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1) General Information

All reactions involving moisture sensitive reagentsre performed under inert atmosphere
(nitrogen or argonyia standard vacuum line techniques and with freshigddsolvents. All
glassware was flame dried and allowed to cool undgescuum. Diethylether (ED),
tetrahydrofuran (THF), toluene (PhMe), hexane aiotlldromethane (CkCl,) were obtained
dry from a solvent purification system (MBraun, SB®). Petroleum ether is defined as
40-60 petrol. All solvents and commercial reagentsemesed as supplied without further
purification unless stated otherwise. Room tempeeatefers to 2625 °C. Temperatures of 0
°C and-78°C were achieved using ice/water and(3pacetone baths respectively. Reduced
pressure refers to the use of a Biichi Rotavapo@@®-2otary evaporator with a Vacubrand
CVC; vacuum controller or a Heidolph Laborota 4001 mptavaporator with a vacuum
controller. Analytic thin layer chromatography wasrformed on aluminium sheets coated
with 60 Fs4silica. TLC visualisation was carried out withraltiolet light (254 nm), followed
by staining 1% aq. KMng solution. Flash column chromatography was performoa
Kieselgel 60 silica in the solvent system stafétland**C NMR spectra were acquired on
either a Bruker Avance 30®4§ (300 MHz),d¢ (75 MHz)}, a Bruker Avance Il 4008, (400
MHz), & (100 MHz)}, a Bruker Avance 5008f (500 MHz),dc (125 MHz)} or a Bruker
Avance Il 500 4 (500 MHz),dc (125 MHz)} spectrometer at ambient temperature iand
the deuterated solvent stated. Coupling constdphtsr¢ reported in Hz. Data are expressed in
chemical shifts in parts per million (ppm) relatiweresidual solvent as the internal standard.
Multiplicities are indicated by: s (singlet), d (daet), t (triplet), g (quartet), quint (quintet),
sextet, sept (septet) and m (multiplet). Ar stafutsaromatic,app for apparent andr for
broad. Infrared spectrafay) were recorded on a Shimadzu IRAffinity-1 fourieansform IR
spectrophotometer using either thin film or soliding Pike MIRacle ATR accessory.
Analysis was carried out using Shimadzu IRsoluti@rb0, characteristic peaks are reported.
Melting points were recorded on an electrotherndasatus and are uncorrected. HPLC
analyses were obtained on two different machin&ziison HPLC consisting of a Gilson 305
pump, Gilson 401C dilutor, Gilson 213XL sample @i and sample detection was
performed with a Gilson 118UV/Vis detector; secgndl Shimadzu HPLC consisting of a
DGU-20A5 degasser, LX-20AT liquid chromatographl -280AHT autosampler, CMB-20A
column oven with variable temperature setting#5°C). Separation was achieved using
Chiralcel OD-H and OJ-H columns or Chiralpak ADAS-H, IA, IC, IB and ID columns.

Mass spectrometric{z) data was acquired either at the University ofAStirews Mass
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Spectrometry Facility or at the EPSRC National M&ectrometry Service Centre in
Swansea. Low and high resolution MS (ES) and MS (@re carried out on a Micromass
LCT spectrometer and on a Micromass GCT spectramegspectively. Optical rotations
were measured on a Perkin Elmer Precisely/Modelg®arimeter operating at the sodium D
line with a 100 mm path cell.



1)) General experimental procedures and characterisation data:
1) Synthesis of compound 29 and OTMS-quinidine

N-Ethyl-2-bromopyridinium triflate 29

N

| o
o N Br

T Crony In a flame dried resealable tube was added a solution of 2-bromtiogy(l.00 mL, 10.5
mmol, 1.0 eq) in DCM (2 mL) under Ar. The solution was cooled down to €78nt ethyl triflate
(1.40 mL, 10.5 mmol, 1.0 eq) was slowly added as a white precipitatfowasd. The cloudy
mixture was stirred at rt for 5 h. The white precipitate then washed with toluene (3x10 mL), and
dried to afford29 (3.45 g, 98%) as a white soligp 66-70 °C:Vmay (KBr)/cm* 3052, 6375, (CDCh,
400 MHz) 1.68 (3H, tJ 7.31, CHCH3), 4.95 (2H, q,) 7.31, (H,CHs), 8.15 (2H, m, C(F+C(3H),
8.37 (1H, td,J 7.9, 1.6, C(4)), 9.40 (1H, dd,J 6.2, 1.6, C(8)); &. (CDCk, 100 MHz) 15.8
(CH,CHs), 59.9 CH,CH), 118.9 C), 128.6C(5) , 134.8C(3), 146.9C(4), 149.2C(6); & (CDCl,
282 MHz) 78.9 (€5); m/z (ES) 188 ([ME'Br)+H]*, 96%), 186 (IM(°Br)+H]", 100%); HRMS (EY,
C/HgBrN* ([M+H] ") found 185.9913, requires 185.9910 (- 1.6 ppm).

(1S, 2R, 4S, 5R)-2-[(9)-(6-Methoxyquinolin-4-yl)((trimethylsilyl)oxy)methyl]-5- vinylquinuclidine
(OTMS-Quinidine)

(H3C)3Si0,,

HsCO.

N Trimethylsilyl chloride (0.37 mL, 3.67 mmol, 1.5 eq) was added tdwiso of
Quinidine (1.00 g, 3.08 mmol, 1.0 eq), in dry DCM (40 mL) and the reautas stirred over night at
rt. The reaction was quenched with sat. ag. NafHH(Q® mL) and extracted with DCM (x3). The
combined organic phases were washed with brine, dried (Wg&@ concentratedn vacuo.
Purification by chromatography column on silica gel (DCM : MgQ®BHl : 5) gaveDTMS-quinidine
as a viscous oil (918 mg, 75%)x]%° + 181.9(c 1.0 in CHCY); Vnax (film)/cm™ 1618 (C=C), 1505
(C=C), 1240 (Si-Me), 1007 (Si-ORp;; (CDCk, 400MHz) 0.12 (9H, s, (Si(€s)s), 1.04-1.14 (1H,
broad m, GiaHg), 1.57-1.98 (3H, m, CkHg+2xCH,), 2.36-2.46 (1H, broad m,HGinaidne), 2.48-
2.57 (1H, broad m, BCH=CH,), 3.01-3.34 (4H, m, 2x8,), 3.84-3.89 (1H, M, NByinidne), 4.07
(3H, s, O®4y), 5.13-5.24 (2H, m, CHCH4g,), 5.98 (1H, dddJ 17.3, 10.2, 7.2, CHE&=CH,), 6.68-
6.81 (1H, m, Si(E3);OCH), 7.34 (1H, dJ 9.2, AH), 7.43-7.48 (1H, m, Af), 7.55-7.65 (1H, m,
ArH), 7.94-8.00 (1H, dJ 9.2, AH), 8.69 (1H, dJ 4.5, AH); 8. (CDCl;, 100MHz) 0.4 (SiCH3)s),
18.2 CHy), 23.9 CH,), 27.7 CHqunsiding), 37.8 CHCH=CHy), 48.0 CH,), 49.3 (@CH,), 57.5 CH,),
60.3 (NCHquinugiding), 68.9 (SiCH3)sOCH), 100.7 CHAr5), 117.4 (CHCHEH,), 118.7 CHATr), 123.0
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(CHAT), 125.8 CAr4a), 131.8 CHAr), 137.0 (CHCH=CH,), 144.5 CAr8a), 146.8 CArCHO), 147.0
(CHAr2), 159.1 CArOCHz); m/z (ES") 397 ([M+H]*, 100 %); HRMS (E§ CH3aN,O,Si" ([M+H]")
found 397.2308, requires 397.2306 (+ 0.6 ppm).

2) Synthesis of alkene-acids 4, 5, 10

General procedure 1:Tosyl protection

NEt; (2.2 eq) was added to a solution of the requisite amine (1.0 eq) DGy (10 mL) and stirred
for 10 min at rt. Toluenesulfonyl chloride (1.0 eq) was then slowlyatlwéhe solution under Ar at 0
°C. The reaction mixture was stirred at rt and monitoredly @intil completion then quenched with
ag. citric acid (10%) and extracted with DCM (x3). The combinednicgahases were washed with

sat. ag. NaHC®(x2), brine (x2) and concentratadvacuo to give the corresponding tosyl amine.

