Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

A Biomimetic Approach For Bicyclic Alkaloids Using Acetal Pro-nucleophile:
Total synthesis of (£)-Epilupinine and Formal syntleses of (x)-Laburnine, (z)-

Isoretronecanol (£)-Tashiromine

Dipankar Koley**®, Kyatham Sriniva§ Yarkali Krishna, Archita Gupt&

%CSIR-Central Drug Research Institute, Lucknow 22600dia
Academy of Scientific and Innovative Research, Nimthi, India
¢ National Institute of Pharmaceutical Education Research, Rae Bareli, 229010 India

dkoley@cdri.res.in

SI-1



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

Table of Contents

Index SI-2

General Information SI-3
Experimental details and data of new Compounds SI-4—SI-72
Copy of '"H NMR and *C NMR spectra of new compounds | SI-73—SI-210
Copy of 2D NMR spectra SI-21+S1-238
Copy of double irradiation spectra of compound 8g B239

SI-2




Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

General Procedures Oxygen- or moisture-sensitive reactions were cdroigt in flame- or oven-dried
glassware sealed (through standard joint) with 8-st#pcock (made of glass) under dry nitrogen
atmosphere. Similarly, sensitive liquids and solusi were transferred using gas-tight syringe or
cannula. Reagents were purchased and used withwificgtion. Solvents were purified and dried
following usual procedures. Reactions were monitdrng thinlayer chromatography (TLC) carried out
on 0.25 mm silica gel plates with UV light, 12, 7éthanolic phosphomolybdic acid-heat and 2.5%
ethanolic anisaldehyde (with 1% AcOH and 3.3% cdh&Oy)-heat as developing agents. Silica gels
of 60-120 and 100-200 mesh were used for chromapbier separation.

Instrumentation. Proton nuclear magnetic resonanttd KMR) spectra and carbon nuclear magnetic
resonance{C NMR) spectra were recorded on a Bruker Avance{300 MHz) Bruker Avance-400
(400 MHz) NMR spectrometer and carbon nuclear magmesonance {C NMR) spectra were
recorded on a Bruker Avance -300 (75 MHz) and Brukeance-400 (100 MHz) NMR spectrometer.
Chemical shifts for protons are reported in paés mpillion downfield from tetramethylsilane and are
referenced to the NMR solvent residual peak (GH&EF.26). Chemical shifts for carbons are reported
in parts per million downfield from tetramethylsimand are referenced to the carbon resonanche of t
NMR solvent (CD{: 6 77.0). Data are represented as follows: chemia#| shultiplicity (br = broad,

s = singlet, d = doublet, t = triplet, q = quartgtiin = quintet, m = multiplet), coupling constairs
Hertz (Hz), and integration. Unless noted otherwosethe spectra, NMR spectra were recorded in
CDCls.

High resolution mass spectra were taken with a 38@6s spectrometer, using Waters Agilent 6520-
Q-TofMS/MS system and JEOL-AccuTOF JMST100LC. Mapsctra were obtained under electron
impact ionisation (El), liquid secondary ion mapsarometric (LSIMS) technique and electron spray
ionisation (ESI) techniques.

IR spectra were recorded as neat liquids or KBlefelIData are represented as follows: frequency of
absorption (cm-1), intensity of absorption (s ®isg, m = medium, w = weak).

Abbreviations used: TLC — thin layer chromatography, dr — diastereomsatio
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General procedure A(Synthesis of bromoalcohol to bromoacetal derivate)

1. (COCI),, DMSO

Et,;N, DCM, -78°C, OMe
/\/@\/OH Br/\/%/
Br n 2. HC(OMe)s, MeOH,

OMe

PTSA, 0°C to RT
bromo alcohol bromo acetal

To a stirring solution of oxalyl chloride (2 equiv) dry CHCl, (2.5 mL/mmol) at =78 °C, dry DMSO
(4 equiv) was added dropwise with stirring undéragien atmosphere. After 15 min, alcohol (1 equiv)
in dry CHCl» (2 mL/mmol) was added to the reaction mixture. A@i& h of stirring at =78 °C, & (5
equiv) was added and stirred for another 0.5 Irat’€ and then for 0.5 h at 0 °C. The reaction omixt
was then quenched with saturated aqueougdNBblution and extracted with GAIl,. The combined
organic extracts were washed with water, brineedd(anhydrous N&Q,) and concentrated wacuo.
The aldehyde, thus obtained, was used in the teptvathout further characterization.

To a solution of the crude aldehyde in dry MeOH ni/mmol) at 0 °C was added trimethyl
orthoformate (2 equiv) and PTSA (0.1 equiv) segiafintand the reaction mixture was stirred for 3 h
at room temperature. The reaction mixture was theanched with saturated aqueous NaHCO
solution, and extracted with EtOAc. The combinedamic extracts were washed with water, brine,
dried (anhydrous N&O,) and concentrated irvacuo. Purification of the residue by column

chromatography on silica gel gave pure title conmgbu

General procedure B(Coupling of bromo acetal derivatives with imide sbstrates to afford N-

alkylated imide)
MeO

7/0Me
R1 O R2
N OMe K,CO X X
\V\— /‘/ /@n\( 2CO3 ( ;\( "

DMF, 60°C, 3h N\(an

OMe

|m|de bromo acetal N-alkylated imide

To a stirring solution ofbromo acetal (1 equiv) and succinimide/glutarimide/3,3-dimethyl-
glutarimide/pthalimide(1.5 equiv) under argon atptee in dry DMF (1 ml/mmol) at room
temperature was added dry@®0s (1.5 equiv) and the reaction mixture was heategDatC for 3 hrs.
The reaction mixture was allowed to cool to rt &nel reaction was quenched with saturated aqueous

NH,4CI solution and extracted with dichloromethane. €hmbined organic extracts were washed with
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water, brine, dried (anhydrous ;) and concentrated imacuo. Purification of the residue by

column chromatography on silica gel provided pitte tompound.

General procedure C (Selective Reduction of N-alkylated imide to the arresponding

hydroxylactam derivative)
MeO MeO

?/OMe OMe
1 O/ R? OH7/
R\’\f/ X NaBH,, THF:MeOH (2:1) R\, /R2
dm X \X
SfN\M A5°C, 4 h ‘
n ’ n
O o}
N-alkylated imide hydroxylactam

To a stirring solution oN-alkylated imide (1 equiv) in a mixture of dry THF and dry MeOH (wia
ration of 2:1) at -15 °C NaBH®6 equiv) was added portion wise within a spa#d bfs and the reaction
mixture was further stirred (if required, monitorbg TLC) at the same temperature till the starting
material disappeared completely. The reaction mixtas then quenched by saturated aqueouwsSNH
solution and extracted with dichloromethane. Thealoimed organic extracts were washed with water,
brine, dried (anhydrous NaO,) and concentrated imacuo. The residue was purified by column

chromatography to give pure title product.

General procedure D(Cyclization of hydroxylactam derivative and in stu reduction to provide

the hydroxymethyl substituted izidinone derivative$

7/0Me
OH 2 H
1 R 1 2
R (\m /X PTSA, CH,CN R(\/\y/Z\XR
° m
ng\M’n NaBH,, MeOH, 0 °C d>//N\Mn

0 o)

To a stirring solution of hydroxylactarfl equiv) in acetonitrile (0.2u) at 30 ‘C was addedp-
toluenesulfonic acid monohydrate (PTSA) (1 equindl atirred at 30 °C. The reaction mixture was
cooled to 0 °C and MeOH (1 ml) was added followgd\laBH, (6 equiv). The reaction mixture was
guenched by saturated aqueous Nakl€fution (2 mL) and extracted with dichloromethddex 20
mL). The combined organic extracts were washed tithe (5 mL), dried (anhydrous b&0;) and
concentrated inacuo. Purification of the residue by column chromat@drgon silica gel provided the

titte compound.
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General procedure E(Synthesis of mono TBDPS protected alcohol from symetric diol)

HO\/>(\/OH NaH, TBDPSCI, TBAI HO\/>(\/OTBDPS

R R THF, 0°C R, R
Diol monoTBDPS monool

To a stirring solution of the diol (1 equiv) in dRHF (2 ml/mmol) at 0 °C was added NaH (1.1 equiv
60% in hexane) portion wise under nitrogen atmosphé was allowed to run for 15 minute at room
temperature. The reaction mixture was cooled agath°C. TBDPSCI (1 equiv) was added via syringe
followed by the addition of TBAI (0.1 equiv). It waallowed to run for 3 h at room temperature. The
reaction mixture was then quenched with saturateaus NHCI solution and extracted with EtOAc.
The combined organic extracts were washed with ndigne, dried (anhydrous B&O;) and
concentrated inacuo. Purification of the residue by column chromatgdrgon silica gel provided the

titte compound.

General procedure F (Synthesis of TBDPS protected acetal from TBDPS etected alcohol

derivative)

1. SOas.pyridine, DCM,

(o]
HO\/>(\/OTBDPS DMSO, Et;N, 0°C to RT TBDPSOMOMG
Ry Ry 2. HC(OMe)s, MeOH, Ry "Ry

OMe
monoTBDPS monool PPTS, 0°C to RT TBPDPS protected acetal

To a solution of alcohol (1 equiv) in dry GEl, (2 ml/mmol) was added with stirring, DMSO (1

ml/mmol), EgN (5 equiv) and S@Py complex (5 equiv) portion wise at 0 °C undetragen
atmosphere. It was allowed to run for 1 h at roemperature. The reaction mixture was then quenched
with saturated aqueous MEl solution and extracted with GBI, The combined organic extracts were
washed with water, brine, dried (anhydrous,$@;) and concentrated imacuo. The aldehyde, thus
obtained, was used in the next step without furtheracterization.

To a solution of the crude aldehyde in dry MeOH ni/mmol) at 0 °C was added trimethyl
orthoformate (2 equiv) and PPTS (0.1 equiv) seqakyntnd the reaction mixture was stirred for 14 h
at room temperature. The reaction mixture was theanched with saturated aqueous NaHCO
solution, and extracted with EtOAc. The combinedamic extracts were washed with water, brine,
dried (anhydrous N&O,) and concentrated irvacuo. Purification of the residue by column

chromatography on silica gel gave pure title conmgbu

SI-6



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

General procedure G (Deprotection of TBDPS from theacetal derivatives)

TBDPSO\/>(\(OMe TBAF, THF, HOMOMG
R™ Ry 0°C to RT R™ Ry

OMe OMe
TBPDPS protected acetal TBPDPS deprotected acetal

To a solution of TBDPS protected derivative (1.0Qigyjin THF (2 mL/mmol) was added a 1 M TBAF
(2.0 equiv) solution in THF at 0 °C and stirred foh at RT. Saturated aqueous /iHsolution was
added to quench the reaction at 0 °C. The aqueyes as extracted with EtOAc. The combined
organic layers were washed with brine, dried ovesS, and concentrated. The crude product was

purified by silica gel column chromatography toaibtthe desired title compound.

General procedure H(Coupling of alcohol derivatives with imide substates to afford N-alkylated

imide)
MeO oM
e
H 0

N R

o] o] HO OMe TPP, DEAD
+ \/>(ﬁ/ ( m N R1

R"” "R THF, 30 °C

m OMe n
o)

imide hydroxy acetal N-alkylated imide

To a solution of alcohol (1.0 equiv), imide (1.lueq and PPk (1.1 equiv) in THF (10 mL/mmol) was
added a solution of DEAD (1.1 equiv) in THF (3 miohol) dropwise by syringe at 30 °C and stirred
for 10 min. The resulting yellow solution was contated. The crude product was purified by silica

gel column chromatography to obtain the desireglalkd imide product.
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1. (COCl),, DMSO

ANN_OH 47% HBr in H,0 Br Et:N, DCM, -78°C,
HO NN"Non
Toluene, Reflux, 4h 2. HC(OMe);, MeOH,
1,4 butanediol SH PTSA, 0°C to RT, 3 h
OMe

H
o~ N0 om
e . .
oMo v NaBH,, THF:MeOH (2:1)
Br/\/\r N -
DMF, 60°C, 3 h -15°C,6h

OMe

0
SI-2 SI-3
HO
OMe H \:
OH 1. PTSA, Acetonitrile 2
OMe 15°C, 6 h
N N
2. NaBH,, MeOH U ga
o 7a 0 °C, 30 min
HO
1. PTSA, Toluene H
45°C, 3h
N
2. NaBH,, MeOH
0 °C, 30 min o 9a

Synthesis of 4-bromo-1-butanol (SI-1)SI-1 was synthesized using a modified procedure destiib
the literaturé. To a mixture of 1, 4 butanediol (9 g, 100 mmaifd@oluene (300 mL) 47% aqueous

HBr (12.2 mL, 100 mmol) was added at room tempeeatund the mixture was refluxed using Dean
Stark Apparatus for 4 hours. The reaction mixtuis vallowed to cool to rt and the reaction was
quenched with 1 M NaOH at 0 °C. The organic layeswliluted with ethyl acetate and washed with
water, brine, and dried (anhydrous ,88y). Concentration of the organic layer gave yelloiv o
Purification of the residue by column chromatogsaph silica gel (hexane : ethyl acetate = 3:1) gave
compoundS1 as an yellow oil (14 g, 92% yield). Spectral datarevfound in agreement with the
literature data.

ANNOH
Br

SI-1
'H NMR (CDCI 3, 300 MHz)

8 3.96 bs, 1H
3.67 (t,J=6.5Hz, 2H)

[1] J. M. Chong, M. A. Heuft, P. Rabbal, Org. Chem. 2000,65, 5837
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3.43 (t,J=6.7 Hz, 2H)
1.99-1.89 (m, 2H)
1.75-1.66 (m, 2H)

3C NMR (CDCl3, 75 MHz)

o 61.9 33.6
31.1 29.2

Synthesis of 4-bromo-1,1-dimethoxybutane (SI-2) Prepared according to tigeneral procedure A

using SI-1 (9.4g, 62 mmol). Purification of thesidue by column chromatography on silica gel
(hexane: ethyl acetate = 9:1) gave prodiie? as a yellow oil (9.9 g, 82% yield) whose spectrpsco
data are in agreement with the literature report.

OMe
Br/\/Y

OMe
SI-2

'H NMR (CDCI 3, 300 MHz)
§ 4.39 (t,J=5.5Hz, 1H)
3.43 (t,J=6.7 Hz, 2H)
3.33 (s, 6H)
1.96 (m, 2H)
1.78 (m, 2H)

3C NMR (CDCl3, 75 MHz)

o 103.9 31.2
53.0 28.0
33.7

Synthesis of 1-(4,4-dimethoxybutyl)pyrrolidine-2,5dione (SI-3): Prepared according to tigeneral

procedure B usingSI-2 (4.5 g, 22.8 mmol) and succunimide (3.39g, 34r2ah). Purification of the
residue by column chromatography on silica gel @mex acetone = 3:1) gave prod&¢i3 as a yellow
oil (4.8 g, 99% vyield).

