains to a process for making.N-(4-(4—
((2-(4-chlorophenyl)-5,5-dimethyl-1-cyclohex-1-en- l-yDmethyDpiperazin-1-yh)benzoyi)-4-
(((1R)-3-(morpholin-4-y1)-1-((phenylsulfanylymethypropylamino)-3-
({trifluoromethyl)sulfonyl)benzenesulfonamide, comprising:

(a) reacting 4,4-dimethylcyclohexanone, ethyl formate and potassium tert-
butoxide to provide (2E)-2-(hydroxymethylene)-4,4-dimethyleyclohexanone and isolating or
not isolating the (2E)-2-(hydroxymethylenc)-4,4-dimethylcyclohexanone;

(b)  reacting the (2E)-2-(hydroxymethylene)-4,4-dimethyleyclohexanone,
tricthylamine and trimethylchlorosilane, tert-butylchlorodimethylsilane, or '
triisopropylchlorosilane to provide (2E)-4,4-dimethyl-2-
(((triisopropylsityloxy)methylene)cyclohexanone, (2E)-4,4-dimethyl-2-
{(((trimethylsilyloxy)methylene)cyclohexanone, or (2E)-2-(({tert-
butyl(dimethylysilyl)oxy)methylene)-4,4-dimethyicyclohexanone and isolating or not
isolating the (2E)-4,4-dimethyl-2-{{{triisopropylsilyhoxy)methylene)eyclohexanone, (2E)-
4,4-dimethyl-2-(((trimethylsilyhoxy)methylene)cyclohexanone, or (2ZE)-2-(({tert-
butyl(dimethyl)silyl)oxymethylene)-4,4-dimethylcyclohexanone;
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{c) reacting the (2E)-4,4-dimethyl-2-
(((tritsopropylsilyhoxy)methylene)cyclohexanone, (2E)-4,4-dimethyl-2-
(((trimethylsilylyoxy)methylene)cyclohexanone, or (2E)-2-(((tert-
butyl(dimethyDsilyl)oxy)methylene)-4,4-dimethylcyclohexanone and 4-chlorophenyl
magnesium bromide to provide ((2E)-1-(4-chlorophenyl)-4,4-dimethyl-2-
(((triisopropylsilyhoxy)methylene)cyclohexanol, (2E)-1-(4-chlorophenyl)-4,4-dimethyl-2-
(((trimethylsityDoxy)methylene)cyclohexanol, or (2E)-2-(((tert-
butyl(dimethyl)silyhoxy)methylene)- I-(4-chlorophenyl)-4,4-dimethylcyclohexanol; and
isolating or not isolating the (2E)-1-(4-chloropheny!)-4,4-dimethyl-2-
{{(triisopropylsilyloxy)methylene)eyclohexanol, (2E)-1-(4-chlorophenyl)-4,4-dimethyl-2-
(((trimethylsilyt)oxy)methylene)cyciohexanol, or (2E)-2-(((tert-
butyl{dimethyl}sily)oxyymethylene)-1-(4-chlorophenyl}-4,4-dimethylcyclohexanol;

(d)  reacting (2E)-1-(4-chlorophenyl)-4,4-dimethyl-2-
{((trusopropylsilyloxymethylene)cyclohexanol, (2E)-1-(4-chlorophenyl)-4,4-dimethyl-2-
(((trimethylsilyDoxy)methylene)eyclohexanol, or (2E)-2-(((tert-
butyl(dimethyl)silyloxy)methylene)- 1-(4-chlorophenyl)-4,4-dimethylcyclohexanol and
hydrochloric acid to provide 2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-ene-1-carbaldehyde
and 1solating or not isolating the 2-(4-chlorophenyl}-5,5-dimethylcyclohex-1-ene-1-
carbaldehyde;

(e) reacting 2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-ene-1-carbaldehyde,
ethyl 4-piperazin-[-ylbenzoate and sodium triacetoxyborohydride and isolating or not
isolating the ethyl 4-(4-((2-(4-chlorophenyl}-5,5-dimethyleyclohex-1-en-1-
ylhmethylypiperazin-1-ylbenzoate;

(f) reacting ethyl 4-(4-((2-(4-chloropheny!)-5,5-dimethylcyclohex-1-en-1-
yhmethylpiperazin-1-yl)benzoate and aqueous sodium hydroxide, and isolating or not
isolating the 4-(4-((2-(4-chlorophenyD)-5,5-dimethylcyclohex-1-en-1-ylmethyl)piperazin-1-
yl)benzoic acid; and

(g)  reacting 4-(4-((2-(4-chlorophenyl)-3,5-dimethylcyclohex-1-en-1-
yhmethylpiperazin-1-yl)benzoic acid, 4-(((1R)-3-morpholin-4-yi-1-
((phenylthio}ymethylypropyl)amino)-3-((trifluoromethyl)sulfonylbenzenesulfonamide, 1-
cthyi-3-(3-(dimethylamino)propyl)-carbodiimide hydrochloride, and
4-dimethylaminopyridine and isolating or not isolating the N-(4-(4-({2~(4-chlorophenyl)-5,5-
dimethyl-1-cyclohex-1-en-1-yimethyl)piperazin-1-yhbenzoyi)-4-(((1R)-3-(morpholin-4-y1)-
1-{(phenylsulfanylymethylpropylamino}-3-({trifluoromethyl)sulfonybenzenesulfonamide.
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Still another embodiment pertains to N-(4-(4-((2-(4-chlorophenyi}-3,5-dimethyl-1-
cyclohex-I-en-1-ylimethylpiperazin-1-ylbenzoyl)-4-(((1R)-3-(morpholin-4-y1)-1-
((phenylsulfanyl)methyl)propyDamine)-3-({trifluoromethyl)sulfonyl)benzenesulfonamide, or
a pharmaceutically acceptable salt thereof, prepared as described in the preceding

embodiment.

Still another embodiment of this invention pertains to a process for making N-(4-(4-
{(2-(4-chlorophenyl)-5,5-dimethyl-1-cyclohex-1-en-1-ylymethyhpiperazin-1-y)benzoyl )-4-
(((1R)-3-(morpholin-4-yl)-1-((phenylsulfanylymethylypropyamino)-3-
{(trifluoromethylsulfonyl)benzencsulfonamide, comprising:

(2) reacting 4,4-dimethylcyclohexanone, ethyl formate and potassium tert-
butoxide at about —10°C to about 0°C to provide (2E)-2-(hydroxymethylene)-4,4-
dimethyleyclohexanone and isolating or not isolating the (2E)-2-(hydroxymethylene)-4,4-
dimethyleyclohexanone;

(b)  reacting the (2E)-2-(hydroxymethylenc)-4,4-dimethyleyclohexanone,
triethylamine and trimethylchlorosilang, tert-butylchlorodimethylsilane, or
triisopropylchlorosilane at about -10°C to about 0°C to provide (2E)-4 4-dimethyl-2-
{((tritsopropylsilyloxy)methylene)cyclohexanone, (2E)-4,4-dimethyl-2-
(((trimethylsilyDoxy)methylene)cyclohexanone, or (2E)-2-(((tert-
butyl(dimethyl)silyl)oxy)methylene)-4,4-dimethylcyclohexanone and isolating or not
isolating the (2E)-4,4-dimethyi-2-({{triisopropylsilyl)oxy)methylene)cyclohexanone, (2E)-
4 4-dimethyl-2-(((trimethylsilylyoxy)methylene)cyclohexanone, or (2E)-2-(((tert-
butyl{dimethyDsilyDoxy)methylene)-4,4-dimethyleyclohexanone;

(c) reacting the (2E)-4,4-dimethyl-2-

(((triisopropylsilyloxy)methylene Yevclohexanone, (2E)-4,4-dimethy!-2-
(({(trimethylsilyDoxy)methylene)cyclohexanone, or (2E)-2-(({tert-
butyl(dimethyl)silyhoxy)methylene)-4,4-dimethyleyclohexanone and 4-chlorophenyl
magnesium bromide at about -10°C to about 5°C to provide ((2E)-1-(4-chlorophenyl)-4,4-
dimethyl-2-(((tritsopropylsilyloxy)methylene)cyclohexanol, (2E)-1-(4-chlorophenyt)-4,4-
dimethyl-2-({(trimethylsilylJoxy)methylene)cyclohexanol, or (2E)-2-(((tert-
butyl{dimethyl)sily!)oxy)methyiene)-1-{4-chlorophenyl)-4,4-dimethylcyclohexanol; and
1solating or not isolating the ((2E)-1-(4-chlorophenyl)-4,4-dimethyl-2-
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{((triisopropylsilyl)oxy)methylene)cyclohexanol, (2E)-1-(4-chlorophenyl)-4,4-dimethyl-2-
(((trimethylsityDoxy)methylene)cyclohexanol, or (2E)-2-(((tert-
butyl(dimethyDsilyDoxy)methylene)-1-(4-chlorophenyl)-4,4-dimethyicyclohexanol, and

(d)  reacting (2E)-1-(4-chlorophenyl)-4,4-dimethyl-2-
(((triisopropylsilyDoxy)methylene)cyclohexanol, (2E)- 1-(4-chlorophenyl)-4,4-dimethyl-2-
(((trimethylsilyDoxy)methylene)cyclohexanol, or (2E)-2-(((tert-
butyl(dimethyl)silylyoxy)methylene)-1-(4-chlorophenyl)-4,4-dimethylcyclohexanol and
hydrochloric acid at about 5°C to about 20°C to provide 2-(4-chlorophenyl)-5,5-
dimethylcyclohex-1-ene~1-carbaldehyde and isolating or not isolating the 2-(4-chlorophenyi)-
5,5-dimethylcyclohex-1-ene-1-carbaldehyde;

(e)  reacting 2-(4-chlorophenyl)-3,5-dimethyleyclohex-1-ene-1-carbaldehyde,
ethyl 4-piperazin-1-ylbenzoate and sodium triacetoxyborohydride at about 15°C to about
30°C and isolating or not isolating the ethyl 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-
{-en-1-yDmethylpiperazin-1-yi)benzoate; _

(f) reacting cthyl 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-
yDmethyl)piperazin-1-yl)benzoate and aqueous sodium hydroxide at about 55°C to about
75°C, and isolating or not isolating the 4-{(4-((2-(4-chloropheny!}-3,5-dimethyicyclohex-1-en-
1-yDmethyl)piperazin-1-yl)benzoic acid; and

(2) reacting 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-
yDmethylpiperazin-1-yl)benzoic acid, 4-(((1R)-3-morpholin-4-y|-1-
{((phenylthio)methyl)propylamino)-3-((trifluoromethyl)sulfonyl)benzenesulfonamide,
I-ethyl-3-(3-(dimethylamino)propyl)-carbodiimide hydrochloride, and
4-~dimethylaminopyridine at about 25°C to about 35°C and isolating or not 1solating the N-(4-
(4-((2-(4-chlorophenyl)-5,5-dimethyl-1-cyclohex-1-en~1-yDmethylpiperazin-1-yhbenzoyi)-
4-(((1R)-3-(morpholin-4-y1}-1-((phenylsulfanylymethylypropyl Jamine)-3-

((trifluoromethyl)sulfonyhbenzenesulfonamide.

Still another embodiment pertains to N-(4-(4-({2-(4-chlorophenyl)-3,5-dimethyl-1-
cyclohex-1-en-I-yDmethyhpiperazin-1-ylybenzoyl)-4-(((1R)-3-(morpholin-4-yl)-1-
((phenylsulfanylymethylypropybamino)-3-((triffuoromethyl)sulfonyi)benzenesulfonamide, or
a pharmaceutically acceptable salt thercof, prepared as described in the preceding

embodiment.
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One embodiment of this invention, therefore, pertains to a process for making 2-(4-
chlorophenyl)-5,5-dimethylcyclohex-1-ene-1-carbaldehyde, comprising:

(h}  reacting 4,4-dimethyleyclohexanone, diethoxycarbenium fluoroborate and a
fifth base to provide (2-(dicthoxymethyl)-4,4-dimethylcyclohexanone and isolating or not
1solating the 2-{diethoxymethyl)-4,4-dimethylcyclohexanone;

(1) reacting the 2-(diethoxymethyi}-4,4-dimethyleyclohexanone and 4-
chlorophenyl magnesium bromide to provide 1-(4-chlorophenyl)-2~(dicthoxymethyl)-4.4-
dimethylcyclohexanol and isolating or not isolating the 1-(4-chlorophenyl)-2-
(diethoxymethyl)-4.4-dimethylcyclohexanol; and

() reacting the 1-(4-chiorophenyl)-2-(diethoxymethyl)-4,4-dimethylcyclohexanol
and a second acid to provide 2-(4-chlorophenyl)-3,5-dimethylcyclohex-1-ene-1-carbaldehyde
and 1solating or not isolating the 2-(4-chlorophenyl)-5,5-dimethyleyclohex-i-ene-1-
carbaldehyde.

Another embodiment pertains to 2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-ene-1-
carbaldehyde, or a pharmaceutically acceptable salt thereof, prepared as described in the

preceding embodiment.

Another embodiment pertains to 2-(4-chiorophenyl)-5,5-dimethylcyclohex-1-ene-1-
carbaldehyde, or a pharmaceutically acceptable salt thereof, for use in making N-(4-(4-{(2-(4-
chlorophenyl)-3,5-dimethyl-1-cyclohex- i -en-1-ylmethyl)piperazin-1-yDbenzoyl}-4-({({1R)-
3-(morpholin-4-yl}-1-((phenylsulfanylymethylipropylamineo)}-3-

((trifluoromethyl)sulfonyl)benzenesulfonamide, or a pharmaceutically acceptable salt thereof.

Another embodiment pertains to 2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-ene-1-
carbaldehyde, or a pharmaceutically acceptable salt thereof, for use in making compounds
such as those described in , for example, U. S. Patent Publication US2005/0159427A1, the
*799 Patent, and U.S. Provisional Applications 61/145611, 61/120275, 61/181180, and
61/181203.

Examples of fifth bases useful for the practice of this invention include N,N-

ditsopropylethylamine, 1,8-ditazabicyclo(5.4.0)undec-7-ene and the like.
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Examples of second acids useful for the practice of this invention include aqueous

hydrochloric acid, sulfuric acid and the like.

Step (h) is typically conducted for about 1 to about 3 hours in a solvent such as

dichloromethane and the like.

Step (1) 1s typically conducted for about 1 to about 3 hours in a solvent such as

tetrahydrofuran, diethyl ether, mixtures thereof and the like.

Step (j) is typically conducted for about 15 to about 20 hours in a solvent such as

tetrahydrofuran, diethyl ether, mixtures thereof and the like.

Stifl another embodiment of this invention, therefore, pertains to a process for making
2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-ene-1-carbaldehyde, comprising:

(h)y  reacting 4,4-dimethylcyclohexanone, diethoxycarbenium fluoroborate and
N,N-diisopropylethylamine to provide (2-(diethoxymethyl)-4,4-dimethylcyclohexanone and
isolating or not isolating the 2-(diethoxymethyl)-4,4-dimethylcyclohexanone;

(1) reacting the 2-(dicthoxymethyl)-4,4-dimethyleyclohexanone and 4-
chlorophenyl magnesium bromide to provide 1-(4-chlorophenyl)-2-(diethoxymethyl}-4,4-
dimethylcyclohexanol and isolating or not isolating the 1-(4-chlorophenyl)-2-
(diethoxymethyl)-4.4-dimethyleyclohexanol, and

1) reacting the 1-(4-chlorophenyl)-2-(dicthoxymethyl)-4,4-dimethylcyclohexanol
and aqueous hydrochloric acid to provide 2-(4-chlorophenyl)-5,5-dimethylcyclohex-1i-ene-1-
carbaldehyde and isolating or not isolating the 2-(4-chlorophenyl)-5,5-dimethyicyciohex-1-
ene-1-carbaldehyde.

Another embodiment pertains to 2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-ene-1-
carbaldehyde, or a pharmaceutically acceptable salt thereof, prepared as described in the

preceding embodiment.

Still another embodiment of this invention, therefore, pertains to a process for making
2-(4-chlorophenyl)-3,5-dimethylcyclohex-I-ene-1-carbaldehyde, comprising:
(h)  reacting 4,4-dimethylcyclohexanone, diethoxycarbenium fluoroborate and

N,N-diisopropylethylamine at about -60°C to -90°C to provide (2-(dicthoxymethyl)-4,4-
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dimethylcyclohexanone and isolating or not isolating the 2-(diethoxymethyl)-4,4-
dimethylcyclohexanone;

(1) reacting the 2-(diethoxymethyl}-4,4-dimethylcyclohexanone and 4-
chlorophenyl magnesium bromide at about -60°C to -10°C to provide 1-(4-chlorophenyl)-2-
{(diethoxymethyl)-4,4-dimethylcyclohexanol and isolating or not isolating the 1-(4-
chlorophenyl)-2-(diethoxymethyl)-4,4-dimethylcyclohexanol; and

) reacting the 1-(4-chlorophenyl)-2-(diethoxymethyl)-4,4-dimethylcyclohexanot
and aqueous hydrochloric acid at about 50°C to 80°C to provide 2-(4-chlorophenyl)-5,5-
dimethylcyclohex-1-ene-1-carbaldehyde and isolating or not isolating the 2-(4-chlorophenyl)-
5,5-dimethylcyclohex-1-ene-1-carbaldehyde.

Another embodiment pertains to 2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-ene-1-
carbaldehyde, or a pharmaceutically acceptable salt thereof, prepared as described in the

preceding embodiment.

Still another embodiment of this mvention pertains to a process for making N-(4-(4-
((2-(4-chlorophenyl)-5,5-dimethyl- 1 -cyclohex-1-en-1-yDmethyDpiperazin- [ -yDbenzoyl)-4-
(((1R)-3-(morpholin-4-yl)-1-((phenylsulfanyDmethyDpropyl)amino)-3-
((triffuoromethy!isulfonyl)benzenesulfonamide, comprising:

(h)  reacting 4.4-dimethylcyclohexanone, diethoxycarbenium fluoroborate and a
fifth base to provide (2-(diethoxymethyl)-4,4-dimethylcyclohexanone and isolating or not
isolating the 2-(diethoxymethyl)-4,4-dimethyleyclohexanone;

{1 reacting the 2-(diethoxymethyi)-4,4-dimethyleyclohexanone and 4-
chloropheny! magresium bromide to provide 1-(4-chlorophenyl)-2-(diethoxymethyl)-4,4-
dimethylcyclohexanol and isolating or not isolating the 1-{4-chlorophenyl)-2-
(diethoxymethyl)-4,4-dimethylcyclohexanol;

) reacting the I-(4-chlorophenyi)-2-(dicthoxymethyl)-4,4-dimethylcyclohexanol
and a second acid to provide 2-(4-chlorophenyl)-5,5-dimethyicyclohex-1-ene-1-carbaldehyde
and isolating or not isolating the 2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-ene-1-
carbaldehyde;

(e) reacting 2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-ene~i~carbaldehyde,
ethyl 4-piperazin-1-ylbenzoate and a first reducing agent and isolating or not isolating the
ethyl 4-(4-({(2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-ylymethyl)piperazin-1-

yDbenzoate;
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(H) reacting ethyl 4-(4-((2-(4-chlorophenyl}-5,5-dimethylcyclohex-1-en-1-
yhmethylpiperazin-1-yhbenzoate and an aqueous third base, and isolating or not isolating
the 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-y)methylpiperazin-1-yl)benzoic
acid; and

(g)  reacting 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-
yDmethyipiperazin-1-yl)benzoic acid, 4-(({1R)-3-morpholin-4-yi-1-
({phenylthio)methylypropyDamino)-3-((trifluoromethylsulfonyl)benzenesulfonamide, a first
coupling reagent, and, optionally; a {irst auxiliary coupling reagent and isolating or not
1solating the N-(4-(4-{(2-(4-chlorophenyl)-3,5-dimethyl-1-cyclohex-1-en-1-
yhmethyl)piperazin-1-yl)benzoyl)-4-(((1R)-3-(morpholin-4-y1)- 1-
{(phenylsulfanylymethyDpropyllamino)-3-{(trifluoromethyl)sulfonyl)benzenesulfonamide.

Still another embodiment pertains to N-(4-(4-((2-(4-chloropheny!)-3,5-dimethyl-1-
cyclohex-1-en-1-ylymethybpiperazin-1-yl)benzoylj-4-(((1R)-3-(morpholin-4-yl)-1-
((phenylsul fanylymethylypropyDamino)-3-((trifluoromethyisulfonyl)benzenesul fonamide, or
a pharmaceutically acceptable sait thereof, prepared as described in the preceding

embodiment.

Still another embodiment of this invention pertains to a process for making N-{4-(4-
((2-(4-chlorophenyl)-3,5-dimethyl-1-cyclohex-1-en-1-yl)methyl)piperazin- 1 -ylYbenzoy!)-4-
({({1R)-3-(morpholin-4-y1)-1-((phenylsulfanylymethyl)propyllamino)-3-
{{trifluoromethylisulfonyl)benzenesulfonamide, comprising:

{hy  reacting 4,4-dimethylcyclohexanone, diethoxycarbenium fluoroborate and
N,N-diisopropylethylamine to provide (2-(diethoxymethyi)-4,4-dimethylcyclohexanone and
isolating or not isolating the 2-(diethoxymethyl)-4,4-dimethylcyclohexanone;

(1) reacting the 2-(diethoxymethyl)-4,4-dimethylcyclohexanone and 4-
chlorophenyl magnesium bromide to provide 1-(4-chlorophenyl)-2-(dicthoxymethy!)-4,4-
dimethyleyclohexanol and isoiating or not isolating the 1-(4-chlorophenyl)-2-
(diethoxymethyl)-4,4-dimethylcyclohexanol;

() reacting the 1-(4-chlorophenyl)-2-(diethoxymethyl)-4,4-dimethyicyclohexanol
and agueous hydrochloric acid to provide 2-(4-chlorophenyl)-5,5-dimethyicyclohex-1-ene-1-
carbaldehyde and isolating or not isolating the 2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-
ene-1-carbaldehyde;
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(e) reacting 2~(4-chlorophenyl)-5,5-dimethylcyclohex-1-ene-1-carbaldehyde,
ethy! 4-piperazin-1-ylbenzoate and sodium triacetoxyborohydride and isolating or not
isolating the ethyl 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-
ylmethylpiperazin-1-yl)benzoate;

(H reacting ethyl 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-
yhymethyDpiperazin-1-ylbenzoate and aqueous sodium hydroxide, and isolating or not
isolating the 4-(4-((2-(4-chlorophenyl)-5,5-dimethyleyclohex- I-en-1-ylymethyl)piperazin-1-
yhbenzoic acid; and

() reacting 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-
yDmethyl)piperazin-1-yhbenzoic acid, 4-(((1R)-3-morpholin-4-yl-1-
((phenylthioymethylpropyDamino)-3-({(trifluoromethyl)sulfonyl)benzenesuifonamide, 1-
ethyl-3-(3-(dimethylamino)propyl)-carbodiimide hydrochloride, and
4-dimethylaminopyridine and isolating or not isolating the N-(4-(4-((2-(4-chlorophenyt)-5,5-
dimethyl-1-cyelohex-1-en-1-ylimethyl)piperazin-1-yhbenzoyl)-4-(((1R)-3-(morpholin-4-yi)-
1-((phenylsulfanyDmethyDpropyl)amino)-3-((trifluoromethy)sulfonyl)benzenesulfonamide.

Still another embodiment pertains to N~(4-(4-((2-(4~chlorophenyi)-5,5-dimethyl-1-
cyclohex-1-en-1-yhmethyl)piperazin-1-yhbenzoyl-4-({(1R}-3-(morpholin-4-yl)-1-
({(phenylsulfanylymethyDpropylamino)-3-((trifluoromethylsulfonyhbenzenesulfonamide, or
a pharmaceutically acceptable salt thereof, prepared as described in the preceding

embodiment.