General procedure 2:Ester hydrolysis

To a solution of the requisite ester (1.0 eq) in a mixture,@fFHF (1 : 3) was added LiOH (3.0 eq)

in one portion at rt. The reaction was monitored by TLC wotihpletion then quenched with 2M. aq.
HCI (~pH 1) and extracted with £ (x3). The organic phases were washed with brine (x2), dried
(MgSQ,) and concentrateith vacuo, to give the corresponding carboxylic acids.

i. a-Amino series

N-(But-3-en-1-yl)-4-methylbenzenesulfonamide S1

NS Eollowing a modified literature procedure,? 4-bromobut-1-ene (10.0 mL, 98.5 mmol, 1.1
eq) and KC0Os;(24.7 g, 179 mmol, 2.0 eq) were added to a solution of tosylamine (15.3 g,@815 m
1.0 eq) in acetone (90 mL). The reaction was stirred over nigit &C. The reaction was quenched
with sat. ag. NBCI, extracted with EO (x3), washed with brine, dried (Mg®Cand concentrateich
vacuo. Purification by chromatography column on silica gel (PetiEti&tOAc; 90 : 10 to 80 : 20)
gaveS1 (12 g, 60 %) as a clear o8; (CDCl;, 300MHz)2.22 (2H, br qJ 6.7, CH=CHCH,), 2.45
(3H, s, G4, 3.04 (2H, q,J 6.4, (H,NHTSs), 4.39 (1H, br tJ 5.7, NHTs), 5.03-5.12 (2H, m,
CH,=CHCH,), 5.66 (1H, ddtJ 17.1, 10.3, 6.7, C}¥CHCH,), 7.33 (2H, d,) 8.1, ArH3-5), 7.75 (2H,
d,J 8.1, ArH2-6). Data is in accordance with the literattire.

Ethyl 2-N-[(but-3-en-1-yl)-4-methylphenylsulfonamido]acetate S2

s o
\/\/N\)J\OC”ZC“S To a suspension of NaH (1.06 g, 26.6 mmol, 1.2 eq) in dry DMF (40nat)
addedS1 portion-wise at 0 °C. After 10 min, bromoethylacetate (3.0 6.6 mmol, 1.2 eq) was
added and the reaction was stirred for 2 h at rt. After cdioplehe reaction mixture was quenched
with a mixture NHCI/NH,OH (2:1) and extracted with £ (x3). The organic phases were washed
with H,O (x2), brine (x2), dried (MgSfand concentrateish vacuo, to affordS2 as a clear oil (5.6 g,
82%); 8y (CDCl;, 300MHz)1.23 (3H, tJ 7.2, CHCH3), 2.33 (2H, q,) 6.4, CH=CHCH,), 2.44 (3H,
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s, ArCH:), 3.34 (2H, tJ 6.4, GH,NTs), 4.08 (2H, s, B,CO,CH,CHy), 4.10 (2H, gJ 7.2, (H,CHs),
5.03-5.12 (2H, m, B,=CHCH,), 5.72 (1H, ddt] 17.2, 10.2, 6.6, C}#CHCH,), 7.32 (2H, dJ 8.3,
ArH3-5), 7.68 (2H, dJ 8.3, ArH2-6). Data is in accordance with the literattire.

2-N-[(But-3-en-1-yl)-4-methylphenylsulfonamido]acetic acid 10

\/\/Ls\)kOH Following general procedure 2: esterS2 (2.0 g, 6.42 mmol), ¥O/THF (1:3; 100
mL), LiOH (0.80 g, 41.9 mmol) gav&0 as a white solid in quantitative yield (1.8 g)p 98 °C {lit*

97-99 °C}; 8y (CDCl, 300MHz)1.88 (2H, br qJ 7.3, CH=CHCH,), 2.33 (3H, s, A.CH3), 3.34
(2H, t,J 6.4, H,NTSs), 4.08 (2H, s, B,CO,H), 5.05-5.12 (2H, m, B,=CHCH,), 5.71 (1H, ddtJ

17.0, 10.4, 6.8, ClCHCH,), 7.32 (2H, d,J 8.2, ArH3-5), 7.74 (2H, dJ 8.2, ArH2-6). Data is in
accordance with the literatute.

i. p-Amino series
tert-Butyl-3-(allylamino)propanoate S3

o]

NS
\/\H/\)J\OC(CHa);;

allylamine (3.80 mL, 51.2 mmol, 1.5 eq) in MeOH (100 mL). The reactiotune was stirred at 40

tert-Butyl acrylate (5.00 mL, 34.1 mmol, 1.0 eq) was added to a solution of

°C overnight and then concentratiedvacuo. Purification of the residue by chromatography column
on silica gel (cyclohexane : &1, 100 : 0 to 90 : 10) gav&3 as a yellow oil (5.3 g, 83%@;; (CDCL,
500MHz) 1.45 (9H, s, C(85)s), 2.44 (2H, tJ 6.4, GH,CO.C(CHy)s), 2.84 (2H, t,) 6.4, CH,NH), 3.26
(2H, d,J 6.0 CH=CHCH,), 5.09 (1H, ddJ 10.2, 1.1, Gi,Hg=CHCH,), 5.18 (1H, d,J 17.0, 1.6,
CHaHg=CHCH,), 5.90 (1H, ddtJ 17.0, 10.2, 6.0, C}#CHCH,). Data is in accordance with the
literature®

tert-Butyl-3-(N-allyl-4methylphenylsulfonamido)propanoate S4

o]

\/\#‘S/\)k 0c(CHs

(1.66 mL, 11.9 mmol) in dry DCM (100 mL), toluenesulfonyl chloride @1gl 5.90 mmol) under Ar
for 2 h.Purification by chromatography column on silica gel (Pet.etB#®Ac; 90 : 10) gav&4 (1.6
g, 87%) as a clear oM. (film)/cm™ 2979 (C-H), 1731 (C=0), 1644 (C=C), 1367, (C-&);(CDCk,
300MHz) 1.45 (9H, s, C(85)3), 2.45 (3H, s, ACHa), 2.56 (2H, tJ 7.6, GH,CO,C(CH3)s), 3.38 (2H,
t, J 7.6, H,NTs), 3.82 (2H, dJ 6.3, CH=CHCH,), 5.15-5.25 (2H, m, B,=CHCH,), 5.59-5.73 (1H,
m, CH=CHCH,), 7.30 (2H, d,J 8.0, ArH3-5), 7.73 (2H, d)) 8.0, ArH2-6); 6c (CDCl, 75MHz)
21.9 (CH3), 28.5 (CCHs)s), 35.7 CH,CO.C(CHy)s), 43.7 CH.NTSs), 51.8 (CH=CHCH,), 81.4
C(CHs)s), 119.5 CH,=CHCH,), 127.6 CHAr2-6), 130.1 CHArs3-5), 133.4 (CH=CHCH,), 137.1
(CAr1S0,), 143.7 CAr+CHs), 171.1 CO,C(CHz)s); m/z (ES") 696 ([2M+NH,]*, 100%), 284 ([(M-

Following general procedure 1. Allylamine S3 (1.00 g, 5.39 mmol), NEt
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O'Bu)+NH,]*, 95%), 340 ([M+H], 65%); HRMS (EY CisHxSNO," ([M+H]*) found 340.1579,
requires 340.1577 (+ 0.6 ppm).

tert-Butyl 3-(N-allyl-2-phenylacetamido)propanoate S5

o]

\/\N“)J\OC(CHa)a

Cbz To a solution of allylamin&3 (7.10 g, 38.3 mmol), and NE(11.4 mL, 84.3
mol) in dry DCM (100 mL) was added benzyl chloroformate (5.44 mL, 38.3 mmol) émddnt. The
reaction was stirred overnight at rt and then quenched with 0.1M Glgamtl extracted with DCM
(x3). The combined organic phases were washed with sat. aq. NaB@p brine (x2) and
concentratedn vacuo. Purification by chromatography column on silica gel (Petetfg#OAc, 80 :
20) gaveS5 (6.2 g, 50%) as a clear oil,, (film)/cm™ 2979 (C-H), 1702 broad (C=0§,; (CDCE,
500MHz) mixture of rotamers 1.45 (9H, s, G&{§)s), 2.52 (2H, app dt) 27.3, 7.3, E,CO,C(CHy)s,),
3.42-3.55 (2H, m, H,NCbz), 3.80-4.05 (2H, m, GHCHCH,), 4.87-5.28 (4H, m, NC{HAr
+CH,=CHCH,), 5.77-5.81 (1H, m, CHCHCH,), 7.29-7.57 (5H, m, Afl); 6. (CDCk, 125MH?z)
mixture of rotamers 28.1 (CHz)s), 34.5, 35.1 CH,CO,C(CH3)3), 42.6, 43.6 CH,NCbz), 50.1, 50.3
(CH,=CHCH,), 67.1 (NCQCH,Ar), 80.7 (CCHs)3), 116.6, 117.2QH,=CHCH,), 127.7 (3CHAr),
127.9 CHAr), 128.5 CHAr), 133.5, 133.7 (CHCHCH,), 136.7 CAr), 155.9 (NCO,CH,Ar) 170.9,
171.1 CO,C(CHs)3); m/z (NSI') 320 ([M+H]', 100%); HRMS (E§ CigH»eNO," ([M+H]™) found
320.1859, requires 320.1856 (+ 0.8 ppm).

