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[Abstract] This article describes the formal synthesis oélirachamine based on regio- and stereoselective
hydrocyanation of 1,3-disubstituted allenes. Alle@yC double bonds are effectively discriminatedotigh
Ni-catalyzed hydrocyanation and a CN group iszdili as a synthon of piperidine ring. Several stepa HCN

adduct afforded known intermediates to quebrachamin
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1. Introduction

A cyano group is a key element or precursor for $iyathesis of nitrogen heterocycles or
biologically important molecules.[1] Therefore, if@cile introduction to organic molecules,
particularly to non-activated C-C multiple bondsdan metal catalysis, has been major challenge in
synthetic chemistry. One of the most reliable amtl-imvestigated cyanation protocols is Ni-catalyze
hydrocyanation, which allows to use various C-C tipld bonds such as alkenes,[2-4] alkynes,[5]
conjugated dienes[6] and allenes.[7] Based on thes&ground, we established new protocols of
hydrocyanative transformations such as cyclizg@)necross coupling reaction,[9] cyclopropane
cleavage[10] and chirality transfer[11] using ajlersubstrates. Through these investigation, we
realized that the aromatic substituents in 1,3kfitituted allenes are key to determine the regio- a
stereoselectivity of the hydrocyanation adducthi€fee 1).[10a] This reaction selectively install$iC-
and C-CN bonds to giveeans-olefin that conjugates aromatic rings, and thdsseovation prompted
us to realize their synthetic utility. In this af&, we report a formal synthesis of biologically

important molecule using above regio- and steregsige hydrocyanation of allenes as a key step.
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Scheme 1. Ni-catalyzed hydrocyanation of arylallenes

Quebrachaminelf has been isolated from Aspidosperma quebrach® liegk over a centry
ago.[12] Its intriguing tetracyclic core involvirigdole and nine-membered heterocycle as well as
biological activity such ag-adrenergic blocking behavior in urogenital tisdi3have been attractive
features as a synthetic target and more than 6hetym examples[14] have been reported to date

since the Stork’s first total synthesis in 1963}[15

2. Results and discussion

Retrosynthetic analysis df is outlined in Scheme 2. A cyano group would beewg synthon for
construction of piperidine ring in known intermeteis @a-c).[16] Their precursord) is a carbonitrile
involving a quaternary carbon, which could be camted bya-alkylation of 4 and regioselective
hydrocyanation of allenylindoles) would give4 as a single isomer. Finally, a known formylindole

derivative ) is set as a starting material.

2a (R=H)'"®?
2b (R = CICH,CO)1t
2c (R = Bn)'®)

o/ g

(£)-quebrachamine (1)

-

Rib g
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Scheme 2. Retrosynthetic analysis &f



Initially, 6 was subjected to alkynylation using Li trimethigisacetylide to give the corresponding
alcohol ). After removal of a TMS group 18 sequential acylation using CI@®@e gaved in 97% (2
steps). This 3-step reaction can be modified toemse practicality, step-economy and operational
simplicity. The one-pot procedure is as follows first step is the addition of Li-acetylide &pthe
second step is acylation of resulting alkoxide rimidiate with CICGMe and the third step is the
removal of a TMS groupsing TBAF to give8 in 92% yield (3 steps). Next Cu-mediated alkylatio

using EtMgBr with LiBr gave the allenylindol&gd) in 92% yield (Scheme 3).

The substrate in hand, we next investigated Nikgzgd hydrocyanation oba. As described in
Table 1, this reaction was completed within 30 mitder thermal conditions and sensitive in the
external phosphorous ligand, for example, Pé&r MePPh gave4 in the range of 25-34% vyield
(entries 1-3) and PGyesulted in slower reaction (entry 4). On the othamd, 2-PyPRhmproved the
yield of 4 to 53% (entry 5). A bidentate phosphine such g=bd20 mol%) did not work well to
improve the yield o# (entry 6). This reaction did not give any isolat#gio- and stereoisomers 4f
however its yield was difficult to increase eveteafigand optimization. One of the reason would be
the higher reactivity oft with Ni(0) species to cause decomposition or p@smation triggered by

metalacycle formation.