Still another embodiment of this invention pertains to a process for making N-(4-(4-
((2-(4-chlorophenyl)-5,5-dimethyl-1-cyclohex-1-en-1-yDymethyl)piperazin-1-ylYbenzoyl)-4-
(((1R)-3-(morpholin-4-y1)-1-((phenylsulfanylymethyDpropyDamino)-3-
((trifluoromethy!)sulfonyl)benzenesulfonamide, comprising:

(h)  reacting 4,4-dimethylcyclohexanone, diethoxycarbenium fluoroborate and
N, N-diisopropylethylamine at about -60°C to -90°C to provide (2-(diethoxymethyl)-4,4-
dimethylcyclohexanone and isolating or not isolating the 2-{diethoxymethyl}-4,4-
dimethylcyclohexanone;

{1) reacting the 2-(diethoxymethyl)-4,4-dimethylcyclohexanone and 4-
chlorophenyl magnesium bromide at about -60°C to -10°C to provide 1-(4-chlorophenyl)-2-
{diethoxymethyl)-4,4-dimethylcyclohexanol and isolating or not isolating the 1-(4-
chlorophenyl)-2-(diethoxymethyl)-4,4-dimethyleyclohexanol;
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() reacting the 1-(4-chlorophenyl)-2-(diethoxymethyl)-4,4-dimethylcyclohexanol
and aqueous hydrochloric acid at about 50°C to 80°C to provide 2-(4-chlorophenyl}-5,5-
dimethylcyclohex-1-ene-1-carbaldchyde and isolating or not isolating the 2-(4-chlorophenyl)-
5,5-dimethyleyclohex-1-ene-1-carbaldehyde;

(e) reacting 2-(4-chlorophenyl}-5,5-dimethylcyclohex-1-ene-1-carbaldehyde,
ethyl 4-piperazin-1-ylbenzoate and sodium triacetoxyborohydride at about 15°C to about
30°C and isolating or not isolating the ethyl 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-
1-en-1-yl)methyl)piperazin-1-yl)benzoate;

H reacting cthyl 4~(4{(2»(4uchlorophenyl)—5,S~dimethylcyc§éhcx—i—en—‘i-
yDmethyl)piperazin-1-yl)benzoate and aqueous sodium hydroxide at about 55°C to about
75°C, and isolating or not isolating the 4-(4-((2-(4-chlorophenyi}-3,5-dimethylcycliohex-1-en-
l-ylymethylypiperazin-1-yhbenzoic acid; and

(2) reacting 4-(4-((2-(4-chlorophenyl}-5,5-dimethylcyclohex-1-en-1-
yhmethylpiperazin-1-yl)benzoic acid, 4-(((1R)-3~-morpholin-4-yl-1-
((phenylthio)methy)propyhamino)-3-((trifluoromethyl)sulfonyl)benzencsulfonamide,
1-cthyl-3-(3-(dimethylamino)propyl)-carbodiimide hydrochloride, and
4-dimethylaminopyridine at about 25°C to about 35°C and isolating or not isolating the N-(4-
{4-((2-(4-chlorophenyl)-5,5-dimethy!l-1-cyclohex-1-en-1-yl)methyl)piperazin-1-yl)benzoyl)-
4-(((1R)-3-(morpholin-4-yi)-1-((phenylsulfanyl)methylypropylamino)-3-

((trifluoromethyl)sulfonyibenzenesulfonamide.

Still another embodiment pertains to N-(4-(4-((2-(4-chloropheny!)-5,5-dimethyl-1-
cyclohex-1-en-1-yhmethylpiperazin-1-ylbenzoyl)-4-(((1R)-3-(morpholin-4-yl)-1-
((phenylsulfanylymethylpropyl)amino)-3-((trifluoromethyi)sulfonyl)benzenesuifonamide, or
a pharmaceutically acceptable salt thereof, prepared as described in the preceding

embodiment.

One embodiment of this invention, therefore, pertains o a process for making 2-(4-
chlorophenyl)-5,5-dimethylcyclohex-1-ene-1-carbaldehyde, comprising:

(ky  reacting 4,4-dimethylcyclohexanone, and phosphorus oxychloride to provide
2-chloro-3,5-dimethyleyclohex-1-enecarbaldehyde and isolating or not isolating the 2-chloro-

5,5-dimethyleycelohex-1-enecarbaldehyde; and
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{1 reacting the 2-chloro-5,5-dimethylcyclohex-1-enecarbaldehyde, 4-
chiorophenylboronic acid, a first phase transfer catalyst, a fifth base, and a first palladium
catalyst to provide 2-(4-chlorophenyl)-3,5-dimethylcyclohex-1-ene-1-carbaldehyde and
isolating or not isolating the 2-(4-chlorophenyl)-5,5-dimethyleyclohex-1-ene-1-carbaldehyde.

Another embodiment pertains to 2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-ene-1-
carbaldehyde, or a pharmaceutically acceptable salt thereof, prepared as described in the

preceding embodiment.

Another embodiment pertains to 2-(4-chlorophenyl)-5,5-dimethyicyclohex-t-ene-1-
carbaldehyde, or a pharmaceutically acceptable salt thereof, for use in making N-(4-(4-((2-(4-
chlorophenyl)-3,5-dimethyl-1-cyclohex-1-en-1-yDmethyl)piperazin-1-ylYbenzoy}-4-(((1R)-
3-(morpholin-4-yh)-1-((phenyisulfanylymethylpropylamino)-3-
((trifluoromethyl)sulfonyl)benzenesulfonamide , or a pharmaceutically acceptable salt

thereof,

Another embodiment pertains to 2-(4-chlorophenyl)-3,5-dimethyleyclohex-1-ene-1-
carbaldehyde , or a pharmaceutically acceptable salt thereof, for use in making compounds
such as those described in, for example, U. S. Patent Publication US2005/0159427A1, the
“799 Patent, and U.S. Provisional Applications 61/145611, 61/120275, 61/181180, and
61/181203.

Examples of first phase transfer catalysts useful for the practice of this invention
include tetrabutyl ammonium bromide, tetrapropy! ammonium bromide, tributyl benzyl
ammonium chloride, tetracthyl ammonium bromide, tetraoctyl ammonium bromide, tetra
butyl ammonium hydrogen sulphate, benzyl trimethyl ammonium chloride, benzyl triethyt

ammonium chloride, tetrabutyl ammonium acetate, tetrabuty! ammeonium iodide, and the like.

Examples of fifth bases useful for the practice of this invention include potassium

carbonate, potassium phosphate, potassium fluoride, potassium -butoxide and the like.

Examples of first palladium catalysts useful for the practice of this invention include

palladium (II) acetate, tris(dibenzylidencacctone)dipalladium(0),
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tetrakis(triphenylphosphine)palladium(0), (1,1
bis(diphenylphosphino)ferrocenc)dichloropalladium(1l}, and the like.

Step (k) is typically conducted for about 15 to about 20 hours in a solvent such as

dichloromethane, N,N-dimethylformamide, mixtures thercof and the like.

Step (1) is typically conducted for about 5 to about 10 hours in a soivent such as water,
or mixtures of water and one or more organic solvents such as toluene, methylene chloride,

DMF, and the like.

Another embodiment of this invention, therefore, pertains to a process for making
2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-ene-1-carbaldehyde, comprising:

(k)  reacting 4,4-dimethylcyclohexanone, and phosphorus oxychloride to provide
2-chloro-5,5-dimethylcyclohex-1-enecarbaldehyde and isolating or not isolating the 2-chloro-
5.5-dimethylcyclohex-I-enecarbaldehyde; and

0] reacting the 2-chloro-3,5-dimethylcyclohex-1-enecarbaldehyde, 4-
chlorephenylboronic acid, tetrabutyl ammonium bromide, potassium carbonate, and
palladium (II) acetate to provide 2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-ene-1-
carbaldehyde and isolating or not isolating the 2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-

ene-I-carbaldehyde.

Another embodiment pertains to 2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-ene-1-
carbaldehyde, or a pharmaceutically acceptable salt thereof, prepared as described in the

preceding embodiment.

Another embodiment of this invention, therefore, pertains to a process for making 2-
(4-chlorophenyl)-5,5-dimethylcyclohex-1-ene-1-carbaldehyde, comprising:

(k) reacting 4,4-dimethyleyclohexanone and phosphorus oxychloride at about
20°C to 45°C to provide 2-chloro-5,5-dimethylcyclohex-1-enecarbaldehyde and isolating or
not isolating the 2-chloro-5,5-dimethyleyclohex-1-enecarbaldehyde; and

0 reacting the 2-chloro-5,5-dimethyleyclohex-1-enecarbaldehyde, 4-
chlorophenylboronic acid, tetrabutyl ammonium bromide, potassium carbonate, and

palladium (1) acetate at about 20°C 1o 45°C to provide 2-(4-chlorophenyl)-3,5-
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dimethylcyclohex-1-¢ne-1-carbaldehyde and isolating or not isolating the 2-(4-chlorophenyl)-
5,5-dimethylcyclohex-1-ene-1-carbaldehyde,

Another embodiment pertains to 2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-ene-1-
carbaldehyde, or a pharmaceutically acceptable salt thereof, prepared as described in the

preceding embodiment.

Still another embodiment of this invention pertains to a process for making N-(4-(4-
((2-(4-chlorophenyl)-5,5-dimethyl- I -cyclohex-1-en-1~yiymethylypiperazin-1-yDbenzoyl)-4-
(((1R)-3-(morpholin-4-y1)-1-((phenylsulfanyl)ymethypropyl)amino)-3-
({trifluoromethylsulfonylybenzenesulfonamide, comprising:

(k}  reacting 4,4-dimethylcyclohexanone, and phosphorus oxychloride to provide
2-chlore-5,5-dimethylcyclohex-1-enecarbaldehyde and isolating or not isolating the 2-chloro-
5,5-dimethyleyciohex-1-enecarbaldehyde;

) reacting the 2-chloro-5,5-dimethyleyclohex-1-enecarbaldehyde, 4-
chiorophenylboronic acid, a first phase transfer catalyst, a fifth base, and a first palladium
catalyst to provide 2-(4-chlorophenyl}-5,5-dimethyicyclohex-1-ene-T-carbaldehyde and
isolating or not isolating the 2-(4-chlorophenyl})-5,5-dimethylcyclohex-1-ene-1-carbaldehyde;

(¢) reacting 2~{4-chlorophenyl)-5,5-dimethylcyclohex-1-ene-1-carbaldehyde,
ethyl 4-piperazin-1-ylbenzoate and a first reducing agent and isolating or not isolating the
ethyl 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-yhymethyl)piperazin-1-
vi}benzoste,

(H reacting ethy! 4-(4-({2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en~1-
yhmethyl)piperazin-1-yl)benzoate and an aqueous third base, and isolating or not isolating
the 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-ylymethyl)piperazin-1-y)benzoic
acid; and

(gy  reacting 4-(4-((2-(4-chloropheny!)-5,5-dimethylcyclohex-1-en-1-
yhmethyl)piperazin-1-yl)benzoic acid, 4-(((1R)-3-morpholin-4-yl-1-
{({(phenylthio)methylypropyl)amino)-3-((trifluoromethyl)sulfonyl)benzenesulfonamide, a first
coupling reagent, and, optionally; a first auxiliary coupling reagent and isolating or not
isolating the N-(4-(4-((2-(4-chlorophenyl)-5,5-dimethyl-1-cyclohex-1-en-1-
yhmethyl)piperazin-1-yihbenzoyl)-4-(((1R)-3-(morpholin-4-yi)-1-
((phenylsulfanylymethyDpropyhamino)-3-((trifluoromethyl)sulfonyl)benzenesulfonamide.
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Still another embodiment pertains to N-(4-(4-((2-(4-chlorophenyl)-5,5-dimethyl-1-
cyclohex-1-en-1-yhmethylpiperazin-1-yDbenzoyl)-4-(((1R}-3-(morpholin-4-yl)-1-
{(phenylsulfanyl)methyl)propyl)amine)-3-((trifluoromethylsulfonyl)benzenesulfonamide, or
a pharmaceutically acceptable salt thereof, prepared as described in the preceding

embodiment,

Still another embodiment of this invention pertains to a process for making N-(4-(4-
{(2-(4-chlorophenyl)-5,5-dimethyl-1-cyclohex-1-en-1-yl)methyl)piperazin-1-yhbenzoyl)-4-
(((iR})-3~(morpholin-4-yl)- I-((phenylsulfanyymethyDpropyhamino)-3-
((trifluoromethyl)sulfonyl)benzenesulfonamide, comprising:

(k)  reacting 4,4-dimethylcyclohexanone, and phosphorus oxychloride to provide
2-chloro-5,5-dimethyleyclohex-1-enecarbaldehyde and isolating or not isolating the 2-chloro-
5,5-dimethyleyclohex-1-enecarbaldehyde;

1) reacting the 2-chloro-5,5-dimethyleyclohex-1-enecarbaldehyde, 4-
chlorophenylboronic acid, tetrabutyl ammonium bromide, potassium carbonate, and
palladium (11} acetate to provide 2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-ene-1-
carbaldehyde and isolating or not isolating the 2-(4-chiorophenyl)-3,5-dimethylcyclohex-1-
ene-1-carbaldehyde;

(e) reacting 2-(4-chlorophenyl)-5,5-dimethyleyelohex-1-ene-1-carbaldehyde,
ethyl 4-piperazin-1-ylbenzoate and sodium triacetoxyborohydrde and isolating or not
isolating the ethyl 4-(4-((2-(4-chlorophenyl)-5,5-dimethyleyclohex-1-en-1-
ylymethyi)piperazin-1-ylbenzoate;

| (f) reacting ethyl 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-
yhmethyb)piperazin-I-yi)benzoate and aqueous sodium hydroxide, and isolating or not
isolating the 4-(4-((2~(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-yhmethyl)piperazin-1-
ylYbenzoic acid; and

(g) reacting 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-
yhmethyl)piperazin-1-yhbenzoic acid, 4-(({1R)-3-morpholin-4-yl-1-
((phenylthio)methylpropyamino)-3-((trifluoromethyl)sulfonyi)benzenesulfonamide, 1-
ethyl-3-(3-(dimethylamiro)propyl)-carbodiimide hydrochloride, and
4-dimethylaminopyridine and isolating or not isolating the N-(4-(4-((2-(4-chlorophenyl)-5,5-
dimethyl-1-cyclohex-1-en-1-ylymethyi)piperazin-1-yl)benzoyl)-4-({{1R)-3-(morpholin-4-y1)-
1-((phenylsulfanylymethyl)propyl)amino)-3-((trifluoromethyi)suifonyl)benzenesulfonamide.
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Still another embodiment pertains fo N-(4-(4-((2-(4-chlorophenyl)-5,5-dimethyl-1-
cyclohex-1-en-1i-ylymethyl)piperazin-1-yhbenzoyl)-4-(((1R)-3-(morpholin-4-yi)-1-
((phenylsulfanylmethyl)propyl)amino)-3-((trifluoromethylsulfonyl)benzenesulfonamide, or
a pharmaceutically acceptable salt thereof, prepared as described in the preceding

embodiment.

Still another embodiment of this mvention pertains to a process for making N-(4-(4-
((2-(4-chlorophenyl}-5,5-dimethyl-1-cyclohex-I-en-I-ylmethyhpiperazin-1-yDbenzoyl)-4-
{((1R)-3-(morpholin-4-yl)-1-({phenylsulfanylymethyl)propyl)amino)-3-
{(trifluoromethyl)sulfonyl)benzenesulfonamde, comprising:

(k)  reacting 4,4-dimethylcyclohexanone and phosphorus oxychloride at about
20°C to 45°C to provide 2-chloro-5,5-dimethylcyclohex-1-enecarbaldehyde and isolating or
not isolating the 2-chloro-5,5-dimethyleyclohex-1-enecarbaldehyde;

4y reacting the 2-chloro-5,5-dimethylcyclohex-1-enecarbaldehyde, 4-
chlorophenylboronic acid, tetrabutyl ammonium bromide, potassium carbonate, and
palladium (I1) acetate at about 20°C to 45°C to provide 2-{4-chlorophenyl)-5,5-
dimethyleyclohex-1-cne-1-carbaldehyde and 1solating or not isolating the 2-(4-chiorophenyl)-
3,5-dimethyleyclohex-1-ene-1-carbaldehyde;

(e}  reacting 2-(4-chlorophenyl)-5,5-dimethylcyclohex-I-ene-1-carbaldehyde,
cthyl 4-piperazin-1-ylbenzoate and sodium triacetoxyborohydride at about 15°C to about
30°C and isolating or not isoiating the ethyl 4-(4-((2-(4-chlorophenyl)-5,5-dimethyleyclohex-
i-en-1-yl)methyl)piperazin-1-yl)benzoate;

{f) reacting ethy! 4-(4-((2-(4-chloropheny!)-5,5-dimethylcyclohex-1-en-1-
yl)methyl)piperazin-1-yl)benzoate and aqueous sodium hydroxide at about 55°C to about
75°C, and isolating or not isolating the 4-(4—((2—(4—chlor0phenyl)—5,5—dimethyfcyciohex%—en—
l-yDmethyl)piperazin-1-yl)benzoic acid; and

(g}  reacting 4-(4-((2-(4-chlorophenyl}-5,5-dimethylcyclohex-1-en-1-
yhmethyl)piperazin-1-yl)benzoic acid, 4-(((1R}-3-morpholin-4-yl-1-
((phenylthio)methylpropyl)amino)-3-((trifluoromethyl)sulfonylybenzenesulfonamide,
1-ethyl-3-(3~(dimethylamino)propyl)-carbodiimide hydrochloride, and
4-dimethylaminopyridine at about 25°C to about 35°C and isolating or not isolating the N-(4-

{(4-{(2-(4-chlorophenyl)-5,5-dimethyl-1-cyclohex~1-en-1-ylymethylpiperazin-1-yhHbenzoyl)-
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4-(((1R)-3-(morpholin-4-y1}-1-((phenylsulfanylmethyDpropylyamino)-3-

((trifluoromethyl)sulfonyl)benzenesulfonamide.

Still another embodiment pertains fo N-(4-(4-((2-(4-chlorophenyl)-5,5-dimethyl-1-
cyclohex-1-en-1-yhmethylpiperazin- [-yl)benzoyl)-4-(({1R}-3-(morpholin-4-yl)-1-
({(phenylsulfanylymethyl)propylamino)-3-({(trifluoromethyl)sulfonyl)benzenesulfonamide, or
a pharmaceutically acceptable salt thereof, prepared as described in the preceding

embodiment.

One embodiment of this invention, therefore, pertains to a process for making 4-
(((1R)-3-morpholin-4-yl-1-((phenylthioymethylpropyamine)-3-
((triftuoromethyDsulfonylbenzenesutfonamide, comprising:

(m) reacting 2-fluorobenzenesulfonyl chioride, and a first fluoride source o
provide 2-fluorobenzenesulfonyl fluoride and isolating or not isolating the 2~
fluorobenzenesulfonyl fluoride;

(m) reacting the 2-fluorobenzenesulfonyl fluoride, Ruppert’s reagent (CH;SiCFs),
and a second fluoride source to provide 1-fluoro-2-{(trifluoromethyDsulfony!benzene and
isolating or not isolating the 1-fluoro-2-((trifluoromethylisulfonyl)benzene;

{0) reacting 1-fluoro-2-({trifluoromethyl)sulfonyl)benzene, and chlorosulfonic
acid to provide 4-fluoro-3-((trifluoromethyl)sulfonyl)benzencsulfonyl chloride and isolating
or not isolating the 4-fluoro-3-({trifluoromethylsulfonylybenzenesulfonyl chloride;

{p) reacting 4-fluoro-3-((irifluoromethylisulfonylybenzenesulfonyl chloride, and a
first NHs source to provide 4-fluoro-3-({(trifluoromethyl)sulfonyl)benzenesulfonamide and
isolating or not isolating the 4-fluoro-3-((trifluoromethyl)sulfonyl)benzenesulfonamide; and

(qQ)  reacting 4-fluoro-3-((trifluoromethyl)sulfonyl)benzenesulfonamide, (1R)-3-
morpholin-4-vi-1-({phenylthio)methyl)propylamine and a sixth base to provide 4-{((1R)-3~
morpholin-4-yi-1-{(phenylthio)methyDpropyliamino)-3-
((trifluoromethy!sulfonyl)benzenesulfonamide and isolating or not isolating the 4-(((1R)-3-
morpholin-4-yl-1-((phenylthioymethyh)propyl)amine)-3-

{(trifluoromethyi)sulfonyl)benzenesulfonamide.

Another embodiment pertains to 4-({{1R)-3-morpholin-4-yl-1-
((phenylthioymethyl)propyl)amino )-3-((trifluoromethyl)sulfonyl)benzenesulfonamide, or a

pharmaceutically acceptable salt thereof, prepared as described in the preceding embodiment.
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Another embodiment pertains to 4-(((1R)-3-morpholin-4-yl-1-
({(phenylthio)methyl)propyl)amino)-3-((trifluoromethyl}sulfonylbenzenesulfonamide, or a
pharmaceutically acceptable sait thereof, for use in making N-(4-(4-({2-(4-chlorophenyl)-5,5~
dimethyl-1-cyclohex-i-en-1-yhmethyl)piperazin-1-yhbenzoyl)-4-(({ 1R)-3-(morpholin-4-yl)-
I-{{(phenylsulfanyhmethyi)propylamino)-3-((trifluoromethyl)sulfonyi)benzenesulfonamide

or a salt thereof,

Another embodiment pertains to 4-(({(1R)-3-morpholin-4-yl-1-
{(phenylthio)ymethyl)propyl)amino)-3-((trifluoromethyl)sulfonyl)benzenesulfonamide, or a
pharmaceutically acceptable salt thereof, for use in making compounds such as those
described in , for example, U. S. Patent Publication US2005/0159427A1, the *799 Patent, and
U.S. Provisional Applications 61/145611, 61/120273, 61/181180, and 61/181203.

Examples of first fluoride sources useful for the practice of this invention include

tetra-n-butylammonium fluoride and potassium fluoride, and mixtures thereof.

Examples of seccond fluoride sources useful for the practice of this invention include
tris(dimethylamino)sulfonivm difluorotrimethylsilicate, tetra-n-butylammonium fluoride,
cesium fluoride, tetrabutylammonium triphenyldifluorosilicate, and tetrabutylammonium

triphenyldifluorsilicate.
Examples of first NHz sources useful for the practice of this invention include
aqueous ammonium hydroxide, ammonia in methanol, ammonium carbamate, ammonia in

1sopropyl alcohol, and hexamethyldisilazane.

Examples of sixth bases useful for the practice of this invention include triethylamine
and the like.

Step (m) is typically conducted for about 30 minutes to about 2 hours in a solvent

such as tetrahydrofuran, acetonitrile, water, mixtures thereof and the like.
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Step (n) 1s typically conducted for about 30 minutes to about 2 hours in a solvent such
as dichloromethane, tetrahydrofuran, toluene, dimethoxyethane, N-methyl-2-pyrrolidone

mixtures thereof and the like.
Step (0) is typically conducted for about 15 to about 25 hours.

Step (p) is typically conducted for about 30 minutes to about 24 hours in a solvent
such acetonitrile, tetrahydrofuran, ethyl acctate, isopropyl alcohol, isopropyl acetate,

dimethoxyethane, dichloromethane, toluene, mixtures thereof and the like.

Step (q) 1s typically conducted for about 12 to about 24 hours in a solvent such as

ethyl acetate, tetrahydrofuran, 2-methyi tetrahydrofuran, mixtures thercof and the like.

Another embodiment of this invention pertains to a process for making 4-(((1R)-3-
morpholin-4-yl-1-((phenylthio)ymethypropylamino)-3-
((trifluoromethyl)sulfonyl)benzenesulfonamide, comprising:

{m) reacting 'Z-ﬂu.orobenzenesulfonyl chloride, and tetra-n-butylammonium
fluoride to provide 2-fluorobenzenesulfonyl fluoride and isolating or net isolating the 2-
fluorobenzenesulfonyl fluoride;

(n) reacting the 2-fluorobenzenesulfonyl fluoride, Ruppert’s reagent (CH3SiCFs),
and tris{dimethylamino)sulfonium difluorotrimethylsilicate to provide 1-fluoro-2-
((trifluoromethysulfonyl)benzene and isolating or not isolating the 1-fluoro-2-
((trifluoromethyl)sulfonyl)benzene;

(0)  reacting [-fluoro-2-((trifluoromethyl)sulfonyl}benzene, and chlorosuifonic
acid to provide 4-fluoro-3-((trifluoromethylsulfonyl)benzenesuifonyl chloride and isolating
or not 1solating the 4-fluoro-3-((trifluoromethyisulfonylbenzenesulfonyl chloride;

{p)  reacting 4-fluoro-3-((trifluoromethyl)sutfonylbenzenesulfonyl chloride, and
aqueous ammonium hydroxide to provide 4-fluoro-3-
((trifluoromethyl)sulfonyl)benzenesulfonamide and isolating or not isolating the 4-fluoro-3-
((trifluoromethyl)sulfonyl)benzenesulfonamide; and

(q)  reacting 4-fluoro-3-((trifluoromethyDsulfonylibenzenesulfonamide, (1R)-3-
morpholin-4-yl-1-((phenylthio)methyl)propylamine and triethylamine to provide 4-(((1R)-3-
morpholin-4-yl-1-((phenylthio)methyl)propyl)amino)-3-
((trifluoromethy!)sulfonyl)benzenesuifonamide and isolating or not isolating the 4-(((1R)-3-
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morpholin-4-yl-1-({phenylthioymethyl)propyiyamino}-3-

((trifluoromethyl)sulfonyl)benzenesulfonamide.