3-(N-Allyl-4-methylphenylsulfonamido)propanoic acid 4

o]

\/\N/\)J\

Ts o EsterS4(5.00 g, 14.8 mmol, 1.0 eq) was stirred in DCM : TFA (1: 1, 30 mL) at rt
for 2 h. The reaction mixture was quenched with sat. agCNEB0 mL) and extracted with DCM
(x3). The organic phases were washed with sat. ag. Na2{ dried (MgSQ) and concentrateich
vacuo to afford4 (4.7 g, 62 %) as a beige solithp 58 °C;Vpmax (KBr)/cm™ 3100-2900 (O-H), 1703
(C=0), 1163 (C-O)py (CDCls, 300MHz) 2.44 (3H, s, AtCHs), 2.70 (2H, tJ 7.5, H,CO.H), 3.40
(2H, 1,3 7.5, GH,NTs), 3.82 (2H, dJ 6.4, CH=CHCH,), 5.16-5.25 (2H, m, B,=CHCH,), 5.59-5.74
(1H, m, CH=CHCH,), 7.32 (2H, d,J 8.0, ArH3-5), 7.71 (2H, dJ 8.0, ArH2-6); 6c (CDCl,
75MHz) 21.9 CHa), 34.4 CH,COH), 43.2 CH,NTS), 52.1 (CH=CHCH,), 119.9 CH,=CHCH),
127.6 CHAr12-6), 130.3 CHAr1s3-5), 133.3 (CH=CHCH,), 136.7 CArsS0,), 143.9 CAr.CHs),
171.2 COH); m/z (ES) 565 ([2M-H], 100%), 282 ([M-H] 25%); HRMS (ES CisH:NO,S ([M-
H]") found 282.0801, requires 282.0806 (- 1.6 ppm).



3-(Allyl((benzyloxy)carbonyl)amino)propanoic acid 5
o}

\/\N/\)k

Cbz o EsterS4(2.35 g, 7.35 mmol, 1.0 eq) was stirred in DCM : TFA (1 : 1, 40 ml) atr
for 2 h. The reaction mixture was quenched with sat. agCNEB0 mL) and extracted with DCM
(x3). The organic phases were washed with sat. ag. Na2{ dried (MgSQ) and concentrateich
vacuo to afford5 (1.9 g, 98 %) as a clear odl;; (CDCk, 300MHz) 2.68 (2H, m, B,CO,H), 3.57 (2H,

t,J 6.9, H,NTSs), 3.96 (2H, dJ 6.4, CH=CHCH,), 5.17 (4H, broad s, NGOH,Ar+CH,=CHCH,),
5.76-5.80 (1H, m, CkCHCH,), 7.28-7.38 (5H, m, Af). Data is in accordance with the literatfire.

3) Synthesis of vinyl ketones and phosphoranes

1-(Triphenylphosphoranylidene)propan-2-@ig methyl vinyl ketoneS14and ethyl vinyl keton&15
were commercially available and purchase from Aldrich.

0 0 0
Praps L M~ M~
"N"ScH,  HC HaCH,C

S7 S14 $15

1-(4-Chlorophenyl)S8 1-(p-tolyl)- S9, and 1-phenyl-2-(triphenylphosphoranylidene)ethan8ag
have previously been synthesized and charactefzed.

0 o o
Phapvkg\ Phapvk©\ Ph3p\)k©
cl CH,
s8 s9 s10

1-(Furan-2-yl)prop-2-en-1-one S6

]

=
X

\_o Following a modified literature procedure,’ vinylmagnesium bromide (34.3 mL, 24.0
mmol, 2.0 eq; 0.7 M in THF) was slowly added to a solution afrfisfaldehyde (1.0 mL, 12.0 mmol,
1.0 eq) in dry THF (30 mL) at O °C unde.Nhe reaction mixture was stirred for 15 min at 0 °C and
then at rt for 3 h. The reaction was quenched with sat. aq. Ngkd@@®then extracted with DCM
(x3). The combined organic phases were washed wib kk3), brine (x2), dried (MgS£) and
concentratedn vacuo to afford 1-(furan-3-yl)prop-2-en-1-8las a brown oiand was used directly in
the next step without any further purificatidiy; (CDCkL 500MHz) 5.23-5.29 (1H, m, I@OH), 5.32
(1H, dt,J 10.4, 1.3, CH=Ei;Hg), 5.45 (1H, dtJ 17.0, 1.3, CH=CHH5), 6.15 (1H, dddJ 17.0, 10.4,
5.7, tH=CHaHg), 6.28 (1H, d,) 3.3, HAra3), 6.36 (1H, ddJ 3.3, 1.8, G&lArad), 7.42 (1H, dd)
1.8, 0.9, ®lArgaD). To a solution of the vinyl alcohol in DMSO (10 mL) was dioadded IBX (5.0
g, 18.0 mmol, 1.5 eq) at rt. The reaction mixture was stirred fiath@n quenched withJ@ : DCM (1

:1; 10 mL). The mixture was filtered through Celite and the filtrate wiagated with DCM (x3).



The combined organic phases were washed wit Hix2), brine (x2), dried (MgS{ and
concentratedn vacuo to give vinyl ketoneS6 as a yellow oil (1.2 g, 79%Nmax (flm)/cm™ 1664
(C=0), 1463 (C=C)py (CDCl; 500MHz) 5.80 (1H, ddJ 10.5, 1.7, CH=@lsHg), 6.42-6.53 (2H, m,
CHAra3+CH=CH\Hg), 7.00 (1H, dd,J 17.2, 10.5, €=CHaHg), 7.21 (1H, dd,J 3.6, 0.8,
CHAryafd), 7.52-7.62 (1H, dd] 1.7, 0.8, ®lAr,a5); 8. (CDCh, 75MHZz) 112.9 CHAr . 4), 118.8
(CHArrard), 129.9 (CHEH,), 131.7 CH=CH,), 147.4 CHArar5), 153.3 C(2)Arrar), 178.5 CO);
m/z (ES") 123 ([M+H]*, 100%); HRMS (E§ C;H;0," ((M+H]") found 123.0441, requires 123.0438
(- 2.1 ppm).

General procedure 3 Phosphoranes synthesis

A solution of the corresponding 2-bromoethanone (1.0 eq) and triphenylpm®s@dhd eq) were
refluxed in dry solvent for 4 h. After completion, the reaction mixtuas allowed to cool to rt and the
phosphonium salt was filtered and washed witfOE3x100 mL). The phosponium salt was then
dissolved in HO : DCM (1.5 : 1) and 2M. aq. NaOH (100 mL) was added. The mixture was stirred for
2 h and then extracted with DCM (3%x100 mL). The combined orgdrsises were washed with brine,
dried (MgSQ) and concentrateith vacuo to afford the corresponding phosphorane.

1-(4-Methoxyphenyl)-2-(triphenylphosphoranylidene)ethanone S11
o

Phapvj\©\
OCHs Following general procedure 3: 2-bromo-1-(4-methoxy)phenylethanone (15.0 g,

65.5 mmol), triphenylphosphine (17.2 g, 65.5 mmol), dry THF (200 mL), §ates an orange solid
(17.7 g, 66%)mp 144-146 °C {litt** 150-153 °C};8y (d-DMSO, 300MHz) 3.77 (3H, s, k), 4.40
(1H, d,J 24.9, (H), 6.87-6.90 (2H, m, Af), 7.52-7.58 (6H, m, Af), 7.62-7.71 (9H, m, Ad) 7.81-
7.84 (2H, m, AH); 8, (CDCls, 121 MHz) 16.59. Data is in accordance with the literafure.