This hydrocyanation reaction was quite sensitivetlie steric environment around allenyl double
bonds. When tri-substituted allene suclblasvas subjected to similar conditions, the reacéfficacy
dramatically decreased to give any desired prodittt recovery ofsb in 18% yield even after 11 h.
3-Substituted indolésc was also inert to give the trace amount of theirdésHCN adduct,

unfortunately.[17]
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Scheme 3. Synthetic transformation #

Entry Ligand Time Yield of 4 (%)
(min)
1 PPl 30 31
2 P(4-MeOPh; 30 25
3 MePPl, 20 34
4 PCy; 60 34
5 2-PyPPI, 20 53
6 PF,P(Chk,y)PPL* | 2C 2C

*20 mol% was used.

Table 1. Ni-catalyzed hydrocyanation 6&

Next task is piperidine formation utilizing a CNogip in 4 as an aminomethyl group. Initially,
hydrogenation o#t was employed to giv&0 in 90% yield, and then the-alkylation to construct the
quaternary carbon successfully proceeded to 8jine78% yield. This 2-step protocol was found to be
reasonable because the alkylatiod @fith LHMDS gave a complex mixture with lower comsien of
the desired alkylated product. Sequential reductib® to the corresponding primary amingl)
followed by nosylation gavd?2 in 78% (2 steps). After removal of a TBS group hwiEBAF,
Mitsunobu cyclization of.3 gave the piperidin€ld) in 98% vyield (2 steps). Sulfonyl functionalities
14 were then removed under basic media to gweas a known intermediate for (+)-quebrachamine,

however its NMR spectra did not show good agreerteethe reported value.[16a] So piperidize



was next transformed t®b and its structure was fully characterlized to bagéhkopf's
intermediate.[16a] The removal of a Ns grouddngavel5, which was converted t6 by reductive
amination. Final deprotection of a Bs group gaverkKdntermediate Zc), which was identified by
NMR spectra.[16b] The syntheses of above two knowermediatesdb,c) indicates the completion

of the formal synthesis of (x)-quebrachamifip (
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3. Conclusion

In summary, our protocol of hydrocyanation usinglalenes is key technology to control the
regio- and stereoselectivity in the products, whiobuld be applied to formal synthesis of
(x)-quebrachamine 1. These results prove the synthetic utility of ddialyzed regio- and

stereoselective hydrocyanation and the furtherstigation is currently undergoing.



4. Experimental

4.1 General

All reactions were performed with dry solvents undegon atmosphere and the reagents were
purified by the standard methods. Reactions wengitared by thin-layer chromatography carried out
on 0.25 mm Merck silica gel plates (60F-254). Catlurhromatography was performed with silica gel
(Fuji Silysia, PSQ-60B) or NH-silica (Fuji SilysiddM2035). NMR spectra were recorded on
spectrometers of JEOL JMN-ECS-400, ECP-400, ECZ-E@Y-600, and ECA-600 operating at 400
or 600 MHz for'H NMR and 100 or 150 MHz fof®*C NMR with calibration using residual
undeuterated solvent as an internal referencep&®a were recorded on JASCO FT/IR-4700. High
resolution mass spectra were measured by The AdeLTlus JMS-T100LP (lonization method:

ESI).

4.2.1. Methyl (1-(1-(phenylsulfonyl)-1H-indol-2-yl)prop-2-yn-1-yl) carbonate (9)

To a solution of trimethylsilyl acetylene (521.2 n%g31 mmol, 1.2 equiv.) in THF (78.4 mlg;butyl
lithium (1.55 M in n-hexane, 3.7 mL, 5.75 mmol, 1.3 equiv.) was addexgpwise at —78 °C. A
solution of6 (1.26 g, 4.42 mmol) in THF (10 mL) was then addkxavly and the reaction mixture was
stirred at —78 °C for 1 h and 0 °C for 1 h. Aft@oling at —78 °C, methyl chloroformate (0.68 mL,
8.84 mmol, 2.0 equiv.) was added slowly to abowaetien mixture. Then the resulting mixture was
stirred at —78 °C for 1 h and 0 °C for 1 h respetyi. Finally, tetrabutylammonium fluoride (1.0 M i
THF, 8.84 mL, 8.84 mmol, 2.0 equiv.) was added7d 2C and the reaction mixture was allowed to
be warmed to room temperature gradually with siiyrior 1 h. The reaction was quenched by the
addition of sat. NECI (80 mL) at O °C and the resulting mixture wageatl for 12 h. The separated
aqueous layer was extracted with AcOEt (40 mL xTBe combined organic layers were washed with
brine, dried over N&O,, and concentrated wacuo. The crude residue was purified by flash column
chromatographynthexane:AcOEt = 8:1) to giv@ (1.50 g, 4.07 mmol) in 92% yield as a colorless
solid. *H NMR (CDCk, 400 MHZ)&: 2.76 (d,J = 2.4 Hz, 1H), 3.88 (s, 3H), 6.99 (#= 2.4 Hz, 1H),
7.22 (s, 1H), 7.25 (ddl = 7.2 Hz, 1H), 7.35 (dd] = 7.2, 7.2 Hz, 1H), 7.43 (dd,= 7.6, 8.0 Hz, 2H),
7.52-7.55 (m, 2H), 7.88 (d,= 7.6 Hz, 2H), 8.05 (d] = 8.8 Hz, 1H)*C NMR (CDC}, 100 MHz)3:



55.3, 62.6, 75.9, 78.2, 114.5, 114.6, 121.7, 128B2%,.9, 126.7, 128.1, 129.1, 133.9, 134.2, 137.3,
138.1, 154.3; IR (ATRYy: 3297, 2955, 2124, 1749, 1446, 1375, 1255, 1138,d1"; HRMS (ESI)
m/z calcd for GgH;sNNaGsS [M+Na]™ 392.0569, found 392.0573; mp: 102-103 °C.

4.2.2. 2-(Penta-1,2-dien-1-yl)- 1-(phenyl sulfonyl)-1H-indol e (5a)

To a solution of flame dried LiBr (1.18 g, 13.6 mim6.0 equiv.) and Cul (1.29 g, 6.80 mmol, 3.0
equiv.) in THF (34 mL), EtMgBr (3.0 M in D, 2.27 mL, 6.80 mmol, 3.0 equiv.) was added &0 °
After being stirred for 30 min, the solution {836.8 mg, 2.27 mmol) in THF (14 mL) was added to
the reaction mixture at 0 °C. After being stirrédree same temperature for 30 min, the reaction was
guenched by the addition of sat. M (50 mL). The aqueous layer was extracted wi®KE80 mL x

3). The combined organic layers were washed withebrdried over N#&0O,, and concentrated in
vacuo. The crude residue was purified by flash columrogtatography ri-hexane:BEO = 20:1) to
give5a (677.2 mg, 2.09 mmol) in 92% yield as a pale yeltl. Note: 5a should be used immediately
without storage because of its unstability. '"H NMR (CDCk, 400 MHz)&: 1.06 (t,J = 7.6 Hz, 3H),
2.13 (ddgJ = 3.2, 6.4, 7.6 Hz, 2H), 5.62 (dt= 6.4, 6.4 Hz, 1H), 6.60 (s, 1H), 7.01 (dt 6.4, 3.2
Hz, 1H), 7.19 (ddJ = 7.6, 8.0 Hz, 1H), 7.25 (dd,= 7.6, 8.0 Hz, 1H), 7.34-7.39 (m, 3H), 7.47)(&

7.6 Hz, 1H), 7.79 (dJ = 7.6 Hz, 2H), 8.20 (d] = 8.0 Hz, 1H)*C NMR (CDC}, 100 MHz)5: 13.2,
21.6, 86.4, 95.9, 109.2, 115.0, 120.3, 123.9, 12®86.5, 129.0, 130.1, 133.6, 135.6, 137.3, 138.4,
206.3; IR (ATR)v: 2965, 1945, 1446, 1368, 1171 tnHRMS (ESI)nVz calcd for GgHzN-NaQ,S,
[2M+Na]" 669.1858, found 669.1866.

4.2.3. (E)-2-Ethyl-4-(1-(phenyl sulfonyl)-1H-indol -2-yl )but-3-enenitrile (4)

A suspension of Ni[P(OP#) (25.9 mg, 0.020 mmol, 10 mol%) and 2-PyRPE1i.1 mg, 0.080 mmol,
40 mol%) in toluene (0.20 mL) was heated at 100fC10 min, and the mixture became a dark
brown clear solution. After cooling to room tempera, the solution oa (64.3 mg, 0.20 mmol) and
acetonecyanohydrin (0.091 mL, 1.0 mmol, 5.0 equin.Xoluene (0.30 mL) was added, and the
reaction mixture was heated at 100 °C for 20 mifietAcooling to room temperature, the reaction
mixture was charged on silica gel column and elut@d solvent G-hexane:AcOEt = 8:1) to givé
(36.7 mg, 0.11 mmol) in 53% vyield as a yellow sdltiNMR (CDCk, 400 MHz)&: 1.15 (t,J = 7.6