Another embodiment pertains to 4-(((1R)-3-morpholin-4-yi-1-
((phenylthio)methyl)propyljamino)-3-((trifluoromethyl)sulfonyl)benzenesulfonamide, or a

pharmaceutically acceptable salt thereof, prepared as described in the preceding embodiment,

Another embodiment of this invention pertains to a process for making 4-(((1R)-3-
morpholin-4-yi-1-({(phenylthioymethyl)propyl)amino)-3-
((trifluoromethyDsulfonyl)benzenesulfonamide, comprising:

(m)  reacting 2-fluorobenzenesulfonyl chloride, and tetra-n-butylammonium
fluoride at about -10°C to about 10°C to provide 2-fluorobenzenesulfonyl fluoride and
isolating or not tsolating the 2-fluorobenzenesulfonyi fluoride;

(n) reacting the 2-fluorobenzenesulfonyl fluoride, Ruppert’s reagent (CH;3S1CF3),
and fris{dimethylamino)sulfonium difluorotrimethylsilicate at about room temperature to
provide 1-fluoro-2-((trifluoromethyhsulfonyl)benzene and isolating or not isolating the 1-
fluoro-2-((trifluoromethyl)sulfonyl)benzene,

{0)  reacting 1-fluoro-2-((trifluoromethyl)sulfonylybenzene, and chlorosulfonic
acid at about 110°C to about 130°C to provide 4-fluoro-3-
({trifluoromethyl)sulfonyl)benzenesulfony! chloride and isolating or not isolating the 4-
fluoro-3-({trifluoromethyl)sulfonyl)benzenesuifonyl chloride;

{p)  reacting 4-fluoro-3-({triftuoromethylsulfonyiybenzencsuifonyl chioride, and
aqueous ammonium hydroxide at about -5°C to about -60°C to provide 4-fluoro-3-
((trifluoromethylsulfonyl)benzenesulfonamide and isolating or not isolating the 4-fluoro-3-
((trifluoromethyl)sulfonyl)benzenesulfonamide; and

(q)  reacting 4-fluoro-3-((trifluoromethyl)sulfonyl)benzenesulfonamide, (1R)-3-
morpholin-4-yl-1-({(phenylthio)methyl)propylamine and tricthylamine at about 40°C to about
50°C to provide 4-(((1R}-3-morpholin-4-yl-1-((phenylthio)ymethyl)propyl)amino)-3-
((trifluoromethyl)sulfonyl)benzenesulfonamide and isolating or not isolating the 4-(((1R)-3-
morpholin-4-yl-1-{{phenylthio)methyi)propyllamino)-3-

((trifluoromethyl)sulfonylbenzenesulfonamide.
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Another embodiment pertains to 4-(((1R)-3-morpholin-4-yi-1-
{(phenylthio)methyhpropyl)amino)-3-((trifluoromethyl)sulfonyl)benzenesulfonamide, or a

pharmaceutically acceptable salt thereof, prepared as described in the preceding embodiment,

Still another embodiment of this invention pertains to a process for making N-(4-(4-
{((2-(4-chlorophenyl)-5,5-dimethyl-1-cyclohex- l-en-1-yl)ymethyl)piperazin- 1 -yl }benzoyl)-4-
(((1R)-3~(morpholin-4-yi)-1-((phenylsulfanylymethyhpropyDamino)-3-
((trifluoromethyl)sulfonyl)benzencsulfonamide, comprising:

(m)  reacting 2-fluorobenzenesutfony! chloride, and a first fluoride source to
provide 2-fluorobenzenesulfonyl fluoride and isolating or not isolating the 2-
fluorobenzenesuifonyl fluoride; _

(n)  reacting the 2-fluorobenzenesulfony! fluoride, Ruppert’s reagent (CH:SiCF),
and a second fluoride source to provide 1-fluoro-2-((trifluoromethyDsulfonyi)benzene and
isolating or not isolating the 1-fluoro-2-((trifluoromethyi)sulfonyl)benzene;

(0)  reacting 1-fluoro-2-((trifluoromethyhsulfonylbenzene, and chlorosulfonic
acid to provide 4-fluoro-3-((trifluoromethyl)sulfonyi)benzenesulfonyl chloride and isolating
or not isolating the 4-fluoro-3-((trifluoromethyl)sulfonylbenzenesulfonyl chloride;

(p)  reacting 4-fluoro-3-((trifluoromethyl)sulfonylybenzenesulfonyl chioride, and a
first NH3 source to provide 4-fluoro-3-((trifluoromethyhsulfonyl)benzenesulfonamide and
isolating or not isolating the 4-fluoro-3-((triftuoromethyl)sulfonylybenzenesulfonamide;

(D reacting 4-fluoro-3-((trifluoromethyl)sulfonylibenzenesulfonamide, (1R)-3-
morpholin-4-yl-1-({phenylthioymethylpropylamine and a sixth base to provide 4-(((1R)-3-
morpholin-4-yl-1-{(phenylthio)ymethyl}propyamino)-3-
((trifluoromethyl)sulfonyl)benzenesuifonamide and isolating or not isolating the 4-(({(1R)-3-
morpholin-4-yl-1-({phenylthio)methyDpropylyamino)-3-
((trifluoromethyl)sulfonylYbenzenesulfonamide; and

(g}  reacting 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-
ylmethyl)piperazin-1-yl)benzoic acid, 4-(((1R)-3-morpholin-4-yl-1-
((phenylithio)methybpropylamino)-3-({trifluoromethyl}sulfonyl)benzenesulfonamide, a first
coupling reagent, and, optionally; a first auxiliary coupling reagent and isolating or not
isolating the N-(4-(4-((2-(4-chlorophenyl)-5,5-dimethyl-1-cyclohex-1-en-1-
yhmethyDpiperazin-1-yl)benzoyl)-4-({(1R)-3-(morpholin-4-yl)-1-
{((phenylsulfanyl)methyl)propyDamino)-3-((trifluoromethyl)sulfonyl)benzenesulfonamide.
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Still another embodiment pertains to N-(4-(4-((2-(4-chloropheny!)-5,5-dimethyl-1-
cyclohex-1-en-1-yDmethyl)piperazin-1-yhbenzoyl)-4-((( IR)-3-(morpholin-4-yi)-1-
{((phenylsulfanylymethyl)propylyamino)-3-((trifluoromethyDsulfonyl)benzenesulfonamide, or
a pharmaccuti.caliy acceptable salt thercof, prepared as described in the preceding

embodiment.

Still another embodiment of this invention pertains to a process for making N-(4-(4-
{(2-(4-chlorophenyl}-5,5-dimethyi-1-cyclohex-1-en-1-yl)methyl)piperazin-1-yijbenzoyl)-4-
(({1R)-3-(morpholin-4-y1)-1-((phenyisulfanylymethyDhpropyl)amino)-3-
((trifluoromethyl)sutfonyl)benzenesulfonamide, comprising:

{m) reacting 2-fluorobenzenesulfonyl chloride, and tetra-n-butylammonium
fluoride to provide 2-fluorobenzenesulfonyl fluoride and isolating or not isolating the 2-
fluorobenzenesulfonyl fluoride;

{n)  reacting the 2-fluorobenzenesulfony! fluoride, Ruppert’s reagent (CH:SiCF3),
and tris(dimethylamino)sulfonium difluorotrimethylsilicate to provide 1-fluoro-2-
{{trifluoromethyl)sulfonyl)benzene and isolating or not isolating the 1-fluoro-2-
({trifluoromethyl)sulfonyl)benzene;

(o)  reacting I-fluoro-2-((trifluoromethyl)sulfonyl)benzene, and chlorosulfonic
acid to provide 4-fluoro-3-((trifluoromethyl)sulfonyhbenzenesulfonyl chloride and isolating
or not isolating the 4-fluoro-3-((trifluoromethyl)sulfonyl)benzenesulfonyl chloride;

(p)  reacting 4-fluoro-3-((trifluoromethyl)sulfonylybenzenesutfonyl chloride, and
aqueous ammonium hydroxide to provide 4-fluoro-3-
((trifluoromethyl)sulfonyl)benzenesulfonamide and isolating or not isolating the 4-fluoro-3-
((trifluoromethyl)sulfonyl)benzenesulfonamide;

(q)  reacting 4-fluoro-3-((trifluoromethyl)sulfonyl)benzenesulfonamide, (1R)-3-
motpholin-4-yl-1-((phenylthioymethyl)propylamine and tricthylamine to provide 4-(((1R)-3-
morpholin-4-yl-1-({phenylthio)methyl)propylJamino)-3-
{(trifluoromethyl)sulfonyl)benzenesulfonamide and isolating or not isolating the 4-(((1R)-3-
morpholin-4-yl-1-((phenylthioymethyl)propyl yamine)-3-
((trifluoromethyl)sulfonyl)benzenesulfonamide; and

(g)  reacting 4-(4-((2-(4-chlorophenyi)-3,5-dimethylcyclohex-1-en-1-
yDmethylpiperazin-i-yl)benzoic acid, 4-(((1R)-3-morpholin-4-yl-1-
((phenylthio)methyljpropyl)amino)-3-((trifluoromethyl)sulfonyl)benzenesulfonamide, 1-
ethyl-3-(3-(dimethylamine)propyl)-carbodiimide hydrochloride, and
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4-dimethylaminopyridine and isolating or not isolating the N-(4-(4-((2-(4-chlorophenyl)-5,5-
dimethyl-1-cyclohex-1-en-1-yhmethylypiperazin-1-yDbenzoyh)-4-(((1R)-3-(morpholin-4-yl})-
I-({(phenylsulfanyDmethyl)propyl)amino)-3-({(trifluoromethyl)sulfonyl)benzenesulfonamide.

Still another embodiment pertains to N-(4-(4-((2-{4-chloropheny!)-5,5-dimethyl-1-
cyclohex-1-en-1-yhmethylpiperazin-1-yl)benzoyl)-4-(((1R)-3-(morpholin-4-y1)-1-
((phenylsulfanyl)methylypropyl)amino)-3-((irifluoromethylsulfonyl)benzenesulfonamide, or
a pharmaceutically acceptable salt thereof, prepared as described in the preceding

embodiment.

Still another embodiment of this invention pertains to a process for making N-(4-(4-
((2-(4-chlorophenyl)-5,5-dimethyl-1-cyclohex-1-en-1-yl)methyl)piperazin- 1 -yl Ybenzoyl -4
{(((1R}-3~(morphoiin-4-y1)-1-{(phenylsulfanylymethylypropyliamino)-3-
((trifluoromethyl)sulfonyl)benzenesulfonamide, comprising:

(m) reacting 2-fluorobenzenesuifonyl chloride, and tetra-u-butylammonium
fluoride at about 0°C to about 10°C to provide 2-fluorobenzenesulfony! fluoride and isolating
or not isolating the 2-fluorobenzenesulfonyl fluoride;

(n)  reacting the 2-fluorobenzenesulfonyl fluoride, Ruppert’s reagent (CH,SiCFy),
and tris(dimethylamino)sulfonium difluorotrimethylsilicate at about room temperature to
provide 1-fluoro-2-((trifluoromethyl)sulfonyl)benzene and isolating or not isolating the 1-
ﬂuom-Z—((triﬂuorbmethy1)Su£f0n.y1)benzene;

(o)  reacting I-fluoro-2-((triffuoromethyljsulfonylibenzene, and chlorosulfonic
acid at about 110°C to about 130°C to provide 4-fluoro-3-
((trifluoromethyl)sulfonyl)benzenesulfonyi chloride and isolating or not isolating the 4-
fluoro-3-{(trifluoromethyl)suifonyl)benzenesulfonyl chloride;

(py  reacting 4-fluore-3-((trifluoromethyl)sulfonyl)benzenesulfonyl chloride, and
aqueous ammonium hydroxide at ebout -3°C to about -60°C to provide 4-fluore-3-
((trifluoromethylsulfonyl)benzenesulfonamide and isolating or not isolating the 4-fluoro-3-
({trifluoromethyl)sulfonyl)benzenesuifonamide; and

(@)  reacting 4-fluoro-3-({triflucromethyl)sultonyl)benzenesulfonamide, (1R)-3-
morpholin-4-yl-I-((phenylthio)methylpropylamine and triethylamine at about 40°C to about
50°C to provide 4-(((1R)-3-morpholin-4-yl-1-{{phenylthio)methyDpropyDamino)-3-

((trifluoromethyl)sulfonyl)benzenesulfonamide and isolating or not isolating the 4-(({1R)-3~
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morpholin-4-yl-1-({phenylthio Jmethylypropyhamino)-3-
((trifluoromethyDsulfonyl)benzenesulfonamide; and

(g)  reacting 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-
ylmethyl)piperazin-1-yl)benzoic acid, 4-({(1R)-3-morpholin-4-yl-1-
{((phenylthio)methyl)propyl)amino)-3-((trifluoromethylsutfonyl}benzenesutfonamide,
1-ethyl-3-(3-(dimethylamino)propyl)-carbodiimide hydrochloride, and
4-dimethylaminopyridine at about 25°C to about 35°C and isolating or not isolating the N-(4-
(4-((2-(4-chlorophenyl)-5,5-dimethyl-1-cyclohex-1-en-1-yl)methylpiperazin-1-yl)benzoyl)-
4-({(1R)-3-(morpholin-4-y1)-1-((phenylsulfanyl)methyl)propyl)aming)-3-

((trifluoromethyl)sutfonyl)benzenesulfonamide.

Still another embodiment pertains to N-(4-(4-((2-(4-chlorophenyl)-5,5-dimethy!-1-
cyclohex-1-en-1-yDmethyDpiperazin-I-ylbenzoyl}-4-(((1R)-3-(morpholin-4-y1)-1-
((phenylsulfanyl)methyl)propyl Jamino)-3-({trifluoromethyl)sulfonyl)benzenesulfonamide, or
a pharmaceutically acceptable salt thereof, prepared as described in the preceding

embodiment.

One embodiment of this invention, therefore, pertains to a process for making 4-
(({1R)-3-morpholin-4-yl-1-((phenytthio)ymethylpropyljamino}-3-
((trifluoromethyljsulfonyl)benzenesulfonamide, comprising:

(r) reacting a first metal trifluoromethanesulfinate, a first aryl fluoride, and a first
catalyst to provide 1-fluoro-2-({triftuoromethylisulfonyl)benzene and isolating or not
isolating the I-fluoro-2-((triffuoromethyl)sulfonyl)benzene;

(0)  reacting l-fluoro-2-((trifluoromethyl)sulfonyDbenzene, and chlorosulfonic
acid to provide 4-fluoro-3-((trifluoromethyl)sulfonyl)benzencsulfonyl chloride and isolating
or not isolating the 4-fluoro-3-{(trifluoromethyl)sulfonylibenzenesuifonyl chloride;

(p)  reacting 4-fluoro-3-((trifluoromethyl)sulfonyl)benzenesulfonyl chloride, and a
first NHz source to provide 4-fluoro-3-((trifluoromethyl)sulfonyl)benzenesulfonamide and
isolating or not isolating the 4-fluoro-3-({triflucromethyl)sulfonyt)benzenesulfonamide; and

(q)  reacting 4-fluoro-3-({trifluoromethyi)sulfonyl)benzenesulfonamide, (1R)-3-
motrpholin-4-yl-1-((phenylthio)methyl)propylamine and a sixth base to provide 4-(((1R)-3-
morpholin-4-yl-1-((phenylthio ymethylpropyi)amino)-3-

((trifluoromethysulfonyl)benzenesulfonamide and isolating or not isolating the 4-(((IR)-3-
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morpholin-4-yl-1-((phenylthioymethyl)propyl)amino)-3-

((frifluoromethybDsuifonyhbenzenesulfonamide.

Another embodiment pertains to 4-(((1R)-3-morpholin-4-yl-1-
((phenylthioymethypropylamino)-3-((triflucromethyl)sulfonylybenzenesulfonamide, or a

pharmaceutically acceptable salt thercof, prepared as described in the preceding embodiment.

Another embodiment pertains to 4-(({1R)-3-morpholin-4-yl-1-
((phenylthio)methyl)propyl)amino)-3-((trifluoromethyl)sulforyl)benzenesulfonamide for use
in making N-(4-(4-((2-(4-chlorophenyl)-5,5-dimethyl-1-cyclohex-1-en-1-
yhmethyl)piperazin-1-yl)benzoyi)-4-(((1R )-3-(morpholin-4-y1)-1-
{{phenylsulfanyhymethylpropyamino)-3-({trifluoromethyl)sulfonyl)benzenesulfonamide, or

a pharmaceutically acceptable salt thereof.

Another embodiment pertains to 4-(((1R)-3-morpholin-4-yl-1-
((phenylthio)ymethyl)propylarmninoe)-3-({trifluoromethylsulfonyl)benzenesulfonamide, or a
pharmaceutically acceptable salt thereof, for use in making compounds such as those
described in , for example, U. S. Patent Publication US2005/0159427A1, the “799 Patent, and
U.S. Provisional Applications 61/145611, 61/120275, 61/181180, and 61/181203.

Examples of first catalysts useful for the practice of this invention include Cul, Cu, O,
CuCl, copper (1) trifluoromethanesulfonate benzene complex, copper triflate, CuSCN, copper
acetate, and palladium(Il) acetate alone or in combination with ligands such as
tetramethylethylenediamine, 4,4 -ditert-butyl-2,2’-dipyridyl, 1,10-phenanthroline, 2,9-
dimethyl-1,10-phenanthroline, 3,4,7 8-tetramethyi-1,10-phenanthroline, 4,7-diphenyl-1,10~
phenanthrolines, 2-acetyleyclohexanone, N,N-diethylsalicylamide, triphenyl phosphine, tri-
tert-butylphosphine, 2,2°-bis(diphenylphosphino)-1,17-binaphthyl, 1,1°-
bis(diphenylphosphino)ferrocene, 2-(di-t-butylphosphino)biphenyl, tripheny! phosphite,
triphenylphosphine oxide, dimethylmethylphosphonate, 1,3-bis(2,4,6-trimethylphenyi}-1,3-
dihydro-2H-imidazol-2-ylidene, 1,3-bis(2,6-diisopropyiphenyl)-imidazol-2-ylidene, 1,3-
bis(1-adamantylyimidazol-2-ylidene, 1,3-di-tert-butylinnidazol-2-ylidene and the like.
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Examples of first metal triffluoromethanesulfinates useful for the practice of this
invention include potassium trifluoromethanesulfinate, lithium triflucromethanesulfinate,

rubidinm trifluoromethanesulfinate, cesium trifluoromethanesulfinate, and the like.

Examples of first aryl fluoride sources useful for the practice of this invention include
mesityl-2-fluoropheny! iodonium triflate, bis-(2-fluorophenyl)iodonium alkyl-sulfonates, bis-
(2-fluorophenyhiodontum aryl-sulfonates, bis-(2-fluorophenytiiodonium cycléalkyl—
sulfonates, bis-(2-fluorophenyljiodonium heterocycle-sulfonates, bis-(2-
fluorophenyliodonium tetrafluoroborates, bis-(2-fluorophenyliodonium

hexafluorophosphates, and the like.

Step {r) is typically conducted for about 10 hours to about 20 hours in a solvent such
as N,N-dimethylformamide, dimethylsulfoxide, dimethylacetamide, 1,4-dioxane, 1,2-
dimethoxycthane, tetrahydrofuran, I-methyl-2-pyrrolidinone, diglyme, methyl tert-butyl
ether, methylene dichloride, chloroform, carbon tetrachloride, acetone, cthyl acetate,
isopropyi acctate, acetonitrile, benzonitrile, toluene, benzene, mesitylene, xylenes, anisole,
chlorobenzenes, fluorobenzenes, hexanes, heptanes, pentanes, methanol, ethanol, propanol,
butanol, tert-butanol, hexanol, octanol, pyridines, tri-butylamines, mixtures thereof and the

like.

Another embodiment of this invention pertains to a process for making 4-(((IR)-3-
morpholin-4-yl-1-{{phenylthicImethylpropyDamino}-3-
{((trifluoromethyl)sulfonyl)benzenesulfonamide, comprising:

(1) reacting sodium trifluoromethancsulfinate, bis-(2-fluorophenyl)iodonium
tetrafluoroborate and copper(l) oxide to provide 1-fluoro-2-
({trifluoromethybsulfonyl)benzene and isolating or not isolating the 1-fluoro-2-
((trifluoromethyi)sulfonyl)benzene;

(0)  reacting I-fluoro-2-((triftuoromethyl)sulfonyl)benzene, and chlorosulfonic
acid to provide 4-fluoro-3-({trifluoromethyl)sulfonyl)benzencsulfonyl chloride and isolating
or not isolating the 4-fluoro-3-((trifluoromethyl)sulfonyl)benzenesulfonyi chloride;

(p) reacting 4-fluoro-3-({triflucromethyl)sulfonyl)benzenesulfonyl chloride, and
aqueous ammonium hydroxide to provide 4-fluoro-3-
((trifluoromethyl)sutfonyl)berzenesulfonamide and isolating or not isolating the 4-fluoro-3-

((trifluoromethyD)sulfonyl)benzenesulfonamide; and
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(Q) reacting 4-fluoro-3-({trifluoromethyl)sulfonyl)benzenesulfonamide, (1R)-3-
morpholin-4-y1-1-«((phenylithioymethyl)propylamine and triethylamine to provide 4-(((1R)-3-
morpholin-4-yl-1-({phenyithio)methyl)propyl)amino}-3-
((triftuoromethyl)sulfonyl)benzenesulfonamide and isolating or not isolating the 4~(((1R)-3-
morpholin-4-y1-1-((phenylthio)methyl)propyl)amino)-3-

((trifluoromethyl)sulfonyl)oenzenesulfonamide.

Another embodiment pertamns to 4-(((1R)-3-morpholin-4-yl-1-
({(phenylthioymethyl)propyhamino)-3-((trifluoromethyl)sulfonyl)benzenesulfonamide, or a

pharmaceutically acceptable salt thereof, prepared as described in the preceding embodiment.

Another embodiment of this invention pertains to a process for making 4-(((1R)-3-
morpholin-4-yl-1-((phenylthio)methylpropyi)amino)-3-
((trifluoromethy!sulfonyl)benzenesulfonamide, comprising:

(r} reacting sodium trifluoromethanesulfinate, bis-(2-fluorophenyl)iodonium
tetratluoroborate and copper(I) oxide at about 0°C to about 110°C to provide 1-fluoro-2-
((trifluoromethyi)sulfonyl)benzene and isolating or not isolating the 1-fluoro-2-
((trifluoromethyi)sulfonyl)benzene;

(o)  reacting 1-fluoro-2-((trifluoromethyl)sutfonyl)benzene, and chlorosulfonic
acid at about 110°C to about 130°C to provide 4-fluoro-3-
((triftuoromethyl)sulfonyl)benzenesuifonyl chloride and isolating or not isolating the 4-
fluoro-3-{(iriflucromethyl)sulfonyl)benzenesulfonyl chloride;

(p)  reacting 4-fluoro-3-({triftuoromethyl)sulfonyl)benzenesulfonyl chloride, and
aqueous ammonium hydroxide at about -5°C to about -60°C to provide 4-fluoro-3-
({trifluoromethyl)sulfonyl)benzenesulfonamide and isolating or not isolating the 4-fluoro-3-
((trifluoromethyl)sulfonyl)benzenesulfonamide; and

(q)  reacting 4-fluoro-3-({trifluoromethyl)sulfonyl)benzenesulfonamide, (1R)-3-
morpholin-4-yi-1-({phenylthio)methyhpropylamine and triethylamine at about 40°C to about
50°C to provide 4-({({1R)-3-morpholin-4-yl-1-((phenylthio)methy!)propyllamino)-3-
((trifluoromethyl)sulfonyl)benzenesulfonamide and isolating or not isolating the 4-(((1R)-3-
morpholin-4-yl-1-{(phenylthio)methyl)propyl)amino)-3-

((trifluvoromethyl)sulfonyl}benzenesulfonamide.
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Another embodiment pertains to 4-(((1R}3-morpholin-4-yl-1-
{(phenylthioymethyDpropylamino)-3~({trifluoromethyl)sulfonyl)benzenesulfonamide, or a

pharmaceutically acceptable salt thereof, prepared as described in the preceding embodiment.