1-(4-(Trifluoromethyl)phenyl)-2-(triphenylphosphoranylidene)ethanone S12

[e]

Ph3P§)J\©\
CFsFollowing general procedure 3: 2-bromo-1-(4-trifluoromethyl)phenylethanone

(15.0 g, 56.2 mmol), triphenylphosphine (14.7 g, 56.2 mmol), dry THF (200 mL) $Bxas an
orange solid (23.0 g, 92%)p 158-160 °CyVmax (film)/cm™ 1716 (C=0);6y (CDCls, 400MHz) 4.57
(1H, d,J 24.6, GH), 7.67-7.70 (6H, m, Af), 7.71-7.73 (5H, m, Ad), 7.74-7.77 (6H, m, A), 8.06-
8.10 (2H, m, AgeH2-6); 8. (CDCh, 125MHz) 52.3 CH, d,J 111.0), 124.7GF, q,J 272.1), 124.8
(2xCHArcr, d,J 3.5), 126.5 (3€Ar, d, J 90.0), 128.8 (2xCHAR), 129.0 (6xCHAT, d,J 10.2), 130.9
(CCF, q,J 32.0), 132.3 (38HAr, d, J 2.4), 133.1 (6€HAr, d, J 10.2), 144.7CArCO) 183.0 CO, d,
J3.2);85 (CDCl;, 282MHz) 1.378¢ (CDCl, 121MHz) 15.99m/z (ES) 449 ([M+H] ¥, 100%); HRMS
(ES) CyH,,POR' ([M+H]™) found 449.1277, requires 449.1270 (- 1.5 ppm).



3,3-Dimethyl-1-(triphenylphosphoranylidene)butan-2-one S13

o]

Phapvj\

C(CH:)s Following general procedure 3: 1-bromopinacolone (5.00 mL, 0.04 mol, 1.0 eq),
triphenylphosphine (9.7 g, 0.04 mol, 1.0 eq), toluene (50 mL), §a@as a white powder (10.3 g,
77%);mp 178 °C {lit'*175-177 °C}:54 (CDCl, 500MHz) 1.23 (9H, s, C(ds)3), 3.80 (1H, dJ 27.1
CH), 7.44-7.47 (6H, m, Ad), 7.53-7.56 (3H, m, Af), 7.62-7.66 (6H, m, Af); &» (CDCl, 121MHz)
4.35. Data is in accordance with the literattite.

4) Synthesis of enone—acids 1 and 30

(E)-3-(4-Methyl-N-(4-oxopent-2-en-1-yl)phenylsulfonamido)propanoic acid 1
(o}

1) 05 DMS o
S :
\/\N/\)kOH HsC NS N/\)'LOH

Ts 2) Wittig N
o] o)
PhaF\)k
CHs
40°C, 45 min

A stream of Qin O, was bubbled through a solution of alkeh@0.0 mg, 0.21 mmol, 1.0 eq), in dry
DCM (0.3 mol/L) at - 78 °C. When the blue color persisted, diniesthifide (2.0 eq) was added and
the reaction was allowed to warm to rt. The solvent waparatedin vacuo and aldehydé&lawas
treated as an intermediate and used directly to the next(ateglytical data contains trace of DMS
and DMSO)Vmax (film)/cm™ 2922 (broad O-H), 1728 (broad C=@); (CDCl, 400MHZz)2.37 (3H, s,
CH), 2.67 (2H, tJ 6.6, GH,COH), 3.39 (2H, tJ 6.6, (H,NTs), 3.92 (2H, dJ 1.1, H,COH), 7.27
(2H, d,J 7.9, ArH3-5), 7.63 (2H, dJ 8.0, ArH2-6), 9.50 (1H, s, CB); &, (CDCl, 75MHz)21.9
(ArrsCHy), 35.0 CH,CO,H), 46.3 CH,NTs), 59.0 CH,COH), 127.8 CHAr12-6), 130.4 CHArs3-

5), 135.7 CArsSQ,), 144.5 CAriCHy), 174.7 COH), 198.6 COH); m/z (ES) 284 (IM-HJ, 100%)
242 ([M-CH,COHJ, 60%); HRMS (ES C1:H1,.SNGs ([M-H]"); found 284.0595, requires 284.0598
(-1.1 ppm). Phosphorart7 (74.1 mg, 0.23 mmol, 1.1 eq) was added to a solution of the aldehyde in
THF (8 mL) and acetic acid (0.05 mL). The reaction was stise40 °C for 45 min (carefully
monitored by NMR) and then concentraiedvacuo. The crude reaction mixture was dissolved in
EtOAc and sat. aq. NaHGQvas added. The aqueous phase was washed with EtOAc (x3). The
aqueous phase was acidified (pH ~2) with 2M ag. HCI and then &xradth EtOAc (x3). The
combined organic phases were washed with brine (x2) and concentrataaio to afford 1 as a
yellow oil (43 mg, 63%)Vmax (film)/cm™ 2923 (O-H), 1720 (C=0 acid), 1667 (C=0 ketone), 1160 (C-
0); 84 (CDCL, 400 MHz) 2.24 (3H, s, COf3), 2.46 (3H, s, Ar.CH3), 2.72 (2H, tJ 7.0, GH,COH),
3.44 (2H, t,J 7.0, CH,NTs), 4.00 (2H, ddJ 5.8, 1.6, CH=CH@l,), 6.15 (1H, dt,J 16.0, 1.6,
CH=CHCH), 6.61 (1H, dtJ 16.0, 5.7, CH=EICH,), 7.36 (2H, d,J 8.3, ArH3-5), 7.73 (2H, dJ 8.3,
ArrH2-6); 8. (CDCl, 100 MHz) 21.6 (Ar.CH3), 27.2 (CQCHs), 34.1 CH,CO,H), 44.2 CH:NTSs),
50.1 (CH=CHCHy), 127.3 CHAr2-6), 129.9 CHAr1:3-5), 132.7 CH=CHCH,), 135.9 CAr+.CH,),
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141.4 (CH€HCH,), 144.1 CAr1S0y), 175.6 COH), 197.9 COCHs); miz (ES) 649 ([2M-HT,
100%), 324 ([(M-H], 60%); HRMS (ES C;sH1eSNG; ([M-H]); found 324.0902, requires 324.0911
(- 2.8 ppm).

Isomerisation product S16
The isomerisation produ8&l16was observed only in thid-tosylated series when the Wittig reaction
was performed for a longer period of time, or/and at higher temperature.

o o

1) 03 DMS
S :
\/\N/\)kOH HsC = N A)LOH
Ts 2) Wittig N
Q ¢
PhsPa
3 \)k CHs

Reflux, 12 h

A stream of Qin O, was bubbled through a solution of alkeh¢32 mg, 0.46 mmol, 1.0 eq), in dry
DCM (0.3 mol/L) at - 78 °C. When the blue color persisted, dinethifide (2.0 eq) was added and
the reaction was allowed to warm to rt. The solvent was eatgubn vacuo andaldehydeS30awas
treated as an intermediate and used directly for the ngxtRb®sphoran&7 (163 mg, 0.51 mmol,
1.1 eq) was added to a solution of the aldehyde in €0ImL) and the reaction was stirred at 70 °C
overnight. The mixture was concentrai@édvacuo and the residue was purified by chromatography
column (DCM : MeOH, 99.9 : 0.1) to giv@l6as a yellow oil. Chromatography column unabled a
clean purification of this compound aBd6was isolated as a mixture with triphenylphosphine oxide.
Vimax (film)/cm™ 3059-2850 (O-H), 1712 (C=09}; (CDCl; 500 MHz) contaminated with PE®; 2.15
(3H, s, COCl3), 2.42 (5H, m, Af.CH3+CH,CO,H), 3.10 (2H, dJ 7.3, GH,CH=CH), 3.58 (2H, ddJ]

9.7, 6.6, NTsEl,), 4.90 (1H, dtJ 14.4, 7.3, CHCH=CH), 6.67 (1H, dJ 14.3, CHCH=CH), 7.21-
7.75 (4H, m, ArH); 8¢ (CDCl3 500 MHz) contaminated with PE® 21.5 (ArCHz), 27.4 (COCH3),
32.7 CH,CO,H), 41.7 (NTsEi,), 45.0 CH,CH=CH), 102.4 (CHCH=CH), 127.6 CHAr2-6), 128.5
(CH,CH=CH), 129.9 CHAr13-5), 135.9 CArCHs), 143.7 CArSQ,), 173.9 CO.H), 206.9
(COCHs); m/z (ES') 348.0867 ([M+Nal, 50%).

(E)-3-[((Benzyloxy)carbonyl)(4-oxopent-2-en-1-yl)amino]propanoic aci@0

o}
o}
1) O3 DMS
: HiCol

CBz 2) Wittig bz
0 0
PhsPa.