Hz, 3H), 1.86 (dgJ = 7.6, 7.6 Hz, 2H), 3.43 (di,= 7.2, 7.6 Hz, 1H), 5.98 (dd,= 7.2, 15.6 Hz, 1H),
6.71 (s, 1H), 7.24 (dd] = 7.6, 8.0 Hz, 1H), 7.31-7.41 (m, 4H), 7.45 Jc 8.0 Hz, 1H), 7.51 (1] =



7.6 Hz, 1H), 7.74 (d) = 7.6 Hz, 2H), 8.21 (d] = 8.0 Hz, 1H)*C NMR (CDCk, 100 MHz)3: 11.3,
26.5, 35.8, 109.6, 115.0, 119.6, 120.9, 124.1,512W5.2, 126.5, 127.1, 129.1, 129.5, 133.9, 137.2,
137.3, 138.2JR (ATR) v: 2970, 2246, 1447, 1362, 965 ¢nHRMS (ESI) m/z. calcd for
CyoH18NoNaG,S [M+Na] 373.0987, found 373.0986; mp: 112-113 °C.

4.2 4. 2-Ethyl-4-(1-(phenyl sulfonyl)- 1H-indol-2-yl)butanenitrile (10)

To a solution o# (101.7 mg, 0.29 mmol) in MeOH/AcOEt (2:1, 7.3 mBg/C (10% Pd, 30.5 mg,
30%w/w) was added. The suspension was degassededhaith H gas and stirred vigorously for 3 h
at 60 °C. The reaction mixture was cooled to roemgerature, filtered through a Cefitead eluting
with AcOEt, combined eluents were concentratedlaituo. The crude residue was purified by flash
column chromatography+hexane:AcOEt = 9:1) to givé0 (91.8 mg, 0.26 mmol) in 90% vyield as a
colorless solid'H NMR (CDCk, 400 MHz)d: 1.10 (t,J = 7.6 Hz, 3H), 1.68 (dqg] = 7.2, 7.6 Hz, 2H),
1.98-2.07 (m, 1H), 2.09-2.17 (m, 1H), 2.50-2.57 (H), 3.08-3.16 (m, 1H), 3.26-3.33 (M, 1H), 6.48 (s
1H), 7.23 (ddJ = 7.2, 7.2 Hz, 1H), 7.29 (dd,= 7.2, 8.0 Hz, 1H), 7.39-7.44 (m, 3H), 7.51)t 7.2 Hz,
1H), 7.72 (dJ = 7.2 Hz, 2H), 8.17 (d] = 8.0 Hz, 1H);*C NMR (CDCk, 100 MHz)&: 11.6, 25.5, 27.1,
31.7, 32.7, 110.5, 114.9, 120.4, 121.8, 123.9,4,2126.2, 129.3, 129.5, 133.8, 137.3, 138.5, 13R6;
(ATR) v: 2968, 2236, 1447, 1364, 728 ¢nHRMS (ESI)mVz calcd for GoHagN.NaO,S [M+Na]
375.1143, found 375.1141; mp: 113-114 °C.

4.2.5.

5-((tert-Butyldimethyl silyl)oxy)-2-ethyl-2-(2-(1-(phenyl sul fonyl)- 1H-indol-2-yl)ethyl ) pentanenitril e (3)

To a solution ofl0 (194.7 mg, 0.55 mmol) and TBSO(gH (198.9 mg, 0.66 mmol, 1.2 equiv.) in
THF (2.8 mL), LHMDS (1.0 M in THF, 1.4 mL, 1.4 mmd.5 equiv.) was added dropwise at —78 °C
and the reaction mixture was allowed to be warmeodm temperature gradually. After being stirred
for 12 h, the reaction mixture was added sat,GIH3 mL) at 0 °C. The aqueous layer was extracted
with AcOEt (3 mL x 3). The combined organic layessre washed with brine, dried overJS&,, and
concentrated invacuo. The crude residue was purified by flash columrrostatography
(n-hexane:AcOEt = 100:0 to 10:1) to gi8g225.5 mg, 0.43 mmol) in 78% vyield as a yellow i
NMR (CDCl, 400 MHz)&: 0.06 (s, 6H), 0.90 (s, 9H), 1.06 {t= 7.2 Hz, 3H), 1.61-1.76 (m, 6H),
2.00-2.05 (m, 2H), 3.12-3.17 (m, 2H), 3.67t 5.6 Hz, 2H), 6.45 (s, 1H), 7.21 (db= 7.6, 7.6 Hz,
1H), 7.20-7.31 (m, 2H), 7.38-7.42 (m, 3H), 7.52)(t 7.6 Hz, 1H), 7.72 (d] = 8.0 Hz, 2H), 8.17 (d,