Still another embodiment of this invention pertains to a process for making N-~(4-(4-
((2-(4-chlorophenyl)-5,5-dimethyl-1-cyclohex-1-en-1-ylimethylpiperazin-1-yl)benzoyl )-4-
(((1R)-3-(morpholin-4-y1)-1-((phenylsulfanylmethy)propylyamino)-3-
((trifluoromethyl)sulfonyl)benzenesulfonamide, comprising:

(r) reacting sodium trifluoromethanesulfinate, bis-(2-fluorophenyliodonium
tetrafluoroborate and a first catalyst to provide I-fluoro-2-({(trifluoromethyisulfonylibenzene
and 1solating or not isolating the 1-fluore-2-({trifluoromethyl)sutfonyl)benzene;

(0)  reacting 1-fluoro-2-((trifluoromethyl)sulfonyl)benzene, and chlorosulfonic
acid to provide 4-fluoro-3-((trifluoromethyl)sulfonyl)benzenesulfonyi chloride and isolating
or not isolating the 4-fluoro-3-({trifluoromethyl)sulfonylbenzenesulfonyl chlorde;

(p)  reacting 4-fluoro-3-((trifluoromethyl)sulfonyl)benzenesulfonyl chloride, and a
first NHz source to provide 4-fluoro-3-((trifluoromethyl)sulfonyl)benzencsulfonamide and
1solating or not 1solating the 4-fluoro-3-((trifluoromethyl}sulfonyhbenzenesulfonamide;

(q)  reacting 4-fluoro-3-((trifluoromethyl)sulfonylbenzenesulfonamide, (1R)-3-
morpholin-4-yl-1-({(phenylthio)methyl)propylamine and a sixth base to provide 4-(((1R)-3-
morpholin-4-yl-1-({phenylthio)ymethyipropyl)amino)-3-
((trifluoromethyl)sulfonyl)benzenesuifonamide and isolating or not isolating the 4-({{1R}-3-
morpholin-4-yl-1-((phenylthioymethylpropylyamino)-3-
((trifluoromethyl)sulfonylhbenzenesulfonamide; and

(g}  reacting 4-(4-({2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-
ylmethyl)piperazin-I-yl)benzoic acid, 4-(({1R)-3-morpholin-4-y1-1-

({phenylthio ymethyl)propylamino)-3-((trifluoromethylsulfonyl)benzenesulfonamide, a first
coupling reagent, and, optionally; a first auxiliary coupling reagent and isolating or not
isolating the N-(4-(4-((2-{(4-chlorophenyl)-5,5-dimethyl-1-cyclohex-1-en-1-
ylmethylpiperazin-1-ylhbenzoy}-4-(((1R)-3-(morpholin-4-y1)-1-
{(phenylsulfanylymethypropyamino)-3-({trifluoromethyljsulfonyl)benzenesulfonamide.

Still another conbodiment pertains to N-(4-(4-({2-(4-chlorophenyl)~5,5-dimethyl-1~
cyclohex-1-en-1-yhmethylpiperazin-1-ybenzoy}-4-(({1R)-3-(morpholin-4-yl}-1-
((phenylsulfanyDmethyDpropylamino)-3-((trifluoromethyl)sulfonyl)benzenesulfonamide, or
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a pharmacecutically acceptable salt thereof, prepared as described in the preceding

embodiment.

Still another embodiment of this invention pertains to a process for making N-(4-(4-
((2-(4-chlorophenyl)-5,5-dimethyl-1-cyclohex-1-en-1-yl)methyl)piperazin- 1-y1)benzoyl)-4-
(({1R)-3-(morpholin-4-yl)-1-((phenylsulfanyymethy propylamino)-3-
((trifluvoromethyl)sulfonyl)benzenesulfonamide, comprising:

(1) reacting sodium trifluoromethanesulfinate, bis-(2-fluorophenylyiodonium
tetrafluoroborate and copper(l) oxide to provide 1-fluoro-2-
((trifluoromethyl)sulfonyl)benzene and isolating or not isolating the 1-fluoro-2-
{{trifluoromethyl)sulfonylybenzene,

{0) reacting 1-fluoro-2-((trifluoromethyl)sulfonyl)benzene, and chlorosulfonic
acid to provide 4-fluoro-3-((trifluoromethyl)sulfonyl)benzenesulfonyl chioride and isolating
or not isolating the 4-fluoro-3~((trifluoromethyl)sulfonyl)benzenesulfonyl chloride;

) reacting 4-fluoro-3-((trifluoromethyDsulfonyl)benzenesulfonyl chloride, and
aqueous ammonium hydroxide to provide 4-fluoro-3-
{(trifluoromethylsulfonyl)benzenesulfonamide and isolating or not isolating the 4-fluoro-3-
{(trifluoromethylsulfonyl)benzenesulfonamide;

(@)  reacting 4-fluoro-3-((trifluoromethy)sulfonyl)benzenesulfonamide, (1R)-3-
morpholin-4-yl-1-({(phenyithioymethyl)propylamine and triethylamine to provide 4-(((1R)-3-
morpholin-4-yl-1-((phenyithio)ymethyipropyiamino)-3-
{(trifluoromethyl)sulfonyl)benzenesulfonamide and isolating or not isolating the 4-(((1R)-3-
morpholin-4-vi-1-((phenylthio)methylpropylamino)-3-
{((trifluoromethyl)selfonylibenzenesulfonamide; and

(g  reacting 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-
yhmethyl)piperazin-1-yhbenzoic acid, 4-(((1R)-3-morpholin-4-yl-1-
{(phenylthio)ymethyDpropylamino)-3-({trifluoromethyl)sulfonyhbenzenesulfonamide, 1-
ethyl-3-(3~(dimethylamino)propyl)-carbodiimide hydrochloride, and
4-dimethylaminopyridine and isolating or not isolating the N-(4-(4-((2-(4-chlorophenyl)-5,5-
dimethyl-1-cyclohex-1-en-1-yhmethyl)piperazin-1-yl)benzoyl)-4-(({ 1R)-3-(morpholin-4-y1)-
1-{(phenylsulfanyl)methyDpropyhamino)-3-({trifluoromethyl)sulfonyl)benzenesulfonamide.

Still another embodiment pertains to N-(4-(4-((2-(4-chloropheny!)-5,5-dimethyl-1-
cyclohex-[-en-1-ylymethyl)piperazin-1-yhbenzoyl)-4-(({ 1R)-3-(morpholin-4-yl)-1-
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((phenylsulfanyl)methyDpropylamino)-3-((trifluoromethyl)sulfonylbenzenesulfonamide, or
a pharmaceutically acceptable salt thercof, prepared as described in the preceding

embodiment.

Still another embodiment of this invention pertains to a process for making N-(4-(4-
((2-(4-chlorophenyl)-5,5-dimethyl-1-cyclohex-1-en-1-ylymethyl)piperazin-1-ylYbenzoyl)-4-
({{1R)-3-(morpholin-4-y1)-1-((phenylsulfanylymethylpropyl)amino)-3-
((trifluoromethyl)sulfonyl)benzenesulfonamide, comprising:

(r) reacting sodium trifluoromethanesulfinate, bis-(2-fluorophenyl)iodonium
tetrafluoroborate and copper(l) oxide at about 0°C to about 110°C to provide 1-fluoro-2-
{{trifluoromethyi)sulfonyl)benzene and isolating or not isolating the 1-fluoro-2-
((trifluoromethylsuifonyl)benzene;

(o)  reacting I-fluoro-2-((trifluoromethyl}sulfonylbenzene, and chlorosulfonic
acid at about 110°C to about 130°C to provide 4-fluoro-3-
((trifluoromethyl)sulfonylybenzenesulfonyl chloride and isolating or not isolating the 4-
fluoro-3-((triflusromethyl)sulfonyl)benzenesulfonyl chloride;

{p)  reacting 4-fluoro-3-({trifluoromethyl)sulfonyl)benzenesulfonyl chloride, and
aqueous ammonium hydroxide at about -5°C to about -60°C to provide 4-fluoro-3-
((trifluoromethyl)sulfonyljbenzenesulfonamide and isolating or not isolating the 4-fluoro-3-
((trifluoromethyhsulfonyl)benzenesulfonamide; and

(q)  reacting 4-fluoro-3-((trifluoromethyl)sulfonyl)benzenesulfonamide, (1R)-3-
morpholin—4—y1-l~((phc-:njflthio)methyl)propylamine and triethylamine at about 40°C to about
30°C to provide 4-(({1R)-3-morpholin-4-yl-1-({(phenylthio)methypropyl)amine)-3-
({trifluoromethyl)sulfonyl)benzenesulfonamide and isolating or not isolating the 4-(((1R)-3- -
morpholin-4-yi-1-((phenylthioymethyDpropyhamino)-3-
((trifluoromethyl)sulfonyl)benzenesulfonamide; and

(g)  reacting 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-
yhmethyl)piperazin-1-yl)benzoic acid, 4-(((1R)-3-morpholin-4-yl-1-
((phenylthio)ymethylypropyl)amino)-3-((trifluoromethyl}sulfonyl)benzenesulfonamide,
1-ethyl-3-(3-(dimethylamino)propyl)-carbodirmide hydrochloride, and
4-dimethylaminopyridine at about 25°C to about 35°C and isolating or not isolating the N-(4-

(4-((2-(4-chlorophenyl)-5,5-dimethyl-1-cyclohex-1-en-I-ylymethyl)piperazin- 1 -y[Ybenzoyl)-
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4-(((1R)-3~(morpholin-4-yl)-1-({phenylsulfanylymethylypropyl)amino)-3-

((trifluoromethyl)sulfonyl)benzenesulfonamide.

Still another embodiment pertains to N-(4-(4-((2-(4-chiorophenyl)-5,5-dimethyl-1-
cyclohex-1-en-1-yl)methyl)piperazin-1-yhbenzoy!l)-4-(((1R)-3-(morpholin-4-yl}-1-
{{(phenylsulfanylymethyl)propylamino)-3-({trifluoromethyDsulfonybenzenesulfonamide, or
a pharmaceutically acceptable salt thereof, prepared as described in the preceding

ermnbodiment.

Still another embodiment of this invention pertains to a process for making N-(4-(4-
((2-{4-chlorophenyl)-5,5-dimethyl-1-cyclohex-1-en-1-ylmethyl)piperazin-1-yhbenzoyl )-4-
(((1R)-3~(morpholin-4-y1}- 1-({(phenylsulfanylymethylypropyl)amino)-3-
({(trifluoromethyl)sulfonyl Ybenzenesulfonamide, comprising:

(a) reacting 4,4-dimethyleyclohexanone, an alkyl formate and a first base to
provide (2E)-2-(hydroxymethylene)-4,4-dimethyleyclohexanone and isolating or not isolating
the (2E)-2-(hydroxymethylene)-4,4-dimethylcyclohexanone;

(b)  reacting the (2E)-2-(hydroxymethylene)-4,4-dimethylcyclohexanone, a second
base and a first silyl ether protecting group reagent to provide a first protected (2E)-2-
{hvdroxymethylene)-4,4-dimethylcyclohexanone and isolating or not isolating the first
protected (2E)-2-(hydroxymethylene)-4,4-dimethylcyclohexanone;

(¢} reacting the first protected (2E)-2-(hydroxymethylene)-4,4-
dimethyleyclohexanone and 4-chiorophenyl magnesium bromide to provide the first
protected (2E)-1~(4~chlorophenyl)-2-(hydroxymethylene)-4,4-dimethylcyclohexanol; and
isolating or not isolating the first protected (2E)-1-(4-chlorophenyl)-2-(hydroxymethylenc)-
4,4-dimethylcyclohexanol; and

(dy  reacting the first protected (2E)-1-(4-chlorophenyl)-2-(hydroxymethylene)-

4. 4-dimethylcyclohexanol and a first acid to provide 2-(4-chlorophenyl)-5,5-
dimethylcyclohex-1-ene-1-carbaldehyde and isolating or not isolating the 2-(4-chlorophenyl)-
3,5-dimethylcyclohex-1-ene-1-carbaldehyde;

(c) reacting 2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-ene-1-carbaldehyde,
ethyl 4-piperazin-1-ylbenzoate and a first reducing agent and isolating or not isolating the
ethyl 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-yl)methyl)piperazin-1-

yl)benzoate,
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(H reacting ethyl 4-(4-((2-(4-chlorophenyl)-5,5-dimethyicyclohex-1-en-1-
yhmethyl)piperazin-1-yhbenzoate and an aqueous third base, and isolating or not isolating
the 4—(4—((2~(4~chlorophenyi)n5 ,5-dimethyleyclohex-1-en-1-ylymethyl)piperazin-1-yl)benzoic
acid;

{m)  reacting 2-fluorobenzenesulfonyl chloride, and a first fluoride source to
provide 2-fluorobenzenesulfonyl fluoride and isolating or not isolating the 2~
fluorobenzenesulfonyl fluoride;

(n)  reacting the 2-fluorobenzenesulfonyl fluoride, Ruppert’s reagent (CH1SiCF,),
and a second fluoride source to provide 1-fluoro-2-((trifluoromethy!)sulfonyl)benzene and
1solating or not isolating the 1-fluoro-2-((trifluoromethyl)sulfonyi)benzene,

(0) reacting 1-fluoro-2-((trifluoromethyl)sutfonylt)benzene, and chlorosulfonic
acid to provide 4-fluoro-3-((triflucromethyl)sulfonylYbenzenesulfonyl chloride and isolating
or not isolating the 4-fluoro-3-({trifluoromethyl)sulfonyl)benzenesulfonyl chloride;

{p)  reacting 4-fluoro-3-((trifluoromethyl)sulfonyl)benzenesulfonyl chloride, and a
first NH; source to provide 4-fluoro-3-({(trifluoromethysulfonyl)benzenesulfonamide and
isolating or not isolating the 4-fluoro-3-((trifluoromethyl)sulfonyhbenzenesulfonamide;

(q)  rcacting 4-fluore-3-({trifluoromethyl)sulfonylbenzenesulfonamide, (1R )-3-
morpholin-4-yl-1-((phenyithioymethyi)propylamine and a sixth base to provide 4-(((1R)-3-
morpholin-4-yi-1-((phenylthio)ymethyl)propyl)amino)-3-
((trifluoromethyl)sulfonyl)benzenesulfonamide and isolating or not isolating the 4-(((1R)-3-
morpholin-4-yi-1 m((phenylthio)fnethyl)pmpyl)amino)-3—
{{triflucromethyl}sulfony!ibenzenesulfonamide; and

(g)  reacting 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-
yhmethyl)piperazin-1-ylybenzoic acid, 4-({({1R)-3-morpholin-4-yl-1-
({phenylthio)ymethyl)propyl)amino)-3-((trifluoromethyl)sutfonyl)benzenesulfonamide, a first
coupling reagent, and, optionally; a first auxiliary coupling reagent and isolating or not
isolating the N-(4-(4-((2-(4-chlorophenyl)-5,5-dimethyl-1-cyclohex-1-en-1-
yhmethyl)piperazin-1-yl)benzoyl)-4-(((1R)-3-(morpholin-4-yl)-1-
{(phenyisulfanylymethylpropyiamino}-3-({(trifluoromethyhsulfonyl)benzencsulfonamide.

Still another embodiment pertains to N-(4-(4-((2-(4-chlorophenyl)-5,5-dimethyl-1-

cyclohex-1-en-1-yDmethyl)piperazin-1-yhbenzoyl)-4-((( 1R)-3-(morpholin-4-yl)-1-
((phenylsulfanyl)methylpropyhamino)-3-((trifluoromethyl)sulfonyl)benzenesulfonamide, or
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a pharmaceutically acceptable salt thereof, prepared as described in the preceding

embodiment.

Still another embodiment of this invention pertains to a process for making N-(4-(4-
((2-(4-chiorophenyl)-5,5-dimethyl- I -cyclohex-t-en-1-yl)methylpiperazin-1-yD)benzoyl)-4-
{({({(1R)-3-(morpholin-4-y1)-1-((phenylsulfanyDmethy Dpropylamino)-3-
((trifluoromethyl}sulfonyl)benzenesulfonamide, comprising;

(a) reacting 4,4-dimethylcyclohexanone, ethyl formate and potassium tert-
butoxide to provide (2E)-2-(hydroxymethylene)-4,4-dimethylcyclohexanone and isolating or
not isolating the (2ZE)-2-(hydroxymethylene)-4,4-dimethylcyclohexanone;

(b)  reacting the (2E)-2-(hydroxymethylene)-4,4-dimethylcyclohexanone,
tricthylamine and trimethylchlorosilane, tert-butylchlorodimethylsilane, or
triisopropylchlorosilane to provide (2E)-4,4-dimethyl-2-
(({triisopropylsilylyoxy)methylene)cyclohexanone, (2E)-4,4-dimethyl-2-
(((trimethylsilyloxy)methylene)cyclohexanone, or (2E)-2-(((tert-
butyl(dimethyl)sitylyoxy)methylene)-4,4-dimethylcyclohexanone and isolating or not
isolating the (2E)-4,4-dimethy]-2-(({triisopropylsilyl)oxy)methylenc)cyclohexanone, (2E)-
4,4-dimethyl-2-({(trimethylsilyhoxy)methylene)cyclohexanone, or (2E)-2-(({(tert-
butyl{dimethyl)silyl)oxy)methylene)-4,4-dimethylcyclohexanone;

(c) reacting the (2E)-4,4-dimethyl-2-
({{triisopropylsilyDoxy)methylene)cyclohexanone, (2E)-4,4-dimethyl-2-
{({trimethylsilyDoxy)methylene)cyclohexanone, or (2E)-2-({(tert-
butyl(dimethyhsilyloxy)methylene)-4,4-dimethylcyclohexanone and 4-chlorophenyl
magnesium bromide to provide ((2E)-1-(4-chlorophenyl)-4,4-dimethyl-2-
(((trusopropylsilyDoxy)methylene)eyclohexanol, (2E)-1-(4-chlorophenyl)-4,4-dimethyl-2-
(({trimethylsilyDoxy)methylenejcyclohexanol, or (2E)-2-(((tert-
butyl(dimethyl}silyl)oxy)methylene)-1-(4-chlorophenyl)-4,4-dimethylcyclohexanol; and
1solating or not isolating the (2E)-1-(4-chlorophenyt)-4,4-dimethyl-2-
(({(triisopropylsityDoxy)methylene)eyclohexanol, (2E)-1-(4-chlorophenyi)-4,4-dimethyl-2-
(((trimethylsilyloxy)methylene)cyclohexanol, or (2E)-2-(({tert-
butyl(dimethy)silyl)oxy)methylene)-1-(4-chlorophenyl)-4,4-dimethylcyclohexanol; and

(d)  reacting (2E)-1 -(4;chlorophenyi)-ﬁl,4-dimethy§—2-
({(tritsopropylsityljoxy)methylene)cyclohexanol, (2E)-1-(4-chlorophenyi)-4,4-dimethyl-2-
({(trimethylsilyDoxy)methylene)cyclohexanol, or (2E)-2-({(tert-
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butyl{dimethyl)silyDoxy)methylene)-1-(4-chlorophenyl}-4,4-dimethyleyclohexanol and
hydrochloric acid to provide 2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-ene-1-carbaldehyde
and isolating or not isolating the 2-(4-chlorophenyl)-5,5-dimethyicyclohex-l-ene-1-
carbaldehyde;

(e) reacting 2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-ene-1-carbaldehyde,
ethyl 4-piperazin-1-ylbenzoate and sodium triacetoxyborohydride and isolating or not
isolating the ethyl 4-(4-((2-(4-chlorophenyD)-3,5-dimethylcyclohex-1-en-1-
yvimethyl)piperazin-1-yljbenzoate;

(H) reacting ethyl 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-
yhmethyDpiperazin-1-yl)benzoate and aqueous sodium hydroxide, and isolating or not
isolating the 4-(4-((2-(4-chlorophenyl)-5,5-dimethyleyclohex-1-en-1-yl)ymethyl)piperazin-1-
yhbenzoic acid;

(m)  reacting 2-fluorobenzenesulfonyl chloride, and tetra-n-butylammonium
fluoride to provide 2-fluorobenzencsulfonyl fluoride and isolating or not isolating the 2-
fluorobenzenesulfonyl fluoride;

{n)  reacting the 2-fluorobenzenesulfonyl fluoride, Ruppert’s reagent (CHaSiCFy),
and tris(dimethylamino)sulfonium difluorotrimethylsilicate to provide 1-fluoro-2-
{((trifluoromethyl)sulfonyl)benzene and isolating or not isolating the 1-fluoro-2-
((trifluoromethylisulfonyl)benzene;

(o)  reacting 1-fluoro-2-((trifluoromethyl)sulfonyl)benzene, and chlorosulfonic
acid to provide 4-fluoro-3-((triflucromethyl)sulfonylybenzenesulfony! chloride and isolating
or not isolating the 4-fluoro-3-((trifluoromethyl)sulfonyl)benzenesulfony! chloride;

(py  reacting 4-fluoro-3~(({trifleoromethylsutfonylbenzenesulfonyl chloride, and
aqueous ammonium hydroxide to provide 4-fluoro-3-
{(trifluoromethyl)sulfonyl)benzenesutfonamide and isolating or not isolating the 4-fluoro-3-
((trifluoromethyl)sulfonyl)benzenesulfonamide;

(Q reacting 4-fluoro-3-((trifluoromethyl)sulfonyl)benzenesulfonamide, (IR)-3-
morpholin-4-yl-1-({phenylthio)ymethyl}propylamine and triethylamine to provide 4-(((1R}-3-
morpholin-4-yl-1-({(phenylthio)methyl)propylamino)-3-
{(trifluoromethyl)sulfonyl)benzenesulfonamide and isolating or not isolating the 4-(((1R)-3-
morpholin-4-yl-1-((phenylthio)methyl)propylamino)-3-
((trifleoromethyl)sulfonyl}benzenesulfonamide; and

(g)  reacting 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-
yhmethyl)piperazin-i-yhbenzoic acid, 4-(((1R)-3-morpholin-4-yl-1-
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{{(phenylthio ymethypropyDhamino)-3-({trifluoromethyDsulfonylibenzenesulfonamide, 1-
ethyi-3-(3-(dimethylamino)propyl)-carbodiimide hydrochloride, and
4-dimethylaminopyridine and isolating or not isolating the N-(4-(4-((2-(4-chlorophenyl)-5,5-
dimethyl-1-cyclohex-1-en-1-yDmethyl)piperazin-1-yDbenzoyl)-4-(({1R)-3-(morpholin-4-y1)-
1-((phenylsulfanylhmethyl)propyhamino)-3-((trifluoromethylsulfonyl)benzenesulfonamide.

Still another embodiment pertains to N-(4-(4-((2-(4-chlorophenyl)-3,5-dimethyl-1-
cyclohex-1-en-1-yhmethylpiperazin- [ -yhbenzoylj-4-(((1R)-3-(morpholin-4-y1)-1-
((phenylsulfanylymethylypropyljamino)-3-((trifluoromethyl)sulfonyl)benzenesulfonamide, or
a pharmaceutically acceptable salt thereof, prepared as described in the preceding

embodiment.