A stream of Qin O, was bubbled through a solution of alkéng50 mg, 0.56 mmol, 1.0 eq), in dry
DCM (0.3 mol/L) at — 78 °C. When the blue color persisted, dinisthifide (2.0 eq) was added and
the reaction was allowed to warm to rt. The solvent waparededin vacuo andthe aldehyde was

3

treated as an intermediate and used directly to the next(ategytical data contains trace of DMS
and DMSO);Vmax (film)/cm™ 3338-2576 (broad O-H), 1695 (broad C=@); (CDCl;, 500MHz)
mixture of rotamers 2.61 (2H,1,6.4, H,CO,H), 3.60 (2H, app q] 6.7, (H,NCbz), 4.16, 4.19 (2H, s
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CH,COH), 5.10, 5.17 (2H, m, NGOH,Ar), 7.27-7.37 (5H, m, Ad), 9.51, 9.55 (1H, s, C4); &,
(CDCl, 75MHz) 33.5, 34.0 CH,COH), 44.7, 45.6 CH,NCbz), 58.9, 59.1GH,COH), 67.7, 67.8
(NCOCHAN), 127.9 (3XCHAr), 128.2 CHAr), 128.6 CHAr), 136.1 CAr), 155.7, 156.4,
(NCO,CHAr), 175.0, 175.5C0O,H), 198.2 COH); m/z (AS") 266 ([M+H]’, 100%); HRMS (A9
CiaH1NOs" ([M+H™); found 266.1024, requires 266.1023 (+ 0.4 ppm).

Phosphoran&7 (196 mg, 0.62 mmol, 1.1 eq) was added to a solution of the aldehyde in (BHL)
and the mixture was stirred at 40 °C for 2 h. The solvent was estadand the residue dissolved in
EtOAc. H,O was added and the pH was adjusted by addition of 1M aq. NaOH to pHelagilieous
layer was washed with EtOAc (x3). The aqueous layer watlfiadi with 2M ag. HCI and extracted
with EtOAc (x3). The combined organic layers were washed lkuiitfe (x2), dried (MgS®) and
concentratedn vacuo, to give 30 (150 mg, 88%) as a clear O, (film)/cm™ 3064-2927 (O-H),
1728 (C=0 acid), 1674 (C=0 ketone), 1118 (C-&);(CDCl;, 300MHz) mixture of rotamers 2.13-
2.18 (3H, m, CO®&), 2.54-2.61 (2H, m, B,COH), 3.45-3.48 (2H, m, B,NCBz), 4.05 (2H, app
broad s, CH=CHE,), 5.05-5.08 (2H, m, NC&H,Ph), 5.95-6.04 (1H, m, €=CHCH,), 6.55-6.64
(1H, m, CH=Q@HCHj,), 7.25-7.28 (5H, m, A%k,H),10.8 (1H, braod s, C8l); 8. (CDCk, 75MHz) 27.5,
27.8 (CHj), 33.6, 34.1 CH,COH), 43.6, 44.5 CH,NTs), 49.6 (CH=CHCH,), 68.1, 68.2
(NCO,CH,Ph), 128.4 CHArcg2-6), 128.7 CHArcgA), 128.9 CHArcg3-5), 131.3, 131.8
(CH=CHCH,), 136.5 C(1)Arcs,), 142.7 (CHEHCH,), 156.3 CO,CH,Ph), 176.9, 177.3Q0:H),
198.7, 198.9 COCH,); m/z (ES) 304 ([M-HJ, 100%); HRMS (ES CigH1gNOs ([M-H]Y); found
304.1191, requires 304.1190 (+ 0.2 ppm).
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5) Reaction optimisation

Me,
Me, (i). MesCCOCI (1.5 eq), o Me
i-PrNEt (1.5 eq), >
\ COMH  CHChit / ;:O o e
(ii). catalyst (mol%),
i-ProNEt (2.5 eq), [N> n12h ( )
| rt,1h | |
Ts Ts

1 2
isolable

-
‘\(:OQMS

To a solution of the enone-acld(50.0 mg, 0.15 mmol, 1.0 eq) in DCM was added pivaloylchloride
(28.0 pL, 0.23 mmol, 1.5 eq) and (i-fMEt (39.5 pL, 0.23 mmol, 1.5 eq) at rt. After 10 min (i-
PrypNEt (65.7 pL, 0.38 mmol, 2.5 eq) and the corresponding catalyst (20 molfé)added. The
reaction was monitored by TLC until completion and then wteeipurified by chomatography
column on silica gel (Pet.ether : EtOAc, 90 : 10 to 80 : 20) tal Yéeitone2, or quenched with MeOH

and DMAP (cat) at rt to afford the pyrrolidide

Lactone 2

0 a 04\
Entry Catalyst mol %  dr Yield(%) ee(%)
S N/@ 20 991 40 -
N/)\S
DHPB
N
2 [?j 20 80:20 - -
DABCO
3 m=< "> 20 991 48 97
4  Ho NS 5 99:1 - -
Tetramisole
oy
5 f//ks 20 991 45 99¢ht)
BTM
i-Pr,, N/@
6 epns 20 99:1 54 756nt)

HBTM 2.1

Ester 3

0, C
Vieldos) &%)
70 .
88 -
70 99
67 99
70 99 ent)

® Diastereomeric ratio determined by 1H NMR spectroscopidysisaof the unpurified reaction

mixture;® Enantiomeric excess determined by chiral HPLC (ChiralPakHOm % i-PrOH : hexane,

0.1 mL/min tr maj = 39.9 min, tr min = 36.1 min; 211 nm, 30 “@nantiomeric excess determined
by chiral HPLC (ChiralPak OD-H 30 % i-PrOH : hexane, 1.0 mL/min frar9.1 min, tr min = 16.2

min; 254 nm, 30 °C).
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6) General procedures:Syn pyrrolidines synthesis

General procedure 4:from enone-acids starting material

o) Nu
o} 1) (i-Pr)oNEt (1.5 eq) o
R A Piv-ClI (1.5 eq) H H
M QMOH - . R
o 2) (i-Pr),NEt (2.5 eq) n Sy )
n=1, m=1 _(\ N/> P
or Ph
n=0, m=2 Hcl N7J\s
P=Ts, CBz 3) Nu-H

To a solution of the corresponding enone-acid (1.0 eq) in DCM (fimatentration ¢c=0.03 mol/L)
was added pivaloylchloride (1.5 eq) andP(LNEt (1.5 eq) at rt. After 10 min (-)-tetramisole.HCI and
(i-PrpNEt (2.5 eq) were added. The reaction was monitored by TLCaamtipletion then quenched
with the corresponding nucleophile. The solvent was evaporated anmésidee was purified by

chomatography column on silica gel (Pet.ether : EtOAc) to yield thesgmnding pyrrolidines.

General procedure 5:via tandem Wittig/organocatalysis

o 3) (i-Pr),NEt (1.5 eq) o) Nu,
1) O3 DMS Piv-Cl (1.5 eq) o
NGAWA. ‘
N OH — rR M H
P 2) Wittig 4) (-Pr),NEt (2.5 eq) ( )
n=1, m=1 ¢} N " ONTn
or Ph P\)k _(\ /> P
n=0, m=2 X R P:ICI N%\S
P=Ts, CBz 5) Nu-H

A stream of Q in O, was bubbled through a solution of the corresponding alkene in dry @GM
mol/L) at - 78 °C. When the blue colore persisted, dimetiyfide (2.0 eq) was added and the
reaction was allowed to warm to rt. After concentratiorvacuo the corresponding aldehyde was
disolved in CHCJ and the corresponding phosphorane (1.1 eq) was added. The reactiefiuxasl
overnight, unless otherwise stetted, and then conceniratettuo. The crude reaction mixture was
dissolved in DCM (final concentration ¢=0.03 mol/L) and pivaloylchlo(iié eq) andi{PrpNEt (1.5
eq) were added at rt. After 10 min, (-)-tetramisole.HCI (mad#td {-Pr),NEt (2.5 eq) were added.
The reaction was monitored by TLC until completion then quenched thie corresponding
nucleophile. The solvent was evaporated and the residue was@uifi chomatography column
(Pet.ether : EtOAC) to yield the corresponding pyrrolidines.

