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ABSTRACT

A novel and highly efficient synthesis of (S)-Ntierothiophene-2-sulfonylp.5diethylalaninol, a Notch-1-
sparing£secretase inhibitor employing sharpless asymmefpizxidation of allyl alcohol has been accomplished
The synthesis also demonstrates the effectivefusgioselective reductive opening of epoxy alcshol

Key words: Notch-1-sparingrsecretase, Alzheimer’s disease, Sharplessepaxiattlective hydride reduction.

INTRODUCTION

Alzheimer’s disease (AD) is a common neurodegeiveratisease characterized by progressive deteiooratf
memory, dementia, severe behavioral abnormalitiéisyately leading to deatthe AD is believed to be caused by
the accumulation of extracellular senile plaguesienprimarily by deposits of amyliod-beta{Ppeptides on the
nerve cells that are produced by the proteolytieachge of amyloid precursor protein (APP). (S)-N-(5
chlorothiophene-2-sulfonyl)-b,b-diethylalaninol Neotch-1-sparingrsecretase inhibitor has become an interesting
synthetic target due to its promising activity iducing the production of fhin vivo.® Despite its remarkable
activity, a very few syntheses were reported inliteeature®*
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Fig. 1: (S)-N-(5-chlorothiophene-2-sulfonyl)-b,b-diethylalaninol (1)

In this communication we describe the synthesid sfarting from inexpensive, commercially availabtarting
materials. Sharplessepoxidation of allyl alcohdlofeed by selective hydride reduction of epoxy &lcbaffords
1,3-diol with high stereoselectivity.These chirgB3-tliols are versatile synthetic intermediates Yariety of
biologically active molecul@sThe retrosynthetic strategy of our synthesiseicted in scheme 1, which involves
Sharpless epoxidation and regioselective reducipaning of epoxide as the key reactions.
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MATERIALSAND METHODS

General information: Solvents were purified and dried by standard procesi before use. Optical rotations were
measured using sodium D line on a JASCO-181 digitérimeter. IR spectra were recorded on Thermertitic-
Nicolet 380 FT-IR InstrumentH NMR and**C NMR spectra were recorded on Brucker AC-200 spawtter.
Elemental analysis was carried out on a Carlo EXH4&IS-O analyzer.

4.2. Ethyl 3-ethylpent-2-enoate, 3

To a stirred suspension of NaH (60 % dispersiomiimeral oil,0.96g, 40mmol) in dry THF (50 mL) a gtibn of
triethylphosphonoacetate (5.2 g, 24mmol) in dry TiE mL) was added dropwiseaf®© followed by the addition
of a solution of 3-pentanone (1.4 g, 16mmol) in A¥F (10 mL). The reaction mixture was then stiraé@5°C for
8 h. After completion of the reaction (monitored BlyC), it was quenched with saturated solution mwihgonium
chloride and the product with extracted with di¢tther. The combined organic layer was then wasbitidwater,
brine and dried over anhydrous #88,. Removal of solvent under reduced pressure anghgolchromatographic
purification (100-200 mesh, EtOAc/hexane, 1:9) gayk unsaturated est@&as colorless liquid. Yield: 90%; IR
(CHCl;, cmi') 867, 1147, 1273, 1444, 1634, 1719, 2877, 28AAIMR (200 MHz, CDC}): 1.07 (t,J= 7.8 Hz, 6
H), 1.28 (t,J=7.7 Hz, 3 H), 2.18 (q] = 6.5, 8.1 Hz, 2 H), 2.60 (4,= 8.1, 14.2 Hz, 2 H), 4.12 (d,= 8.1, 16.1 Hz,
2 H), 5.59 (s, 1 H*CNMR(50 MHz, CDC}): § 11.9, 12.9, 14.2, 25.3, 30.7, 59.3, 113.6, 16865,2;Anal. Calcd
for CgH160,: C, 69.19; H, 10.32; found C, 69.29; H, 10.37%.