(2) Trost, B. M.; Chen, D. W. Q. Am. Chem. Soc. 1996 118, 12541-12554
(3) Lohse, C., Jaeger, L. L., Staimer, N., Sanb#ri., Jones, A. D., Lango, J., Gee, S. J., amdriizck, B. D.J. Agr.
Food Chem. 200Q 48, 5913-5923.
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OMe
0
OMe
N
o SI3
'H NMR (CDCI 3, 300 MHz)
8 4.35 (t,J=5.3 Hz, 1H)
3.51 (t,J=6.6 Hz, 2H)
3.30 (s, 6H)
2.68 (s, 4H)
1.69-1.54 (m, 4H)
3C NMR (CDCl3, 75 MHz)
§ 177.1 29.8
104.0 28.0
52.9 22.9

38.4
IR(Neat): 2945, 2832, 1771, 1701, 1368, 1193, 767-cm
HRMS (ESI): Calculated for GH;70NaQ, [M+Na]": 238.1055 found 238.1054

Synthesis of 1-(4,4-dimethoxybutyl)-5-hydroxypyrroidin-2-one (7a): Prepared according to the

general procedure C using SI-3 (3.6g, 16.7 mmol). Purification of the residue lplumn

chromatography on silica gel (hexane: acetone ¥t6:4ive producta as a yellow oil (3.58 g, 99%

yield).
OMe
OH
OMe
N
O 7a
'H NMR (CDClI 3, 300 MHz)

8 5.18 (t,J=6.8 Hz, 1H) 2.59-2.47 (m, 1H)
4.41-4.32 (m, 2H) 2.35-2.20 (m, 3H)
3.45-3.36 (m, 1H) 1.94 — 1.83 (m, 1H)

3.29 (s, 6H) 1.59 (bs, 4H)
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13C NMR (CDCl3, 75 MHz)

6 175.0 39.6
104.3 29.8
83.0 28.9
53.0 28.0
52.9 22.6

IR(Neat): 3401, 2947, 1668, 1331, 1125, 1064, 757cm
HRMS (ESI): Calculated for @HigNNaQ, [M+Na]": 240.1212 found 240.1217

Synthesis _of (7R,7aR)-7-(hydroxymethyl)tetrahydro-H-pyrrolizin-3(2H)-one (8a): Prepared

according to thgeneral procedure Dusing7a (50 mg, 0.23 mmol) and 5 equivalent of PTSA fdr 6
in 2.5 ml of MeCN. Purification of the residue bglemn chromatography on silica gel (CHQWeOH
=19:1) provided inseparable mixture of diasteremeé8a (dr 6:1)as a yellow oil (29 mg, 81% vyield).

/OH
H §
N
(@)
8a
'H NMR (CDCI 3, 400 MHz)
8 4.08 (q,Jd=7.2 Hz, 1H) 2.42 (dd,J=8.5, 3.6 Hz, 1H)
3.65 (ddJ=10.1, 7.6 Hz, 1H) 2.38 (dd,J=8.5, 3.6 Hz, 1H)
3.58-3.50 (m, 2H) 2.28 (d of quint,J =6.8, 3.6 Hz, 1H)
3.00 (dddd,J=12.7,8.9, 4.7, 2.19 — 2.03 (m, 2H)
1.2 Hz, 1H) 1.95 - 1.87 (m, 1H)
2.65 (td,J =16.6, 9.6 Hz, 1H)
3C NMR (CDCl3, 75 MHz)
§ 175.0 40.1
63.3 34.8
61.4 30.0
40.6 21.4

IR(Neat): 3412, 2933, 2343, 1663, 1425, 1216, 1049, 667 cm
HRMS (ESI): Calculated for @H14NO, [M+H]*: 156.1025 found 156.1027
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Svynthesis of (7S,7aR)-7-(hydroxymethyDtetrahydro-fi-pyrrolizin-3(2H)-one  (9a):

Prepared

according to thegeneral procedure Dusing 7a (50 mg, 0.23 mmol) and 5 equivalent of PTSA in

toluene for 3 h. Purification of the residue byuoon chromatography on silica gel (CHCMeOH =

19:1) provided inseparable mixture of diastereonéBa (dr 9:1)as a yellow oil (31 mg, 86% yield).

H

9a

'H NMR (CDCI 3, 300 MHz)

5 3.78-3.69 (M, 2H)
3.66 — 3.53 (m, 2H)
3.13 (t,J=9.9 Hz, 1H)
2.71 (td,J = 16.6 Hz, 9.7 Hz, 1H)

13C NMR (CDCl3, 75 MHz)

o 174.7
65.2
63.6
47.9

OH

2.43 (dd,J =16.7, 9.6 Hz, 1H)
2.36 — 2.29 (m, 1H)
2.25 - 2.15 (m, 1H)
1.95 - 1.81 (m, 3H)

40.6
34.9
29.9
26.8

IR(Neat): 3405, 3014, 2402, 1664, 1425, 1216, 1047, 668 cm
HRMS (ESI): Calculated for @H1sNO, [M+H] " : 156.1025 found 156.1016

H
(¢] N (0]
OMe U
Br/\/\r

0 7b 0 °C, 30 min

OMe
(0]
OMe
N

OMe DMF, 60°C, 3h -15°C, 6 h

SI-2 O sl4
OMe HO\
OH . H =
OMe 1. PTSA, Acetonitrile 5

30°C,5h
N
2. NaBH,, MeOH N

NaBH,, THF:MeOH (2:1)
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Synthesis of 1-(4,4-dimethoxybutyl)piperidine-2,6-hne (Sl-4): Prepared according to thyeneral

procedure B using glutarimide (3.7 g, 32.6 mmol) aBd2 (4.2 g, 21.7 mmol). Purification of the
residue by column chromatography on silica gel @mex acetone = 3:1) provided title compound as
yellow oil. (4.1g, 83% yield).

OMe
0
OMe
N
Sl-4
'H NMR (CDCI 3, 300 MHz)
§ 4.35 (t,J=5.2Hz, 1H) 2.62 (t,J=6.5Hz, 4H)
3.76 (t,J=6.9 Hz, 2H) 1.91 (m, 2H)
3.29 (s, 6H) 1.57 (m, 4H)
3C NMR (CDCl3, 75 MHz)
§ 172.3 32.7
104.1 29.8
52.7 23.1
39.0 17.1

IR(Neat): 3019, 1669, 1435, 1358, 1216, 759tm
HRMS (ESI): Calculated for @H;sNNaQ, [M+Na]*: 252.1212 found 252.1202

Synthesis _of 1-(4,4-dimethoxybutyl)-6-hydroxypipendin-2-one (7b): Prepared according to the

general procedure C using SI-4 (2.2 g, 9.6 mmol). Purification of the residue leplumn

chromatography on silica gel (hexane: acetone y#dvided title compound as yellow oil. (2 g, 90%

yield).
OMe
OH
OMe
N
O 7b
'H NMR (CDCI 3, 300 MHz)
8 4.97 (d,J=6.6Hz, 1H) 3.16 (m, 1H)
4.89 (m, 1H) 2.89 (bs, 1H)
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4.71 (bs, 1H) 2.34 (td,J=17.8, 4.8 Hz, 1H)

4.29 (t,J=4.9 Hz, 1H) 2.20 (ddd,J=17.8, 10.1, 6.3 Hz, 1H)
3.54 (m, 1H) 1.85- 1.74 (m, 2H)

3.24 (d,J=1Hz, 6H) 1.58— 1.46 (m, 4H)

13C NMR (CDCl3, 75 MHz)

o 170.5 32.3
104.5 31.0
79.7 29.8
53.1 23.0
52.9 15.7
44.7

IR(Neat): 3358, 2951, 1623, 1368, 1333, 1158, 1127, 1077 CHt%
HRMS (ESI): Calculated for GH,1NNaQ, [M+Na]": 254.1368 found 254.1357

Synthesis _of (1R,8aR)-1-(hydroxymethyl)hexahydroindlizin-5(1H)-one (8b): Prepared according
to thegeneral procedure Dusing7b (53 mg, 0.23 mmol) and 5 equiv PTSA for 5 h. Rcaifion of

the residue by column chromatography on silica(@& MeOH in CHCJ) provided an inseparable

mixture of diastereomers 8b (10:1) as yellow oil. (31 mg, 82% yield).

HO,
N\
H §
N
0
8b
'H NMR (CDClI 3, 400 MHz)
§ 3.72-3.53 (m, 3H) 2.00 — 1.95 (m, 2H)
3.46 — 3.40 (m, 2H) 1.92— 1.84 (m, 1H)
2.90 (bs, 1H) 1.71- 1.56 (m, 1H)
2.44—2.37 (m, 2H) 1.48 (dqg,Jd =12.5, 4.2 Hz, 1H)
2.29 — 2.20 (m, 2H)
3C NMR (CDCl3, 100 MHz)
& 169.5 31.0
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60.9
60.8
43.6
43.4

24.8
24.7
21.3

IR(Neat): 3409, 2953, 1609, 1476, 1325, 1047, 756'cm
HRMS (ESI): Calculated for @H1gNO, [M+H]": 170.1181 found 170.1182

Br/\/\r

OMe
SI-2

OMe

OH
'
N

OMe

OUO
OMe

‘s
Y,
v
_—

H

OMe

0
o OMe
N

1. PTSA, Acetonitrile
30°C,6h

NaBH,4, THF:MeOH (2:1)

DMF, 60°C, 3h -15°C,6h

07¢

2. NaBH,4, MeOH
0 °C, 30 min

Synthesis of 1-(4,4-dimethoxybutyl)-4,4-dimethylpipridine-2,6-dione (SI-6):Prepared according to

the general procedure BusingSI-2 (1.1 g, 5.5 mmol) and 3,3-dimethylglutarimide (§,23.2 mmaol).

Purification of the residue by

column chromatogsaph silica gel (hexane: acetone = 3:1) g8

as yellow oil. (1.2g, 83% yield).

'H NMR (CDCI 3, 300 MHz)

§ 4.36 (t,J=5.2Hz, 1H)
3.78 (t,J=6.9 Hz, 2H)
3.30 (s, 6H)

13C NMR (CDCl3, 75 MHz)

OMe

OMe

we

O sl6

2.49 (s, 4H)
1.60 — 1.56 (m, 4H)
1.07 (s, 6H)
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5 171.9 29.9
104.1 29.1
52.8 27.7
46.4 23.1
39.1

IR(Neat): 2955, 2833, 1672, 1356, 1209, 770tm
HRMS (ESI): Calculated for GHxsNNaQ, [M+Na]*: 280.1525 found 280.1530

Physical appearance: light yellow oil

Synthesis __of _1-(4,4-dimethoxybutyl)-6-hydroxy-4,4-thethylpiperidin-2-one__ (7¢): Prepared

according to the@eneral procedure Cfrom SI-6 (300 mg, 1.1 mmol)Purification of the residue by

column chromatography on silica gel (hexane: a@to:1) gave title product as yellow @72 mg,

90% yield).
OMe
OH
we OMe
N
O 7¢
'H NMR (CDCI 3, 300 MHz)
8 4.93 (q,Jd=7.0 Hz, 1H) 2.16 (dd,J=14.0, 3.4 Hz, 1H)
4.38 (t,J=5.0 Hz, 1H) 2.01 (dd,J=13.8, 5.8 Hz, 1H)
3.57-3.44 (m, 2H) 1.70- 1.55 (m, 5H)
3.40 (d,J=8.3Hz, 1H) 1.06 (s, 3H)
3.33 (s, 6H) 0.96 (s, 3H)
2.24 (d,J=14.0 Hz, 1H)
3C NMR (CDCl3, 75 MHz)
& 169.9 44.9
104.6 42.7
79.4 29.9
53.2 29.5
52.9 26.3
46.1 22.7
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IR(Neat): 3396, 2952, 1620, 1370, 1327, 1054, 756'cm
HRMS (ESI): Calculated for GHpsNNaQ, [M+Na]": 282.1681 found 282.1672

Synthesis _of  (1R,8aR)-1-(hydroxymethyl)-7,7-dimetHizexahydroindolizin-5(1H)-one _ (8c):
Prepared according to tlgeneral procedure Dfrom 7c (59 mg, 0.23 mmol) using 5 equivalent of

PTSA at 30 °C for 6 h. Purification of the resdoy column chromatography on silica gel (hexane:
acetone = 2:4) gave inseparable mixture of diasteegs of8c (7:1) as yellow oil (41 mg, 91% yield).

HO
N\
Ho§

w'

O 8c
'H NMR (CDCI 3, 400 MHz)
§ 3.74-3.62 (m, 2H) 2.07 (d,J=17.6 Hz, 1H)
3.61 —3.54 (m, 1H) 2.01- 1.87 (m, 2H)
3.43 -3.36 (m, 2H) 1.64 (m, 1H)
3.09 (bs, 1H) 1.45 (t,J=12.7 Hz, 1H)
2.36 (quin,J=6.4 Hz, 1H) 1.05 (s, 3H)
2.15 (d,J=17.6 Hz, 1H) 1.01 (s, 3H)
3C NMR (CDCl3, 100 MHz)
& 169.4 37.3
60.9 31.4
57.3 30.6
45.3 25.8
43.2 25.2

43.2

IR(Neat): 3422, 2956, 1610, 1412, 1330, 1216, 1046, 758 cm
HRMS (ESI): Calculated for GHzoNO, [M+H]": 198.1494 found 198.1492
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47% HBr in H,0

1,5 pentane diol

Toluene, Reflux, 4h

H
~X'F

OMe
SI-9

MeO OMe

Br OMe
\/\/\r DMF, 60°C, 3 h

o 7 0°C, 30 min

2. NaBH,4, MeOH

1. (COCI), DMSO
B~ _OH Et;N, DCM, -78°C,
2. HC(OMe)z, MeOH,
SI-8 PTSA, 0°C to RT, 3 h
MeO OMe
0
NaBH,, THF:MeOH (2:1)
N 15°C, 6 h
© si0
OH
H
N
8d

OH 1. PTSA, Acetonitrile
30°C,6h
N

Synthesis of 5-bromopentan-1-ol (Sl-8)Prepared according to the same procedure desdob&d1

from 1, 5 pentanedio{(4.5 g, 43.2 mmol). Purification of the residue dnlumn chromatography on

silica gel (hexane: ethyl acetate = 4:1) gave tilmpound as yellow o{5.92 g, 82% yield)

'H NMR (CDCI 3, 300 MHz)
§ 3.64 (t,J=6.2Hz, 2H)
3.40 (t,J=6.8 Hz, 2H)

3C NMR (CDCl3, 75 MHz)

o 62.2
33.7
32.4

Br\/\/\/OH

SI-8

1.88 (quin, ,J=7.2 Hz, 2H)
1.65 — 1.45 (m, 4H)

31.5
24.3

Synthesis of 5-bromo-1,1-dimethoxypentane (SI-9Prepared according to tigeneral procedure A

using SI-8 (5.1 g, 30 mmol). Purification of the residue byluron chromatography on silica gel
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(hexane: ethyl acetate = 7:1) gave title compowngedlow oil (5.6g, 87% vyield). The spectroscopic

data were in full agreement with the literatureomef

Br\/\/\rOMe

OMe
SI-9
'H NMR (CDCI 3, 300 MHz)
8 4.36 (t,J=5.5Hz, 1H) 1.88 (quin, ,J = 7.2 Hz, 2H)
3.40 (t,J=6.8 Hz, 2H) 1.67 — 1.57 (m, 2H)
3.32 (s, 6H) 1.54 — 1.46 (m, 2H)
3C NMR (CDCl3, 75 MHz)
§ 104.4 32.6
52.9 31.8
33.6 23.4

Synthesis _of 1-(5,5-dimethoxypentyl)pyrrolidine-2,5ione (SI-10): Prepared according to the

general procedure BusingSI-9 (3 g, 14 mmol) and succinimid@.1 g, 21 mmol). Purification of the
residue by column chromatography on silica gel @mex acetone = 4:1) gave title compound as yellow
oil (3.1 g, 97% vyield).