Still another embodiment of this mvention pertains to a process for making N-(4-(4-
((2-(4-chlorophenyl)-5,5-dimethyi-1-cyclohex-1-en-1-yhmethylpiperazin-1-yl)benzoyl)-4-
(((1R)-3-(morpholin-4-y1)-1-{(phenylsulfanylymethyDpropylamino)}-3-
((trifluoromethyl)sulfonyl)benzenesutfonamide, comprising:

(a)  reacting 4,4-dimethylcyclohexanone, ethyl formate and potassium tert-
butoxide at about ~10°C to about 0°C to provide (2E)-2-(hydroxymethylene)-4,4-
dimethyleyclohexanone and isolating or not isolating the (2E)-2-(hydroxymethylene)-4,4-
dimethylcyclohexanone;

(5') reacting the (2E)-2-(hydroxymethylene)-4.4-dimethylcyclohexanone,
triethylamine and trimethylchlorosilane, tert-butylchlorodimethyisilaine, or
triisopropylchiorosilane at about -10°C to about 0°C to provide (2E)-4,4-dimethyl-2-
((tnsopropylsilyljoxy)methylene)cyclohexanone, (2E)-4,4-dimethyl-2-
(((trimethylsilyl)oxy)methylene)cyclohexanone, or (2E)-2-(((tert-
butyl(dimethyi)silyl)oxy)methylene)-4,4-dimethylcyclohexanone and isolating or not
isolating the (2E)-4,4-dimethyl-2-({(triisopropylsilyljoxy)methylene)cyclohexanone, (2E)-
4,4-dimethyl-2-(((trimethylsilyljoxy)methylene)cyclohexanone, or (2E)-2-(((tert-
butyl(dimethyl)silyl)oxy)methylene)-4,4-dimethylcyclohexanone;

(c) reacting the (2E)-4,4-dimethyi-2-
(((triisopropylsilyhoxy)methylene)cyclohexanone, (2E)-4,4-dimethyl-2-
(({trimethylsilyDoxy)methylene)cyclohexanone, or (2E)-2-(((tert-
butyl(dimethylsilylyoxy)ymethylene)-4.4-dimethylcyclohexanone and 4-chlorophenyl
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magnesium bromide at about -10°C to about 5°C to provide ((2E)-1-(4-chlorophenyl)-4,4-
dimethyl-2-(((triisopropylsilyljoxymethylene)cyclohexanol, (2E)-1-(4-chlorophenyi)-4.,4-
dimethyl-2-({({trimethylsilyl)oxy)methylene)cyclohexanol, or (2E)-2-(((tert-
butyl{(dimethylsilyl)oxyymethylene)-1-(4-chlorophenyl)-4,4-dimethylcyclohexanol; and
isolating or not isolating the ((2E)-1-(4-chlorophenyl)-4,4-dimethyl-2-
(((triisopropylsilyloxy)methylene)cyciohexanol, (2E)-1-(4-chlorophenyl)-4,4-dimethyi-2-
(((trimethylsilyDoxy)methylene)cyclohexanol, or (2E)-2-(((tert-
butyl(dimethyl)silyl)oxy)methylene)-1-(4-chlorophenyl)-4,4-dimethylcyclohexanol, and

(d)  reacting ((2E)-1-(4-chlorophenyl)-4.4-dimethyl-2-
(((triisopropyisilylDoxy)methylene)cyclohexanol, (2E)-1-(4-chlorophenyl)-4,4-dimethyl-2-
(((trimethylsilylhoxy)methylene)cyclohexanol, or (2E)-2-(((tert-
butyl(dimethyl)sityloxy)methylene)-1-(4-chlorophenyl)-4,4-dimethylcyclohexanol and
hydrochloric acid at about 5°C to about 20°C to provide 2-(4-chlorophenyl}-5,5-
dimethylcyclohex-1-ene-1-carbaldehyde and isolating or not isolating the 2-(4-chiorophenyl)-
5,5-dimethyleyclohex-1-ene-1-carbaldehyde;

(e} reacting 2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-ene-1-carbaldehyde,
ethyl 4-piperazin-i-ylbenzoate and sodium triacetoxyborohydride at about 15°C to about
30°C and isolating or not isolating the ethyl 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-
1-en-1-yl)methyl)piperazin-1-yl)benzoate;

H reacting ethyl 4-(4-((2-{(4-chlorophenyl)-3,5-dimethylcyclohex-1-en-1-
ylmethyDypiperazin-1-yl)benzoate and aqueous sodium hydroxide at about 55°C to about
75°C, and isolating or not isolating the 4-(4-({2-(4-chlorophenyl}-5,5-dimethylcycliohex-1-en-
I-yDmethyl)piperazin-1-yl)benzoic acid;

(m)  reacting 2-fluorobenzenesulfonyl chioride, and tetra-r-butylammonium
fluoride at about 0°C to about 10°C to provide 2-fluorobenzenesulfonyl fluoride and isolating
or not isolating the 2-fluorobenzenesulfonyl fluoride;

(ny  reacting the 2-fluorobenzencsulfonyl fluoride, Rupert’s reagent (CH;SiCEs),
and tris(dimethylarmino)sulfonium difluorotrimethylsilicate at about room temperature to
provide 1-fluoro-2-((trifluoromethyl)sulfonyl)benzene and isolating or not isolating the 1-
fluoro-2-((trifluoromethyl)sulfonylbenzene;

(o)  reacting 1-fluoro-2-((trifluoromethylisulfonylybenzene, and chlorosuifonic

acid at about 110°C to about 130°C to provide 4-fluoro-3-
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((trifluoromethyl)sulfonyl)benzenesulfonyl chloride and isolating or not isolating the 4-
fluoro-3-({trifluoromethyl)sulfonyl)benzenesulfonyl chloride;

{(p)  reacting 4-fluoro-3-((trifluoromethyl)sulfonyi)benzenesulfonyl chloride, and
aqueous ammonium hydroxide at about -5°C to about -60°C to provide 4-fluoro-3-
((trifluoromethyl)sulfonyl)benzenesulfonamide and isolating or not isolating the 4-fluoro-3-
((trifluoromethyl)sulfonyl)benzenesulfonamide;

(q)  reacting 4—ﬂu0r0—3-((triﬂuoromethyl)suifonyl)Benzenesulfonamide, (1R)-3-
morpholin-4-yl-1-({phenylthioymethylypropylamine and tricthylamine at about 40°C to about
50°C to provide 4-(({1R)-3-morpholin-4-yl-1-({phenylthio)methypropyl)amino)-3-
({trifluoromethylsulfonyiibenzenesulfonamide and isolating or not isolating the 4-(({1R)-3-
morpholin-4-yl-1<({phenylthio)methyl)propyDamino)-3-
((trifluoromethylsulfonyl)benzencsulfonamide; and

(g)  reacting 4~(4-({2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-
yhmethylpiperazin-1-yl}benzoic acid, 4-({({1R)-3-morpholin-4-yl-1-

((phenylthio ymethylypropyl)amino)-3-({trifluoromethyl}sulfonylybenzenesulfonamide,
1-ethyl-3-(3-(dimethylamino)propyl)-carbodiimide hydrochioride, and
4-dimethylaminopyridine at about 25°C to about 35°C and isolating or not isolating the N-(4-
(4-((2-(4-chlorophenyl)-5,5-dimethyl-1-cyclohex-1-en-1-yhmethyl)piperazin-1-yl)benzoyl)-
4-(({1R)-3-(morpholin-4-yi)-1-((phenylsulfanyhmethyl)propyhamino)-3-

((trifluoromethylsulfonyl)benzenesulfonamide.

Still another embodiment pertains to N-(4-(4-((2-(4-chlorophenyl)-5,5-dimethyl-1-
cyclohex-1-en-1-yhmethylpiperazin-1-yhbenzoyl}-4-(((1R)-3-(morpholin-4-yi)-1-
{(phenylsulfany!ymethypropyamino)-3-((trifluoromethyl)sulfonyl)benzenesulfonamide, or
a pharmaceutically acceptable salt thereof, prepared as described in the preceding

embodiment.

Still another embodiment of this invention pertains to a process for making N-(4-(4-
((2-(4-chlorophenyl)-5,5-dimethyl- I -cyclohex-1-en-t-yl)methyl)piperazin- 1 -yl)benzoyl)-4-
({((1R)-3~(morpholin-4-yi)-1-{(phenylsulfanyl)methyl)propyl)amino)-3-

((trifluoromethylsulfonyl)benzenesulionamide, comprising:
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(a)  reacting 4,4-dimethylcyclohexanone, an alkyl formate and a first base to.
provide (2E)-2-(hydroxymethylene)-4,4-dimethylcyclohexanone and isolating or not isolating
the (2E)-2-(hydroxymethylene)-4,4-dimethylcyclohexanone;

(b) reacting the (2E)-2-(hydroxymethylenc)-4,4-dimethylcyclohexanone, a second
base and a first silyl ether protecting group reagent to provide a first protected (2E)-2-
(hydroxymethylene)-4,4-dimethyleyclohexanone and isolating or not isolating the first
protected (2E)-2-(hydroxymethylene)-4,4-dimethyleyclohexanone;

(¢) reacting the first protected (2E}-2-(hydroxymethylene)-4,4-
dimethylcyclohexanone and 4-chlorophenyl magnesium bromide to provide the first
protected (2E)-1-(4-chlorophenyl)-2-(hydroxymethylene)-4,4-dimethylcyclohexanol; and
isolating or not isolating the first protected (2E)-1-(4-chlorophenyl)-2-(hydroxymethylene)-
4,4-dimethylcyclohexanol; and

(d)  reacting the first protected (2E)-1-(4-chlorophenyi)-2-(hydroxymethylene)-
4,4-dimethylcyclohexanol and a first acid to provide 2-(4-chlorophenyl)-5,5-
dimethylcyclohex-1-ene-1-carbaldehyde and isolating or not isolating the 2-(4-chlorophenyl)-
5,5-dimethylcyclohex-1-ene-1-carbaldehyde;

(c) reacting 2-(4-chlorophenyl}-5,5-dimethylcyciohex-1-ene-1-carbaldehyde,
ethyl 4-piperazin-I-ylbenzoate and a first reducing agent and isolating or not isolating the
ethyl 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-yl)methyl)piperazin-1-
yl)benzoate;

() reacting ethyl 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-
vlymethyDpiperazin- 1 -ylybenzoate and an aqueous third base, and isolating or not isolating
the 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-ylymethyl)piperazin-1-yljbenzoic
acid;

(r) reacting sodium trifluoromethanesulfinate, bis-(2-fluorophenyljiodonium
tetrafluoroborate and a first catalyst to provide 1-fluoro-2-({trifluoromethyl)sulfonyl)benzene
and isolating or not isolating the 1-fluoro-2-((trifluoromethyl)sulfonyl)benzene;

(0)  reacting 1-fluoro-2-((trifluoromethyljsulfonyl)benzene, and chlorosulfonic
acid to provide 4-fluoro-3-((trifluoromethyl)sulfonyl)benzenesulfonyl chloride and isolating
or not isolating the 4-fluoro-3-((trifluoromethyi)sulfonyl)benzenesulfonyl chloride;

(p)  reacting 4-fluoro-3-({trifluoromethylsulfonyl)benzenesulfonyl chloride, and a
first NH; source to provide 4-fluoro-3-((trifluoromethyl)sulfonyl)benzenesulfonamide and

1solating or not 1solating the 4-fluoro-3-((trifluoromethyhsulfonyl)benzenesulfonamide;
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(q)  reacting 4-fluoro-3-({trifluoromethyl)sulfonyl)benzencsuifonamide, (1R)-3-
morpholin-4-yI-1-((phenylthio)ymethyhpropylamine and a sixth base to provide 4-(((1R}-3-
morpholin-4-yl-1-((phenylthio)methyl)propyl Jamino)-3- |
{(trifluoromethyl)sulfonylybenzenesulfonamide and isolating or not isolating the 4-(((1R)-3-
morpholin-4-yl-1-((phenyithio )ymethyl)propylyamino)-3-
((trifluoromethyDsulfonyl)benzenesulfonamide; and

(g}  reacting 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-
yhymethyl)piperazin-1-yljbenzoic acid, 4-(((1R)-3-morpholin-4-yl-1-
{{phenylthioymethyl)propylyamino)-3-((trifluoromethyl}sulfonylibenzenesulfonamide, a first
coupling reagent, and, optionally; a first auxiliary coupling reagent and isolating or not
isolating the N-(4-(4-((2-(4-chlorophenyl)-5,5-dimethyl-1-cyclohex-1-en-1-
yhmethyl)piperazin-1-yl)benzoyl)-4-(((1R)-3-(morpholin-d~y1)-1-
{{(phenylsulfanyl)ymethy!)propyl)amino)-3-((irifluoromethylsulfony!ybenzenesulfonamide.

Still another embodiment pertains to N-(4-(4-((2-(4-chlorophenyl)-5,5-dimethyl-1-
cyclohex-1-en-1-ylymethyl)piperazin-1-yhbenzoyl)-4-(((1R)-3-(morpholin-d-y1)-1-
((phenylsulfanylymethyDypropyhamino)-3-((trifluoromethyDsulfonyhbenzenesulfonamide, or
a pharmaceutically acceptable salt thereof, prepared as described in the preceding

embodiment.

Still another embodiment of this invention pertains to a process for making N-{(4-(4-
{(2-(4-chlorophenyl}-5,5-dimethyl-1-cyclohex-1-en-1-yDmethyl)piperazin-1-yl}benzoyl)-4-
((( IR)-3-(morpholin-4-yl)-1-({phenylsulfanyl)methylpropyl)amino)-3-
((trifluoromethyDsulfonyhbenzenesulfonamide, comprising:

(a) reacting 4,4-dimethylcyclohexanone, ethyl formate and potassium tert-
butoxide to provide (2E)-2-(hydroxymethylene)-4,4-dimethylcyclohexanone and isolating or
not isolating the (2E)-2-(hydroxymethylene)-4,4-dimethylcyclohexanone;

(b) reacting the (2E)-2-(hydroxymethylene)-4,4-dimethylcyclohexanone,
triethylamine and trimethylchlorosilane, tert-butylchlorodimethylsilane, or
triisopropylchlorosilane to provide (2E)-4,4-dimethyl-2-
({(triisopropylsilyhoxyymethylene)cyclohexanone, (2F)-4,4-dimethyl-2-
(((trimethylsilylexy)methylene)cyclohexanone, or (2E)-2-(({tert-
butyl{dimethyDsilylyoxy)methylene)-4,4-dimethyleyclohexanone and isolating or not
isolating the (2E)-4,4-dimethyl-2-(({triisopropylsilyloxy)methylene)cyclohexanone, (2E)-
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4,4-dimethyl-2-(({(trimethylsilyl)oxy)methylene)cyclohexanone, or (2ZE)-2-({(tert-
butyl(dimethylsilyDoxyymethylene)-4,4-dimethyleyclohexanone;

{©) reacting the (2E)-4,4-dimethyl-2-
{({(tritsopropylsilyDoxy)methyiene)cyclohexanone, (2E)-4,4-dimethyl-2-
{(((trimethylsilyDoxy)methylene)cyclohexanone, or (2E)-2-(({tert-
butyl(dimethylsilyloxy)methylene)-4,4-dimethyleyclohexanone and 4-chlorophenyl
magnesium bromide to provide ((2E)-1-(4-chlorophenyt)-4,4-dimethyi-2-
({((tsitsopropylsilyhoxy)methylene)cyclohexanol, (2E)-1-(4-chlorophenyl)-4,4-dimethyl-2~
{({trimethylsilyloxy)methylene)cyclohexanol, or (2E)-2-({((tert-
butvi{dimethyDsilyDoxy)methylene)-1-(4-chlorophenyi)-4,4-dimethylcyclohexanol; and
isolating or not isolating the (2E)-1-(4-chlorophenyl)-4,4-dimethyl-2-
(((triisopropylsilyloxy)methylenejcyclohexanol, (2E)-1-{4-chlorophenyi)-4,4-dimethyl-2-
({((trimethylsilyDoxyymethylene)cyclohexanol, or (2E)-2-(((tert-
butyl(dimethyl)silyhoxy)methylene}-1-(4-chlorophenyl)-4,4-dimethylcyclohexanol; and

(d) reacting (2E)-1-(4-chlorophenyl)-4,4-dimethyt-2-
{({(triisopropylsilyloxy)methylene)cyclohexanol, (2E)-1-(4-chlorophenyl)-4,4-dimethyl-2-
(((trimethylsilyDoxy)ymethylene)cyclohexanol, or (2E)-2-(((tert-
butyl(dimethylsilyhoxy)methylene)-1-(4-chlorophenyl)-4,4-dimethylcyclohexanol and
hydrochloric acid to provide 2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-ene-1-carbaldehyde
and isolating or not isolating the 2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-ene-1-
carbaldehyde;

(e}  reacting 2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-ene-1-carbaldehyde,
ethyl 4-piperazin-1-ylbenzoate and sodium triacetoxyborohydride and isolating or not
1solating the ethyl 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-
yhmethyl)piperazin-1 —yl)ben.zoate;

H reacting ethy! 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-
yDmethylpiperazin--yl)benzoate and aqueous sodium hydroxide, and isolating or not
isolating the 4-{(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-yi)methylpiperazin-1-
yhbenzoic acid,

(1) reacting sodium frifluoromethanesulfinate, bis-(2-fluorophenylyodonium
tetrafluoroborate and copper(l) oxide to provide i-fluoro-2-
{(trifluoromethyl)sulfonyl)benzene and isolating or not isolating the 1-fluoro-2-

((trifluoromethylysulfonylybenzene;
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(0) reacting 1-fluoro-2-((trifluoromethyl)sulfonyl)benzene, and chlorosulfonic
acid to provide 4-fluoro-3-({trifluoromethyl)sulfonyl)benzenesulfony! chloride and isolating
or not isolating the 4-fluoro-3-((trifluoromethyl)sulfonyl)benzenesulfonyl chloride,

(p)  reacting 4~fluoro-3-((trifluoromethyl)sulfonyl)benzenesuifonyl chloride, and
aqueous ammonium hydroxide to provide 4-fluoro-3-
((trifluoromethyl)sulfonyl)benzenesulfonamide and isolating or not isolating the 4-fluoro-3-
((trifluoromethyl)sulfonyl)benzenesulfonamide;

(qQ reacting 4-fluoro-3-({trifluoromethyl)sulfonyl)benzenesulfonamide, (1R)-3-
morpholin-4-yl-1-{(phenylthioymethyhpropylamine and triethylamine to provide 4-(((1R)-3-
morpholin-4-yI-1-((phenylthio)methyl)propyljamino)-3-
((trifluoromethyl)sulfony!)benzenesulforamide and isolating or not isolating the 4-(((1R)-3-
morpholin-4-yl-1-((phenylthio)ymethyl)propyl)amino)-3-
((trifluoromethyl)sulfonyl}benzenesulfonamide; and

() reacting 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-
yhmethyl)piperazin-1-yl)benzoic acid, 4-(({(1R)-3-morpholin-4-yi-1-
({(phenylthio)ymethyl)propyl)amino)-3-((trifluoromethyl)sulfonylyoenzenesulfonamide, 1-
ethyl-3-(3-(dimethylamino)propyl)-carbodiimide hydrochloride, and
4-dimethylaminopyridine and isolating or not isolating the N-(4-(4-((2-(4~chlorophenyl)-5,5-
dimethyl-1-cyclohex-1-en-1-yDmethyl)piperazin-1-yl)benzoyl }4-(({(1R)-3-(morpholin-4-yi)-
1-((phenylsulfanylymethyDpropyl)amino)-3-({(trifluoromethyl)sulfonylYoenzenesulfonamide.

Still another embodiment pertains to N-(4-(4-{(2-{4-chlorophenyl)-5,5-dimethyl-1-
cyclohex-1-en-1-yDmethyl)piperazin-1-yhbenzoyl)-4-(((1R)-3-(morpholin~4-yl}-1-
((phenylsulfanyl)ymethylpropyllamine)-3-((trifluoromethyDsulfonyl)benzenesulfonamide, or
a pharmaccutically acceptable salt thercof, prepared as described in the preceding

embodiment.

Still another embodiment of this invention pertains to a process for making N-(4-(4-
{(2-(4-chlorophenyl)-5,5-dimethyl-1-cyclohex-1-en-1-yl)methyl)piperazin-1-yl)benzoyl)-4-
(((1R)-3-(morpholin-4-y1)-1-((phenylsulfanylymethy Dpropyl)amino)-3-
((trifluoromethyl)sulfonyl)benzenesulfonamide, comprising:

(a) reacting 4,4-dimethylcyclohexanone, ethyl formate and potassium tert-

butoxide at about ~10°C to about 0°C to provide (2E)-2-(hydroxymethylene)-4,4-
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dimethylcyclohexanone and isolating or not isolating the (2E)-2-(hydroxymethylene)-4,4-
dimethylcyclohexanone;

(b)  reacting the (2E)-2-(hydroxymethylene)-4,4-dimethylcyclohexanone,
triethylamine and trimethylchlorosilane, tert-butylchlorodimethylsilane, or
tritsopropylchlorosilane at about -10°C to about 0°C to provide (2E)-4.4-dimethyl-2-
(((tritsopropylsilyDoxy)methylenc)eyclohexanone, (2E)-4,4-dimethyl-2-
(((trimethylsilyDoxy)methylene)cyclohexanone, or (2E)-2-(((tert-
butyl(dimethyl)silyDoxy)methylene)-4,4-dimethyleyclohexanone and isolating or not
isolating the (2E)-4,4-dimethyl-2-(((triisopropylsilyl)oxy)methylene)cyclohexanone, (2E)-
4,4~dimethyl-2-(((trimethylsilylyoxy)methylene)cyclohexanone, or (2E)-2-(((tert-
butyl(dimethyl)silyl)oxy)methylene)-4,4-dimethylcyclohexanone;

{c) reacting the (2E)-4,4-dimethy!-2- -
(((triisopropylsilyDoxy)methylene)cyclohexanone, (2E)-4,4-dimethyl-2-
(((trimethylsilyDoxy)methylene)cyclohexanone, or (2E)-2-(({tert-
butyl(dimethyl)silyljyoxy)methylene)-4,4-dimethylcyclohexanone and 4-chlorophenyl
magnesium bromide at about -10°C to about 5°C to provide ((2E)-1-(4-chlorophenyi)-4,4-
dimethyl-2-({(triisopropylsilyloxy)methylene)cyclohexanol, (2E)-1-(4-chlorophenyl)-4,4-
dimethyl-2-{((trimethylsilyDoxy)methylene)cyclohexanol, or (2E)-2-~(((tert-
butyi(dimethyl)sityl)oxy)methylene)-1-(4-chlorophenyl)-4,4-dimethylcyclohexanol, and
isolating or not isolating the ((2E)-1-(4-chlorophenyl)-4,4-dimethyl-2-
({((triisopropylsilyhoxy)methylene)cyclohexanol, (2E)-1-(4-chlorophenyl)-4,4-dimethyl-2-
{(((trimethylsilyl)oxy)methylene)cyclohexanol, or (2E)-2-(((tert-
butyl(dimethyl)silyl)oxy)methylene)-1-(4-chlorophenyl)-4,4-dimethylcyclohexanol, and

(d)  reacting ((2E)-1-(4-chlorophenyl)-4,4-dimethyl-2-
(((tritsopropylsilyDoxy)methylene)cyclohexanol, 2E)-1-(4-chlorophenyi)-4,4-dimethyl-2-
(((trimethylsilyljoxy)methylene)cyclohexanol, or (2E)-2-(({tert-
butyl(dimethyl)silylyoxy)methylene)-1-(4-chlorophenyli}-4,4-dimethyicyclohexanol and
hydrochloric acid at about 5°C to about 20°C to provide 2-(4-chlorophenyl)-5,5-
dimethyleyclohex-1-ene-1-carbaldehyde and isolating or not isolating the 2-(4-chlorophenyl)-
5,5-dimethylcyclohex-1-ene-1-carbaldehyde;

{(e) reacting 2-{(4-chlorophenyl)-3,5-dimethylcyclohex-1-ene-1-carbaldehyde,

ethyl 4-piperazin-1-ylbenzoate and sodium triacetoxyborohydride at about 15°C to about
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30°C and isolating or not isolating the ethyl 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-
1-en-1-yhmethyl)piperazin-1~yl)benzoate;

{f) reacting ethyl 4-(4-({2-(4-chlorophenyl)-5 ,IS-dimethyIcycl.ohexm 1-en-1-
vl)methyl)piperazin-i-vl)benzoate and aqueous sodium hydroxide at about 55°C to about
75°C, and isolating or not isolating the 4-(4-({2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-
1-yDmethylpiperazin-1-ylybenzoic acid;

(1) reacting sodium trifluoromethanesulfinate, bis-(2-fluorophenyliodonium
tetrafluoroborate and copper(I) oxide at about 0°C to about [10°C to provide 1-fluoro-2-
((trifluoromethyl)sulfonyl)benzene and isolating or not isolating the 1-fluoro-2-
((trifluoromethyl)sulfonyl)benzene;

(o) reacting 1-fluoro-2-({trifluoromethyl)sulfonyl)benzene, and chlorosulfonic
acid at about 110°C to about 130°C to provide 4-fluoro-3-
((trifluoromethyl)sulfonyl)benzenesulfonyl chloride and isolating or not isolating the 4-
fluoro-3-((trifluoromethyl)sulfonyl)benzenesulfonyl chloride;

(p)  reacting 4-fluoro-3-((trifluoromethyl)sulfonybenzenesulfonyl chloride, and
aqueous ammonium hydroxide at about -5°C to about -60°C to provide 4-fluoro-3-
({trifluoromethyl)sulfonyl)benzenesulfonamide and isolating or not isolating the 4-fluoro-3-
((trifluoromethylsulfonyl)benzenesulfonamide;

(q)  reacting 4-fluoro-3-((trifluoromethyl)sulfonyl)benzenesulfonamide, (1R)-3-
morpholin-4-yl-1-((phenylthioymethypropylamine and triethylamine at about 40°C to about
50°C to provide 4-(((1R}-3-morpholin-4-yl-1-((phenylthio)methylypropyl)amino)-3-
((trifluoromethyl)sulfonyl)benzenesulfonamide and isolating or not isolating the 4-(({(1R)-3-
morpholin-4-yl-1-({phenyithio)methyl)propyl)amino)-3-
((trifluoromethy!)sulfonyl)benzenesulfonamide; and

(g)  reacting 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-
yhmethylpiperazin-1-yl)benzoic acid, 4-(((1R)-3-morpholin-4-yl-1-
((phenylthio)methyhpropyiyamino)-3-((trifluoromethylsulfonyhbenzenesulfonamide,
1-ethyl-3-(3-(dimethyiamino)propyl)-carbodiimide hydrochloride, and
4-dimethylaminopyridine at about 25°C to about 35°C and isolating or not isolating the N-(4-
(4-((2-(4-chlorophenyl)-5,5-dimethyl-1-cyclohex-1-en-1-ylymethyDpiperazin-1-yDbenzoyl)-
4-(((1R)-3-{morpholin-4-y1)-1-({(phenylsulfany)methylpropy!)amino)-3-

((trifluoromethyl)sulfonyl)benzenesulfonamide.
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Still another embodiment pertains to N-(4-(4-((2-(4-chlorophenyl)-5,5-dimethyl-1-
cyclohex-1-en-1-yhmethylpiperazin-1-yl)benzoyl-4-(({ 1R)-3-(morpholin-4-yl)-1-
((phenylsulfanylmethyDpropyl)amino)-3-((trifluoromethylsulfonyl)benzenesulfonamide, or
a pharmaceutically acceptable salt thercof, prepared as described in the preceding

embodiment.