Racemic syn products were obtained using commercially available (z) tetrami¢blenol%) as a
racemic catalyst following general procedures 4, 5 or 6

14



General procedure 6:via tandem metathesis/organocatalysis

o}
. Nu
o 2) (-Pr),NEt (1.5 eq) Q
R R)v Piv-CI (1.5 eq) o

P Grubb's Il (5mol%)  3) (-Pr),NEt (2.5 eq) ( )

n=1, m=1 N ™ N n
P
n=0?:n=2 Ph—(;\/>
HCI N S

P=Ts, CBz 4) Nu-H

Grubbs 1l (5 mol%) and the corresponding alkene (1.0 eq) were aulded flame dry microwave
tube under N The tube was then sealed. Dry DCM (0.3 mol/L) and the correspondomgek@t0 eq)
were added and the solution was heated at 40 °C. After complé@gomixture was cooled to rt and
pivaloylchloride (1.5 eq),i{PrpNEt (1.5 eq) and DCM (final concentration ¢=0.03 molikre
added. After 10 min—)-tetramisole.HCI andi{PrLNEt (2.5 eq) were added. The reaction was
monitored by TLC until completion then quenched with the correspondirigapinile. The solvent
was evaporated and the residue was purified by chomatogralmrc on silica gel (Pet.ether :
EtOAC) to yield the corresponding pyrrolidines.
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7) Characterisation of 3, 4 substituted lactone 2 and pyrrolidinalerivatives 3, 6-
9, 22,23

(3aS,7aR)-6-Methyl-2-tosyl-1,3,3a,7a-tetrahydropyrano[3,4-c]pyrrol-4(2)-one 2

HaC,
0
3,

H= %=

% Following general procedure 4 without addition of nucleophile: enone-acidl (50.0 mg,
0.15 mmol), pivaloylchloride (28.0 pL, 0.23 mmol}Rr:NEt (39.5 pL, 0.23 mmol), DCM (5 mL),
(-)-tetramisole.HCI (7.2 mg, 0.03 mmol);RrpNEt (65.7 pL, 0.38 mmol). Crude reaction mixture 99
. 1 digywani; Chromatography column on silica gel (Pet.ether : EtOAc, Dto 80 : 20) gav2as an
oil (52 mg, 48%) in 97% edn]3® +7.7 € 0.3 in CHCY); Vmax (film)/cm™ 1732 (C=0), 1465 (C-O);
8y (CDCk, 400MHz) 1.73 (3H, s, Bi), 2.37 (3H, s, AkCHs), 2.87-2.90 (3H, m,
C(7aH+C(3aH+C(1)HaHs), 3.52-3.64 (3H, m, C(L)kHg+C(3)H,), 4.63-4.65 (1H, m, C(B), 7.27
(2H, d, J 8.3, ArH3-5), 7.64 (2H, dJ 8.3, AkH2-6); c (CDCl, 100MHz) 19.2 CHs), 22.0
(ArtCH3), 36.3 C(3a)H), 41.3 C(7a)H), 49.6 C(3)Hy), 53.9 C(1)Hy, 99.3 C(7)H), 128.0
(CHAr:2-6), 130.2 CHAr3-5), 133.6 CArrS0,), 144.4 CAr+CHs), 150.3 C(6)-CHs), 167.7
(CO); m/z (APCI") 308 ([M+H]’, 100%); HRMS (NS) CisH:sSNO," ([M+H]*); found 308.0948,
requires 308.0951 (- 1.0 ppm). Enantiomeric excess determined by chlr@l (ChiralPak OD-H 40
%i-PrOH : hexane, 0.1 mL/miAma; = 39.9 minf; min = 36.1 min; 211 nm, 30 °C).

200

3371 H9794585.00 4791
3812 39266000 5209

100

9% Mobile Phase
myvats

MMMMMM
3m08 1315351475 1.34
39.04 3243932800 9866
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(3S,4R)-Methyl 4-(2-oxopropyl)-1-tosylpyrrolidine-3-carboxylate 3

e} O,

OCHs
HC H

¥ Following general procedure 4. enone-acid1 (50.0 mg, 0.15 mmol),
pivaloylchloride (28.0 pL, 0.23 mmol),i-PrpNEt (39.5 pL, 0.23 mmol), DCM (6 mL),
(-)-tetramisole.HCI (1.8 mg, 0.008 mmol);RrLNEt (65.7 pL, 0.38 mmol). Ring opening with
MeOH and DMAP, stirred overnight at rt. Crude reaction mix@8e: 1 diy.mvi; Chromatography
column on silica gel (Pet.ether : EtOAc, 80 : 20 to 60 : 40) gav8as a white solid (34 mg, 67%) in
99% ee;[a]?’ - 0 (c 0.3in DCM); mp 92-94 °C;Vpax (KBn)fcm™ 1726 (C=0 ester), 1705 (C=0
ketone), 1160 (C-O), (CDCls, 300MHz)1.98 (3H, s, CO85), 2.19 (1H, dd,) 18.3, 7.9, Gl\Hz),
2.35-2.43 (4H, m, ALCHs+CHaHg), 2.72 (1H, m, C(3)), 2.99 (2H, m, C(BHg+C(4)H), 3.42-3.46
(3H, m, C(2)HHg+C(5H,), 3.49 (3H, s, CECH3), 7.27 (2H, d,) 8.3, AkH3-5), 7.65 (2H, dJ 8.3,
ArH2-6); 8¢ (CDCls, 75MHz) 21.9 (AfCHs), 30.5 (CQCH3), 36.2 C(3)H), 42.5 CH,CO), 45.8
(C(4)H), 49.3 C(5)H,), 52.3 (CQCH,), 52.5 C(2)H,), 127.9 CHAr2-6), 130.1 CHAr+s3-5), 134.2
(CAr1SQ,), 144.0 CArrCHy), 172.1 CO,CHs), 206.3 COCHy); miz (NSI') 340 ([M+H]", 100%):;
HRMS (NSI) Ci6H2,SNGs" ([M+H] *); found 340.1217, requires 354.1213 (+ 1.1 ppm). Enantiomeric
excess determined by chiral HPLC new (ChiralPak OD-H 36P¥OH : hexane, 1.0 mL/mif maj =
19.1 mint min = 16.2 min; 254 nm, 30 °C).

0= T T 1
o n 40

1591 (336300 | 4939
la7e jae20s7os0 | Soel

MMMMMM

1617 05489 |04z !
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Syn-3 was also synthesised using (-)-tetramisole.HCI (7.2 mg, 0.03 mmagPfallowing the same
procedure and was obtained after chromatography column purifiestiarwhite solid (36 mg, 70 %)
in 99 % ee.

Compound 3 was also synthesized via tandem Wittig/organocatalysis route:

Following general procedure 5: ozonolysis of alkend (60.0 mg, 0.22 mmol), dry DCM (100 mL).
Wittig reaction with phosphorar®7 (95.6 mg, 0.24 mmol), in CHg(80 mL). Organocatalysis with
pivaloylchloride (39.1 pL, 0.33 mmol),i-PrpNEt (55.7 pL, 0.33 mmol), DCM (6 mL), (-)-
tetramisole.HCI (2.6 mg, 0.011 mmol);Rr,NEt (95.8 uL, 0.55 mmol). Quenched with MeOH and
DMAP, stirred overnight at rt. Crude reaction mixture 99 : Jug; Chromatography column on
silica gel (Pet.ether : EtOAc, 80 : 20 to 60 : 40) ggwe3 as a white solid (40 mg, 52%) in 99% ee.

Compound 3 was also synthesized via tandem metathesis/organocatalysis route:

Following general procedure 6: alkene4 (100 mg, 0.35 mmol), Grubb’s Il (14.8 mg, 0.02 mmol), dry
DCM (1.2 mL), methyl vinyl ketoneS14 (146 pL, 1.76 mmol), stirred for 1 h at 40 °C.
Organocatalysis with pivaloylchloride (64.6 pL, 0.53 mmotRiL,NEt (92.3 pL, 0.53 mmol), DCM
(5 mL), (-)-tetramisole.HCI (4.2 mg, 0.017 mmol}Pt):NEt (1.78 mL, 0.88 mmol). Quenched with
MeOH and DMAP, stirred overnight at rt. Crude reaction mix@0e: 1 dgwa.ni; Chromatography
column on silica gel (Pet.ether : EtOAc, 80 : 20 to 60 : 40) gav8as a white solid (84 mg, 71%) in
98% ee.