J = 8.4 Hz, 1H):"*C NMR (CDC}, 100 MHz)&: -5.3, 8.6, 18.3, 24.8, 25.9, 27.5, 28.9, 31.98:35
40.9, 62.6, 109.8, 114.9, 120.3, 123.5, 123.8,32¥6.2, 129.3, 129.6, 133.8, 137.2, 138.6, 140.5;
IR (ATR) v: 2929, 2229, 1448, 1247, 1175, 1091, 775, 727;:cHRMS (ESI)m/z calcd for
CagHioNoNaO;SSi [M+Na] 547.2427, found 547.2435.

4.2.6.

N-(5-((tert-Butyl di methyl silyl)oxy)-2-ethyl - 2-(2-(1- (phenyl sulfonyl )- 1H-indol -2-yl) ethyl ) pentyl ) - 2-nitr
obenzenesulfonamide (12)

To a stirred solution a3 (43.9 mg, 0.084 mmol) and Ce&H,0 (86.9 mg, 8.0 equiv.) in MeOH (2.8
mL), NaBH, (25.3 mg, 8.0 equiv.) was added portionwise at 2%20After being stirred at the same
temperature for 1 h, the reaction mixture was adsgede amount of Co&bH,0O and NaBH at —20
°C, and was stirred for additional 1 h. Then thaction was quenched by the addition of sat,GIH5
mL) at O °C. The aqueous layer was extracted witBt (5 mL x 3). The combined organic layers
were washed with brine, dried over JS&y, and concentrated ivacuo. To a solution of the above
residue in DCM (0.84 mL) were added st (13 pL, 0.092 mmol, 1.1 equiv.) and
2-nitrobenzenesulfonyl chloride (20.5 mg, 0.092 mntbl equiv.) at 0 °C. The reaction was
guenched by the addition of sat. M (3 mL) at room temperature after 16 h. The agsdayer was
extracted with DCM (3 mL x 3). The combined orgalsigers were washed with brine, dried over
NaSQ,, and concentrated invacuo. The resulting residue was purified by flash calum
chromatographynthexane:AcOEt = 8:1) to giv&2 (46.2 mg, 0.065 mmol) in 77% yield for 2 steps
from 3 as a pale yellow oifH NMR (CDCL, 400 MHz)8: 0.05 (s, 6H), 0.81 (il = 7.2 Hz, 3H), 0.89
(s, 9H), 1.30-1.46 (m, 6H), 1.65-1.69 (m, 2H), 2881 (m, 2H), 2.97 (d] = 6.4 Hz, 2H), 3.59 (] =
6.0 Hz, 2H), 5.42 (t) = 6.4 Hz, 1H), 6.38 (s, 1H), 7.19-7.27 (m, 2HR7#7.41 (m, 3H), 7.50 (dd,=
7.6, 7.6 Hz, 1H), 7.61-7.67 (m, 1H), 7.69-7.72 @H), 7.77 (ddJ = 1.2, 7.6 Hz, 1H), 8.11-8.14 (m,
2H); °C NMR (CDC}, 100 MHz)&: -5.3, 7.1, 18.3, 22.9, 25.9, 26.1, 26.5, 29.78,338.6, 48.0,
63.3, 109.1, 114.7, 120.2, 123.7, 124.0, 125.2,12629.2, 129.8, 131.1, 132.7, 133.2, 133.5, 133.7
137.1, 138.7, 141.9, 148.0; IR (ATR)3338, 2929, 1541, 1448, 1362, 1242, 1172, 1092 cm";
HRMS (ESI)m/z calcd for GsH47NsNaO,S,Si [M+Na]® 736.2522, found 736.2526.