MeO OMe
O
N
SI-10
O
'H NMR (CDCI 3, 300 MHz)
8 4.33 (t,J=5.6 Hz, 1H) 2.68 (s, 4H)
3.50 (t,J=7.4Hz, 2H) 1.65 — 1.52 (m, 4H)
3.30 (s, 6H) 1.40 — 1.28 (m, 2H)
13C NMR (CDCl3, 75 MHz)
§ 177.1 31.9

(4) Russell, M. G. N.; Matassa, V. G.; PengilleyRR; van Niel, M. B.; Sohal, B.; Watt, A. P.; HiizL.; Beer, M. S.;
Stanton, J. A.; Broughton, H. B.; Castro, JJIMed. Chem. 1999 42, 4981-5001.
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104.2 28.0
52.7 27.4
38.6 21.8

IR(Neat): 2945, 2869, 1773, 1701,1367, 1159, 758'cm
HRMS (ESI): Calculated for GH;gNNaO, [M+Na]™: 252.1212 found 252.1209

Synthesis _of 1-(5,5-dimethoxypentyl)-5-hydroxypyrrédin-2-one (7d): Prepared according to the

general procedure Cusing SI-10 (500 mg, 2.1 mmol) Purification of the residue by column

chromatography on silica gel (hexane: acetone Fdate title compound as yellow oil (465 mg, 95%

yield).
MeO OMe
OH
N
(0]
'H NMR (CDCI 3, 300 MHz)
8 5.20 (t,J=6.0 Hz, 1H) 2.61 —2.46 (m, 1H)
4.34 (t,J=5.6 Hz, 1H) 2.40 — 2.24 (m, 2H)
3.50 — 3.40 (m, 1H) 1.94 — 1.84 (m, 1H)
3.30 (s, 6H) 1.67 — 1.50 (m, 4H)
3.29 — 3.13 (m, 2H) 1.40 — 1.30 (m, 2H)
13C NMR (CDCl3, 100 MHz)
§ 174.7 32.0
104.4 28.9
83.2 28.3
52.8 27.4
39.8 21.9

IR(Neat): 3412, 3018, 1672, 1460, 1215, 1054, 759'cm
HRMS (ESI): Calculated for @H,;NNaQ, [M+Na]": 254.1368 found 254.1362

Synthesis_of (8S,8aR)-8-(hydroxymethyl)hexahydroinalizin-3(5H)-one (8d) Prepared according
to thegeneral procedure Dusing7d (53 mg, 0.23 mmol) and equivof PTSA at 30 °C for 6 h.
SI-20
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Purification of the residue by column chromatograpin silica gel (hexane: acetone = 3:1) gave an

inseparable mixture of diastereomer8df(14:1) as yellow oil (29 mg, 75% yield).

OH
H
N
o 8d
'H NMR (CDCI 3, 300 MHz)
8 412 (dd,J=12.5, 4.4 Hz, 1H) 2.42 —2.26 (m, 3H)
3.66 (dd,J=11.0, 4.3 Hz, 1H) 2.11-1.91 (m, 2H)
3.58 (dd,J=11.0,4.8 Hz, 1H) 1.80 — 1.66 (m, 2H)
3.25 (9,J=8.2 Hz, 1H) 1.48 — 1.21 (m, 2H)
2.56 (dt,J=12.5, 2.8 Hz, 1H)
3C NMR (CDCl3, 75 MHz)
5 173.8 30.5
64.1 27.0
59.0 24.5
46.0 24.0

39.9

IR(Neat): 3430, 3019, 1664, 1460, 1215, 1047, 757-cm
HRMS (ESI): Calculated for @H1gNO, [M+H]": 170.1181 found 170.1174
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1. (COCI), DMSO
/\></\ NaH, THF, 0°C, /\></\ EtsN, DCM, -78°C,
HO OH ——————— TBDPSO OH
TBDPSCI, TBAI SI12 2. HC(OMe)s, MeOH,
PPTS, 0°C to RT, 16 h
H
OMe o=~N~_o0
TBDPSO OMe \/>W
SI-13 oM TPP, DEAD, THF, RT
Si-14
OH
H
1. PTSA, acetonitrile
NaBH,, THF:MeOH (2:1) 30°C, 6 h iy,
- N
-15°C,6h 2. NaBH,, MeOH d
SI-15 0°C, 30 min 8e

Synthesis of 5-(tert-butyldiphenylsilyloxy)-3,3-dinethylpentan-1-ol (SI-12): Prepared according to

the general procedure Eusing 3,3-dimethylpentane-1,5-diol (3.2 gm, 24 Mm®urification of the
residue by column chromatography on silica gel ¥d®thyl acetate in hexane) gaSe12 as yellow
oil (8.4 g, 86% yield). Spectral data were founagreement with the literature déta.

TBDPSO/\></\OH

SI-12
'H NMR (CDCI 3, 400 MHz)
§ 7.70-7.65 (m, 4H) 1.55 (t,J=6.3 Hz, 2H)
7.45-7.35 (m, 6H) 1.48 (t,J=6.4 Hz, 2H)
3.71 (t,J=8.0 Hz, 2H) 104 (s, 9H)
3.62 (t,J=8.2 Hz, 2H) 0.86 (s, 6H)
1. 60 (bs, 1H)
13C NMR (CDCl3, 100 MHz)
§ 135.7 44.7
134.0 44.2
129.7 31.7
127.8 28.0

(5) L. B. D. Kelley and T. H. Lamber®rg. Lett. 2011,13, 740-743
(6) C. M. Hudson and K. D. Moelled, Am. Chem. Soc. 1994,116, 3347-3356
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61.0 27.0
59.9 19.2

Synthesis of tert-butyl(5,5-dimethoxy-3,3-dimethylentyloxy)diphenylsilane (SI-13): Prepared

according to theyeneral procedure FusingSI-12 3 gm, 7.82 mmgl Purification of the residue by

column chromatography on silica gel (10 % ethyltaieein hexane) gav®l-13 as yellow oil (2.66 g,

82% vyield).
OMe
TBDPSO/\><)\OMe
SI-13
'H NMR (CDClI 3, 400 MHz)
& 7.70-7.65 (m, 4H) 1.57 (t,J=7.3 Hz, 2H)
7.43-7.35 (m, 6H) 1.48 (d,J=5.3 Hz, 2H)
4.40 (t,J=5.3Hz, 1H) 104 (s, 9H)
3.72 (t,J=7.7 Hz, 2H) 0.87 (s, 6H)
3.24 (s, 6H)
3C NMR (CDCl3, 100 MHz)
§ 135.7 44.9
134.2 44.4
129.6 31.3
127.7 27.9
102.7 27.0
60.9 19.2

52.3

Synthesis _of 5,5-dimethoxy-3,3-dimethylpentan-1-o{Sl-14): Prepared according to thgeneral

procedure G using SI-13 (1.35 gm, 3.26 mmol). Purification of the residug lzolumn
chromatography on silica gel (30% ethyl acetatberane) gave&Si-14 as yellow oil (300 mg, 52%

OM
Sl-14 ¢

yield).
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'H NMR (CDCI 3, 400 MHz)

5 4.49 (t,J=5.2 Hz, 1H) 1.61 (d,J=5.2 Hz, 2H)
3.71 (1, J=6.7 Hz, 2H) 1.56 (t,J=6.9 Hz, 2H)
3.31 (s, 6H) 0.97 (s, 6H)

3C NMR (CDCl3, 100 MHz)

5 102.7 44.0
59.6 31.4
52.5 28.3
44.2

Synthesis __of 1-(5,5-dimethoxy-3,3-dimethylpentyl)gyolidine-2,5-dione __ (SI-15): Prepared

according to thgeneral procedure HusingSI-14 (96 mg, 0.54 mmol). Purification of the residue by

column chromatography on silica gel (30% acetonkeixane) gav&l-15 as yellow oil (135mg, 97%

yield).
MeO OMe
0
N
°©  sI15
'H NMR (CDCI 3, 400 MHz)
8 4.46 (t,J=5.2 Hz, 1H) 1.61 (d,J=5.2 Hz, 2H)
3.51 (m, 2H) 1.47 (m, 2H)
3.29 (s, 6H) 0.98 (s, 6H)
2.66 (s, 4H)
3C NMR (CDCl3, 100 MHz)
§ 177.0 35.0
102.5 31.3
52.4 28.2
435 27.4

39.2
IR(Neat): 3021, 2401, 1702, 1408, 1151, 928, 670'cm
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HRMS (ESI): Calculated for GHpsNOsNa [M+Na]": 280.1525 found 280.1533

Synthesis _of _1-(5,5-dimethoxy-3,3-dimethylpenty))-Bydroxypyrrolidin-2-one _(7e): Prepared

according to thgeneral procedure CusingSI-15 (125 mg, 0.48 mmol)Purification of the residue by
column chromatography on silica gel (40 % acetonkexane) gavée as yellow oil Yield (125 mg,

99% vyield).
MeO OMe
OH
N
© 7e
'H NMR (CDCI 3, 300 MHz)
8 5.26 (bs, 1H) 2.58 — 2.47 (m, 1H)
4.48 (t,J=4.8 Hz, 1H) 2.34 —2.24 (m, 2H)
3.77 - 3.66 (m, 1H) 1.90 — 1.80 (m, 1H)
3.49 (td,J=13.1,5.6 H, 1H) 1.62 (dd,J=14.2, 5.6 Hz, 1H)
3.32 (s, 3H) 1.54 (td,J=14.0, 4.7 Hz, 1H)
3.29 (s, 3H) 1.42 (td, J = 14.9, 5.6 Hz, 1H)
3.12 (td,J=12.6, 4.6 Hz, 1H) 0.96 (s, 6H)
13C NMR (CDCl3, 100 MHz)
& 174.3 42.8
102.8 31.2
82.9 29.1
52.9 28.0
52.1 27.9
38.0 27.8

35.8

IR(Neat): 3400, 2960, 1676, 1466, 1324, 1122, 928, 626 cm
HRMS (ESI): Calculated for GHpsNO,Na[M+Na]": 282.1681 found 282.1678

Synthesis __ of (8S,8aR)-8-(hydroxymethyl)-7,7-dimettthexahydroindolizin-3(5H)-one__ (8e):
Prepared according to tigeneral procedure Dusing7e (60 mg, 0.23 mmol) andl equivof PTSA at
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30 °C for 6 h. Purification of the residue by colurchromatography on silica gel (40 % acetone in

hexane) an inseparable mixture of diastereomet$ (88e as yellow oil. Yield (37 mg, 82% vyield).

OH
H
"lI//
N
O 8e
'H NMR (CDCI 3, 400 MHz)
) 4.03 (dt,J=8.8, 4.6 Hz, 1H, minor)

3.96 (t,J=3.6 Hz, 1H, minor)
3.93 (m, 1H, (major)
3.88 (dd,J=11.3, 3.8 Hz, 1H, major)
3.82 (dd,J=11.6, 2.2 Hz, 1H, minor)
3.69 — 3.62 (m, 2H, (minor + major)
3.51 (ddd,J=12.5, 7.4, 2.4 Hz, 1H, major)
2.89 — 2.76 (m, 2H, major + minor)
2.48 — 2.29 (m, 3H, major + minor)
2.24 —2.15 (m, 1H, minor)
2.12 -2.01 (m, 1H, major)
1.85 - 1.73 (m, 2H, major + minor)
1.45-1.22 (m, 5H, major + minor)
1.19 — 1.15 (m, 2H, major + minor)
1.13 (s, 3H, minor)
1.10 (s, 3H, minor)
1.07 (s, 3H, major)
0.96 (s, 3H, major)

13C NMR (CDCl3, 100 MHz)

5 174.6,173.9 32.7,32.3
60.9, 58.7 30.8, 30.6
56.4, 55.4 30.1, 29.7
54.5, 49.9 25.7 (two)
39.6, 36.4 20.7,19.6
36.0, 33.0
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IR(Neat): 3406, 2975, 2401, 1666, 1425, 1216, 1039, 761 c6TD

HRMS (ESI): Calculated for @HxoNOs[M+H]*

: 198.1494 found 198.1485

1.
NaH, THF, 0°C,
——————————» TBDPSO OH

TBDPSCI, TBAI
TBDPSO OMe TBAR THE
Vme
SI-18
MeO OMe
0
NaBH,, THF:MeOH (2:1)

N 15°C. 6 h

O slI-20

(COCI),, DMSO
EtsN, DCM, -78°C,

2. HC(OMe);, MeOH,

PPTS, 0°C to RT, 16 h
H

SI-17

O

TPP, DEAD, THF, RT

OH
H
g
N
O gf

SI-19

1. PTSA, Acetonitrile
30°C,6h

2. NaBH,, MeOH
0°C, 30 min

Svynthesis  of

2-(1-(2-(tert-butyldiphenylsilyloxy)elyl)cyclopentyl)ethanol

(SI-17): Prepared

according to thegeneral procedure Eusing 2,2'-(cyclopentane-1,1-diyl)diethah¢500 mg, 3.16

mmol). Purification of the residue by column chrdaommaphy on silica gel (7% ethyl acetate in

hexane) gav&l-17 as yellow oil (1.2 g, 89% yield).