(3S,4R)-Methyl 4-(2-oxo-2-(p-tolyl)ethyl)-1-tosylpyrrolidine-3-carboxylate 6

0, O,
OCH3;
H H
N
HsC Ts Following general procedure 5: ozonolysis of alkenetl (80.0 mg, 0.28

mmol), dry DCM (100 mL). Wittig reaction with phosphora®@(112 mg, 0.31 mmol), AcOH (0.05
mL) in CHCL (50 mL) heated at 40 °C for 2 h. Organocatalysis with pivaléytcle (51.7 pL, 0.42
mmol), (-PrpNEt (73.1 pL, 0.42 mmol), DCM (10 mL);-)-tetramisole.HCI (3.3 mg, 0.014 mmol),
(i-PrpNEt (122.0 pL, 0.70 mmol). Quenched with MeOH and DMAP, stirred overnigtit @rude
reaction mixture 99 : 1 gkani; Chromatography column on silica gel (Pet.ether : EtOAc, 9Qo 80

: 20) gavesyn-6as a yellow oil (68 mg, 57%) 96% eefa]3’ - 11.5 € 0.3 in DCM); V. (film)/cm™
1732 (C=0 ester), 1680 (C=0 ketone), 1172 (C8XCDCl;, 300MHz)2.40 (3H, s, ARCH3), 2.44
(3H, s, AewCHs), 2.68 (1H, dd,) 17.4, 7.6 GlaHg), 2.86-3.10 (2H, m, CkHs+C(3H), 3.15-3.31
(2H, m, C(2HaHg+C(4)H), 3.56 (3H, s, CECH3), 3.56-3.75 (3H, m, C(2)kHs+C(5H,), 7.27-7.34
(4H, m, ArH3-5+ArH3-5), 7.72-7.76 (4H, m, AH2-6+Arg,H2-6); ¢ (CDCly, 75MHz) 21.5
(Ar:CHs), 21.6 (AewCHs), 36.2 C(3)H), 37.2 CH.CO), 45.6 C(4)H), 48.9 C(5)H,), 51.9
(COCHy), 52.4 C(2Hy), 127.5 CHArr2-6), 127.9 CHArcu2-6), 129.3 CHArrs3-5), 129.7
(CHAr3-5), 133.7 C(1)Arcs), 133.9 CArrS0s), 143.6 CAr+CHs), 144.3 CArcCHs), 171.8
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(CO,CHs), 196.9 COArcs); m/z (NSIY) 416 (IM+HT, 100%); HRMS (NS]) CpoH26SNG™ ([M+H] *);
found 416.1528, requires 416.1526 (+ 0.4 ppm). Enantiomeric excess determinealdstPb new
(ChiralPak OD-H 1 %-PrOH : hexane, 1.0 mL/mMifh ng; = 182.2 mint, min = 172.5 min; 211 nm,
30 °C).

mAU
10+

PDA Multi 2 220nm,4nm|

\
o I\

\

192.730

20
| |
J
-30-| | /
| T~
L ——
1%5 T 15‘0 T 1‘75 2[‘!0 2&5 T I250I
min
<Peak Table>
PDA Ch2 220nm
Peak# Ret. Time| Area%
1] 166.411 47.517
2| 192.730 52.483
Total 100.000
mAU -
& PDA Multi 1 211nm,4nm|
(\5\\
-\
100 |
\
50 ‘
8
<
£
~
o e T
1‘25 1%0 1‘75 260 22‘5 250
min
<Peak Table>
PDA Ch1 211nm
Peak# Ret. Time| Area%
1] 172.468 2.002
2| 182.228 97.998
Total 100.000

(3S,4R)-Methyl-4-(2-oxo-2-(4-(trifluoromethyl)phenyl)ethyl)-1-tosylpyrrolidine-3-carboxylate 7

¢]

o]

OCHj;
H H

FsC s Following general procedure 5. ozonolysis of alkenel (60.0 mg, 0.22
mmol), dry DCM (100 mL). Wittig reaction with phosphoraB&2 (99.3 mg, 0.24 mmol), in CHEI
(50 mL) heated at 65 °C for 12 h. Organocatalysis with pivahylie (39.1 pL, 0.33 mmol)j-(
PrypNEt (55.7 pL, 0.33 mmol), DCM (6 mL), (-)-tetramisole.HCI (2.6 mg, 0.0Moi} (-PrhLNEt
(95.8 pL, 0.55 mmol). Quenched with MeOH and DMAP, stirred overraght. Crude reaction
mixture 99 : 1 dfwani; Chromatography column on silica gel (Pet.ether : EtOAc, BDto 70 : 30)
gavesyn-7 as a yellow oil (51 mg, 49%) in 90% dex]3° - 5.2 € 0.3 in DCM); Vinax (film)/cm™ 1734
(C=0 ester), 1683 (C=0 ketone), 1321 (C-&);(CDCl; 400MHz)2.30 (3H, s, Af,CH3), 2.60-2.75
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(1H, m, GHaHg), 2.89-2.99 (2H, m, CkHg+C(3)H), 3.07-3.23 (2H, m, C(})aHs+C(4)H), 3.46 (3H,
s, CQCH3), 3.53-3.57 (3H, m, C(2QkHg+C(5)H,), 7.19-7.22 (2H, m, AtH3-5), 7.63-7.66 (4H, m,
ArtH2-6+ArcpH3-5), 7.84-7.87 (2H, m, AEH2-6); 6c (CDCl;, 125MHz) 21.5 (Af.CHs), 35.9
(C(3)H), 37.5 CH,CO), 45.5 C(4)H), 48.9 C(5)H,), 52.0 CO,CHs), 52.4 C(2)H,), 124.5 (q,J 33.0
C(4)Arcrs), 125.7 (m,CHArcg3-5), 127.8 CHAr2-6), 127.9 CHArcr2-6), 128.3 (qJcr 272.7,
CFs3), 129.8 CHAr1s3-5), 133.6 CArSO,), 138.9 C(1)Arcr), 143.7 CArrCHs), 171.8 CO,CHy),
196.5 COArcr); m/z (ES) 492 ([M+NaJ, 100%); HRMS (EY C,H,,F;SNONa’ ((M+Na]"); found
492.1067, requires 492.1068 (- 0.2 ppm). Enantiomeric excess determined byHEHi@l new
(ChiralPak OD-H 15 %-PrOH : hexane, 1.0 mL/mia gy = 38.1 mint, min = 45.9 min; 220 nm, 30

°C).
mAU
8 = PDA Multi 1 211nm.4nm
J(\c’; '[\g
1A [
[\ [\
50+ | u\
| \
\ \
{ \ Y
\\ | \
254 | \ | \
|
s \ s‘ \
| /
| \ /
/ /
o) N Mo
— —— ——— — —
30.0 325 35.0 375 40.0 425 450 475 50.0
min
<Peak Table>
PDA Ch1 211nm
Peak# Ret. Time| Area%
1 38.185 50.002
2 43.821 49.998
Totall 100.000
mAU
-8 PDA Multi 2 220nm.4nm
/%
1504 ‘J‘ \
| \
| \
1004 4
| \
| \
\
| \
50+ [ \ §
| w
| %
S S|
30 % 40 45 50 55 50
min

<Peak Table>

DA Ch2 220nm
Peak# Ret. Time| Area%
38.096 95.151
2 45.868 4.849

Total 100.000

(3S,4R)-Methyl 4-(2-(4-methoxyphenyl)-2-oxoethyl)-1-tosylpyrrolidire-3-carboxylate 8

0, O,
OCHj;
H H
N
HsCO Ts Following general procedure 5: ozonolysis of alken& (60.0 mg, 0.22
mmol), dry DCM (100 mL). Wittig reaction with phosphora®&1 (99.3 mg, 0.24 mmol), in CH¢I
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(80 mL) heated at 65 °C for 3 h. Organocatalysis with pivalogtate (39.1 pL, 0.33 mmol),i-(
PryNEt (55.7 pL, 0.33 mmol), DCM (6 mL), (-)-tetramisole.HCI (2.6 mg, 0.0Moi} (-PrhLNEt
(95.8 pL, 0.55 mmol). Ring opening with MeOH and DMAP, stirred overnight &rude reaction
mixture 99 : 1 dfyani; Chromatography column on silica gel (Pet.ether : EtOAc, BDto 70 : 30)
gavesyn-8as a yellow oil (60 mg, 64%) in 98% de]3’ - 9.2 € 0.3 in DCM);Vpax (film)/cm™ 1732
(C=0 ester), 1674 (C=0 ketone), 1160 (C-8)(CDCl, 500MHz)2.31 (3H, s, AfCH3), 2.57 (1H,
dd,J 17.7, 8.1, GlaHg), 2.83 (1H, dd)) 17.7, 6.0, ChiHg), 2.88-2.97 (1H, m, C(8)), 3.08-3.17 (2H,
m, C(2HaHs+C(4H), 3.45 (3H, s, CGCH,), 3.47-3.58 (3H, m, C(2)kHs+C(5)H,), 3.80 (3H, s,
ArocisOCH3), 6.84 (2H, dJ) 8.8, AlbcisH3-5), 7.18-7.22 (2H, d] 8.1, ArH3-5), 7.65 (2H, dJ 8.1,
ArH2-6), 7.72 (2H, dJ) 8.8, AlhcrsH2-6); 8¢ (CDCl; 100MHz) 21.6 (AtCH3), 36.7 C(3)H), 37.2
(CH,CO), 46.1 C(4)H), 49.4 C(5)H,), 52.3 (CQCH3), 52.9 C(2)H,), 55.9 (AbcsOCH3), 114.2
(CHAroc163-5), 127.9 CHAr2-6), 129.9 C(1)Arocks), 130.1 CHAr1e3-5), 130.6 CHAroc2-6),
134.1 CArSQ,), 143.9 CArCHsy), 164.1 C(4)Arocis), 172.3 CO,CHs), 196.3 COArocs); M/z
(NSI") 432 ([M+H]", 100%); HRMS (NS) C,HxSNG" ([M+H]"); found 432.1475, requires
432.1475 (- 0.1 ppm). Enantiomeric excess determined by chiral HPL@l@&&k OD-H 20 %-
PrOH : hexane, 1.0 mL/miAmg = 43.7 mint; min = 40.2 min; 220 nm, 30 °C).