4.3. Ethyl-3-ethylpent-2-en-1-0l, 4

To a suspension of Lithium Aluminium hydride (0.484.2.8 mmol) in dry THF at°C under N atmosphere was
added a drop wise solution of AKJ0.577 g, 4.3 mmol) in THF. The reaction mixtureswatirred at the same
temperature for 30 min. To this stirred suspensizas added a drop wise solution of unsaturated 8<te g, 8.54
mmol) in THF over a period of 10 min and stirred¥ for 1h. The reaction mixture was then quencheat water
and filtered through Celite. The residue was washitd EtOAc. The combined organic layers were wastvih
brine, dried over anhydrous p&0, and evaporated under reduced pressure. The resahiehromatographed over
silica gel (100-200 mesh, EtOAc/hexane, 2:8) yigdpure allylalcohal as colorless liquid; Yield 78%;IR (neat,
cm™): 906, 995, 1020,1115, 1236, 1409, 1619, 2868328356;"H NMR (200 MHz, CDC}): 5 0.85-1.06 (m,
6H), 1.45 (br s, 1H), 2.1-2.15 (m, 4H), 4.17(d, 8.85 Hz, 2H), 5.32-5.39 (t, J = 7.07 Hz, 3} NMR (50 MHz,
CDCly): 6 12.31, 13.51, 23.42, 28.94, 58.79, 121.52, 14844, Calcd forGH,4,0: C, 73.63; H, 12.36; found C,
73.96; H, 12.46%.

4.4. (S)-(3,3-diethyloxiran-2-yl)methanol, 5

(-)- Diethyl tartarate (0.2g, 1mmol), Ti(O-iR0.23g,0.8mmol) were added sequentially to a susperof 44
molecular sieves (3 g) in GBI, (20 mL) at -20°C and the suspension was stirred for 30 min. A tewluof
Compound4(0.3 g, 2.6 mmol) in dry C¥Cl, (15 mL) was then added drop wise at the same texye followed
by the addition of tBuOOH (0.45 g, 2 mmol)) ana tfeaction mixture was stirred for 12 h at “IDAfter
completion of the reaction (as monitored by TL® teaction was quenched with 20% NaOH solutionratd
with NaCl(1 mL) and the reaction mixture was stirrggorously for another 30 min at RT. The resgjtheaction
mixture was filtered through celite, the solventswevaporated, and the crude product was purifieddbymn
chromatography over silica gel (100-200 mesh, Eté&xane 3:7) to afford pure epoxy alcottals colorless
viscous liquid: Yield 87%;d]p>° + 17.9 € 0.6, CHC});IR (neat, c’): 798, 889, 1097, 1257, 1367, 2857, 3365;
NMR (200 MHz, CDC}): 50.89-1.02 (m, 6H), 1.47-1.69 (m, 4H), 2.09 (brd),12.98-3.03 (m, 1H), 3.64-3.73 (m,
1H), 3.82-3.91 (m, 1H)**C NMR (50 MHz, CDC)): & 8.74, 9.95, 23.1, 27.17, 61.87, 63.06, 64.86;A@alcd for
C,H14,0,: C, 64.58; H, 10.84; found C, 64.92; H, 10.37%.

45. (R)-3-ethylpentane-1,2-dial, 6

To a stirred solution of compourtd(1.225g, 5mmol) in dry benzene, was added diisdaluminium hydride (1M
solution in toulene, 5 mL) dropwise at room temp&& The reaction mixture was stirred for 1h a game
temperature and upon completion of the reactiomgtien mixture was diluted with a saturated solutid sodium
potassium tartarate and stirred for another 4h. driganic phase was separated and the aqueous \phadecated
with EtOAc thrice. The combined organic layer wlasn washed with water, brine and finally dried oaehydrous
N&SQ,. Solvents were removed under reduced pressureveo qqude product, which was further purified by
column chromatography over silica gel (100-200 md&si®Ac/hexane 1:9) to afford pure prodiegt colorless
liquid in 87% yield; f]p*-4.9 € 1.0, CHCY); IR (neat, crit): 1073, 1124, 1379, 1461, 2875, 2961, 3387NMR
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(200 MHz, CDCJ): 8 0.90 (t,J = 6.4 Hz, 6 H), 1.29-1.52 (m, 5 H), 2.04-2.16 (nH)2 3.44-3.70 (m, 3 H*C NMR
(50 MHz, CDC4): 8 11.3, 11.4, 21.2, 21.6, 43.7, 64.9, 73.6. Analc€éorCG,H;¢0,: C, 63.60; H, 12.20; found C,
63.63; H, 12.25%.