TBDPSO/\Q/\OH

SI-17
'H NMR (CDCI 3, 400 MHz)

5 7.72-7.66 (m, 4H)
7.45-7.36 (m, 6H)
3.71 (t,J=6.5 Hz, 2H)
3.58 (t,J=7.4 Hz, 2H)

1.61 (t,J=6.8Hz, 2H)

3C NMR (CDCl3, 100 MHz)

o 135.7 41.4

(7) T. Hata, H. Imade and H. Uralie,g. Lett. 2012,14, 2450-2453
SI-27
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133.9 40.7
129.7 38.9
127.7 26.9
61.6 24.2
60.3 19.2
43.0

Svynthesis  of tert-butyl(2-(1-(2,2-dimethoxyethyl)cglopentyl)ethoxy)diphenylsilane  (SI-18):

Prepared according to tlgeneral procedure Fusing SI-17 (400 mg, 1 mmol). Purification of the

residue by column chromatography on silica gel @yl acetate in hexane) ga8é-18 as yellow oil

(400 mg, 90% yield).
TBDPSO OMe

SI1-18
'H NMR (CDCI 3, 400 MHz)
§ 7.69-7.66 (m, 4H) 1.65 (t,J=7.6 Hz, 2H)
7.41-7.35 (m, 6H) 1.58-1.51 (m, 6H)
4.34 (t,J=5.1Hz, 1H) 1.38 (t,J=7.4 Hz, 4H)
3.72 (t,J=7.7 Hz, 2H) 1.01 (s, 9H)
3.22 (s, 6H)
13C NMR (CDCl3, 100 MHz)
& 135.6 42.5
134.1 40.9
129.5 40.7
127.6 38.0
103.3 26.9
61.6 24.0
52.5 19.1

IR(Neat): 3018, 2859, 2400, 1589, 1427, 1363, 1084, 929, 67 cntt
HRMS (ESI): Calculated for G;H400sSiNa[M+Na]": 463.2644 found 463.2639
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Synthesis _of 2-(1-(2,2-dimethoxyethyl)cyclopentylileanol (SI-19): Prepared according to the

general procedure Gusing SI-18 (250 mg, 0.56 mmol). Purification of the residue tylumn

chromatography on silica gel (15% ethyl acetatberane) gaveésl-19 as yellow oil (108 mg, 95%

HO OMe
\/é\orl\lle

yield).

SI-19
'H NMR (CDCI 3, 400 MHz)
8 4.45 (t,J=5.0 Hz, 1H) 1.70 (d,J=5.0 Hz, 2H)
3.70 (t,J=6.6 Hz, 2H) 1.6-1.58 (m, 6H)
3.32 (s, 6H) 1.46-1.42 (s, 4H)
13C NMR (CDCl3, 100 MHz)
5 103.4 41.2
60.2 40.8
52.6 38.4
42.9 24.0

IR(Neat): 3401, 2930, 1673, 1404, 1127, 929, 668'cm

Synthesis of 1-(2-(1-(2,2-dimethoxyethyl)cyclopenitethy)pyrrolidine-2,5-dione (SI-20): Prepared

according to thgeneral procedure HusingSI-19 (84 mg, 0.41 mmol). Purification of the residue by

column chromatography on silica gel (30% acetonieexane) gav&l-20 as yellow oil (108 mg, 93%

yield).
MeO OMe
(@]
N
O sI-20
'H NMR (CDCI 3, 400 MHz)
S 4.48 (t,J=5.0 Hz, 1H) 2.06 (s, 4H)
3.71 (m, 2H) 1.64-1.52 (m, 8H)
3.32 (s, 6H) 1.50-1.44 (s, 4H)
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13C NMR (CDCl3, 75 MHz)

o 177.1 38.0
103.2 35.9
52.8 35.7
42.7 28.2
40.6 24.1

IR(Neat): 2952, 2401, 1700, 1521, 1406, 1216, 1122, 928 c&70

HRMS (ESI): Calculated for @H.sNOsNa[M+Na]": 306.1681 found 306.1677

Synthesis of 1-(2-(1-(2,2-dimethoxyethyl)cyclopenethyl)-5-hydroxypyrrolidin-2-one  (7f):
Prepared according to tlyeneral procedure Cusing SI-20 (90 mg, 0.31 mmol)Purification of the

residue by column chromatography on silica gel (4@¥tone in hexane) gavéas yellow oil (90 mg,

99% yield).
MeO OMe
OH
q
o 7f

'H NMR (CDCI 3, 300 MHz)

5 5.20 (t,J=5.2 Hz, 1H) 2.55 — 2.44 (m, 1H)
4.45 (t,J=4.5Hz, 1H) 2.31-2.15 (m, 2H)
4.27 (bs, 1H) 1.91 —1.82 (m, 1H)
3.45 (td,J=12.4,5.4H, 1H) 1.73- 1.65 (m, 1H)
3.31 (s, 3H) 1.64— 1.54 (m, 6H)
3.29 (s, 3H) 1.50— 1.37 (m, 5H)

3.12 (td,J =125, 4.0 Hz, 1H)

13C NMR (CDCl3, 100 MHz)

o 174.3 38.2
103.6 37.9
82.8 36.2
53.1 35.0

SI1-30



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

52.2 29.2
42.7 27.7
40.0 24.0

IR(Neat): 3406, 2958, 2401, 1679, 1423, 1216, 1047, 761627
HRMS (ESI): Calculated for @H,7d0sNa[M+Na]': 308.1838 found 308.1826

Synthesis of  (8'S,8a'R)-8'-(hydroxymethyl)tetrahydo-1'H-spiro[cyclopentane-1,7'-indolizin]-
3'(2'H)-one (8f): Prepared according to tigeneral procedure Dusing 7f (65 mg, 0.23 mmol) and
equivof PTSA at 30 °C for 6 h. Purification of the residue byuron chromatography on silica gel
(35 % acetone in hexane) gave an inseparable raigtfutdiastereomers (1:1) 8f as yellow oil (39 mg,

76% yield).
OH
H
'l’ll
N
O gf
'H NMR (CDClI 3, 400 MHz)
8 4.01-3.93 (m, 2H) 2.73 (dd,J=13.4, 3.1 Hz, 1H)
3.89— 3.83 (m, 2H) 2.48 — 2.23 (m, 4H)
3.75-3.69 (m, 2H) 2.10 — 1.98 (m, 1H)
3.64 (dd,J=11.8, 3.6 Hz, 1H) 1.89-1.80 (m, 2H)
3.42-3.35 (m, 1H) 1.74-1.14 (m, 23H)
2.80 (dd,J=13.2, 4.2 Hz, 1H)
3C NMR (CDCl3, 100 MHz)
§ 174.8, 173.9 36.8, 34.7
61.5, 60.3 30.8, 30.6
58.3, 57.3 30.3,29.3
53.6, 51.6 26.2, 25.4
45.1, 44.1 25.2, 24.2
39.6, 38.9 23.7,20.8

37.8, 36.8
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IR(Neat): 3401, 2959, 1666, 1520, 1423, 1158, 928, 669 cm
HRMS (ESI): Calculated for GHoNO,[M+H]™: 224.1651 found 224.1644

1. (COCl),, DMSO
NaH, THF, 0 °C, EtzN, DCM, -78°C,
HO OH —————— > TBDPSO OH

TBDPSCI, TBAI SI-22 2. HC(OMe)s, MeOH,
PPTS, 0°C to RT, 16 h

H
OMe OMe o~_N<_o0
TBAF, THF v
TBDPSO OMe — > HO OMe

Si-23 Sl-24 TPP, DEAD, THF, RT

MeO OMe MeO OMe
o OH
1. PTSA, Acetonitrile
° h
N NaBH,4, THF:MeOH (2:1) N 30°C,5
(0] 79

-15°C, 6 h 2. NaBH,4, MeOH
0°C, 30 min

O gl-25

Synthesis __of 2-(1-(2-(tert-butyldiphenylsilyloxy)eliyl)cyclohexylethanol  (SI-22): Prepared

according to thgeneral procedure Eusing 2,2'-(cyclohexane-1,1-diyl)diethah¢l.4 g, 8.1 mmol).
Purification of the residue by column chromatogsaph silica gel (7% ethyl acetate) ga8&22 as
yellow oil (3g, 89% yield).

TBDPSO Sl-22 OH
'H NMR (CDCI 3, 400 MHz)
§ 7.70-7.67 (m, 4H) 1.53 (t,J=7.7 Hz, 2H)
7.45-7.37 (m, 6H) 1.41-1.32 (m, 6H)
3.70 (t,J=7.2 Hz, 2H) 1.27-1.21 (m, 4H)
3.57 (t,J=7.7 Hz, 2H) 1.05 (s, 9H)

1.62 (t,J=7.2 Hz, 2H)
13C NMR (CDCl3, 100 MHz)

o 135.6 36.5
133.8 33.9
129.6 26.9

(8) F. C. Bargiggia and W. V. Murridgtrahedron Lett., 2006,47, 3191
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127.6 26.3
60.4 21.5
59.0 19.0
40.2 14.2
39.4

Synthesis  of tert-butyl(2-(1-(2,2-dimethoxyethyl)cglohexyl)ethoxy)diphenylsilane  (SI-23):

Prepared according to tigeneral procedure FusingSI-22 (2 g, 4.8 mmol). Purification of the residue

by column chromatography on silica gel (5% ethydtate in hexane) gavgl-23 as yellow oil (2 g,

91% vyield).
OMe
TBDPSO OMe
SI-23
'H NMR (CDClI 3, 400 MHz)
§ 7.71-7.66 (m, 4H) 1. 67 (t,J=7.6 Hz, 2H)
7.43-7.36 (m, 6H) 1.50 (d,J =5.2 Hz, 2H)
4.39 (t,J=5.2Hz, 1H) 1.42-1.19 (m, 10H)
3.71 (t,J=7.7 Hz, 2H) 1.04 (s, 9H)
3.23 (s, 6H)
3C NMR (CDCl3, 100 MHz)
8 135.6 39.3
134.1 36.3
129.5 33.6
127.6 26.9
102.5 26.2
60.3 21.6
52.5 19.1

40.6
IR(Neat): 2927, 1700, 1402, 1124, 1059, 771%cm
HRMS (ESI): Calculated for GgHs,NaQ;Si [M+H]": 477.2801 found 477.2798
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Synthesis _of 2-(1-(2,2-dimethoxyethyl)cyclohexyleanol (SI-24): Prepared according to the

general procedure G using SI-23 (1 g, 2.2 mmol). Purification of the residue by wuoh

chromatography on silica gel (15 % ethyl acetata)e®l-23 as yellow oil (420 mg, 88% vyield).

/\Q)Oiﬂe
HO OMe

Sl-24
'H NMR (CDCI 3, 400 MHz)
8 4.49 (t,J=5.2 Hz, 1H) 1.69 (d,J=5.2 Hz, 2H)
3.69 (t,J=6.8 Hz, 2H) 1.64 (t,J=6.8 Hz, 2H)
3.32 (s, 6H) 1.48-1.38 (m, 6H)
2.24 (bs, 1H) 1.37-1.32 (m, 4H)
13C NMR (CDCl3, 100 MHz)
§ 102.3 36.6
58.9 33.5
52.5 26.3
42.3 21.4

39.4
IR(Neat): 3427, 2930, 2855, 2400, 1652, 1457, 1120, 928669
HRMS (ESI): Calculated for GH»4OsNa[M+Na]": 239.1623 found 239.1615

Synthesis of 1-(2-(1-(2,2-dimethoxyethyl)cycloheXgthyl)pyrrolidine-2,5-dione (SI-25): Prepared
according to thgeneral procedure HusingSI-25 (200 mg, 0.86 mmaol). Purification of the residue by

column chromatography on silica gel (30% acetonhexane) to gav&I-25 as yellow oil (227 mag,

88% vyield).
MeO OMe
0]
N
© slI-25
'H NMR (CDCI 3, 400 MHz)
8 454 (t,J=5.0 Hz, 1H) 2.67 (s, 4H)
3.51 (m, 2H) 1. 69-1.54 (m, 6H)
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3.33 (s, 6H) 1.49-1.32 (s, 8H)

3C NMR (CDCl3, 100 MHz)

o 177.2 34.4
102.4 33.7
52.8 28.2
39.9 26.2
36.6 21.4
36.2

IR(Neat): 3020, 2931, 2401, 1700, 1440, 1216, 1122, 1054, &20 crit
HRMS (ESI): Calculated for GsH,7d0,Na[M+NaJ": 320.1838 found 320.1825

Svynthesis of 1-(2-(1-(2,2-dimethoxyethyl)cyclohexXdthyl)-5-hydroxypyrrolidin-2-one  (79):

Prepared according to tlgeneral procedure Cusing SI-25 (90 mg, 0.3 mmol)Purification of the

residue by column chromatography on silica gel%#@cetone in hexane) gavg as yellow oil (81 mg,

89% vyield).
MeO OMe
OH
?L

'H NMR (CDClI 3, 400 MHz)

5 5.24 (m, 1H) 3.09 (td,J =12.6, 4.0 Hz, 1H)
452 (dd,J=5.7, 4.2 Hz, 1H) 2.58 — 2.47 (m, 1H)
3.96 (d,J=5.3 Hz, 1H) 2.34 —2.24 (m, 2H)
3.46 (td,J=12.3,5.6 Hz, 1H)  1.90 — 1.84 (m, 3H)
3.34 (s, 3H) 1.70- 1.58 (m, 3H)
3.31 (s, 3H) 1.55-1.24 (m, 8H)

13C NMR (CDCl3, 100 MHz)

o 1741 34.9
102.5 33.7
82.7 32.9
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53.2 29.3
52.0 27.5
39.2 26.1
36.5 21.4
36.2

IR(Neat): 3402, 3019, 2400, 1678, 1422, 1215, 1047, 928669
HRMS (ESI): Calculated for GH2oNO,Na[M+Na]": 322.1994 found 322.1993

Synthesis _of (8'S,8a'R)-8'-(hydroxymethytetrahydo-1'H-spiro[cyclohexane-1,7'-indolizin]-
3'(2'H)-one (8q): Prepared according to tigeneral procedure Dusing 7g (68 mg, 0.23 mmol) and

equivof PTSA at 30 °C for 5 h. Purification of the residue byuron chromatography on silica gel
(50 % acetone in hexane) gave an inseparable raipfuliastereomers (2:1)8f as yellow oil (46 mg,
85% vyield).