The following schemes and examples are presented to provide what is believed to be
the most useful and readily understood description of procedures and conceptual aspects of

this invention.

SCHEMES
Scheme 1
L cl
o oo
éf\o/\
(8)
o cl H
o —— e
N (10)
(1A)
O O
= “OH ZNORG oH
Z0PG
1) 2 @)

Scheme 1 shows three synthetic routes used o prepare the aldehyde intermediate (2-
(4-chlorophenyl)-5,5-dimethylcyclohex-1T-ene-1-carbaldehyde ) (4) from (2E)-2-
(hydroxymethylene)-4,4-dimethylcyclohexanone (1A). The aldehyde intermediate (4) can
then be reacted with cthyl 4-(piperazin-1-yl)benzoate (4A) to provide ethyl 4-(4-((2-(4-
chiorophenyl)-5,5-dimethylcyclohex-1-en-1 -yljmethyl)piperazin— 1-ybenzoate, which is
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hydrolyzed to provide 4-(4-((2-(4-chlorophenyl)-5,5-dimethyleyclohex-1-en-i-
yDmethyl)piperazin-i-yl)benzoic acid (6).

One such route involves reacting 4,4-dimethylcyclohexanone (1A) and an alkyl
formate such as but not limited to ethyl formate, in the presence of a base such as but not
limited to potassium t-butoxide to ?rovide (2E)-2-(hydroxymethylene}-4,4-
dimethyleyclohexanone (1), The reaction is typically performed below room temperature in
a solvent such as but not limited to tetrahydrofuran, before warming to room temperature and
stirring overnight. (2E)-2-(Hydroxymethylene)-4,4-dimethylcyclohexanone (1) is then
reacted with a base such as but not limited to triethylamine and a silyl ether protecting group
reagent such as but not limited to triisopropylsilylchloride to provide the protected (2E)-2-
(hydroxymethylene)-4,4-dimethylcyclohexanone (2). The reaction is typically performed
below room temperature in a solvent such as but not limited to 2-methyltetrahydrofuran. (4-
Chlorophenyl)magnesium bromide is then added to a solution of the protected alcohol (2) to
provide the protected (2E)~I~(4~c:hlorop.henyi)&-(%}ydroxym_ethyiene)u4,4~
dimethylcyciohexanol (3). The reaction is typically performed below room temperature in a
solvent such as but not limited to tetrahydrofuran, toluene, or mixtures thereof. The protected
(2E)-1-(4-chloropheny!)-2-(hydroxymethylene)-4,4-dimethylcyclohexanol (3) can be treated
with an acid such as but not limnited to HCI, to provide the aldehyde intermediate (2-(4-
chlorophenyl)-5,5-dimethylcyclohex-1-ene-1-carbaldehyde) (4).

Another route involves reacting dimethylcyclohexanone (1A) with a prepared solution
of diethoxycarbenium fluoroborate to provide 2-(diethoxymethyl)-4,4-
dimethyleyclohexanone (8). The reaction is typically performed below room temperature in
a solvent such as but not limited to methylene chloride. Chlorophenyl magnesium bromide is
then added to a solution of 2-(diethoxymethyi)-4,4-dimethylcyclohexanone (8) to provide 1-
{(4-chlorophenyl)-2-(diethoxymethyl)-4,4-dimethylcyclohexanol (9). The reaction is typically
performed below room temperature in a solvent such as but not limited to tetrahydrofuran, 1-
(4-Chloropheny)-2-(diethoxymethyl)-4,4-dimethyleyclohexanol (9) can be treated with an
acid such as but not limited to HCL, to provide the aldehyde intermediate (2-(4-chlorophenyl)-
5.5-dimethylcyclohex-1-ene-1 -carbaiaehyde) (4).

Still another route involves reacting dimethyleyclohexanone (1 A) with POCls: to
provide 2-chloro-5,5-dimethylcyclohex-1-enecarbaldehyde (10). The reaction is typically
performed below room temperature in a solvent such as but not limited to methylenc
chloride, N,N-dimethylformamide, or mixtures thercof. The aldehyde intermediate (2-(4-
chlorophenyl)-5,5-dimethylcyclobex-1-ene-1-carbaldehyde) (4) can be prepared from 2-
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chloro-5,5-dimethylcyclohex-1-enecarbaldehyde (10) by reacting the latter with 4-
chlorophenylboronic acid, a phase transfer catalyst such as but not limited to tetrabutyt
ammoniuvm bromide, a palladium catalyst such as but not limited to palladium (II) acetate in
the presence of a base such as but not limited to K;COs. The reaction is typically performed

above room temperature in a solvent such as but not limited to water.

Scheme 2
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Scheme 2 shows two routes used fo make 4-(((1R)-3-morpholin-4-yl-1-
((phenylthio)methylypropyl)amino)-3-((trifluoromethyl)sulfonyi)benzenesulfonamide {(17).
One route involves reacting commercially available 2-fluorobenzenesulfonyl chioride (11)
with TBAF (tetra-n-butylammonium fluoride) to provide 2-fluorobenzenesulfonyl fluoride
(12). The reaction is typically performed below room temperature in a solvent such as but
not limited to tetrahydrofuran. 2-Fluorobenzenesulfonyl fluoride (12) can be converted to 1-
fiuoro-2-~((trifluoromethyi)sulfonyi)benzene (13) by reaction with Ruppert’s reagent
(CH;3SiCF3) catalyzed by (((CH3)NRS) (F2Si(CH;):), also known as TASF. The reaction is
typically performed at about room temperature in a solvent such as but not limited to
tetrahydrofuran, dichloromethane, toluene, dimethoxyethane, or mixtures thereof. [-Fluoro-
2-{(trifluoromethyl)sulfonyl)benzene {13) can be reacted with chlorosulfonic acid to provide
4-fluoro-3-((trifiuoromethyl)suifonylibenzenesuifonyl chloride (14). The reaction is typically
performed at an elevated temperature before cooling for the addition of SO,Cl,, used to
quench the chlorosulfonic acid. 4-Fluoro-3-{{trifluoromethyi)sulfonyl)benzenesuifonamide
(15) can be prepared from 4-fluoro-3-((trifluoromethyl)sulfonyl)benzenesulfonyl chloride
(14) by reacting the latter with aqueous ammeonium hydroxide. The reaction is typically
performed in a solvent such as acetonitrile, tetrahydrofuran, cthyl acetate, isopropyl alcohol,

isopropyl acetate, dimethoxyethane, dichloromethane, toluene, or mixtures thereof. (1R)-3-
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morpholin-4-yl-1-((phenylthio)methyl)propylamine (16), prepared as described in United
States Patent 7,390,799 B2, can be reacted with 4-fluoro-3-
{(trifluoromethyl)sulfonyl)benzenesuifonamide (15) in the presence of a base such as but not
limited to triethylamine, to provide 4-(((1R)-3-morpholin-4-yl-1-
((phenylthio)methylypropyl)amino)-3-({trifluoromethylsulfonyhbenzenesulfonamide (17).
The reaction is typically performed at elevated temperatures in a solvent such as but not
limited to ethyl acetate.

Another route involves first reacting a reagent such as bis-(2-fluorophenyliodonium
tetrafluoroborate (J. Org. Chem. 2008, 73, 4602) and a reagent such as sodium
trifluoromethanesulfinate in the presence of a Cu(1)/Cu(lll) or PA(IIY/PA(IV) catalyst to
provide 1-fluoro-2-((iriffuoromethyl)sulfonyl)benzene (13). The reaction is typically
performed at elevated temperatures in a solvent such as but not limited to N,N-
dimethylformamide, dimethylsulfoxide, 1,4-dioxane, 1,2-dimethoxyethane, tetrahydrofuran,
I-methyl-2-pyrrolidinone, diglyme and CH,Cls. Catalysts include but are not limited to Cul,
Cuy0, Cull, copper (I) trifluioromethanesulfonate benzene complex, CuSCN Cu(OQAc),
Pd(OAc), alone or in combination with ligands such as tetramethylethylenediamine, 4,4°-
ditert-butyl-2,2°-dipyridyl, phenanthrolines, 2-acetylcyclohexanone, NN-
diethylsalicylamide, phosphines and the like. Other metals, such as nickel, cadmium, cobalt,
tin, iron, rhodium, iridium, and platinum, or combinations thercof either in the metallic form,

as salts, or complexes may also prove effective in this chemistry.
Scheme 3
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As shown in Scheme 3, 4-(4-((2-(4-chloropheny!)-5,5-dimethylcyclohex-1-en-1-
yhmethylpiperazin-1-yl)benzoic acid (6) can be reacted with 4-(({1R)-3-morpholin-4-yi-1-
((phenylthioymethyl)propylyamino)-3-({trifluoromethylsulfonyl)benzenesulfonamide (17) to
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provide a compound such as N-(4-(4-((2-(4-chlorophenyl)-5,5-dimethyl-1-cyclohex-1 ~eﬁ~l-—
yhmethyl)piperazin-1-yl)benzoyl)-4-({((1R)-3-(morpholin-4-yl)-1-
((phenylsulfanylymethylypropylamino)-3-((trifluoromethylsulfonyl)benzenesulfonamide (7)
using methods known in the art, widely available in the literature, and as described in the

example section herein.
EXPERIMENTALS

Compounds of this invention may be made by synthetic chemical processes, examples
of which are shown herein. It is meant to be understood that the order of the steps in the
processes may be varied, reagents, solvents, and reaction conditions may be substituted for
those specifically mentioned, and vulnerable moieties may be protected and deprotected, as

necessary, by NH, C(O)OH, OH, SH protecting groups.

The following abbreviations have the meanings indicated. ADDP means
L1-(azodicarbonyl)dipiperidine; AD-mix-3 means a mixture of (DHQD,PHAL, KsFe(CN)s,
KoCOn, and K,S04; 9-BBN means 9-borabicyclo(3.3.1)nonane; Boc means
tert-butoxycarbonyl; (DHQD),PHAL means hydroguinidine 1,4-phthalazinediyl diethyl
ether; DBU means 1,8-diazabicyclo(5.4.0)undec-7-ene; DIBAL means diisobutylaluminum
hydride; DIEA means diisopropylethylamine; DMAP means N,N-dimethylaminopyridine;
DMF means N,N-dimethyiformamide; dmpe means 1,2-bis(dimethylphosphino)ethane;
DMSO means dimethylsuifoxide; dppb means {,4-bis{diphenylphosphino)-butane; dppe
means 1,2-bis(diphenylphosphino)ethane; dppf means 1,1'-bis(diphenylphosphino)ferrocene;
dppm means 1,1-bis(diphenylphosphino)methane; EDACHC] means 1-(3-
dimethylaminopropyl}-3-ethylcarbodiimide hydrochloride; Fmoc means
fluorenylmethoxycarbonyl; HATU means O-(7-azabenzotriazol-1-y1)-N,N'N'N'-
tetramethyluronium hexafluorophosphate; HMPA means hexamethylphosphoramide; IPA
means isopropy! alcohol; MP-BH: means macroporous triethylammonium methylpolystyrene
cyanoborohydride; TEA means tricthylamine; TFA means trifluoroacetic acid; THF means
tetrahydrofuran; NCS means N-chlorosuccinimide; NMM means N-methylmorpholine; NMP
means N-methylipyrrolidine; PPhy means triphenylphosphine.

EXAMPLE 1
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{2E)-2-(hydroxymethylene)-4,4-dimethylcyclohexanone

4, 4-Dimethylcyclohexanone (20 g), ethyl formate ( 15.8 g, 1.35 eq) and
tetrahydrofuran (100ml) were charged in a 250 ml flask and the mixture was cooled to 0-5
°C. Potassium t-butoxide (1M in tetrahydrofuran 191 mL, 1.2 equiv) was slowly added while
maintaining the temperature below 0°C. The reaction mixture was mixed at -5 to +5 °C and
monitored for completion by GC analysis. After mixing overnight, no starting material was
observed. Water (140 mL) was slowly added, and the resulting mixture was extracted with
heptane (150 mL). The pH of the aqueous layer was adjusted with 6 M HCI to pH = 1-2 (~40
g HCI) and the extracted with toluene (80 mI.). The organic layer was washed with 20%

aqueous NaCl (2 x 140 mL). The product solution in toluene was used directly in the next

step within 12 hours (storage at 0°C).

EXAMPLE 2
(2E)-4,4-dimethyl-2-(((triisopropylsilylyoxy)methylene)cyclohexanone
EXAMPLE 1 (21 g as an 18% solution in foluene) was charged to a | L flask
followed by 2~-methyltetrahydrofuran (300 mL). The reaction mixture was cooled to between
0-5 °C, and triethylamine (20.67 g, 1.5 cquiv) was charged maintaining a reaction
temperature between 0-5 °C. Triisopropyisilylchloride (TIPSCI) (28.9 ¢, 1.1 equiv) was
slowly charged, maintaining a reaction temperature between 0-5 °C. The reaction mixture
was mixed at a temperature range between -5 °C and monitored by GC for completion.
Heptane (430 mL) was added, and temperature was adjusted to 10 °C. Water (300 mL) was
added, maintaining an internal temperature below 15 °C. The reaction mixture was mixed
thoroughly, and the layers were separated. The organic layer was washed with water (2 x 200
mL), 20% aqueous NaCl (200 mL} and 20% aqueous NaCl (360 mL). The organic layer was
distilled to approximately 100 mL and chased with toluene (280 mL). The title compound
was stored as a toluene solation in the refrigerator. " NMR (400 MHz, CDCl3) 6 1.03 (s, 6
H) 1.07 (d, /=5.76 Hz, 14 H) 1.10 (s, 10 H) (with overlapping residual solvent resonances)
1.23 (dd, /~14.55, 6.59 Hz, 3 H) 1.26 - 1.29 {m, 2 H) (residual solvent) 1.64 (t, /=7.00 Hz, 2
H)2.06 (s, 1 H),2.26 -2.28 (m, 2 H) 2.38 (t, J=7.00 Hz, 2 H) 7.55 (t, /=1.92 Hz, 1 H) ppm.
Mass spec: DCI/ NHy M+1 =311 amu; M + NH; = 328 amu.

EXAMPLE 2A
(2E)-4,4-dimethyl-2-({{(trimethylsilyDoxy)methylene)cyclohexanone
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Example [ (0.5 g, 1 eq), 0.47ml of tricthylamine (1.05 eq) and 5 ml of anhydrous
tetrahydrofuran were mixed together in a round bottom flask under N». Trimethylsily!
chloride (0.43 ml, 1.05 eq) was added drop wise at ambient temperature, and the mixture
stirred at ambient temperature for 18 hours, The reaction was quenched with 10 mlof 1 N
HCI and 10 ml of ethyl acetate. The organic layer was isolated and concentrated down and

the residue was purified by column chromatography using 5% heptane in ethyl acetate.

EXAMPLE 3
(2E)-1-{(4-chlorophenyl)-4,4-dimethyl-2-(({tritsopropylsilyl yoxy)methylene)eyclohexanol
To EXAMPLE 2 (26 g, as a golution in toluene) was added to anhydrous
tetrahydrofuran (65 mL). The resulting mixture was cooled to -5 to 0°C. A separate flask
was charged with anhydrous tetrahydrofuran (65 mL) and a 1 M solution of (4-
chlorophenyl)magnesium bromide (172 mL, 2.05 equiv). The reagent mixture was cooled to
-5t0 0 °C. The mixture of EXAMPLE 2 in toluene was slowly added to the Grignard
reagent, maintaining a reaction temperature below 5 °C. The reaction was monitored by
HPLC and was determined to be complete n about one hour. The reaction mixture was

quenched slowly with methanol (91 mL), maintaining an internal temperature below 5 °C.

EXAMPLE 4
2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-ene-1-carbaldehyde
The solution from EXAMPLE 3 was slowly treated with 2N HCI (240 mlL),
maintaining an internal temperature below 20°C. The contents were mixed at 20°C for 10-12
hours, and the mixture was monitored by GC analysis. Isopropyl acetate (130 mL) was
charged to the reaction mixture, and the layers were mixed and separated. The organic layer
was washed with water (45 mL), 1% aqueous NaHCO; (45 mL), and 20% aqueous NaCl (2 x
45 mL). The product mixture was azeotropically dried through a solvent exchange with
toluene (125 g) to obtain a 32% solution of the title compound. "H NMR (400 MHz, DMSO-
ds) 6 0.95 (s, 6 H) 1.48 (t, /=6.45 Hz, 2 H) 2.03 (t, /=1.92 Hz, 2 H) 2.53 - 2.57 (m, J=6.38,
6.38,2.20,2.06 Hz, 2 H) 7.36 (ddd, /=8.75,2.54, 2.30 Hz, 2 H) 7.47 (ddd, /=8.78, 2.54, 2.26
Hz, 2 H) 9.37 (s, 1 H) ppm. Mass Spec: DCI/ NH;  M+1 = 248 amu; M+NH; = 266 amu.

EXAMPLE 4
2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-ene-1-carbaldehyde

85



10

15

20

25

30

WO 2009/155386 PCTAUS2Z009/047723

EXAMPLE 9 was dissolved in 50ml tetrahydrofuran, and 40 ml 6N aqueous HCl was
added. The mixture was heated to 65°C for 17 hours. The reaction mixture was cooled,
neutralized to pH~7 with 18% Na,COs, extracted with cther, and washed with aqueous NaCL
The organics were concentrated to give the title compound. 'H NMR (400 MHz, DMSO-ds)
3 0.95 (s, 6 H) 1.48 (1, /=6.45 Hz, 2 H) 2.03 (t, /=1.92 Hz, 2 H) 2.53 - 2.57 (m, ./=6.38, 6.38,
2.20, 2.06 Hz, 2 H) 7.36 {ddd, .J=8.75, 2.54, 2.30 Hz, 2 H) 7.47 (ddd, J=8.78,2.54, 2.26 Hz, 2
H) 9.37 (s, 1 H) ppm. Mass Spec: DCI/ NHz  M+1 = 248 amu; M+NHz = 266 amu,

EXAMPLE 4
2-(4-chlorophenyl)-5,5-dimethylicyclohex-1-ene-1-carbaldehyde
EXAMPLE 10 (1.00 eq.), 4-chlorophenyiboronic acid (1.11 eq.), tetrabutyl
ammonium bromide (0.99 eq.), palladium (IT) acetate (0,021 eq.), K2COs (2.45 eq.) and H,O
(10.0 vol.) were added together and mixed. The mixture was degassed under a cycle of high
vacuum and nitrogen purge for at least three times and then warmed up to 45 °C. The
reaction mixture was stirred at 45 °C under nitrogen purge about 6 hours. The reaction

mixture was cooled to room temperature and diluted with H,O (15.0 vol.). The diluted

- mixture was extracted with CH,Cly (9.0 vol. x 3). The CH,Cl, extracts are combined and

washed with HyO (9.0 vol. x 3) and then dried over Na;SO4. The solid NaySO4 was filtered
off and rinsed with CH;Cl, (5.0 vol.). The filtrate and rinse were combined and
concentrated. 'H NMR (400 MHz, DMSO-ds) 3 0.95 (s, 6 H) 1.48 (t, J=6.45 Hz, 2 H) 2.03
(t, =192 Hz, 2 H) 2.53 - 2.57 (m, J=6.38, 6.38, 2.20, 2.06 Hz, 2 H) 7.36 (ddd, J=8.75, 2.54,
2,30 Hz, 2 H) 7.47 (ddd, J=8.78, 2.54, 2.26 Hz, 2 H) 9.37 (s, 1 H) ppm. Mass Spec: DCI/
NH: M-+1 = 248 amu;, M+NH: = 266 amu.

EXAMPLE 4
2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-ene-1-carbaldehyde
Exampie 1 (2.0 g, 1 eq), 2.2 ml of triethylamme (1.2 eq) and 30 ml of anhydrous
tetrahydrofuran were mixed together in a round bottom flask under N, tert-
Butylchlorodimethyisﬂane (2.35 g, 1.2 eq) was added drop wise at ambient temperature, and
the mixture was stirred at ambient temperature for 1 hour. The mixture was cooled to 0°C and
28.6 ml of 1 M 4-chlorophenyl magnesium bromide in tetrahydrofuran was added slowly.
After the addition was complete, the reaction mixture was stirred at 0° C for 30 minutes. The

reaction was quenched with 90 ml of 1 N agqueous HCI and 90 ml of ethyl acetate. The
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organic layer was isolated and concentrated, and the residue was purified by column

chromatography using 5% heptane in ethyl acetate.

EXAMPLE 5
ethyl 4-(4-((2-(4-chlorophenyl)-5,5-dimethyleyclohex-1-en-1-ylymethyl)piperazin- 1 -
yl)benzoate
Ethyl 4-piperazin-1-ylbenzoate (14 g) was treated with sodium triacetoxyborohydride
(23 g) and then tetrahydrofuran (187 g), stirred for I3 minutes, treated with EXAMPLE 4
toluene solution (42.1g, 32.5 % aldehyde) over 20-30 minutes and stirred for 6 hours with
evolution of hydrogen gas. After 12 hours, no starting material was detected by HPLC.
Methyl tert-butyl ether (70 g) was added, and the reaction was quenched with 20% aqueous
ammonium chloride (170 g). Again, hydrogen gas evolved. Both layers were mixed for 30
minutes and separated. The cxtract was washed with water (135 g), concentrated to about
115 ml, diluted with of tetrehydrofuran (125 g), concentrated to 115 ml, charged with
tetrahydrofuran (125 p), concentrated to 115 ml, and charged with of ethanol (220 g), causing
a solid to form. The slurry was concentrated to approximately 70 mi, charged with ethanol
(165 g}, and mixed for 2-3 hours (liquor concentration was 3.01 mg/ml.) and filtered. The
solid was washed with ethanol (2 x 77 g) and dried in a vacuum oven at 40°C for 10 hours. A
mixture of the solid and tetrahydrofuran (41 g) was heated at 56°C for 30 minutes, treated
with ethanol (146 g), stirred for 1 hour, cooled to 20°C (liquor concentration was
5.12 mg/mL), and filtered. The solid was washed with ethanol (73 g) and dried in a vacuum
oven at 40°C for 10 hours. A mixture of the solid and tetrahydrofuran (37 g) was heated to
50°C for 30 mmutes, treated with of ethanol (133 g), stirred for 1 hour, cooled to 20°C (liquor
concentration was 5.1 mg/mL) and filtered. The solid was washed once with ethanol (67 g)

and dried in the vacuum oven at 40°C for 10 hours,

EXAMPLE 6
4-(4-((2-(4-chlorophenyt)-5,5-dimethylcyclohex--en-1-ylmethyl)piperazin- 1 -yibenzoic
acid
2-Methyltetrahydrofuran (20 g) and heptanes (63 g) were stirred to homogeneity for
use as a product rinse. NaCl (48 g) was dissolved into water (146 g) for use in a work-up.

KH,PO; (40 g) and NaCl (51 g) was dissolved into water (291 g) for use in the work-up. A
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solution of NaOH (13 g) was dissolved in water (113 g), treated with EXAMPLE 5 and 2-
methyltetrahydrofuran (125 g), stirred for 30 minutes, adjusted to 25-30°C, treated with
ethanol (81 g), transferred to a flask while maintaining the internal temperature less than
35°C, adjusted to 65 + 5°C, stirred for at least 16 hours, until the reaction was complete by
HPLC analysis (<1% EXAMPLE 3), cooled to 20°C, and settled for about 30 minutes. The
lower layer was removed after sampling to assay for product loss. Part of the monobasic
phosphate solution (219 g) was transferred to the reactor, and the contents were mixed for 30
minutes and settled for 30 minutes. The lower layer was removed after sampling to assay for
product loss after pH determination. About half of the 25 wt % aqueous NaCl solution (91 g)
was charged fo the reactor, and the contents were stirred for at least 15 minutes and settled for
15 minutes. The lower layer was transferred to drums after sampling for product losses, and
the remaining 25 wt % NaCl solution (about 97 g) was charged to the reactor. The contents
were mixed for at least 15 minutes and allowed to settle for at least 1 hour. The lower layer
was transfetred to drums after sampling for product losses. 2-Methyltetrahydrofuran (125 g)
was charged to the reactor, and the contents were stirred for at least 10 minutes, The product
solution was transferred through a nylon filter into the rinsed reactor using 2-
methyltetrahydrofuran to rinse the canisters (4 g 2-methyltetrahydrofuran per canister) and
distilled under vacuum at a jacket temperature of about 40°C to about 214 ml. While
maintaining vacuum and a volume of about 214 ml, 2-methyltetrahydrofuran (375 g) was
added in portions to azeotropically dry the product solution. This solution was sampled
during the distillation to determine moisture content (target <<1% water). The solution was
concentrated under vacuuim to approximately 73 ml, and the interal temperature was
adjusted to about 45°C (target: 40°C). The contents were stirred for 1 hour, treated with
heptanes (172 g) over 30 minutes, and stirred at about 45°C (target:40°C) for 2 hours and
about 25°C (target: 20°C) for 2 hours. The product suspension was distilled under vacuum to
140 ml, and the internal temperature was adjusted to about 25°C (target: 20°C). The mixture
wag vacuum filtered, and the liquors were recycled one time to rinse the flask. The filtrate
was rinsed with a portion of the heptane/ 2-methyltetrahydrofuran solution (41 g), allowing
the rinse to sit on the cake for at least 15 minutes before applying vacuum. The rinse was
repeated with the remaining heptane/2-methyltetrahydrofuran solution (about 22 g), again
allowing the rinse to sit on the cake for at least 15 minutes before applying vacuum. The
liquors and rinses were sampled separately for product loss assays. The filter pot was purged
for at least 2 hours with nitrogen, and the product was transferred to a dryer and dried under

vacuum with a nitrogen bleed at less than or equal to 40°C (target: 35°C), for at least 12
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hours.