4.6. (R)-1-((tert-butyldimethylsilyl)oxy)-3-ethylpentan-2-ol, 7

To a solution of did (1.97 g, 15.14 mmol) in dry Gigl, (50 mL) at 0°C was added imidazole (1.54 g, 22.70
mmol) andtert-butyldimethylsilyl chloride (2.51 g, 16.65 mmol)he reaction mixture was then stirred at’@5for

4 h. After completion of reaction (monitored by T}, @ was diluted with CKCl,, washed with water, brine and
dried over anhydrous N&0O,. Removal of solvent under reduced pressure gavertide product which was then
purified by column chromatography over silica g&0@-200 mesh, EtOAc/hexane 2:8)to furnBlas colorless
liquid.Yield: 82%; p]p>-5.0 € 1.6, CHCY); IR (neat, crit): 836, 1097, 1256, 1462, 2858, 2929, 2958, 34A7;
NMR (200 MHz, CDC}): 8 0.08 (s, 6H), 0.86-0.98 (m, 15H), 1.33-1.53 (m),6H37 (br.s, 1H), 3.46-3.69 (m, 3
H);**C NMR (50 MHz, CDCJ): & -5.3, -5.2, 11.2, 11.4, 18.3, 21.1, 21.6, 25.92485.5, 72.9; Anal. Calcd
forCy3H30SiOs: C, 63.35; H, 12.27; found C, 63.68; H, 12.21%.

4.7. ((9)-2-azido-3-ethylpentyloxy)(tert-butyl)dimethylsilane, 8

Compound7 (312 mg, 1mmol) and triethylamine (0.3 g, 3 mmwe€re dissolved in dry C}l, (15 mL), and the
solution cooled to 6C.Methanesulfonyl chloride (229.2 mg, 2 mmol) wasled, and then the resulting solution
was stirred at 6C for 30 min. After TLC showed that the reactionsvemmplete, more Ci&l, (20 mL) was added.
The organic phase was washed with brine and thie dver anhydrous N80O,. After the solvent was removed
under vaccum, the crude product was dissolved inFDavid NaN (390 mg, 6 mmol) was added. The reaction
mixture was then stirred at 6T for 30 h. After the completion of reaction (maméd by TLC), the reaction
mixture is then partitioned between EtOAc and hrifilee organic layer is further washed with bringed over
anhydrous Nz50,. Removal of solvent under reduced pressure gawelecrproduct which on column
chromatography over silica gel (100-200 mesh, Et@éxane 1:9) gave the corresponding afidéeld: 74%;
[0]p>-21.8 € 1, CHCE); IR (CHCL, cm?): 837, 964, 1214, 1251, 1459, 1490, 1603, 2118428069 'H NMR
(200 MHz, CDC}) 3 0.08 (s, 6H), 0.85-0.92 (m, 15H), 1.34-1.38 (m),53439-3.45 (m, 1H), 3.64-3.79 (m, 2HjC
NMR (50 MHz, CDC}): 5 -5.7, 11.2, 11.3, 18.2, 21.7, 22.6, 25.8, 41.91 666.2; Anal. Calcd for gH,gNsOSi: C,
57.52; H, 10.77; N, 15.48; found C, 57.51; H, 1018515.55%.

4.8. (S)-2-amino-3-ethylpentan-1-ol, 9

To a suspension of LiAlH(1.01 g, 26.66 mmol) in dry THF (30 mL), a solutiof azido compoun8 (5.0 g, 24.24
mmol) in THF (50 mL) was added dropwise at 0 °Ce Teaction mixture was then stirred at°&0for 12 h. After
completion of reaction (monitored by TLC), it waisenched with ag. 20% solution of sodium hydrox@lenL) at

0 °C. The reaction mixture was filtered throughteiad funnel, dried over anhydrous,N@), and concentrated.
Purification by column chromatography over silie (100-200 mesh, EtOAc/hexane 7:3) gave the amioohol
10 as a colorless liquid.Yield: 98%g]p*® -12.3 € 1.0, CHCL); IR (neat, cm): 3020, 2930, 2857, 1722, 1572,
1472, 1215'H NMR (200 MHz, CDC}): 0.83-0.92 (m, 6H), 1.23-1.42 (m, 5H), 2.34 (b8Hl), 2.83 (m, 1H), 3.26-
3.35 (m, 1H), 3.57-3.69 (m, 1HYC NMR (50 MHz, CDC)): § 11.4, 11.5, 21.4, 21.8, 44.8, 54.9, 64.3; Analc€a
for C;H;7,NO: C, 64.07; H, 13.06; N, 10.67; found C, 64.8412.86; N, 10.42%.