'H NMR (CDCI 3, 400 MHz)

d 4.03 (ddd,J=8.9, 6.0, 3.7 Hz, 1H) (major)
3.97-3.87 (m, 3H) (major + minor)
3.84 (dd,J=11.4, 2.2 Hz, 1H) (major)
3.67 (dd,J=11.6, 4.9 Hz, 1H) (minor)
3.63 (dd,J=11.4, 5.5 Hz, 1H) (major)
3.60-3.54 (m, 1H) (minor)
2.85 (td,J=13.5, 4.3 Hz, 1H) (major)
2.76 (td,J=13.8, 3.2 Hz, 1H) (minor)
2.46 — 2.28 (m, 4H) (major + minor)
2.24 —2.16 (m, 2H) (minor)
2.10 - 2.00 (m, 1H) (major)
1.81 —1.04 (m, 26H) (major + minor)
0.96 (tdd,J=13.8,5.3, 1.2 Hz, 1H)
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13C NMR (CDCl3, 100MHz)

5 174.6,173,7 32.7 (two)
60.4, 58.2 30.8, 30.7
55.5, (two) 30.6 (two)
54.6, 46.6 26.4, 26.3
37.2, 36.7 26.2, 25.8
35.7, 35.5 21.3 (two)
35.3, 35.2 21.0, 20.8

IR(Neat): 3384, 3017, 2857, 1659, 1423, 1111, 756'cm
HRMS (ESI): Calculated for GH24NO, [M+H]": 238.1807 found 238.1805

0o MeO OMe

0]
Br\/\/\l/OMe - NaBH,4, THF:MeOH (2:1)
o N
DMF, 60°C, 3 h -15°C, 6 h

OMe
S8 0O sl-27
MeO OMe OH
- H
OH 1. PTSA, Acetonitrile
30°C,4h
N N
2. NaBHj, MeOH 8h
0 7h 0 °C, 30 min o)

Synthesis _of 1-(5,5-dimethoxypentyl)piperidine-2,@ione (SI-27): Prepared according to the

general procedure Busing glutarimide (2.4 g, 21.4 mmol) a8#+9 (3 g, 14.2 mmol). Purification of
the residue by column chromatography on silica(§21% acetone in hexane) gask27 as yellow oll
(3.1 g, 92% vyield).
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MeO OMe
O
N
O gl27
'H NMR (CDCI 3, 300 MHz)

8 4.32 (t,J=5.7 Hz, 1H) 1.91 (quin,J = 6.6 Hz, 2H)
3.74 (t,J=7.5Hz, 2H) 1.65-1.55 (m, 2H)
3.29 (s, 6H) 1.55-1.45 (m, 2H)
2.62 (t,J=6.7 Hz, 4H) 1.40 - 1.27 (m, 2H)

13C NMR (CDCl3, 75 MHz)

§ 172.1 31.9
104.1 27.5

52.4 21.7
39.1 16.9

32.6

IR(Neat): 2948, 2831, 1673, 1356, 1291, 757°cm
HRMS (ESI): Calculated for @HxNNaO: [M+Na]": 266.1368 found 266.1373

Synthesis of 1-(5,5-dimethoxypentyl)-6-hydroxypipéadin-2-one (7h): Prepared according to the

general procedure C using SI-27 (1 g, 4.1 mmol). Purification of the residue by wuah

chromatography on silica gel (20 % acetone in hexgaverh as yellow oil (970 mg, 95% vyield).

MeO OMe
OH
N
° 7hn
'H NMR (CDCI 3, 300 MHz)
8 4.87 (bs, 1H) 2.33 (td,J=17.4, 4.7 Hz, 1H)
4.26 (t,J=5.6 Hz, 1H) 2.20 (ddd,J=17.4,9.9, 6.3 Hz, 1H)
3.62 —3.49 (m, 1H) 2.03-1.90 (m, 1H)
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3.22 (s, 6H) 1.87 - 1.71 (m, 2H)
3.15 — 3.02 (m, 1H) 1.65 — 1.43 (m, 5H)
2.82 (bs, 1H) 1.31—1.18 (m, 2H)

3C NMR (CDCl3, 75 MHz)

6 1704 32.3
104.4 32.1
79.6 31.1
52.8 27.7
52.7 21.9
44.7 15.7

IR(Neat): 3432, 2950, 1620, 1336, 1126, 1075, 767dm
HRMS (ESI): Calculated for @Ho3NNaQ, [M+Na]*™: 268.1525 found 268.1490; calculated for
C1oH16NO, [M-2MeOH+H] *: 182.1181 found 182.1154

Synthesis _of (9S,9aR)-9-(hydroxymethyl)hexahydro-1duinolizin-4(6H)-one  (8h): Prepared
according to thé&seneral Procedure Dusing 7h (56 mg, 0.23 mmol) andl equivof PTSA for 4 h.

Purification of the residue by column chromatogsaph silica gel (1 % MeOH in chloroform) gave an

inseparable mixture of diastereomers (9:13lo&s yellow oil (32 mg, 76% vyield).

OH
H
N
5 8h
'H NMR (CDCI 3, 400 MHz)
8 4.85-4.75 (m, 1H) 2.08-2.01 (bs, 1H)
3.64 (m, 2H) 1.93-1.85 (m, 1H)
3.26 —3.18 (m, 1H) 1.84-1.78 (m, 1H)
2.46-2.41 (m, 1H) 1.77-1.70 (m, 1H)
2.34-2.22 (m, 2H) 1.66-1.57 (m, 2H)
2.18-2.09 (m, 1H) 1.51-1.40 (m, 3H)
3C NMR (CDCl3, 100 MHz)
5 169.6 32.8
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64.0 28.2
58.7 27.4
45.0 24.8
42.5 18.8

IR(Neat): 3398, 2941, 24641611, 1448, 1268, 1080, 861 ¢m
HRMS (ESI): Calculated for GH1g0» [M+H]": 184.1338 found 184.1342

H

O~ _N__O

MeO OMe
", 0

Br\/\/\rOMe o NaBH,, THF:MeOH (2:1)

DMF, 60°C, 3 h N .

s OMe -15°C, 6 h
O slI-29

MeO OMe

1. PTSA, Acetonitrile
30°C,6h

2. NaBH,, MeOH
oTi 0 °C, 30 min

Synthesis of 1-(5,5-dimethoxypentyl)-4,4-dimethylpieridine-2,6-dione (SI-29):Prepared according
to thegeneral procedure Busing 3,3-dimethylglutarimide (1.5 g, 10.7 mmofdeSI-9 (1.5 g, 7.1

mmol). Purification of the residue by column chraogmaphy on silica gel (30 % acetone in hexane)
gaveSI-29as yellow oil (1.45 g, 75% vyield).

MeO OMe
o)
w
N
O sl29
'H NMR (CDCI 3, 300 MHz)
8 4.34 (t,J=5.7 Hz, 1H) 1.67 — 1.48 (m, 4H)
3.76 (t,J=7.4Hz, 2H) 1.40 — 1.32 (m, 2H)
3.30 (s, 6H) 1.07 (s, 6H)

2.49 (s, 4H)

13C NMR (CDCl3, 75 MHz)
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o 171.8 32.0
104.2 29.0
52.6 27.7
46.4 27.6
39.3 22.0

IR(Neat): 2950, 1624, 1464, 1218, 1053 758tm
HRMS (ESI): Calculated for @H,sNNaQ, [M+Na]*: 294.1681 found 294.1657

Synthesis _of _1-(5,5-dimethoxypentyl)-6-hydroxy-4 4imethylpiperidin-2-one _(7i): Prepared

according to thgeneral procedure CusingSI-29 (400 mg, 1.47 mmol). Purification of the residue by

column chromatography on silica gel (40 % acetanbdxane) gav&i as yellow oil (331 mg, 82%

yield).

MeO OMe

OH

w
N
° 7
'H NMR (CDClI 3, 400 MHz)
8 4.92 (dd,J=13.5, 7.4 Hz, 1H) 2.17 (dd,J=16.7, 2.0 Hz, 1H)
4.35 (t,J=5.6 Hz, 1H) 2.01 (ddd,J=13.8, 5.6, 2.6 Hz, 1H)

3.57 (ddd,J=135,9.3,6.5Hz, 1H) 1.66 —1.53 (m, 5H)
3.37 (ddd,J=13.5,8.9,6.5 Hz, 1H) 1.40—1.32 (m, 2H)
3.31 (s, 6H) 1.05 (s, 3H)

3.26—3.20 (m, 1H) 0.96 (s, 3H)
2.22 (d,J=16.7 Hz, 1H)

3C NMR (CDCl3, 100 MHz)

o 169.8 42.6
104.5 32.1
79.2 29.9
52.8 29.5
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52.7 27.2
46.1 26.1
45.1 22.2

IR(Neat): 3385, 3010, 2951, 1624, 1645, 1383, 1216, 1052cH%"
HRMS (ESI): Calculated for @H,7qNaQ, [M+Na]": 296.1838 found 296.1829

Synthesis of (9S,9aR)-9-(hydroxymethyl)-2,2-dimettiyexahydro-1H-quinolizin-4(6H)-one (8i):
Prepared according to ttgeneral procedure Dusing 7i (62 mg, 0.23 mmol) at 30 ° C for 6 h.

Purification of the residue by column chromatogsaph silica gel (1% MeOH in chloroform) gave an

inseparable mixture of diastereomers (17:1§iafs yellow oil (39 mg, 81% yield).
OH

'H NMR (CDClI 3, 400 MHz)

5 4.84-4.79 (m, 1H) 1.89 (dd, J=5.5, 3.2 Hz, 1H)
3.65 (d,J=4.0 Hz, 2H) 1.79 — 1.74 (m, 1H)
3.19 (dt,J=10.2, 5.6 Hz, 1H) 1.52 — 1.41 (m, 2H)
2.35 (dt,J=12.6, 2.6 Hz, 1H) 1.38 — 1.31 (m, 2H)
2.19 (dd,J =16.7, 3.1, Hz, 1H) 1.00 (s, 3H)
2.12 (d,J=16.7 Hz, 1H) 0.91 (s, 3H)

1.92 (dd, J=5.6, 3.3 Hz, 1H)
3C NMR (CDCl3, 100 MHz)

o 169.4 41.2
64.0 30.9
56.0 29.0
46.1 28.2
45.9 24.9
41.9 24.6

IR(Neat): 3435, 3019, 2400, 1620, 1403, 1215, 1058, 757 c669
HRMS (ESI): Calculated for GHNO, [M+H]": 212.1651 found 212.1648
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1. (COCl),, DMSO
Et;N, DCM, -78°C,

47% HBr in H,0 B
OH  Toluene, Reflux, 4h 2. HC(OMe);, MeOH,
SI-31 PTSA, 0°C to RT, 3 h

1,5 hexane diol
OMe

H OMe
NaBH,, THF:MeOH (2:1
B OMe \ it eOH (21)
r O,
/\/\/Y DMF, 60°C, 3 h -15°C,6 h
OMe o
SI-33

SI-32
OMe
OH
OMe H E/
OH 1. PTSA, Acetonitrile g
30 °C, 24 h
N N
2. NaBH,, MeOH g/
9] 7j 0 °C, 30 min 8j

Synthesis of 6-bromohexan-1-ol (SI-31)Prepared according to the same procedure desdob&d-
1 from 1, 5 hexanediof5 g, 42 mmol). Purification of the residue by eoluchromatography on silica

gel (15% ethyl acetate hexane) g&le31 as yellow 0il(6.9 g, 91% yield)

'H NMR (CDClI 3, 400 MHz)
1.60-1.55 (m, 2H)

§ 3.64 (t,J=6.8Hz, 2H)
1.51-1.35 (m, 4H)

3.41 (t,J=6.8 Hz, 2H)
1.87 (quin,J = 7.2 Hz, 2H)

13C NMR (CDCl3, 100 MHz)

o 62.7 32.5
33.8 27.9
32.7 24.9

Synthesis of 6-bromo-1,1-dimethoxyhexane (SI-32Prepared according to tigeneral procedure A
usingSI-8 (5 g, 27.7 mmol). Purification of the residue byuron chromatography on silica gel (10%
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ethyl acetate hexane) ga8-32 as yellow oil (5.4 g, 87% yield)T'he spectroscopic data were in full

agreement with the literature repdrt.

OMe
Br/\/\/\r

OMe
S1-32
'H NMR (CDCI 3, 400 MHz)
8§ 4.35 (t,J=5.7 Hz, 1H) 1.63 — 1.58 (m, 2H)
3.40 (t,J=7.0 Hz, 2H) 1.50 — 1.42 (m, 2H)
3.31 (s, 6H) 1.41 -1.33 (m, 2H)
1.87 (q,J=7.0 Hz, 2H)
13C NMR (CDCl3, 100 MHz)
& 104.4 32.3
52.7 27.9
33.7 23.7

32.7

Synthesis of 1-(6,6-dimethoxyhexyl)pyrrolidine-2,5ione (SI-33): Prepared according to the

general procedure Busing SI-32 (3.1 g, 13.8 mmol) and succinimid@.05 g, 20.7 mmol). ).
Purification of the residue by column chromatogsaph silica gel (40% ethyl acetate in hexane) gave
SI-33 as yellow oil. (3.1 g, 94% vyield).

OMe
OMe
0
N
O .33
'H NMR (CDCI 3, 400 MHz)
§ 4.34 (t, J=5.7 Hz, 1H) 2.69 (s, 4H)
3.49 (t, J= 7.5 Hz, 2H) 1.66 — 1.54 (m, 4H)

(9) Russell, M. G. N.; Matassa, V. G.; PengilleyRR; van Niel, M. B.; Sohal, B.; Watt, A. P.; HiizL.; Beer, M. S.;
Stanton, J. A.; Broughton, H. B.; Castro, JJIMed. Chem. 1999 42, 4981-5001.
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3.30 (s, 6H) 1.41 —1.29 (m, 4H)

13C NMR (CDCl3, 100 MHz)

o 177.3 28.2
104.3 27.7
52.6 26.7
38.8 24.1
32.3

IR(Neat): 2946, 2833, 2400, 1700, 1439, 1215, 1129, 928, 669 cn'
HRMS (ESI): Calculated for GH1NO,Na[M+Na]": 266.1368 found 266.1365

Synthesis _of 1-(6,6-dimethoxyhexyl)-5-hydroxypyrrddin-2-one (7j): Prepared according to the

general procedure Cusing SI-33 (550 mg, 2.2 mmol)). Purification of the residue by column

chromatography on silica gel (40% acetone in hexgaee7j as yellow oil. (520 mg, 94% vyield).