EXAMPLE 7
N-(4-(4-((2-(4-chlorophenyl)-5,5-dimethyl-1-cyclohex-1-en-1-yhmethyl)piperazin-1-
yhbenzoy-4-(((1R)-3-(morpholin-4-yl)- 1-((phenylsulfanylmethyl)propylyamino)-3-

((triftuoromethyl)sulfonyljbenzenesulfonamide

A mixture of 4-(({1R)-3-morpholin-4-yl-1-((phenylthio)ymethyl)propylyamino}-3-
((trifluoromethylsuifonylbenzenesulfonamide (8.575 g) (EXAMPLE 17), EXAMPLE 6 (6.4
), 4-dimethylaminopyridine (4.4 g), 1-ethyl-3-(3-(dimethylamino)propyl)carbodiimide
hydrochloride (4.1 g) and dichloromethane (80 g) was heated at 30°C, cooled to room
temperature, quenched with N,N-dimethylethylenediamine (1.1 g), distilled to 30 mi, treated
with water (5.4 g) and ethyl acetate (97 g), distilled to 65 ml, treated with water (5.4 g) and
ethyl acetate (97 g), distilled to 80 ml and treated with 10% acetic acid/0.75% brine (182 g}
and cthyl acetate (65 g). The layers were separated, and the extract was washed with 10%
aqueous acetic acid/0.75% brine (182 g), 25% aqueous KoHPO4 (180 g) and pH 7 buffer
solution (163 g), concentrated to 35 ml and chase distilled with cthyl acetate (120 g, 120 g
and 60 g) with concentration to 35 ml after cach addition. The extract was then treated with
ethyl acetate (60 g), and the solution was diluted with ethanol (71 g} and polish-filtered
through a polypropylene 0.5 wm filter into a reactor with an ethyl acetate (20 g) rinse. In a
separate reactor, HC1 (2.8 g) in ethanol (80 g) was prepared and polish-filtered through a
separate filter and housing into the reactor. The polish filtratiorn of the solution removed
residual phosphate salts from the final extraction. The solution was concentrated to about
150 ml and maintained at that level while an additional chase of ethanol (160 g) was
conducted, heated at 45°C, treated with seeds (90 mg) in ethanol (1 g), stirred for 12 hours,
cooled to 20°C and stirred for another 4 hours. Analysis of the filtrates indicated the
crystallization was complete. The sturry was filtered, and the solids were rinsed with ethanol
(2 x 537 g). The rinses were applied in a slurry fashion with no vacuum, (contact time 15-25
minutes for cach) then removed by vacuum filtration. The wet cake was sampled for
impuritics to determine if a recrystallization would be necessary. The solids were dried under
vacuum and nitrogen at 50°C for 3 days. Analysis of the dryver sample (GPAS residual
solvents method) showed that drying was complete. 'H NMR (400 MHz, methanol-d.) 8
ppm 1.08 (s, 5 H) 1.57 (t, J=6.38 Hz, 2 H) 2.11 (s, 2 H) 2.26 - 2.34 (m, | H) 2.40 (t, ./=5.69
Hz, 2 H)3.18 -3.27 (m, 4 H) 3.42 (dd, J=14.48, 4.87 Hz, 2 H) 3.69 (s, 2 H) 3.87 (s, 2 H) 4.14
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(s, 1 H) 6.99 (td, J=6.07, 2.54 Hz, 3 H) 7.11 - 7.19 (m, 5 1) 7.29 - 7.32 (m, 2 H) 7.37 - 7.41
(m, 2 H) 7.76 (d, J=9.06 Hz, 2 H) 8.07 (dd, /=9.19, 2.33 Hz, 1 H) $.29 (d, /=2.20 Hz, 1 H).

EXAMPLE 8
2-(diethoxymethyl}-4,4-dimethylcyclohexanone

To 34 ml of HC(OCH;CHa)a (0.2mol) at —38°C was added drop wise a solution of 31
ml BF;(OCH,CHzs), in 90 ml CH,Cl, (0.24 mol) over 15 minutes at about -30°C. The
mixture was warmed to 0°C and mixed for 10 minutes o form diethoxycarbenium
fluoroborate. The mixture was cooled to —78°C, and 12.6 g dimethylcyclohexanone in 40ml
CH,Cl; (0.1 mol) was added, followed by drop wise addition of 52 ml N,N-
diisopropylethylamine(0.3 mol) over 30 minutes. The mixture stirred at —=78°C for 1.5 hours.
The cold reaction was quenched into 1000 g aqueous 6.5% NaHCOs. Dichloromethane
(250ml) was added and the mixture was stirred vigorously for 10 minutes. The organics were
washed with 400 g cold aqueous 1% H2SO. and then with 400 g cold water, The organics
were dried over MgSOy, filtered, and the filtrate was concentrated to give the title compound.
GCMS: 183(ms/z).

EXAMPLE 9
1-(4-chlorophenyl)-2-(diethoxymethyli)-4.,4-dimethyleyclohexanol
EXAMPLE 8 was dissolved in 200 ml tetrahydrofuran, cooled to —78°C, and 195 ml
1M chlorophenyl magnesium bromide (0.2 mol) was added over 25 minutes, The mixture
was mixed at about -20°C for 2 hours. The reaction mixture was quenched with 200g 20%
aqueous NH4Cl at about -7°C, extracted with 400mt cthyl acetate, then washed with 20%
aqueous NH4Cl, 5% aqueous NaHCOs;, and 25% aqueous NaCl. The organics were

concentrated to provide the title compound.

EXAMPLE 10
2-chloro-5,5-dimethylcyclohex-1-enecarbaldehyde
A solution of N,N-dimethylformamide (1.37 eq.) in CH,Cl, (1.5 vol.) was cooled to
0°C and thern POCI; (1.25 ¢q.) was added slowly to the N,N-dimethylformamide solution at

below 25 °C. The resulting solution was allowed to warm up to room temperature. A
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solution of 4, 4 mdimethylcycioﬁexanone (1.00 eq.) in CH,Cl; (1.4 vol.) was added slowly to
the above solution at below 30 °C, and then the reaction mixture was stirred at 45 °C
overnight, The reaction mixture was quenched into a cooled 10% sodium acetate solution
(30.0 vol.) at below 15 °C, followed by a CH,Cl; rinse (4.6 vol.). The quenched mixture was
stirred while allowing it o warm up to room temperature, The organic layer was separated
and then aqueous layer was extracted with CH,Cl; (7.6 vol. x 3). The organic layer and
CH,Cl; extracts were combined and concentrated to give a solution and the solution was used
in the next step without purification. "H NMR (400 MHz, CDCl:) & 10.1 (1H, s, CHO)

'H NMR (400 MHz, CDCl3) 8 10.1 (1H, 5, CHO}, 2.61-2.57 (2H, m), 2.09 (2H, s), 1.54-1.51
(2H, m), 0.95 (6H, ).

EXAMPLE 11
2-fluorobenzenesulfonyl chloride

The title compound was purchased commercially from Sigma-Aldrich.

EXAMPLE 12
2-fluorobenzenesulfonyl fluoride

A 100-L round bottomed flask fitted with overhead stirrer, nitrogen infet, temperature
probe and ice bath was charged with 2-fluorobenzenesulfonyl chloride (50 g) and
tetrahrydrofuran (220 g). The solution was cooled down to -5°C with an ice bath.
Tetrabutylammonium fluoride (270 mL of 1M in tetrahydrofuran solution) was added slowly
to the reactor. The internal temperature was kept less than 8 °C. After the addition was
completed, HPLC showed the reaction was completed. The reaction was quenched by slowly
addmg 250 g of water. Then 430 g of toluene was added to the reaction mixture. The layers
were separated. The organic layer was washed with 250 g of water twice. The organic layer
was distilled down under vacuum with the bath temperature at 48°C. 'H NMR (400 MHz,
CDClz) & 8.01-7.96 (m, 1H), 7.76-7.83 (m, 1H), 7.32-7.44 (m, 2H).

EXAMPLE 13
I-fluoro-2-((trifluoromethyhsulfonyl)benzene
The solution of EXAMPLE 12 (44.3g) in a solution of 450 ml was added to a round
bottomed flask fitted with overhead stirrer, nitrogen inlet, cold-water bath and temperature

probe. It was cooled down to 12°C. ((CHz3):N):S) (F28i(CHs)aY, also known as TASF (6.1
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. g), was added in one portion. Ruppert’s reagent (370 g, CH3SiCF;) was charged slowly to

the reaction mixture while maintaining the internal teraperature less than 23°C. The reaction
was completed after addition. Water (220 g) was added to quench.the reaction, the layers
were separated, and the organic layer was washed twice with 220 g of water. The organic
solution was distilled under vacuum with the bath temperature at 50°C. Heptanes (500 g)
were added to the residue, and the mixture was distilled down until the solvent was removed.
'"H NMR (400 MHz, CDCl3) 6 8.01-8.05 (m, 1H), 7.84-7.87 (m, 1H), 7.44-7.48 (m, 1H),
7.36-7.39 (m 1H).

EXAMPLE 13
1-fluoro-2-((trifluoromethyl)sulfonyl)benzene

A1 L three-neck round bottom flask equipped with a magnetic stir bar and a J-
Chemthermocouple was charged with sodium trifluoromethanesulfinate (9.29 g, 59.5 mmol),
bis-(2-fluorophenyhiodonium tetrafluoroborate (18.5 g, 45.8 mmol) (J. Org. Chem. 2008, 73,
4602) and copper(l) oxide (0.131 g, 0.92 mmol). The flask was purged with nitrogen for 30
minutes. Degassed N,N-dimethylformamide (225 m1.) was added to the flask and the
reaction mixture was stirred at 50 °C for 16 hours under a positive atmosphere of nitrogen.
The reaction mixture was cooled to the room temperature, difuted with 500 mL isopropyl
acetate and transferred to a 2 L separatory funnel. The organic layer was washed with 500

ml of 5% aqueous K5CO4 solution. The organic layer was washed with water (500 mL x 2)

followed by a wash with 250 mL brine. The organic layer was dried over magnesium sulfate,
filtered through diatomaceous earth and concentrated in vacuo to obtain the title compound.
The product was further purified by distillation. 'H NMR (500 MHz, CDCl:) 3 8.03 (1, J =
7.3, 1H), 7.85 (dd, J =7.5, 13.2, 1H), 7.45 (t,J = 7.7, 1H), 7.36 (t, /= 9.1, 1H). "F NMR
(470 MHz, CDCl3) 6 77.4 (d, J=9.4, 3F), d 102.7 (m, 1F). HPLC: Zorbax SB-C18 4.6 x 150
mm, 3.5 pm, method: 90% of 0.1% HsPO, and 10% CH;CN, ramped to 90% CHsCN over 7

minutes, held for 3 minutes, ramped to 10% CHiCN over 1 minutes; peak at 6.58 minutes.

EXAMPLE 13
1-fluoro-2-((trifluoromethyhsulfonyl)benzene
Mesityl-2-fluoropheny! iodonium triflate (Sanford M et al. JACS, 2005, 127,
7330.and Widdowson, D. ¢t al. Tetrahedron Letters 2000, 41, 5393.) (0.1 g, 0.204 mmol),
sodium trifluoromethanesulfinate (0.035 g, 0.224 mmol) and copper(l) oxide (2.92 mg, 0.020
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mmol) were weighed into a reactor equipped with a magnetic stir bar. N,N-
dimethylformamide (1 mL) was added, the reactor was capped and heated at 25 °C for 24
hours. HPLC analysis of the crude reaction mixture indicated the formation of the title

compound.

EXAMPLE 14
4-fluoro-3-{(trifluoromethyl)sulfonyl)benzenesulfonyl chloride

EXAMPLE 13 (80 g} was charged to a reactor fitted with overhead stirrer, nitrogen
inlet, condenser, scrubber, temperature probe and heating bath. Chlorosuifonic acid (307 g)
was added slowly through an additional funnel. The mixture was then heated up to 120°C
and held for 22 hours at 120°C. The mixture was cooled down to room temi}erature. Thionyl
chloride (118 g) was added to the reaction mixture in one portion at ambient temperature.
The mixture was stirred at 25°C for 24 hours. A sample was pulled and HPLC showed the
reaction was completed with 1.1% of the sulfonic acid left. Isopropyl acetate (775 g) was
cooled down to ~50°C. Water (600 g) was charged to isopropyl acetate sofution.. The
reaction mixture was transferred slowly to the isopropyl acetate /ice mixture through an
additional funnel. The internal temperature increased to 0.8°C during the addition.
The cold reaction mixture was warmed up 15°C and layers were separated. The organic layer

was used in the next step (EXAMPLE 15) without isolation.

EXAMPLE 15
4-Huoro-3-{(triflucromethyl)sulfonylybenzenesutfonamide

The solution from EXAMPLE 14 was charged into a flask fitted with overhead stirrer,
nitrogen inlet, temperature probe and cooling bath, The solution was cooled down to —30°C
using an acetone/dry ice bath. Ammonium hydroxide (238 g) solution was slowly added to
the reaction mixture through an additional funnel. The internal temperature was kept at about
—40°C. HPLC showed the reaction was completed. The solution was cooled down to —60°C.
6 N HCI (600 g) was added to the reaction mixture slowly to keep the temperature under
-35°C. The mixture was warmed up to room temperature. The layers we;re separated, and the
organic layer was washed twice with 375 g of 4 N HCL. The organic layer was distilled down
under vacuum with bath temperature from 40 to 30°C. Toluene (700 g) was added to the
residue, and the mixture was stirred at room temperature for an hour. The mixture was

filtered and washed with toluene to obtain the title compound.

93



WO 2009/155386 . PCT/US2009/047723

EXAMPLE 16
(IR)-3-morpholin-4-yl-1-((phenylthio)methyl)propylamine
The title compound can be prepared as described in United States Patent 7,390,799 B2.

5 EXAMPLE 17
4-(((1R)-3-morpholin-4-yl-1-((phenylthioymethyl)propyl)amino)-3-
((trifluoromethylsulfonyDbenzenesulfonamide

The title compound can be prepared as described in United States Patent 7,390,799 B2.
10 The preceding is meant to be illustrative of this invention and not limiting. Obvious

variations and changes are meant to be within the scope of this invention, as defined in the

claims.
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WE CLAIM:

1. A process for making N-(4- (4-((2~(4-chlorophenyl)-5,5-dimethyl-1- cyclohex 1-
en~1 yi)methyi)plperazm 1 yl)benzoy1)~4~(((iR) 3- (morphohn-4 yi} 1-
.((phenylsulfanyl)methyl)propyl) amino)- 3 ((mﬂuoromethyl)sulfonyi)benzenesulfonam1de ora
pharmaceutically acceptable salt thereof comprising:

(e) reacting 2-(4-chiorophenyl)-5,5-dimethylcyciohex-1-ene-1-carbaldehyde, ethyl 4-
piperazin-1-ylbenzoate and a first reducing agent and isolating or hot isolating the ethyl 4-(4-((2-
(4-chloropheny1)-S?S-dimemylcyclohﬁ- [-en-1-yl)methyl)piperazin-1-yl)benzoate;

{f). reacting ethyl 4~(4~((2-(4~chiorophenyl)—5,5~d’im.ethy]‘cycl.ohex-1.-en-1- _
vimethylpiperazin-1-yl)benzoate and an aqueous .third base, and isolating or not isolating the 4-
(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1 -en-1-yl)methylpiperazin- 1 -yhbenzoic acid;
and
' (g)- reacting 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-
yl)niethyl)pip erazin-1i-yl)benzoic acid, 4-(((1R)-3-morpholin-4-yl-1-
((phenylthio)methy})propyi)amino)—3-((triﬂu0r0méthyl)sulfonyl)benzenesuifonarrﬁde and a first
coupling reagent with or without a fourth base and with or without an auxiliary coupling reagent,
and isolating dr not 1solating the N-(4-(4-((2-(4-chlorophenyl)-5,5-dimethyl-1 —cyclohex-l-en—l -
yi)methy})piperazin—l -yhbenzoyl)-4-(({1 R)—3 -(morpholin-4-y1)-1-
((phenylsulfanyDmethyl)propyl)amino)-3-((trifluoromethysulfonyl)benzenesulfonamide.

2. Theprocess of claimll comprising:

(a) reacting 4,4-dimethylcyclohexanone, an alkyl formate and a first base to provide
(2E)»2-(hydroxymethy1ené)~4,4-dimethylcyclohexanone and 1solating or not isolating the (2E)-2-
(hydroxymethyiene)~4,4—dimethylcyc10hexanone;

(B} reacting the (2E}-2-(hydroxyvmethylene)-4,4-dimethylcyclohexanone, a second
base and a first silyl ether protecting group reagent to provide a first protected (2F)-2-
(hydroxymethylene)-4.,4-dimethylcyclohexanone and isolating or not isolating the first protected
(2E)-2-(hydroxymethylene}-4,4-dimethylcyclohexanone;

{c) reacting the first protected (2E)-2-(hydroxymethylene)-4,4-

dimethylcyclohexanone and 4-chlorophenyl magnesium bromide to provide the first protected

95



(2E)-1 —(4‘eh10r0phenyi)u2~(hydroxymethyiene)-4,4-dimethyicycloh¢xanoi; and isolating or not
isolating the ﬁfst_ protected (2E)-1 -(4nchloropheny1)~2-(hydroxymethyiene)~4,4n
dimethylcyclohexanol; and . - o

. (d) reacting the first protected (2E)-1-(4-chlorophenyl)-2-(hydroxymethylene)-4,4-
dimethylcyclohexanol and a first acid to provide 2-(4-chlorophenyl)-5,5-dimethylcyclobex-1-
ene-1 Qcarbaldehyde and isolating or not isolating the 2-(4-chlorophenyl}-5,5-dimethylcyclohex-
* l-ene-1-carbaldehyde;

(e} . reacting 2—(4;chi0r0pheny1)—5,5—dimethylcyciohex—I—ene—l—carbaldehyde, ethyl 4-
piperazin-1-ylbenzoate and the first reducing agent and isolating or not isolating the ethyl 4-(4-
((2-(4-chlorophenyl)-3,5-dimethyleyclohex-1-en-1-ylymethyl)piperazin-1-ylybenzoate;

® reacting ethy! 4-(4-((2-(4-chlorophenyl}-5,5-dimethylcyclohex-1-en-1-
yDmethyl)piperazin-1-yl)benzoate and the aqueous third base, and isolating or not isolating the
4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex- 1 -en-1-yl)methyl)piperazin- 1 -yl)benzoic acid;
and

(g) reacting 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-
ylymethyl)piperazin-1-yl)benzoic acid, 4-(({1R)-3-morpholin-4-yi-1-
((phenylthio)methyl)propyl)amino)-3-((trifluoromethyl)sulfonyl)benzenesulfonamide, the first
coupling reagent, and, optionally; the first auxiliary coupling reagent and isolating or not
isolating the N-(4-(4-((2-(4-chiorophenyi)-5,5-dimethyi-1-cyclohex-1-en-1-yl)methyl)piperazin-
1-yDbenzoyl)-4-(((1R)-3-(morpholin-4-yl}-1-({(phenylsulfanyl ymethyl)propyl)amino}-3-

((trifluoromethyl)sulfonyl)benzenesulfonamide.

3. The process of claim 1 comprising:

(a) | reacting 4,4-dimethyicyclohexanone, an alkyl formate and a first base to provide
(2E.)—2~(hydroxymethylene)~4,4-dimethy1cycloh.exanone and isolating or not isolating the (2E)-2-
(hydroxymethylene)-4,4-dimethylcyclohexanone;

(b) reacting the (2E)-2-(hvdroxymethylene)-4,4-dimethyleyclohexanone, a second
base and a first silyl ether protecting group reagent to provide a first protected (2E}-2-
(hydroxymethylene)-4,4-dimethylcyclohexanone and isolating or not isolating the first protected

(2E)-2-(hydroxymethylene)-4,4-dimethylcyclohexanone;
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{c) reacting the first protected (2E)}-2-(hydroxymethylene)-4.4-
dimethylcyclohexanone and 4-chlorophenyl magnesium bromide to provide the first protected
' (ZE);l~{4—chlor'0phenyl‘)_—2—(hydroxymethylene)-4,4—dimethy1cyclohexan01; and isolating or not
_isolating the first protécted (2E)-1 -(4;chlor0phenyl)-2-(hydroxymethylene)-4,4—
dimethylcyclohexanol; and '

(d) reacting the first protected (2E)-1-{4-chlorophenyl)-2-(hydroxymethylene)-4,4- '
dimethylcyclohexanol and a first acid to provide 2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-
ene-1-carbaldehyde and isolating or not isolating the 2-(4-chlorophenyl)-3,5-dimethylcyclohex-
l-ene-1-carbaldehyde; _ _ |

(e)' reacting 2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-ene-1 -carbaldehyde, ethyl 4-
piperazin-1-ylbenzoate and the first reducing agent and isolating or not isolating the ethyl 4-(4-
((2-(4-chiorophenyl)-5,5-dimethylcyclohex-1-en-1-yhmethyl)piperazin-1-yl)benzoate;

() reacting ethyl 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-
yl)methyl)piperazin-1-yl)benzoate and the aqueous third base, and isolating or not isolating the
4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyciohex -1 -en- 1 -ylymethyl)piperazin-1-yl)benzoic acid;

{m)  reacting 2-fluorobenzenesulfonyl chloride, and a first fluoride source to provide
2-fluorobenzenesulfonyl fluoride and isolating or not isolating the 2-fluorobenzenesulfonyl
fluoride;

(n) reacting the 2-fluorobenzenesulfonyl fluoride, Ruppert's reégeﬁt (CH;S1CF3), and
a second fluoride source to provide 1-fluoro-2-((trifluoromethyl)sulfonyl)benzene and isolating |
or not isolating the 1-fluoro-2-({trifluoromethyl)sulfonylybenzene; _

{0) reacting 1-fluoro-2-((trifluoromethyl)sulfonyl)benzene, and chlorosulfonic acid to
provide 4-fluoro-3-((trifluoromethyl)sulfonyl)benzenesulfonyl chloride and isolating or not
isolating the 4-fluoro-3~{(trifluoromethyl)sulfonyl)benzenesulfonyl chloride;

(p) reacting 4-fluoro-3-{(trifluoromethyl)sulfonyl)benzenesulfonyl chloride, and a
first NH; source to provide 4-fluoro-3-({trifluoromethyl)sulfony!)benzenesulfonamide and
isolating or not isolating the 4-fluoro-3-({trifluoromethyl)sulfonyl)benzenesulfonamide;

(@) reacting 4-ﬂuoro~3~((triﬂuoromethyl)sulfonyl)behzénesulfonamide, (1R)-3-
morpholin-4-yI-1-((phenylthio)methyl)propylamine and a sixth base to provide 4-(((1R)-3-
morpholin-4-yl-1-((phenylthic)methyl)propyl)amino)-3-

((trifluoromethyi)sulfonyl)benzenesulfonamide and isolating or not isolating the 4-(((1R)-3-
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- morpholin-4-yl-1-((phenylthio)methyl)propyl)amino)-3-
((triﬂﬁpfomethyi)sulfonyi)benzenesuifonémide; and
{g) reacﬁng 4-(4-((2-(4-6h10r0pheny1)—5 ,3-dimethylcyclohex-1-en-1-
ybmethyl)piperazin-1-yl)benzoic acid, 4-({((1R)-3-morpholin-4-yl-1-
. ((phenyl.thio)methyl)propyl)amino)—3—((tﬂﬂuoromethyl)suifonyl)benzenesu}foﬁamide, the first
~ coupling reagent, and, optionally; the first auxiliary éoupling reagent and isolating or not
isolating the N-{4-(4-((2-(4-chlorophenyl)-3,5-dimethyl-1-cyclohex-1-en-1-ylymethyl)piperazin-
1-yl}benzoyl)-4-(({1R}-3-(morpholin-4-y1)- 1 -({phenylsulfanyl ymethyl)propyl)amino)-3-

((trifluoromethyl)sulfonyl )benzenesulfonamide.