4.2.7. 2-(2-(3-Ethyl-1-((2-nitrophenyl )sul fonyl ) pi peridin-3-yl ) ethyl)-1-(phenyl sulfonyl )-1H-indol e (14)



To a solution ofl2 (117.2 mg, 0.16 mmol) in THF (1.6 mL), tetrabutgl@onium fluoride (1.0 M in
THF, 0.33 mL, 0.33 mmol, 2.0 equiv.) was added &E0OAfter being stirred at room temperature for
12 h, the reaction was quenched by the additisabfNHCI (3 mL) at O °C. The aqueous layer was
extracted with AcOEt (3 mL x 3). The combined orgdayers were washed with brine, dried over
Na,SQ,, and concentrated imacuo. The residue was used in the next reaction witHacther
purification. To a solution of the above residue &Ph (86.3 mg, 0.33 mmol, 2.0 equiv.) in toluene
(13.4 mL), di-2-methoxyethyl azodicarboxylate (76§, 0.33 mmol, 2.0 equiv.) in toluene (3.0 mL)
was added at room temperature under Ar atmospAdier. being stirred for 30 min, the reaction
mixture was added 4@ (15 mL) and the aqueous layer was extracted toittene (10 mL x 3). The
combined organic layers were washed with brineecddaver NgSQO,, and concentrated wacuo. The
residue was purified by flash column chromatogra@hfiexane:AcOEt = 3:1) to givié4 (93.9 mg,
0.16 mmol) in 98% yield for 2 steps frol@ as a colorless foar NMR (CDCk, 600 MHz)&: 0.85

(t, J= 7.2 Hz, 3H), 1.39-1.45 (m, 2H), 1.46-1.53 (m,)2H68-1.80 (m, 4H), 2.83-2.93 (m, 2H), 2.98
(d, J = 12.6 Hz, 1H), 3.15-3.19 (m, 2H), 3.32-3.36 (H))16.39 (s, 1H), 7.20 (ddl = 7.2, 7.2 Hz,
1H), 7.26 (ddJ = 7.2, 7.2 Hz, 1H), 7.38-7.41 (m, 3H), 7.49-7.52 @H), 7.59 (ddJ = 7.2, 7.2 Hz,
1H), 7.64 (ddJ = 7.2, 7.2 Hz, 1H), 7.72 (d,= 8.4 Hz, 2H), 7.93 (d] = 7.2 Hz, 1H), 8.15 (d] = 8.4
Hz, 1H); *C NMR (CDCk, 150 MHz)$: 7.1, 21.1, 22.7, 27.2, 30.0, 33.0, 35.8, 46.835409.0,
114.7,120.2, 123.6, 124.0, 126.2, 129.2, 129.8,8,331.4, 131.7, 133.3, 133.6, 137.2, 138.9,2142.
148.4; IR (ATR)v: 2932, 1546, 1449, 1371, 1175, 755 TnHRMS (ESI) miz calcd for
CugH31N3NaGsS, [M+Na]* 604.1552, found 604.1545.

4.2.8. 2-(2-(3-Ethylpiperidin-3-yl)ethyl)-1H-indole (2a)

A solution of14 (24.1 mg, 0.041 mmol) and KOH (46.5 mg, 0.83 mnilMeOH (0.41 mL) was
heated under reflux conditions for 12 h. Then th&ction mixture was cooled to room temperature
and added D (2 mL). The reaction mixture was extracted withOkt (2 mL x 3). The combined
organic layers were washed with brine, dried ovesSiy, and concentrated ivacuo. The residue
was purified by flash column chromatography (NHcsil ACOEt:MeOH = 20:1) to giv@a (7.5 mg,
0.029 mmol) in 71% yield as a yellow otH NMR (CDCk, 600 MHz)3: 0.86 (t,J = 7.8 Hz, 3H),
1.28-1.37 (m, 2H), 1.40-1.45 (m, 1H), 1.46-1.56 PH), 1.59-1.68 (m, 2H), 1.95 (dddi= 6.0, 14.4,
14.4 Hz, 1H), 2.51 (d] = 12.0 Hz, 1H), 2.61-2.75 (m, 6H), 2.91-2.93 (H),16.23 (s, 1H), 7.05 (dd,
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J=7.2,7.2 Hz, 1H), 7.09 (dd,= 7.2, 7.8 Hz, 1H), 7.30 (d,= 7.8 Hz, 1H), 7.52 (d] = 7.2 Hz, 1H),
8.93 (brs, 1H)**C NMR (CDCE, 150 MHz)&: 7.2, 21.8, 22.1, 28.1, 33.1, 34.1, 34.7, 47.19,599.0,
110.3, 119.4, 119.6, 120.8, 128.8, 135.9, 140.5AIRR) v: 3245, 2930, 2856, 1458, 1422, 1285, 782,
749 cn'; HRMS (ESI)mVz: caled for GHosN, [M+H]* 257.2018, found 257.2015.