OMe
OMe
OH
N
o Tj
'H NMR (CDCI 3, 300 MHz)
8 5.20 (bs, 1H) 2.56 — 2.45 (m, 1H)
4.32 (t,J=5.6 Hz, 1H) 2.37 —2.21 (m, 2H)
3.52 —3.39 (m, 1H) 1.95 —1.84 (m, 1H)
3.30 (s, 6H) 1.62 — 1.48 (m, 4H)
3.18 —3.05 (m, 1H) 1.39 — 1.36 (m, 4H)
3C NMR (CDCl3, 100 MHz)
5 174.8 28.9
104.5 28.3
83.2 27.5
52.7 (two) 26.7
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39.8 24.1
32.3
IR(Neat): 3384, 2942, 1668, 1422, 1283, 1127, 986, 756 cm
HRMS (ESI): Calculated for GH2sNO;Na[M+NaJ": 268.1525 found 268.1523

Synthesis _of (9S,9aR)-9-(hydroxymethyl)hexahydro-1#byrrolo[1,2-alazepin-3(2H)-one __ (8))
Prepared according to tigeneral procedure Dusing 7j (56 mg, 0.23 mmol) antl equivof PTSA at

30 °C for 24 h. Purification of the residue by euolu chromatography on silica gel (40% acetone in
hexane) gave an inseparable mixture of diasteredifet) of8j as yellow oil (21 mg, 50%, 85%
brsm).

_/OH
H £
N
'H NMR (CDClI 3, 400 MHz)
) 3.98 (dt,J=10.0, 6.0 Hz, 1H, minor)

3.93 (dt,J=13.4, 3.8 Hz, 1H, minor)
3.86 (dt,J=13.9, 4.7 Hz, 1H, major)
3.70 (dd,J=10.6, 4.7 Hz, 1H, major)
3.64 (dd,J=10.6, 6.8 Hz, 1H, major)
3.61 (dd,J=11.0, 2.4 Hz, 1H, minor)
3.56 (dd,J=11.0, 4.0 Hz, 1H, minor)
3.51 (dt,J=7.4,5.9 Hz, 1H, major)
2.97 (ddd,J=13.9, 9.8, 3.9 Hz, 1H, major)
2.73 (ddd,J=13.4, 11.4, 1.7 Hz, 1H, minor)
2.44 (dd,J=9.3, 5.8 Hz, 1H, minor)
2.40 (dd,J=9.0, 5.8 Hz, 1H, minor)
2.38 — 2.25 (m, 2H, major)
2.23 - 2.12 (m, 2H, major + minor)
2.02 - 1.92 (m, 1H, major)
1.84 — 1.57 (m, 12H, major + minor)
1.54 — 1.34 (m, 3H, major + minor)

Sl-46
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13C NMR (CDCl3, 100 MHz)

o 174.8, 174.4(minor)
65.1, 36.4(minor)
62.1, 59.7(minor)
47.0, 45.2(minor)
42.2, 41.3(minor)

30.8, 30.4(minor)
29.2, 29.1(minor)
28.4, 26.8(minor)
25.7, 24.6(minor)
24.8, 21.5(minor)

IR(Neat): 3404, 2932, 2400, 1668, 1421, 1047, 928, 757 c626
HRMS (ESI): Calculated for GoH1sO-[M+H] *: 184.1338 found 184.1333

0O

| N

Sl-2
MeO
OH 1. PTSA, Acetonitrile
OMe 50°C, 4 h
N 2. NaBH,, MeOH
o) 0°C, 30 min

7k

H
OMe
OMe O O
Br/\/\r y; OMe
OMe DMF, 60°C, 3h N
(0]

SI-35

O gk

NaBH,4, THF:MeOH (2:1)

-15°C, 4 h

Synthesis of 2-(4,4-dimethoxybutylisoindoline-1,8ione (SI-35): Prepared according to tigeneral
procedure B using phthalimide (1.1 g, 7.6 mmol) aB#+2 (1 g, 5.1 mmol). Purification of the residue
by column chromatography on silica gel (30% etlodtate in hexane) gal-35 as yellow oil. (1 g,

78% vyield).

OMe
0
/ OMe
N
o SI-35
'H NMR (CDCI 3, 300 MHz)
§ 7.86—7.80 (m, 2H) 3.30 (s, 6H)

1.80-1.70 (m, 2H)
1.80-1.70 (m, 2H)

7.74-7.67 (m, 2H)
4.39 (t,J=5.6 Hz, 1H)

SI-47
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3.71 (t,J=6.9 Hz, 2H)

13C NMR (CDCl3, 75 MHz)

o 168.3 52.9
133.9 37.6
132.1 29.8
1231 23.8
104.1

IR(Neat): 3020, 2946, 1614, 1440, 1398, 1368, 759'cm
HRMS (ESI): Calculated for GH:7dNaOs [M+Na]*: 286.1055 found 286.1057

Synthesis _of 2-(4,4-dimethoxybutyl)-3-hydroxyisoindlin-1-one (7k): Prepared according to the

general procedure Cusing SI-35 (200 mg, 0.76 mmol). Purification of the residug ¢olumn
chromatography on silica gel (50% ethyl acetateerane) gav@k as yellow oil. (197 mg, 98% yield).

MeO
OH
OMe
N
O
7k
'H NMR (CDCI 3, 300 MHz)
8 7.66-7.52 (M, 3H) 4.01-3.85 (m, 1H)
7.49-7.41 (m, 1H) 3.57-3.32 (m, 2H)
5.76 (d,J=11.0 Hz, 1H) 3.26 (s, 6H)
4.31 (t,J=5.3Hz, 1H) 1.80- 1.54 (m, 4H)
3C NMR (CDCl3, 75 MHz)

8 167.5 104.3
143.9 81.9
132.1 52.9
131.6 52.8
129.7 39.0
123.2 29.8
123.1 23.4
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IR(Neat): 3390, 3016, 2939, 1684, 1428, 1315, 1059, 758 cm
HRMS (ESI): Calculated for GH;gNNaQ, [M+Na]": 288.1212 found 288.1208

Synthesis of (1R,9bS)-1-(hydroxymethyl)-2,3-dihydrd H-pyrrolo[2,1-alisoindol-5(9bH)-one (8K):
Prepared according to tlgeneral procedure Dusing 7k (61 mg, 0.23 mmol) for 4 h at 45 °C.

Purification of the residue by column chromatogsaph silica gel (50% acetone in hexane) gave an

inseparable mixture of diastereomers (9:18lo&s yellow oil. (35 mg, 75% vyield).

'H NMR (CDCI 3, 400 MHz)

5 7.80 (d,J=7.5 Hz, 1H) 3.21-3.16 (m, 1H)
7.55 — 7.44 (m, 3H) 3.01-2.96 (m, 1H)
4.92 (d,J=6.4Hz, 1H) 2.69 (quintof d,J = 6.4, 1.4 Hz, 1H)
3.74 (ddd,J=11.6, 8.9, 2.49 — 2.40 (m, 1H)
2.7 Hz, 1H) 2.37-2.30 (m, 1H)
3.42 (ddd,J=11.6, 9.5,
2.8 Hz, 1H)

3C NMR (CDCl3, 100 MHz)

6 170.9 123.6
143.2 66.2
135.1 60.9
1315 40.7
128.6 40.5
124.2 31.1

IR(Neat): 3415, 3015, 2892, 2401, 1671, 1400, 1331, 104657
HRMS (ESI): Calculated for @H14NO, [M+H]": 204.1025 found 204.1020
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0
| NH MeO OMe
Br OMe o) O NaBH,, THF:MeOH (2:1)
DMF, 60°C, 3 h /4 ;
SI-9 OMe N -15°C, 6 h
O sl37
MeO_ _OMe OH
1. PTSA, Acetonitrile H
OH 45°C,4h
N 2. NaBH,4, MeOH N
0°C, 30 min o)
°C 7 8l

Synthesis 2-(5,5-dimethoxypentyl)isoindoline-1,3-dne (SI-37): Prepared according to tlgeneral

procedure Busing phthalimide (1.1 g, 7.6 mmol) a889 (1 g, 5.1 mmol). Purification of the residue

by column chromatography on silica gel (30% etlodtate in hexane) ga®-37 as yellow oil. (1 g,

78% vyield)
MeO OMe
O
/
N
O si37
'H NMR (CDCI 3, 300 MHz)
8 7.86—7.81 (m, 2H) 3.30 (s, 6H)
7.73-7.68 (m, 2H) 1.76-1.61 (m, 4H)
4.35 (t,J=5.6 Hz, 1H) 1.46-1.35 (m, 2H)
3.69 (t,J=7.2 Hz, 2H)
3C NMR (CDCl3, 75 MHz)
8 168.4 52.7
133.9 37.8
132.1 32.0
123.1 28.4
104.3 21.9

SI-50
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IR(Neat): 3017, 2944, 1711, 1616, 1440, 1397, 1367, 723 cm
HRMS (ESI): Calculated for GHigNNaQ, [M+Na]": 300.1212 found 300.1209

Synthesis_of 2-(5,5-dimethoxypentyl)-3-hydroxyisomolin-1-one (71): Prepared according to the

general procedure Cusing SI-37 (200 mg, 0.76 mmol). Purification of the residug ¢olumn
chromatography on silica gel (50% ethyl acetateexane) gavél as yellow oil. (197 mg, 98% yield).

MeO OMe
OH
N
J 71
'H NMR (CDCI 3, 300 MHz)
8 7.63—7.53 (m, 3H) 3.35-3.28 (m, 1H)
7.48—7.41 (m, 1H) 3.25 (s, 6H)
5.74 (d,J=11.5Hz, 1H) 1.79 — 1.72 (m, 1H)
4.29 (t,J=5.6 Hz, 1H) 1.69 — 1.54 (m, 3H)
4.0-3.8 (m, 1H) 1.38 — 1.28 (m, 2H)
3.53 —3.48 (m, 1H)
3C NMR (CDCl3, 75 MHz)
5 167.4 81.8
143.9 52.7
132.0 52.6
131.6 39.1
129.7 32.0
123.2 28.0
123.1 21.9

104.3
IR(Neat): 3391, 3013, 2940, 1682, 1317, 1056, 756-cm
HRMS (ESI): Calculated for @H»:NNaO, [M+Na]*: 302.1368 found 302.1362

Synthesis _of (1S,10bS)-1-(hydroxymethyl)-1,2,3,4ttehydropyrido[2,1-alisoindol-6(10bH)-one
(81): Prepared according to tigeneral procedure Dusing7l (64 mg, 0.23 mmol) for 4 h at 45 °C as

an inseparable mixture of diastereomers (19:1)ifiBation of the residue by column chromatography
on silica gel (50% ethyl acetate in hexane) dgéhaes yellow oil. (35 mg, 70% yield).
SI-51
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'H NMR (CDCI 3, 400 MHz)

o 7.87
7.60
7.50
7.45
4.49
4.35
4.11

(d,J = 7.1 Hz, 1H)
(d,J=7.3 Hz, 1H)

(dt,J = 7.5, 1.4 Hz, 1H)
(dt,J = 7.3, 0.8 Hz, 1H)
(dd,J = 13.1, 4.5 Hz, 1H)
(d,J=11.0 Hz, 1H)
(dd,J = 11.0, 5.0 Hz, 1H)

3C NMR (CDCl3, 100 MHz)

o 166.2
144.5
132.7
130.8
128.1
123.8
123.7

OH

8l

3.95 (dd,J=11.0, 3.5 Hz, 1H)

2.92 (dt,J=13.0, 3.6 Hz, 1H)

2.00 (m, 1H)

1.89 (m, 1H)

1.78 (dg, J=12.8, 3.4 Hz, 1H)

1.49 (tq, J=13.0, 3.4 Hz, 1H)
1.35 - 1.25 (m, 1H)

63.8
60.1
45.0
39.4
27.9
25.5

IR(Neat): 3413, 3016, 1661, 1433, 1215, 1045, 755 cm
HRMS (ESI): Calculated for @HigNO, [M+H]": 218.1181 found 218.1161
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0
MeO OMe
NH
0
HO OMe % ) NaBH,, THF:MeOH (2:1)
OMe  TPP,DEAD, THF, RT N 15°C.6h
0 sI-39

SI-19

MeO OMe OH
OH H
- g
N o N
(@]
O 7m 8m

Synthesis of 2-(2-(1-(2,2-dimethoxyethyl)cycloperniiethyl)isoindoline-1,3-dione (SI-39):Prepared
according to thgeneral procedure HusingSI-19 (100 mg, 0.49 mmol) and phthalimide (80 mg, 0.54

1. PTSA, Toluene
30°C,12h

2. NaBH,4, MeOH
0 °C, 30 min

mmol) . Purification of the residue by column chromatgdma on silica gel (15% ethyl acetate in
hexane) gav&l-39 as yellow oil (150 mg, 91% vyield).

'H NMR (CDCI 3, 400 MHz)

d

452 (t,J=5.1Hz, 1H)
3. 74-3.69 (m, 2H)

13C NMR (CDCl3, 100 MHz)

o 168.3
133.8
132.3
123.0

7.81 (dd,J=5.4, 3.0 Hz, 2H)
7.68 (dd,J = 5.4, 3.0 Hz, 2H)

MeO OMe
o)
/
N
O sI-39
3.34 (s, 6H)
1.70-1.65 (m, 3H)
1.64-1.59 (m, 5H)
1.54-1.48 (m, 4H)
42.8
40.6
38.1
36.9

SI-53
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103.3
52.9

34.9
24.2

IR(Neat): 3019, 2955, 1710, 1619, 1523, 1400, 1215, 1047, 6&9 crit
HRMS (ESI): Calculated for GHzoNO3z [M+H-C,HsO]": 286.1443 found 286.1442

Svynthesis

of 2-(2-(1-(2,2-dimethoxyethyl)cyclopeniethyl)-3-hydroxyisoindolin-1-one  (7m):

Prepared according to tlyeneral procedure CusingSI-39 (115 mg, 0.34 mmol)Purification of the

residue by column chromatography on silica gel (388tone in hexane) gavem as yellow oil (113
mg, 99% yield).