4.9. (S)-N-(5-chlorothiophene-2-sulfonyl)-g,p-diethylalaninal, 1

To a solution of amino alcoh®l (1.0 g, 11.2 mmol) in dry C}€l, (50 mL) at 0 °C was added imidazole (0.916 g,
13.4 mmol,) after stirring for 10 min.,5-chlorotpizene-2-sulfonyl chloride(1.8 g, 12.3 mmol, ) wasled and the
reaction mixture was stirred at 25 °C for 3 h.eAftompletion of the reaction, solvent was remaweder reduced
pressure and the crude product was then purifiecohymn chromatography over neutrab®4 (pet ether: EtOAc,
70:30).Yield: 90%; Colorless crystalline solid; mip4-116C (crystallized from heptane:ethylacetate, 4:1)
{lit. *m.p. 115-117.6C}; [o]o> +10.3 € 0.6, MeOH) {lit3 [0]p>> +10.81 (1% solution, MeOH)}; IR (CHGlcm
1):1093,1133,1339,1456,1617,2882,2956,3034,3065,330%:H NMR (200 MHz, CDC}) & 0.78-0.87 (m, 6H),
1.17-1.34 (m, 5H), 1.94 (br. s, 1H), 3.30-3.42 ), 3.57-3.60 (m, 2H), 4.93 (br. s, 1H), 6.93Jd; 4.1 Hz, 1H),
7.42 (d,J = 4.1 Hz, 1H);®*C NMR (50 MHz, CDC)): 5 11.4, 11.7, 22.7, 21.9, 42.7, 57.8, 62.6, 12638,3, 137.3,
140.1; Anal. Calcd for GH1gCINO3S,: C, 42.37; H, 5.82; N, 4.49; found C, 42.26; H,15.N, 4.55%.
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RESULTSAND DISCUSSION
; \ /I/\OH >
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Scheme 1. Retrosynthesis of compound 1.

As outlined in scheme 2, the synthesid @bmmences with commercially available 2-pentanarech on Horner-
Wardsworth-Emmons olefination with triethyl phospbacetate in presence of NaH in dry THF yielded
o,B-unsaturated est& in 90% yield. The compound was subsequently reduced to allyl alcghioy employing
alane reduction conditiohgLiAIH 4, AICI5, THF, ®°C, 1h, 90%). The allyl alcoh@ was then subjected to Sharpless
asymmetric epoxidatidnwith titanium tetraisopropoxide and t-butyl hydespxide in presence of (-)- DET to
produce epoxy alcohd&in 87% vyields.

COOEt
OH
3
4 5
d e f
— HO' - HO" - 0N
OH OTBS OTBS
6 7 8
h
H,N —_— Cl g s OH
OH e
9 1

Scheme 2: Reagents and conditions:(a) triethylphosphonoaeetaH, dry THF, 0 °C-RT, 8 h, 90%;(b) LiAlH
AICl;, THF,0C, 1h, 78%; (c) (-)- DET, Ti(O-iP§) TBHP, dry CHCI,, molecular sieves 4°A-15°C, 87%; (d)
DIBAL-H, benzene, RT, 1h, 89% ;(€)TBSCI, imid,ClK 0-25 °C, 4 h, 82%;(f)(i) MsCl, g, 30 min; (i) NaN,
dry DMF, 60 °C, 30 h, 74%; (g) LiAlHdry THF, 50 °C, 12 h, 98%; (h) 5-chlorothiophe®sulfonyl chloride,
Et;N, dry CHCl,, 0°C, 30 min., 90%.

Regioselective hydride reductftof epoxyalcohob with DIBAL-H in benzene at room temperature affatdol 6
in good yield. The primary hydroxyl group Ghwas then selectively protected as its TBS ethergu§BSCI and
Imidazole in dry DCM to yield in 82 % vyield. Further, the remaining secondaryrbygl group was converted to
its mesylate (a good leaving group) with metharfesyl chloride and triethyl amine as base. As ttesyates are
generally unstable, the crude mesylate was immagligteated with Nahin DMF at 60°C to afford azide
compound? in 74% yields. The azide group Thwas reduced with LiAlijin dry THF at 50°C to yield amino
alcoholic compoundB with the simultaneous removal TBS group

Then the final task was to condense amino alc@nwlith commercially available 5-chlorothiophene-2fsnyl
chloride, which was accomplished in presence gfl it dry DCM to get target moleculein 90% vyield.
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CONCLUSION

In conclusion, the stereoselective total synthesfisS)-N-(5-chlorothiophene-2-sulfonyl)-b,b-diethidainol, a
potent Notch-1-sparing-secretase inhibitor has been accomplished stafitong inexpensive 2-pentanone by the
successful application of Sharplessepoxidation sgldctive hydride reduction of epoxy alcohols. Hyathetic
route can conveniently be utilized for the synteedianalogs of.
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