4.2.9. 1-(3-(2-(1H-Indol -2-yl)ethyl)-3-ethyl pi peridin-1-yl)-2-chl oroethan-1-one (2b)

To a stirred solution o2a (5.3 mg, 0.021 mmol) in DCM (0.20 mLPrLNEt (9.0puL, 0.052 mmol,
2.5 equiv.) and chloroacetyl chloride (21D, 0.025 mmol, 1.2 equiv.) were added at O °C. Alfiteing
stirred at room temperature for 30 min, the reacti@s quenched by the addition of sat.,AH(2
mL) at O °C. The aqueous layer was extracted wiiMD(2 mL x 3). The combined organic layers
were washed with brine, dried overJS&)y, and concentrated wacuo. The residue was purified by
flash column chromatographg-fexane:AcOEt = 1:1) to givéb (4.8 mg, 0.014 mmol) in 70% yield
as a pale yellow oil'H NMR (CDCk, 600 MHz)3: 0.93 (t,J = 7.2 Hz, 3H), 1.38-1.53 (m, 3H),
1.61-1.69 (m, 5H), 2.65-2.70 (m, 2H), 2.78 @t 2.4, 12.0 Hz, 1H), 3.17-3.22 (m, 1H), 3.71J¢
13.8 Hz, 1H), 4.14 (d] = 12.0 Hz, 1H), 4.19 (dl = 12.0 Hz, 1H), 4.25 (dl = 12.6 Hz, 1H), 6.19 (s,
1H), 7.03 (dd, = 7.2, 7.8 Hz, 1H), 7.09 (dd,= 7.2, 7.8 Hz, 1H), 7.33 (d,= 7.8 Hz, 1H), 7.50 (d]

= 7.8 Hz, 1H), 8.70 (brs, 1HY¥C NMR (CDC}, 150 MHz)&: 7.1, 22.0, 22.6, 28.5, 32.9, 34.6, 37.1,
41.2, 47.8, 50.3, 98.9, 110.6, 119.2, 119.5, 12028.6, 136.2, 140.4, 166.0; IR (ATR) 2931,
1635, 1456, 1252, 747 ¢mHRMS (ESI)m/z calcd for GgH»sCIN,NaO [M+Na] 355.1553, found
355.1559.

4.2.10. 2-(2-(3-Ethyl piperidin-3-yl)ethyl)-1-(phenyl sulfonyl)- 1H-indol e (15)

A solution of14 (65.7 mg, 0.11 mmol) in DMF (0.57 mL) with,&0O; (62.5 mg, 0.45 mmol, 4.0
equiv.) and 4ert-butylthiophenol (381L, 0.23 mmol, 2.0 equiv.) was heated at 40 °C thl1lThen
the reaction mixture was cooled to room temperadmick concentrated wacuo. The resultant residue
was purified by flash column chromatography (NHcsiln-hexane/AcOEt = 1/1 to AcOEt:MeOH =
20:1) to givel5 (44.4 mg, 0.11 mmol) in 99% yield as a pale yeltmitv'H NMR (CDClk, 400 MHz)

3: 0.80 (t,J = 7.2 Hz, 3H), 1.36-1.52 (m, 5H), 1.65-1.82 (m)3RI59 (dJ = 12.4 Hz, 1H), 2.64 (d]

= 12.4 Hz, 1H), 2.72-2.81 (m, 2H), 2.86Jt 7.6 Hz, 2H), 6.43 (s, 1H), 7.18-7.27 (m, 2HRE#7.40
(m, 3H), 7.50 (tJ = 8.0 Hz, 1H), 7.70 (d] = 8.0 Hz, 2H), 8.18 (d] = 8.4 Hz, 1H)*C NMR (CDCH,
100 MHz) &: 7.2, 22.5, 22.8, 27.6, 33.8, 34.1, 34.6, 47.235%08.7, 114.8, 120.1, 123.6, 123.9,
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126.1, 129.2, 129.8, 133.6, 137.3, 139.1, 143.0ARR) v: 2929, 1448, 1365, 1174, 748, 727 %m
HRMS (ESI)m/z calcd for GsH,gNaG:S [M+Na]™ 397.1950, found 397.1947.