'H NMR (CDCI 3, 400 MHz)

3

7.68 (dJ=7.6 Hz, 1H)
7.60 (dJ=7.6Hz, 1H)
7.55 (td, J = 7.4, 1.2 Hz, 1H)
7.46 (td, J =7.4, 1.2 Hz, 1H)
5.78 (d, J = 9.0 Hz, 1H)
4.49 (dd, J =5.4, 4.4 Hz, 1H)

3C NMR (CDCl3, 100 MHz)

o 167.2
143.9
131.9
129.5
123.2
123.1
103.5
81.5
52.8

MeO
OH

52.5
42.7
40.0
38.2
37.9
36.2
35.8
24.2
24.1

SI-54

OMe

3.90
3.53
3.37+~3.30
1. 75-1.67
1.65-1.56
1.55-1.43

(bs, 1H)
(td, J=13.1, 5.4 Hz, 1H)
(m, 7H)
(m, 3H)
(m, 6H)
(m, 3H)
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IR(Neat): 3405, 3019, 2926, 1688, 1523, 1421, 1122, 1048, §56 crii
HRMS (ESI): Calculated for GH»740,Na[M+NaJ": 356.1838 found 356.1836

Synthesis __ of (1'S,10b'S)-1'-(hydroxymethyl)-3',4dihydro-1'H-spiro[cyclopentane-1,2'-
pyrido[2,1-alisoindol]-6'(10b'H)-one (8q): Prepared according to tigeneral procedure Dusing7m
(76 mg, 0.23 mmol) andl equivof PTSA at 30 °C for 12 h in toluene. Purification of tresidue by

column chromatography on silica gel (50% ethyl ateetn hexane) gav&m as major isomer (35 mg)

and the minor isomer (24 mg) as yellow oil. (t&4a% yield)

OH
H
y
N
O 8m (major)
'H NMR (CDCI 3, 400 MHz)
8 7.86 (d,J=7.2 Hz, 1H) 4.16 (dd,J=11.7, 2.3 Hz, 1H)
7.71 (d,J=7.4Hz, 1H) 4.08 (dd,J=11.7, 4.0 Hz, 1H)
7.50 (td,J=7.5,1.2 Hz, 1H) 3.11 (td,J=13.6, 3.4 Hz, 1H)
7.44 (t,J=7.5Hz, 1H) 1.97 —1.31 (m, 9H)
455 (d,J=11.0 Hz, 1H) 1.47 — 1.29 (m, 2H)
4.39 (ddd,J=13.6, 5.4, 1.5 Hz, 1H)
13C NMR (CDCl3, 100 MHz)
5 166.1 52.1
144.7 45.2
132.7 39.0
130.8 38.9
128.0 36.6
124.0 30.0
123.7 26.1
60.1 25.5

58.9
IR(Neat): 3430, 3019, 1664, 1460, 1215, 1047, 757-cm
HRMS (ESI): Calculated for GH:NO,[M+H]™: 272.1651 found 272.1647

SI-55
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O 8m (minor isomer)
'H NMR (CDClI 3, 400 MHz)
8 7.87 (d,J=7.4Hz, 1H) 3.15-3.06 (m, 2H)
7.54-7.44 (m, 3H) 2.16 —2.11 (m, 1H)
4.70 (d,J=3.7 Hz, 1H) 2.05—1.98 (m, 1H)
4.34 (dd,J=13.8, 5.8 Hz, 1H) 1.81 — 1.45 (m, 7H)
3.40 (d,J=11.8 Hz, 1H) 1.39 — 1.29 (m, 2H)
3¢ NMR (CDCl3, 100 MHz)
5 166.8 51.7
143.9 45.3
133.3 39.1
130.9 36.2
128.4 35.0
123.9 31.0
123.8 24.3
59.8 23.9

59.2

IR(Neat): 3408, 3019, 2957, 1675, 1470, 1215, 1047, 928, 669 cn
HRMS (ESI): Calculated for GH2,NO[M+H]™: 272.1651 found 272.1643

SI-56
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HO OMe

Si-24
MeO OMe
OH 1. PTSA, Acetonitrile
30°C,12h
N
2. NaBH,, MeOH
(0] 7n 0 °C, 30 min

TPP, DEAD, THF, RT

MeO OMe
0
) NaBH,, THF:MeOH (2:1)
y o
N 15°C, 6 h
O sI-41

Synthesis of 2-(2-(1-(2,2-dimethoxyethyl)cycloheXgthyl)isoindoline-1,3-dione (Sl-41):Prepared

according to thgeneral procedure HusingSI-24 (130 mg, 0.6 mmol) and phthalimide (97 mg, 0.66

mmol) . Purification of the residue by column chromatgima on silica gel (15% ethyl acetate in

hexane) gav&l-41 as yellow oil (117 mg, 56% yield).

'H NMR (CDCI 3, 400 MHz)

5 7.82 (dd,J=5.5, 3.6 Hz, 2H)
7.68 (dd,J=5.5, 3.0 Hz, 2H)
459 (t,J=5.1Hz, 1H)
3.71-3.67 (m, 2H)

13C NMR (CDCl3, 100 MHz)

o 168.3
133.8
132.3
123.0
102.4

MeO OMe

O sI-41

3.35 (s, 6H)
1. 70-1.65 (m, 4H)
1.51-1.32 (s, 10H)

36.3
35.1
33.7
33.6
26.2

SI-57
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52.8 21.4

40.1
IR(Neat): 3021, 2931, 2401, 1711, 1521, 1302, 1120, 1058, F&2 crit
HRMS (ESI): Calculated for GH»740,Na[M+NaJ": 368.1838 found 368.1838

Synthesis of 2-(2-(1-(2,2-dimethoxyethyl)cyclohexXdthyl)-3-hydroxyisoindolin-1-one  (7n):
Prepared according to tlyeneral procedure Cusing SI-41 (85 mg, 0.24 mmol)Purification of the

residue by column chromatography on silica gel (4%yl acetate in hexane) gava as yellow oil

(85 mg, 99% yield).
MeO OMe
2 OH
N
O 7n

'H NMR (CDCl 3, 400 MHz)

5 7.67 (d,J=7.4 Hz, 1H) 3.53 —3.42 (m, 1H)
7.59 (d,J=7.2 Hz, 1H) 3.31 (s, 3H)
7.54 (td,J=7.3, 1.0 Hz, 1H) 3.30 (s, 3H)
7.45 (td,J=7.4, 1.0 Hz, 1H) 1.82 - 1.76 (m, 1H)
5.78 (d,J=8.4 Hz, 1H) 1.70 — 1.55 (m, 4H)
452 (t,J=5.1Hz, 1H) 1.50 — 1.31 (m, 9H)

4.21 -4.08 (m, 1H)

13C NMR (CDCl3, 100 MHz)

6 167.3 39.5
143.9 36.4
131.9(two) 36.1
129.6 34.5
123.2 (two) 34.3
102.5 33.7
81.6 26.1
52.8 21.4
52.5 21.3

IR(Neat): 3386, 3019, 2928, 1686, 1420, 1215, 1053, 928669

SI-58



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

HRMS (ESI): Calculated for GHdNOsNa[M+Na]": 370.1994 found 370.1994

Synthesis of (1'S,10b'S)-1'-(hydroxymethyl)-3',4dihydro-1'H-spiro[cyclohexane-1,2'-pyrido[2,1-
alisoindol]-6'(10b'H)-one (8n): Prepared according to tlgeneral procedure Dusing 7n (80 mg,
0.23 mmol) andl equiv of PTSA at 30 °C for 12 h. Purification of the residue bglumn

chromatography on silica gel (50% ethyl acetatearane) gavén as major isomer (32 mg) and its

minor isomer (22 mg) as yellow oil. (total 82% yigl
OH

rd

'H NMR (CDCI 3, 400 MHz)

5 7.87 (d,J=7.9 Hz, 1H)

7.56-7.44 (m, 3H)
4.87 (d,J=4.0Hz, 1H)
4.28 (dd,J =13.8, 6.0 Hz, 1H)
3.50 (dd,J=12.1, 2.5 Hz, 1H)
3.16 (td,J =13.0, 4.4 Hz, 1H)
3.06 (dd,J=12.0, 5.3 Hz, 1H)

2.30-2.26 (m, 1H)

1.84-1.79 (m, 2H)

1.66-1.50 (m, 10H)

3¢ NMR (CDCl3, 100 MHz)

o 166.7 47.4
144.4 36.8
133.4 35.5
130.9 35.0
128.3 32.8
124.0 31.1
122.6 26.3
58.1 21.4
56.9 21.3

SI-59
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IR(Neat): 3430, 3019, 1664, 1460, 1215, 1047, 757-cm
HRMS (ESI): Calculated for GHsNOo[M+H]™: 286.1807 found 286.1802

OH
H
“ty
N
O 8n (minor)
'H NMR (CDCI 3, 400 MHz)
& 7.87 (d,J=7.0 Hz, 1H)
7.69 (d,J=7.3 Hz, 1H)
7.54-7.48 (m, 1H)
7.45 (t,J=7.3 Hz, 1H)
4.77 (d,J=11.2 Hz, 1H)
4.37 (ddd,J=13.6, 5.6, 2.1 Hz, 1H)
4.27 (dd,J=11.8, 1.5 Hz, 1H)
4.08 (dd,J=11.8, 4.3 Hz, 1H)
3.11 (td,J=13.4, 3.5 Hz, 1H)
2.31 (dt,J=13.7,2.8Hz, 1H)
2.1-2.04 (m, 1H)
1.84-1.35 (m, 8H)
1.07 (dd,J=13.4, 5.4 Hz, 1H)
1.04-0.96 (m, 2H)
3C NMR (CDCl3, 100 MHz)

§ 166.2 53.8
145.0 36.8
132.8 36.4
130.8 35.2
128.0 32.0
124.9 27.2
123.8 26.5
58.7 21.6
56.2 21.4
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IR(Neat): 3409, 2926, 2344, 1667, 1430, 1217, 1063, 755 cm
HRMS (ESI): Calculated for GHsNOo[M+H]™: 286.1807 found 286.1805

H
N
0 0
OMe 1. NaH, THF, 0°C B~ OMe v
TSHNY N
OM ] OMe .
€ 2. 1,2 dibromoethane, DMF, 60°C, 6 h
Si-43
reflux, 48 h
MeO OMe MeO OMe OH
H
0 j/ OH j/ 1. PTSA, Acetonitrile
TsN”  NaBH,, THF:MeOH (2:1) TsN 30 °C. 121 NTs
N : N N
-15°C,6h 2. NaBH,, MeOH
O Sl44 0 70 0°C, 30 min O 8o

Synthesis of N-(2-bromoethyl)-N-(2,2-dimethoxyethy44-methylbenzenesulfonamide (SI-43)To a
solution of N-(2,2-dimethoxyethyl)-4-methylbenzenkésnamide(2 g, 7.7 mmol) in dry THF( 30 ml)

was added NaH (60% in hexane 338 mg, 8.4 mmol) rumittegen atmosphere at 0 °C, after 5 min 1,
2 dibromoethane was added and heated to reflug4dn. Reaction mixture was cooled to 0 °C and
saturated aqueous NEI solution was added, extracted with EtOAc. Thenbmed organic extracts
were washed with water, brine, dried (anhydrousS{s) and concentrated ivacuo. Purification of
the residue by column chromatography on silica (@&P6 ethyl acetate in hexane) gave pure title

compound (1.7 g, 63% yield).
Br\/\N OMe

Ts OMe
SI-43

'H NMR (CDCI 3, 400 MHz)

8 7.72 (d,J=8.1Hz, 2H) 3.40 (s, 6H)
7.32 (d,J=8.1Hz, 2H) 3.21 (d,J=5.3 Hz, 2H)
4.47 (t,J=5.4 Hz, 1H) 2.48 (s, 3H)
3.50 (s, 4H)

13C NMR (CDCl3, 100 MHz)
8 143.8 55.1
136.0 51.8

SI-61
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129.9 51.7
127.2 29.1
104.5 21.5
Svynthesis of N-(2,2-dimethoxyethy)-N-(2-(2,5-dioxygyrrolidin-1-yl)ethyl)-4-

methylbenzenesulfonamide (SI-44)Prepared according to tlgeneral procedure Busing SI-43

(2139 mg, 0.38 mmol) and succunimide (56.5 mg, OrBiAol). Purification of the residue by column

chromatography on silica gel (30% acetone in hexgaee produc§l-44 as yellow oil (137 mg, 94%

yield).
MeO OMe
0]
TsN
N
O Sl44
'H NMR (CDCI 3, 400 MHz)
8 7.64 (d,J=8.3 Hz, 2H) 3.36 (s, 6H)
7.28 (d,J=8.3 Hz, 2H) 3.32 (d,J=5.3 Hz, 2H)
4.43 (t,J=5.1Hz, 1H) 2.72 (s, 4H)
3.73 (t,J=5.4 Hz, 2H) 2.41 (s, 3H)
3.38 (d,J=5.1Hz, 2H)
3C NMR (CDCl3, 100 MHz)
& 177.8 54.6
143.5 50.7
136.7 46.5
129.7 36.9
127.1 28.3
104.1 21.4

IR(Neat): 3021, 2939, 1720, 1403, 1215, 1157, 1078, 760c668

HRMS (ESI): Calculated for GH2sN20sS [M+H]": 385.1433 found 385.1462

Synthesis of N-(2,2-dimethoxyethyl)-N-(2-(2-hydroxyp-oxopyrrolidin-1-yl)ethyl)-4-
methylbenzenesulfonamide (70)Prepared according to tlyeneral procedure CusingSI-44 (100
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mg, 0.26 mmol). Purification of the residue bywnh chromatography on silica gel (50% acetone in

hexane) gave mixture of rotamers7afas yellow oil (95 mg, 95% yield).