4, The process of claim 1 comprising:

(a)  reacting 4,4-dimethylcyclohexanone, an alkyl formate and a first base to provide
(2E)-2-(hydroxymethylene)-4,4-dimethylcyclohexanone and isolating or not isolating the (2E)-2-
(hydroxymethylene)-4,4-dimethylcyclohexanone; '

(b) reacting the (2E)-2-(hydroxymethylene)-4,4-dimethylcyclohexanone, a second
base and a first silyl ether protecting group reagent to provide a first protected (2E)-2-
(hydroxymethylene)-4,4-dimethylcyclohexanone and isolating or not isolating the first protected
(2E)-2-(hydroxymethylene)-4,4-dimethylcyclohexanone;

{¢)  reacting the first protected (2E)-2-(hydroxymethylene)-4,4-
dimethyicyclohexanone and 4-chlorophenyl magnesium bromide to provide the first protected
(2E}-1-(4-chlorophenyl}-2-(hydroxymethylene}-4,4-dimethyleyclohexanol; and isblating ornot
isolating the first protected (2E)-1-(4-chlorophenyl)-2-(hydroxymethylene)-4.4-
dimethylcyciohexanol; and

(d)  reacting the first protected (2E)-1-(4-chlorophenyl)-2-(hydroxymethylene)-4,4-
dimethyleyclohexanol and a first acid to provide 2-(4-ch10rop.heny1)~5 ,S-dimethylcyclohex-1-
ene-1-carbaldehyde and isolating or not isolating the 2-(4-chlorophenyl)-5,5-dimethylcyclohex-
1-ene-1-carbaldehyde;

(e) reacting 2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-ene-1-carbaldehyde, ethyl 4-
piperazin-1-ylbenzoate and the first reducing agent and isolating or not isolating the ethyl 4-(4-

((2-(4-chlorophenyl)-35,5-dimethylcyclohex-1-en-1-yl)methyl)piperazin-1-yl)benzoate;
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(H reactmg ethyl 4-(4-((2-(4- chiorophenyi) -5,5- d1methylcyciohex 1-en-1-
yl)methyl)plperazm 1-yhbenzoate and the aqueous third base, and isolating or not isolating the
4-(4-((2-(4-chlorophenyl)-5.5-dimethylcyclobhex-1-en-1-yl)methyl)piperazin-1-yl)benzoic acid;

ry . feacfing a first metal triflucromethanesulfinate, a first aryl fluoride source, and a
first catalyst to provide 1 -fluoro-2-({trifluoromethyl)sulfonyl)benzene and isolating or not
isolating the 1-fluoro-2-((trifluoromethyl)sulfonyljbenzene;

(0) reacting 1-fluoro-2-({trifluoromethyl)sulfonyl)benzene, and chlorosulfonic acid to
provide 4-ﬂuoro—3-((triﬂuoromethyi)sulfonyi)benzenesulfonyl chloride and isolating or not
isolating the 4—ﬂu0'r0—_3 -((trifluoromethyl)sulfonyl)benzenesulfonyl chloride;

(p)  reacting 4-fluoro-3~((trifluoromethyl)sulfonyl)benzenesulfonyl chloride, and a
first NH; source to pmvide. 4-fluoro-3+((trifluoromethyl)sulfonyl)benzenesulfonamide and
isolating or not isolating the 4-fluoro-3-((trifluoromethyl)sulfonyl)benzenesulfonamide;

(q)  reacting 4-fluoro-3 —((triﬂunromethyl)sulfonyl)benzenesuifonamidé, (1R)-3-
morpholin-4-yl-1-((phenylthio)methyl)propylamine and a sixth base to provide 4-(((1R)-3-
morpholin-4-yl-1-{{phenylithio)methyl)propyl)amino})-3-
({(triffuoromethyl}sulfonyl)benzenesulfonamide and isolating or not isolating the 4-({({1R)-3-
morpholin-4-yl-1 —(@henylthio)methyi)propyl) amino)-3-
((rifluoromethyl)sulfonyl)benzenesuifonamide; and

” (g}  reacting 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-
yDmethyl)piperazin-1-yl)benzoic acid, 4-(((1R)-3-morpholin-4-yl-1-
((phenylthio_)methy})propyl)amin0)-3~((‘m'ﬂuoromethyl)sulfonyl)benzenesulfonamide, the first
coupling reagent, and, optionally; the first auxiliary coupling reagent and isolating or not
_ isolating the N-(4-(4-((2-(4-chlorophenyl})-5,5-dimethyl-1-cyclohex-1-en-1-yl)methyl)piperazin-
1-yl)benzoyl)-4-(((1R)-3-(morpholin-4-yl}-1-((phenylsulfanyl)methyl)propyl)amino)-3-

((trifluoromethyl)sulfonyl)benzenesulfonamide.

5. The process of claim 1 comprising:

{a) reacting 4,4-dimethylcyclohexanone, ethyl formate and potassium tert-butoxide to
provide (2E)-2-(hydroxymethylene)-4,4-dimethylcyclohexanone and isolating or not isolating
the (2E)-2-(hydroxymethylene)-4,4-dimethylcyclohexanone;

99



(b) reacting the (2E)-2-(hydroxymethylene)-4.4-dimethylcyciohexanone,
triethylaminé and trimethylchlorosilane, tert-butylchlorodimethylsilane, or -
triisopropylchlorosilane to provide (2E)-4,4-dimethyl-2-

| (((triisopropylsilylyoxy)methylene)cyclohexanone, (2E)-4,4-dimethyl-2-
(((trimethylsilyhoxy)methylene)cyclohexanone, or (2E)-2-(((tert-
butyl(dimethyl)silyl)oxy)methylene)-4,4-dimethylecyclohexanone and isolating or not 1solating
the (2E)-4,4-dimethyl-2-(((triisopropylsilyljoxy)methylene)cyclohexanone, (2E)-
4-,4—~dimethyl—2~(((trimethyisiiy})oxy)methyienc)cyclohexanone; or (2E)-2-({{tert-
butyl{dimethyl)silyl)oxy)methylene}-4,4-dimethylcyclohexanone;

(c) reacting the (2E)-4,4-dimethyl-2-
(((triisopropylsilyhoxy)methylenejcyclohexanone, (2E)-4,4-dimethyl-2-
(((trimethylsilyhoxy)methylene)cyclohexanone, or (2E)-2-(((tert-
butyl(dimethyl)Sﬂyi)oxy)methylene)-{4~dimethylcyciohexanone and 4-chlorophenyl
magnesium bromide to provide ((2E)-1-(4-chlorophenyl)-4,4-dimethyl-2-
(((tritsopropylsilyl)oxy)methylene)cyclohexanol, (2E)-1-(4-chlorophenyl)-4,4-dimethyl-2-
(((trimethylsiiyi)oxy)meihylene)cyclohexanol, or (2BE)-2-(({tert- |
butyl(dimethylsilyDoxy)methyiene)-1-(4-chlorophenyl)-4,4-dimethylcyclohexanol; and
isolating or not isolating the (2E)-1-(4-chlorophenyl)-4,4-dimethyl-2-
({(triisopropylsilyl)oxy)methylene)cyclohexanol, (2E)-1 -(4—ch10r0phenyl)-4,4—dimethyl—2-
((trimethylsilyl)oxy)methylene)cyelohexanol, or (2E)-2-(((tert-
butyl(dimethyl)sily)oxy)methylene)-1-(4-chlorophenyl)-4,4-dimethylcyclohexanol;

(@ reacting (2E)-1-(4-chlorophenyl)-4,4-dimethyl-2-
(((triisopropylsilyl)oxy)ymethylene)cyclohexanol, (2E)-1-(4-chlorophenyl)-4,4-dimethyl-2-
(((trimethylsilyl)oxy)methylene)cyclohexanol, or (2E)-2-(((tert-
butyl(dimethyl)silyl)oxy)methylene)-1-(4-chlorophenyl}-4,4-dimethylcyclohexanol and
hydrochloric acid to provide 2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-ene-1-carbaldehyde
and isolating or not isolating the 2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-ene-1-
carbaldehyde;

(e) reacting 2-(4-chlorophenyl}-5,5-dimethylcyclohex-1-ene-1-carbaldehyde, ethyl 4-
piperazin»léylbenzoate and sodium triacetoxyborohydride and isolating or not isolating the ethyl

- 4-(4-((2-{4~chlorophenyl)-5,5-dimethylcyclohex-1-en- 1 -ylymethylipiperazin-1-yl)benzoate;
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(£) reacting ethyl 4~(4~((2~(4~ch10r6phenyl)-5 ,5-dimethylcyclohex-1-en-1-
yl)methyl)piperazin-1-yl}benzoate and aqueous, sodium hydroxide, and isolating or not isolating
the 4-(4-((2-(4-chlorophenyl)-3,5-dimethylcyclohex-1-en-1 -ﬂ)methyl)piperazin- I-yD)benzoic
acid; and _

() reacting 4-(4-{(2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-
yi ymethyl)piperazin-1-yl)benzoic acid, 4-(({(1R)-3-morpholin-4-yl-1-
{(phenylthio)methyl)propyljamino}-3-((trifluoromethyl)sulfonyl)benzenesulfonamide, 1-
ethyl»S-(3n(dimethylanﬁnojpropyl)~carbodiimide hydrochloride, and 4-dimethylaminopyridine
and isolating or not isolating the N-(4-(4-((2-(4-chlorophenyl}-5,5-dimethyl-1-cyclohex-1-en-1-
ylmethylpiperazin-1-yl)benzoyl)-4-(((1R)-3-(morpholin-4-yI}-1-
((phenyisuifanyl)methyl)propyl)amino)-3-(.(triﬂuoromethyl)'sulfonyl)benzenesulfonamide.

6. The process of claim 1 comprising:

(a} reacting 4,4-dimethylcyclohexanone, ethyl formate and potassium tert-butoxide to . .
provide (2E)-2-(hydroxymethylene)-4,4-dimethyleyclohexanone and isolating or not isolating
the (2E}-2-(hydroxymethyiene)-4,4-dimethylcyclohexanone;

(b) reacting the (2E}—2—(hydmxymethylene}—ﬂf,4—dimethylcyciohexanone,
triethylamine and trimethylchlorosilane, tert-butylchlorodimethyisilane, or
triisopropylchlorosilane to provide (2E)-4,4-dimethyl-2-
(((iritsopropylsilyhoxy)methylene)cyclohexanone, (2E)-4,4-dimethyl-2-
(((trimethylsilyl)oxy)methylene)cyclohexanone, or (2E)-2-(((tert-
butyl(dimethyl)silyl)oxy)methylene)-4,4-dimethylcyclohexanone and isolating or not isolating
the (2E)-4,4-dimethyl-2-(((triisopropylsilylJoxy)methylene)cyclohexanone, (2E)-4,4-dimethyl-2-
({(trimethylsilyloxy)methylene)cyclohexanone, or (2E)-2-({{tert-
butyl{dimethyl)silyDoxyimethylene)-4,4-dimethyicyclohexanone;

(©) reacting the (2E)-4,4-dimethyl-2-
({(trizsopropylsilyljoxy)methylene)cyclohexanone, (2E)-4,4-dimethyl-2-
(({trimethylsilyloxy)methylene)cyclohexanone, or (2E)-2-({({tert-
butyl(dimethyi)sﬂyl)dxy)methyiene)-4,4—dimethyl cyclohexanone and 4-chlorophenyl
magnesium bromide to provide ((2E)-1-(4-chlorophenyl)-4,4-dimethyi-2-
(((triisopropylsilvloxy)methylene)cyclohexanol, (2E)-1-(4-chlorophenyl)-4,4-dimethyl-2-
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(((trimethylsilyl)oxy)methylene)cyclohexanol, or (2E)-2-({(tert- ‘
butyl{dimethyl)sityl)oxy)methylene)-1-(4-chlorophenyl)-4,4-dimethylcyclohexanol; and
isolating or not isolating the (2E}- 1—(4-ch1orophenyl)~4,4~dimethy}.—«2-
(((triisopropylsiiyloxy)methylene)cyclohexanol, .(2E')— 1-(4-chlorophenyl)-4,4-dimethyl-2-
(((trimethylsilyl)oxy)methylene)cyclohexanol, or (2E)-2-(((tert-
butyl{dimethylsilyl)oxy)methylene)-1-(4-chlorophenyl)-4,4-dimethylcyclohexanol;

(d) reacting (2E)-1-(4-chlorophenyl)-4,4-dimethyl-2-
({(tritsopropylsityljoxy)methyiene)cyclohexanol, (2E)-1-(4-chlorophenyl)-4,4-dimethyl-2-
(((trimethylsilyloxy)methylene)cyclohexanol, or (2E)-2-(({tert-
butyl(dimethyDsilyl)oxy)methylene)-1-(4-chlorophenyl)-4,4-dimethylcyclohexanol and
hydrochloric acid to provide 2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-ene-1-carbaldehyde
and isolating or not isolating the 2-(4—chlor0phenyl)—5,S-dimethyicyclohex-1~.ene~1 -
carbaldehyde;

(e) reacting 2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-ene-1-carbaldehyde, ethyl 4-
piperazin-1-ylbenzoate and sodium triacetoxyborohydride and isolating or not isolating the ethyl
4-{4-((2-(4-chlorophenyl}-3,5-dimethylcyclohex-1-en-1-yhmethyljpiperazin-1-yl}benzoate;

)] reacting ethyl 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-
yhmethyl)piperazin-1-yl)benzoate and aqueous sodium hydroxide, and isolating or not 1solating
the 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-yl)methyl)piperazin-1-ylbenzoic
acid: _

(m)  reacting 2-fluorobenzenesulfonyl chloride, and tetra-n-butylammonium fluoride
to provide 2-fluorobenzenesulfonyl fluoride and isolating or not isolating the 2-
fluorobenzenesulfonyl fivoride;

{(n) reacting the 2-fluorobenzenesulfonyl fluoride, Ruppert's reagent (CH;S1CF3), and
tris(dimethylamino)sulfonium difluorotrimethylsilicate to provide 1-fluoro-2-
((trifluoromethyl)sulfonyl)benzene and isolating or not isolating the 1-fluoro-2-
((trifluoromethyl)sulfonyl)benzene;

{0) reacting 1-ﬂuoro-Z—((triﬂuoroﬁlethyl)suifonyl)benzene, and chlorosulfonic acid to
provide 4-fluoro-3-((trifluoromethyl)sulfonyl)benzenesulfonyl chloride and isolating or not

isolating the 4-fluoro-3-((trifluoromethyl)sulfonyl)benzenesulfonyl chloride;
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(P} reacting 4-fluoro-3-((trifluoromethyl)sulfonyl)benzenesulfonyl chloride, and
aqueous ammonium hydroxide to provide 4-fluoro-3-
((triﬂuoromethyl)sulfonyl)benzenesulfgnmide and isolating or not isolating the 4-fluoro-3-
((triﬂuoromethyl)sulfonyi)benzenes{llfonamide; |

{q) reacting 4-fluore-3-{(trifluoromethyl)sulfonyl)benzenesuifonamide, (1R)-3-
morpholin-4-yl-1-((phenylthio)methyl)propylamine and triethylamine to provide 4-({(1R)-3-
morpholin-4-ylI-1-{{phenylthio)methyl)prop yl}amino)-3-
((Ujﬁuoromethyi)sulfonyl)benzenesulfonamide and isolating or not isolating the 4-(({1R)-3-
morpholin-4-vl-1-((phenylthio)methyl)propyl)amino)-3- |
((trifluoromethyl)sulfonyl)benzenesulfonamide; and

(&) reacting 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-
yhmethyljpiperazin-1-yl)benzoic acid, 4-(((1R)-3-morpholin-4-yl-1-
((phenylthio)methyl)propyl)amino)-3-((triftaoromethyl)sulfonyl)benzenesulfonamide, 1-ethyl-3-
~ (3-(dimethylamino)propyl)-carbodiimide hydrochloride, and 4-dimethylaminopyridine and -
isolating or not isolating the N-(4-(4-((2-(4-chlorophenyl)-5,5-dimethyl-1-cyclohex-i-en-1-
ylymethyl)pip- erazin-1-yhbenzoyi)-4-(({(1R)-3-(morpholin-4-yl}-1-
((phenylsulfanylymethyl)propyliamino)-3-((trifluoromethyl)sulfonyl)benzenesulfonamude.

7. The process of claim 1 comprising:

{a) reacting 4,4-dimethylcyclohexanone, ethyl formate and potassium tert-butoxide to
provide (2E)-2-(hydroxymethylene)-4,4-dimethyicyclohexanone and isolating or not isolating
the (2E)-2-(hydroxymethylene)-4,4-dimethylcyelohexanone;

(b) reacting the (2E)-2-(hydroxymethylene)-4,4-dimethylcyclohexanone,
triethylamine and trimethyichlorosilane, tert-butyichlorodimethylsilane, or
tritsopropylchlorosilane to provide (2E)-4,4-dimethyl-2-
(((tritsopropyisilyl)oxy)methylene)cyclohexanone, (2E)-4,4-dimethyl-2-
(((trimethylsilyDoxy)methylene)cyclohexanone, or (2E)-2-(((tert-
butyl(dimethyl)silyhoxyimethylene)-4,4-dimethylcyclohexanone and isolating or not isolating
the (2E)-4,4-dimethyl-2-(((tritsopropylsilyloxy)methylene)cyclohexanone, (2E)-4,4-dimethyl-2-
(({(trimethylsitvl}oxy)methyvlene)cyclohexanone, or (2E)-2-({{tert-
butyl(dimethyl)silyl)oxy)methylene)-4,4-dimethyleyclohexanone;
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(c) reacting the (2E)-4,4-dimethyl-2-
(((triisopropylsilyl)oxy)methylenejeyclohexanone, (2E)-4,4-dimethyl-2-
(((trimethylsilylyoxy)methylene)cyclohexanone, or (2E)-2-({(tert-
butyl{(dimethyl)silyl)oxy)methylene)-4,4-dimethyleyclohexanone and 4-chlorophenyl
magnesium bromide to provide ((2E)-1-(4-chlorophenyl)-4,4-dimethyl-2-
{({triisopropylsilylJoxy)methylene)cyclohexanol, (2E)-1-(4-chiorophenyl)-4,4-dimethyl-2-
(((trimethylsilyl)oxy)methylene)cyclohexanol, or (2E)-2-({(tert-
butvl(dimethyl}silyl)oxy)methylene)-1-(4-chlorophenyl}-4,4-dimethylcyclohexanol; and
isolating or not isolating the (2E)-1-(4-chlorophenyl)-4,4-dimethyl-2-
(((triisopropylsilyl)oxy)methylene)cyclohexanol, (2E)-1-(4-chlorophenyl}-4,4-dimethyl-2-
(((trimethylsilyhoxy)methylene)cyclohexanol, or (2E)-2-({(tert- |
butyl{dimethyl)silyl)oxy)methylene)-1-(4-chlorophenyl}-4,4-dimethyicyclohexanol;

(d) reacting (2E)-1-{4-chlorophenyl)-4,4-dimethyl-2-
(((triisopropylsilyljoxy)methylene)cyclohexanol, (2E)-1-(4-chlorophenyl)-4,4-dimethyl-2-
(((trimethylsilyl)oxy)methylene)cyclohexanol, or (2E)-2-({((tert- |
butyl(dimethyi)Siiyl).oxy)methylene)n 1-(4-chlorophenyl)-4,4-dimethylcyclohexanol and
hydrochloric acid to provide 2-(4-chlorophenyl)-5,5-dimethyleyclohex-1-ene- 1 -carbaldehyde
and isolating or not isolating the 2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-ene-1-
carbaldehyde;

(e) reacting 2-(4-chlorophenyl}-5,5-dimethylcyclohex-1-ene-1-carbaldehyde, ethyl 4-
piperazin-1-ylbenzoate and sodium triacetoxyborohydride and 1solating or not isolating the ethyl
4-(4-((2-(4-chiorophenyl)-5,5-dimethylcyclohex-1-en-1-yl)methyl)piperazin-1-vi}benzoate;

(f) reacting ethyl 4-(4-((2-(4-chlorophenyl})-5 ,5 -dimethyleyclohex-1-en-1-
ylmethyl)piperazin-1-yl)benzoate and aqueous sodium hydroxide, and isolating or not isolating
the 4-(4-{(2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-yhmethyl)piperazin- -yl)benzoic
acid;

() reacting sodium trifluoromethanesulfinate, bis-(2-fluorophenyljiodonium
tetrafluoroborate and copper(l) oxide to provide 1-fluoro-2-({trifluoromethyl)sulfonyl)benzene

and isclating or not isclating the 1-fluore-2-((trifluoromethyl)sulfonyl)benzene;
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(0) reacting 1-fluoro-2-({trifluoromethyl)sulfonyl)benzene, and chlorosulfonic acid to
provide 4—ﬂu0ro-3-((triﬂuoromethyl)suifonyl)benzenésulfonyl chloride and isolating or not
isolating the 4-fluoro-3-((trifluoromethyl)sulfonyl)benzenesulfonyl chloride;

(p}  reacting 4-fluoro-3-((trifluoromethyl)sulfonyl)benzenesulfonyl chioride; and
agqueous ammonium hydroxide to provide 4-fluoro-3-
((triﬂuoromethyi)sulfonyl)benzenesulfonamide and isolating or not isolating the 4-fluoro-3-
((trifluoromethyl)sulfonyl)benzenesulfonamide; |

(q) réacting 4-fluoro-3-({irifluoromethyl)sulfonyl)benzenesulfonamide, (1R)-3-
morpholin—4—y1—1-((phenylthio)methyl)propylamine and triethylamine to provide 4—(((1?‘)"3-\
morpholin-/-@—yi—l -((phenylthioymethyl)propyl)amino)-3-
((triﬂuoromethyi}sulfonyl)benzenesulfonarrﬁde and isolating or not isolating the 4-({{1R)-3-
morpholin-4-yl-1-({phenylthio)methyl)propyl)amino)-3-
((trifluoromethyl}sulfonyl)benzenesulfonamide; and

(g) reacting 4-(4-({2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-
yhmethvl)piperazin-1-yl)benzoic acid, 4-({(1R)-3-morpholin-4-yl-1- _
((phenylthio)methyl)propyl)amino)-3-((trifluoromethyl)sulfonyl)benzenesulfonamide, 1-ethyl-3-
(3-(dimethylamino)propyl)-carbodiimide hydrochloride, and 4;dimethy§anlin0pyridine and
isolating or not isolating the N~(4-(4-((2-(4-chlorophenyl}-5,5-dimethyl-1-cyclohex-1-en-1-
ylymethyl)piperazin-1-yl)benzoyl}-4-(((1R}-3-(morphoiin-4-yi)-1-
((phenylsulfanylymethyDpropyl)amino)-3-{(triflucromethyl)sulfonyl}oenzenesulfonamide.

8. The process of claim 1 comprising:

(e) reacting 2-(4-chlorophenyl)-5,5-dimethylcyclobex-1-ene-1-carbaldehyde, ethyl 4-
piperazin-1-ylbenzoate and sodium triacetoxyborohydride and isolating or not isolating the ethy!
4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-ylymethyl)piperazin- I -yl }benzoate;

() reacting ethyl 4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-en-1-
yDmethyl)piperazin-1-yl)benzoate and aqueous sodium hydroxide, and isolating or not isolating
the 4- (4w((2~(4—chﬁoropheny1)~5 ,S-dimethylcyclohex-1-en-1-yl)methyl)piperazin-1-yl)benzoic
acid; and

{g) reacting 4-(4-((2-(4-chlorophenyl}-5,5-dimethylcyclohex-1-en-1-
yDmethyl)piperazin-1-yl)benzoic acid, 4-(((IR)-3-morpholin-4-yl-1-
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{((phenylthio)methyl)propyl)amino)-3-((trifluoromethyl)sulfonyl)benzenesulfonamide, 1-ethyl-3-
(3-(dimethyiamino)propyljcarbodiimide hydrochloride and 4-dimethylaminopyridine and

~ isolating or not isolating the N—(4«(4-((2—(4~chiorophenyi)-S,S-dimethyl-Iucyc.iohex»&enui—
yhmethyl)piperazin-1-yhbenzoyl)-4-(({1 R}-3-(morpholin-4-vy1)-1-
(éhenyisuifanyl)methy})propyl)amino)~3-((triﬂuoromethyl)sulfonyl)benzenesulfonamide.

9. A compound, or a pharmaceutically acceptable salt thereof, selected from the
group consisting of (2E)-4,4-dimethyl-2-(({triisopropylsilyhoxy)methylene)cyclohexanone,
(2E)-4,4-dimethyl-2-({{trimethylsilyl)oxy)methylene)cyclohexanone, and (2E)-2-({(tert-
butyl(dimethyl)sityl)oxy)methylene)-4,4-dimethyicyclohexanone.

10.  The compound 2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-ene-1-carbaldehyde

or a pharmaceutically acceptable salt thereof.
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