4.2.11. 2-(2-(1-Benzyl-3-ethyl pi peridin-3-yl)ethyl)- 1-(phenyl sul fonyl)-1H-indol e (16)

To a solution oft5 (34.2 mg, 0.086 mmol) in DCM (0.58 mL), benzalddéy10.6uL, 0.103 mmol,
1.2 equiv.) and NaBH(OAg)(27.3 mg, 0.129 mmol, 1.5 equiv.) were added. rAfiteing stirred at
room temperature for 12 h, the reaction was quahblghe addition of sat. NaHG@ mL) at 0 °C.
The aqueous layer was extracted with DCM (2 mL xT8le combined organic layers were washed
with brine, dried over N&O,, and concentrated wacuo. The residue was purified by flash column
chromatographynthexane:AcOEt = 7:1) to giv&éé (7.8 mg, 0.016 mmol) in 79% vyield as a pale
yellow oil. 'H NMR (CDCk, 400 MHz)3: 0.74 (t,J = 7.6 Hz, 3H), 1.27-1.52 (m, 4H), 1.57-1.62 (m,
2H), 1.75 (t,J = 8.4 Hz, 2H), 2.13 (br, 2H), 2.35 (br, 2H), 2230 (m, 2H), 3.39 (dJ = 13.2 Hz,
1H), 3.46 (dJ = 13.2 Hz, 1H), 6.40 (s, 1H), 7.19-7.37 (m, 9H®17(d,J = 7.2 Hz, 1H), 7.47 (J =

7.2 Hz, 1H), 7.68 (dJ = 7.2 Hz, 2H), 8.18 (d] = 8.4 Hz, 1H)**C NMR (CDCk, 100 MHz)&: 7.3,
21.9, 22.7, 28.0, 33.7, 34.1, 35.9, 54.7, 62.75,6808.4, 114.7, 120.0, 123.5, 123.8, 126.2, 126.7,
128.1, 128.8, 129.1, 129.9, 133.5, 137.3, 139.2,312143.2; IR (ATR)v: 2931, 1448, 1366, 1174,
744, 727 cid; H RMS (ESI)m/z: caled for GoHzsN,0,S [M+Na]" 487.2419, found 487.2418.

4.2.12. 2-(2-(1-Benzyl-3-ethyl piperidin-3-yl)ethyl)-1H-indole (2c)

A solution 0of16 (3.3 mg, 0.0068 mmol) and KOH (7.6 mg, 0.136 mmoIMeOH/THF (3:1, 0.14
mL), was heated under reflux conditions for 12 heff the reaction mixture was cooled to room
temperature and added® (3 mL). The aqueous layer was extracted with Ac@BEmL x 3). The
combined organic layers were washed with brineecddaver NgSQO,, and concentrated wacuo. The
residue was purified by flash column chromatogra@kiexane:AcOEt = 10:1) to givec (2.0 mg,
0.0058 mmol) in 85% vyield as an orange ti.NMR (CDCk, 600 MHz)&: 0.80 (t,J =7.8 Hz, 3H),
1.21-1.28 (m, 2H), 1.29-1.34 (m, 1H), 1.36-1.46 @h{), 1.56-1.62 (m, 1H), 1.66-1.72 (m, 2H),
1.87-2.02 (m, 2H), 2.17-2.31 (m, 2H), 2.45-2.51 {id), 2.52-2.61 (m, 2H), 3.41 (d= 12.6 Hz, 1H),
3.46 (d,J = 12.6 Hz, 1H), 6.22 (s, 1H), 7.05 (dbs 7.2, 7.2 Hz, 1H), 7.09 (dd,= 7.2, 7.2 Hz, 1H),
7.23-7.27 (m, 2H), 7.30-7.34 (m, 4H), 7.52 Jc¢ 7.2 Hz, 1H), 8.02 (brs, 1H)Y*C NMR (CDCk, 150
MHz) &: 7.3, 21.92, 21.94, 28.6, 29.7, 33.9, 35.7, 56202, 63.4, 99.0, 110.2, 119.5, 119.6, 120.8,
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126.9, 128.1, 128.8, 128.9, 135.8, 139.1, 140.TARR) v: 3407, 2931, 2856, 1456, 1288, 779, 744,
699 cni; HRMS (ESI)m/z calcd for GHaiN, [M+H]* 347.2487, found 347.2481.
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