MeO OMe
OH j/
TsN
N
O 70

'H NMR (CDCI 3, 400 MHz)

8 7.69-7.64 (m, 2H) 3.38-3.35 (m, 12H)
7.33-7.28 (m, 4H) 3.35-3.28 (m, 2H)
5.44-5.37 (m, 2H) 3.21-3.10 (m, 4H)
4.54-4.49 (m, 2H) 2.56-2.50 (m, 2H)
4.31-4.28 (m, 1H) 2.43-2.40 (m, 6H)
4.13-4.08 (m, 1H) 2.38-2.27 (m, 4H)
3.57-3.52 (m, 4H) 1.91-1.84 (m, 2H)
3.50-3.43 (m, 2H)

3C NMR (CDCl3, 75 MHz)

& 174.9 53.8
143.8 51.0
135.3 49.0
129.8 39.4
127.3 29.0
102.9 28.1
84.3 21.5

54.3

IR(Neat): 3384, 2939, 1670, 1456, 1157, 1074, 743, 658 cm
HRMS (ESI): Calculated for GH7,00¢SNa [M+NaJ : 409.1409 found 409.1408

Synthesis of (1S,8aR)-1-(hydroxymethyl)-2-tosylhekgdropyrrolo[1,2-a]pyrazin-6(7H)-one (80):
Prepared according to tigeneral procedure Dusing 70 (88 mg, 0.23 mmol) andl equivof PTSA at
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30 °C for 12 h. Purification of the residue by aolu chromatography on silica gel (40% acetone in

hexane) gave separable mixture of diastereomet¥ 880 as yellow oil. (65 mg, 71%)

OH
H
NTs
N
o 8o
'H NMR (CDCI 3, 400 MHz)
8 7.68 (d,J=8.1Hz, 2H) 3.09 (ddd,J=12.8, 8.1, 4.4 Hz, 1H)
7.34 (d,J=8.0 Hz, 2H) 3.00 -2.92 (m, 1H)
4.16 (dt,J=13.0, 3.0 Hz, 1H) 2.73 (dt,J=9.7, 3.0 Hz, 1H)
3.90 — 3.82 (m, 2H) 2.45 (s, 3H)
3.75 (ddd,J=10.1, 5.8, 4.4 Hz, 1H) 2.37 —2.22 (m, 3H)
3.70 - 3.61 (m, 1H) 1.60 — 1.54 (m, 1H)
3C NMR (CDCl3, 100 MHz)
§ 173.4 54.6
144.6 45.1
134.9 38.9
130.2 29.8
127.1 23.0
65.7 21.6

60.7
IR(Neat): 3407, 3019, 2400, 1682, 1421, 1215, 1047, 928, 85 cm'
HRMS (ESI): Calculated for @H2iN,0,4S [M+H]": 325.1222 found 325.1219
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Synthesis

H
O~ _N_ _O
MeO OMe
, 0
B~ /YOMe “ s TsN NaBH,, THF:MeOH (2:1)
Ts DMF, 60°C, 12 h N 45°C 6 h
sl-43 OMe ’
Y S1-46
MeO OMe
OH j/ 1. PTSA, Acetonitrile
o TsN 30°C, 8h
\
N\) 2. NaBH,, MeOH
0 °C, 30 min
0 7p
of N-(2,2-dimethoxyethyl)-N-(2-(4,4-diméyI-2,6-dioxopiperidin-1-yl)ethyl)-4-

methylbenzenesulfonamide (SI-46)): Prepared according to tlyeneral procedure BusingSI-43

(500 mg, 1.36 mmol) and 3,3-dimethylglutarimide{28g, 1.63 mmol). Purification of the residue by

column chromatography on silica gel (20% acetonkeixane) gave produ&i-46 as yellow oil (518
mg, 89% yield).

w

o)

'H NMR (CDClI 3, 400 MHz)

d

7.65 (d,J=8.3 Hz, 2H)
7.27 (d,J=8.3 Hz, 2H)
4.38 (t,J=5.2 Hz, 1H)
3.99 (t,J=8.3 Hz, 2H)
3.38 (d,J=5.7 Hz, 2H)

3C NMR (CDCl3, 100 MHz)

S

172.4
171.8
134.2

MeO OMe
(0]
TsN
NS
SIi-46
3.33
3.36
2.55
2.41
1.07
46.5
46.3
45.5

SI-65

(d,J=5.2 Hz, 2H)
(s, 6H)
(s, 4H)
(s, 3H)
(s, 6H)
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137.2 36.9
129.6 29.2
127.1 27.9
103.6 27.8
o4.4 21.4
49.9

IR(Neat): 3236, 2962, 1695, 1217, 1153, 1079, 760, 667 cm
HRMS (ESI): Calculated for GHz,N,OsSNa [M+Na] : 449.1722 found 395.1640

Synthesis of N-(2,2-dimethoxyethy)-N-(2-(2-hydroxy.4-dimethyl-6-oxopiperidin-1-yl)ethyl)-4-
methylbenzenesulfonamide (7p)Prepared according to tlyeneral procedure CusingSI-46 (300

mg, 0.7 mmol). Purification of the residue by eoluchromatography on silica gel (30% acetone in

hexane) gave mixtures of rotamers/pfas yellow oil (290 mg, 96% vyield).

MeO OMe
OH
\\\\\‘ TSN
N
o) 7p
'H NMR (CDClI 3, 400 MHz)
3 7.69 (d,J=7.9 Hz, 2H) 3.31-3.25 (m, 2H)
7.30 (d,J=8.1Hz, 2H) 3.21 (d,J=6.0Hz, 2H)
5.97 (d,J=7.7 Hz, 1H) 2.41 (s, 3H)
4.96 (d,J=7.7 Hz, 1H) 2.32 (s, 2H)
4.50 (t,J=5.4Hz, 1H) 2.10-1.87 (m, 2H)
3.67 (t,J=6.5Hz, 2H) 1.04 (s, 6H)
3.37 (s, 6H)
3C NMR (CDCl3, 100 MHz)
& 169.5 54.4
143.6 51.2
136.1 47.9
129.8 45.9
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127.5 45.6
127.3 31.6
117.5 27.9
103.6 21.5

IR(Neat): 3407, 2975, 1638, 1412, 1334, 1158, 1047, 758669
HRMS (ESI): Calculated for GHz,N,OsSNa [M+Na] : 451.1879 found 451.1868

Synthesis of (1S,9aR)-1-(hydroxymethyl)-8,8-dimetti2-tosylhexahydro-1H-pyrido[1,2-
alpyrazin-6(2H)-one (8p): Prepared according to tlgeneral procedure Dusing 7p (98 mg, 0.23

mmol) andl equivof PTSA at 30 °C for 8 h. Purification of the residue byuron chromatography on
silica gel (35% acetone in hexane) gave an insbf@mraixture of diastereomers (2:1) &b as yellow
oil. (52 mg, 62%)

'H NMR (CDCI 3, 400 MHz)
d 7.75 (d,J=8.3 Hz, 2H, minor)
7.69 (d,J=8.3 Hz, 2H, major)
7.34-7.29 (m, 4H, major + minor)
4.43 (dt,J=13.4, 3.0 Hz, 1H, minor)
4.09 (dd,J=12.8, 2.6 1Hz, 1H, major)
4.05 - 3.96 (m, 2H, major + minor)
3.83 —3.62 (m, 6H, major + minor)
3.51 - 3.41 (m, 2H, major + minor)
3.15 - 3.05 (m, 2H, major + minor)
2.90 (dt,J=13.5,5.2 Hz, 1H, major)
2.64 (td,J=13.0, 3.0 Hz, 1H, minor)
2.43 (s, 3H, minor)
2.42 (s, 3H, major)
2.19 — 2.07 (m, 3H, major + minor)
1.97 — 1.89 (m, 2H, major + minor)
1.57 — 1.53 (m, 2H, minor)
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1.20 — 1.04 (m, 1H, major)
1.00 (s, 3H, minor)
0.96 (s, 3H, major)
0.91 (s, 3H, major)
0.83 (s, 3H, minor)

3C NMR (CDCl3, 100 MHz)

5 170.4,169.5 45.9, 45.3
144.3, 144.0 43.4, 40.7
137.2,135.8 40.6, 40.5
130.0, 129.9 40.4, 37.5
127.2,127.1 30.6, 30.5
64.7,57.6 29.4,29.2
61.5, 58.3 24.5, 23.9
55.1,51.3 21.5 (two)

IR(Neat): 3400, 3020, 2401, 1632, 1408, 1216, 1157, 1090, 662 cni
HRMS (ESI): Calculated for @gH,7N204S [M+H]": 367.1692 found 367.1686

0
| NH MeO OMe
YT s
Br\/\N /\rOMe —— 3: y N NaBH,, THF:MeOH (2:1)
STS OMe R N -15°C, 6 h
1-43
© sl148
MeO._ _OMe OH
OH 1. PTSA, Acetonitrile H
TsN 30°C,6h NTs
N\) 2. NaBH,, MeOH N\)
0°C, 30 min o)
O 7q 8q
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Synthesis of N-(2,2-dimethoxyethyl)-N-(2-(1,3-dioxsoindolin-2-yhethyl)-4-
methylbenzenesulfonamide (SI-48)Prepared according to tlgeneral procedure Busing SI-43
(500 mg, 1.36 mmol) and phthalimide (220 mg, 1.63at). Purification of the residue by column

chromatography on silica gel (20% acetone in hexgaee produc§l-48 as yellow oil (580 mg, 98%

yield).
MeO OMe
0
/ TsN
N
o SI-48
'H NMR (CDCl 3, 400 MHz)
8 7.83-7.79 (m, 2H) 3.88 (t,J=6.8 Hz, 2H)
7.71-7.68 (m, 2H) 3.51 (t,J=6.3 Hz, 2H)
7.61 (d,J=8.0 Hz, 2H) 3.41 (s, 6H)
7.14 (d,J=8.0 Hz, 2H) 3.39 (d,J=5.5Hz, 2H)
454 (t,J=5.2 Hz, 1H) 2.41 (s, 3H)
13C NMR (CDCl3, 100 MHz)
8 168.2 123.2
143.2 104.5
136.7 54.8
133.8 50.1
132.2 47.1
129.6 36.2
127.0 21.5

IR(Neat): 3021, 2401, 1713, 1605, 1342, 1123, 761, 670 cm
HRMS (ESI): Calculated for GH»4N,0sSNa [M+Na] : 455.1253 found 455.1243
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Synthesis of N-(2,2-dimethoxyethyl)-N-(2-(1-hydroxyB-oxoisoindolin-2-ylethyl)-4-
methylbenzenesulfonamide (7g)Prepared according to tlyeneral procedure CusingSI-48 (130

mg, 0.3 mmol). Purification of the residue by eoluchromatography on silica gel (30% acetone in

hexane) gav&q as yellow oil (125 mg, 96% yield).

MeO OMe
on J
TsN
N
O 7q
'H NMR (CDCI 3, 400 MHz)
8 7.72 (d,J=7.5Hz, 1H) 3.84-3.71 (m, 2H)
7.64 (d,J=8.2 Hz, 2H) 3.59-3.48 (m, 1H)
7.59-7.54 (m, 2H) 3.39-3.33 (m, 2H)
7.47 (td,J=7.1, 1,8 Hz, 1H) 3.32 (s, 3H)
7.22 (d,J=8.2 Hz, 2H) 3.30 (s, 3H)
5.89 (d,J=10.0 Hz, 1H) 3.20 (dd,J=14.8,5.2 Hz, 1H)
4.49 (d,J=5.2 Hz, 1H) 2.37 (s, 3H)
4.19 (d,J=10.0 Hz, 1H)
13C NMR (CDCl3, 100 MHz)
8 167.6 123.0
144.2 103.4
143.6 82.7
135.7 54.5
132.1 54.0
131.6 50.6
129.7 48.8
129.6 38.9
127.3 21.5

123.3

IR(Neat): 3401, 3020, 1695, 1337, 1216, 1157, 761, 670 cm
HRMS (ESI): Calculated for GHzeN.0sSNa [M+Na] : 457.1409 found 457.1410
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Synthesis  of (1S,10bR)-1-(hydroxymethyl)-2-tosyl-2,3,4-tetrahydropyrazino[2,1-alisoindol-

6(10bH)-one (8q):Prepared according to tlyeeneral procedure Dusing 7q (100 mg, 0.23 mmol)

and 1 equivof PTSA at 30 °C for 6 h almost as a single diastereon®28:(). Purification of the

residue by column chromatography on silica gel (4¢tone in hexane) gagg as yellow oil. (70

mg, 82%)
OH
H
NTs
N
o 8q
'H NMR (CDCI 3, 400 MHz)

8 7.84 (d,J=8.2 Hz, 2H) 4.63 (d,J=8.2 Hz, 1H)
7.60—7.55 (m, 2H) 4.31 (d,J=10.1Hz, 1H)
7.52-7.48 (m, 2H) 3.91 (d,J=10.1 Hz, 1H)

7.34 (d,J=8.2 Hz, 2H) 3.21 -3.08 (m, 4H)
4.78 (dt,J=8.7, 5.0 Hz, 1H) 2.43 (s, 3H)
13C NMR (CDCl3, 100 MHz)

8 166.7 124.2

144.2 122.8
140.4 58.3
137.5 56.8
132.5 56.4
131.9 39.7
130.1 38.5
129.1 21.6

127.2

IR(Neat): 3401, 3019, 2400, 1687, 1523, 1215, 757, 669 cm
HRMS (ESI): Calculated for GH21N04S [M+H]": 373.1222 found 373.1211
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Svynthesis of ()-epilupinine, (+)-4

OH
H OH
H
LiAIH,4, THF, reflux
N
4h N
0]
8h (¥)-epilupinine, (+)-4

Synthesis of (#)-epilupinine, (4):To a solution of8h (23 mg, 0.125 mmol) in dry THF (3.5 ml) at
0 °C was added a suspension of Liald9 mg, 0.502 mmol) in dry THF(1.5 ml) and the teac

mixture was stirred at 0 °C for 15 min and thentbedo reflux for 4 h. Reaction mixture was codied
0 °C and saturated aq. %04 (0.1 ml) was added carefully and stirred at rdemperature for 1 h.
The mixture was filtered using THF and filtrate wamcentrated ivacuo to give (+)-epilupinine (19

mg, 90% yield) as oil. Spectral data were foundgreement with the literature data.

'H NMR (CDCI 3, 400 MHz)

5 3.66 (dd,J=10.9, 3.6 Hz, 1H) 1.72-1.66 (m, 3H)
3.57 (dd,J=10.8, 5.6 Hz, 1H) 1.63-1.57 (m, 2H)

2.86-2.75 (M, 2H) 1.46-1.36 (m, 1H)
2.07-1.97 (m, 2H) 1.30-1.12 (m, 3H)

1.93-1.73 (m, 4H)
13C NMR (CDCl3, 100 MHz)

o 64.7 29.8
64.2 28.2
56.9 25.6
56.6 25.0
43.9 24.6

HRMS (ESI): Calculated for GH2oNO [M+H]": 170.1545 found 170.1534
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'H NMR of compoundI-18 (400 MHz, CDC})

SI-117



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

S5 gr ¥ e & & 3588 g5 4
53 8§ g SIS g o 9958 g3 ¢
VT \/ | | \W/ ]
TBDPSO OMe
OMe
SI-18
| o |
160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 ppm

3C NMR of compoundsl-18 (100 MHz, CDCY)

SI-118



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

HO

SI-19

OMe

OMe

M -

2.

5 2.0 .5 ppmr

vvvvvvvv

T

'H NMR of compoundsI-19 (400 MHz, CDC})

SI-119



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

g M- ™ ~ — OO LW [ce]
o Now oY oAro o
2 R 8 B 9983 Q
HO OMe
OMe
SI-19
L &
I ) I ) I ) I ) I ) I ) I ) I ) I ) I ) I )
200 180 160 140 120 100 80 60 40 20 0 ppm

3C NMR of compoundsl-19 (100 MHz, CDCY)

SI1-120



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

MeO OMe
(e}
N
O SI-20
T T T T — T T T T
4.5 4.0 3.5 3.0 2.5 2.10 1.5 1.0 ppn
s
|
| [ |

'H NMR of compoundI-20 (400 MHz, CDC})

SI-121



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

pa & LN o MOH0O O O
~ o to® ® NDODOON~ N o
~ o ~NN© o NC®XWWw © <
I | Voo T WP
MeO OMe
O
N
O SI-20
L hd Wven |

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm

3C NMR of compoundsI-20 (100 MHz, CDCY)

SI-122



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

'
r - 71T T T71T 7T 7T 7T fr T "1 17T 71 T T T
5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 ppmrr
MeO OMe
OH
N I VR
O 7¢
| Lo

o olr~ ©|o||lm Of |lof |afir={]r~
Q ro.@. || jomc’or thmﬂ
— —lo <ol =l el =i~ o
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