250 .8 PDA Multi 2 220nm.4nm
\s
g
h
200 I
150 [ |

100] . |

50 / \ |
o] AN W ‘ .

30 35 40 45 50 55
min

<Peak Table>

PDA Ch2 220nm
Peak# Ret. Time| Area%

i 40.195 49.906
2] 43473 50.094
Total 100.000

PDA Multi 2 220nm.4nm|

500

2504 [

30 35 40 45 50 55
min
<Peak Table>

PDA Ch2 220nm
Peak# Ret. Time| Area%

1

40.235

1.187

2

43.669

98.813

Total

100.000
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(3S,4R)-1-Benzyl 3-methyl 4-(2-oxopropyl)pyrrolidine-1,3-dicarboxylate 9

(@] O
OCHg
Eez Following general procedure 5: ozonolysis of alken® (117.2 mg, 0.44 mmol),

dry DCM (100 mL). Wittig reaction with phosphora8& (156 mg, 0.49 mmol), in CHg(100 mL).
Organocatalysis with pivaloylchloride (81.2 pL, 0.66 mmakRLNEt (114 pL, 0.66 mmol), DCM
(10 mL), ¢)-tetramisole.HCI (10.5 mg, 0.044 mmoli;Rr):NEt (190.8 uL, 1.10 mmol), stirred 1 h at
rt. Ring opening MeOH and DMAP 1 h at rt. Crude reaction mixture98k.ni; Chromatography
column (Pet.ether : EtOAc, 90 : 10 to 70 : 30) gawre9 as a clear oil (119 mg, 85%) in 96% ee;
[a]3? 0 (c 0.3 in DCM); Vpnax (film)/lcm™ 1701 broad (C=0), 1168 (C-Oyy (CDCls, 500MHz)
mixture of rotamers 2.16, 2.17 (3H, s, CAOL; 2.51-2.64 (1H, m, BAHgCOCH), 2.64 (1H, tdJ
17.8, 17.2, 7.0, CkHsCOCH), 2.94-3.19 (1H, m, C(#)), 3.20-3.24 (2H, m, C(8)+C(2)HHz),
3.60-3.62 (1H, m, C(2)kHg), 3.66-3.76 (5H, m, C(5),+COCH3), 5.11-5.18 (2H, m, PH@,OCO),
7.31-7.44 (5H, m, Af); &c (CDCl;, 75MHz) 50:50 mixture of rotamers 30.€H3), 35.7, 36.5
(C(4)H), 43.0 CH,CO), 45.2, 45.9Q(3)H), 47.8, 48.4G(5)H,), 50.3, 50.8 C(2)H,), 52.3 (CCHS>),
67.3 (AICH,0CO), 128.3 CHAr), 128.3 CHAr), 128.4 CHAr), 128.9 (2)CHAr), 137.1
(C(1)ArCH,0CO), 155.0 155.1 (ArCH¥DCO), 172.9, 173.0GO,CHs), 206.4, 206.6 QOCHy); m/z
(ES") 342 ([M+Na], 100%); HRMS (E§ C,H,.SNO:;Na" ([M+Na]"); found 342.1326, requires
342.1317 (+ 0.9 ppm); Enantiomeric excess determined by ¢hifBC (ChiralPak AD-H 30%-
PrOH : hexane, 1.0 mL/miAmg = 8.8 mint; min = 9.7 min; 211 nm, 30 °C).

mAU

PDA Multi 1211nm 4nm|

200+
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o

150+

100+

‘ \ |
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50 / \ [ \

Th 8.0 8.5 9.0 9.5 10.0 10.5 11.0

<Peak Table>

PDA Ch1211nm

Peak# Ret. Time| Area%

8.836 51.926

9.598 48.074
Total 100.000

IN]N
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PDA Multi 1 211nm,4nm
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min
<Peak Table>
PDA Ch1 211nm
Peak# Ret. Time| Area%
1 8.882 98.185
2 9.684 1.815
Totall 100.000

(3S,4R)-Methyl 4-(2-oxobutyl)-1-tosylpyrrolidine-3-carboxylate 22
0 0

OCH3
HaCH,C H H

N

" Following general procedure 6: alkene4 (100.0 mg, 0.35 mmol), Grubb’s I
(14.8 mg, 0.02 mmol), dry DCM (1.2 mL), ethyl vinyl keto®&5(148 uL, 1.76 mmol), stirred 1 h at
40 °C. Organocatalysis with pivaloylchloride (64.6 puL, 0.53 mmolPrgNEt (92.3 pL, 0.53 mmoal),
DCM (5 mL), (-)-tetramisole.HCI (4.2 mg, 0.017 mmol}P{LNEt (1.78 mL, 0.88 mmol). Quenched
with MeOH and DMAP, stirred overnight at rt. Crude reactionxtame 99 : 1 Ofwani;
Chromatography column on silica gel (Pet.ether : EtOAc, 80 : 20)syaa@2as a white solid (99 mg,
80%) in 97% eemp 56-58 °C;[a]3’ — 0.93 € 0.8 in DCM);Vpma (film)/cm™ 1724 (C=0 ester), 1707
(C=0 ketone), 1160 (C-O)py (CDCl; 300MHz) 0.93 (3H, s, ChCH3), 2.12-2.27 (3H, m,
COCH,CHz+CHaHg), 2.32-2.40 (4H, m, AtCH3+CHaHz), 2.66-2.80 (1H, m, C(8)), 2.94-3.05 (2H,
m, C(2HaHs+C(4)H), 3.42-3.49 (6H, m, C(2)kHg+C(5)H.+ CO,CHs) 7.27 (2H, d,J 8.3, ArH3-5),
7.65 (2H, d,J 8.3, AkH2-6); 8c (CDCl, 75MHz) 7.67 (COCKCHg), 21.6 (AkCHs), 35.9
(COCH,CH,), 36.1C(3)H), 40.7 CH,CO), 45.5 C(4)H), 48.9 C(5)H,), 51.9 (CQCH,), 52.3
(C(2)H,), 127.6 CHAr2-6), 129.7 CHAr.3-5), 133.9 CAr+S0O,), 143.6 CArrCH,), 171.8
(CO,CHy), 208.7 COCH,CH); m/z (NSIY) 354 ([M+H], 100%); HRMS (E§ CiH»SNQ'
(IM+H]™); found 354.1373, requires 354.1370 (+ 0.9 ppm). Enantiomeric excess detebyicigral
HPLC new (ChiralPak OD-H 20 %PrOH : hexane, 1.0 mL/mMif} g = 23.7 Mint min = 20.4 min;
254 nm, 30 °C).
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(3S,4R)-1-(benzenesulfonyl)-4-[2-furan-2-yl)-2-oxoethyl] pyrrolidine3-carboxylate 23

o) 0,
OCHj,

N H H
% Following general procedure 6: alkene4 (60 mg, 0.22 mmol), Grubb’s 1l (9.3
mg, 0.11 mmol), dry DCM (1.2 mL), vinyl ketor®&6 (129 pL, 1.06 mmol), stirred at 40 °C overnight.
Grubb’s 1l (9.3 mg, 0.11 mmol), was added again and stirred for 810 &E. Organocatalysis with
pivaloylchloride (54.8 uL, 0.31 mmol),i-PrLNEt (40.6 pL, 0.31 mmol), DCM (3 mL), (-)-
tetramisole.HCI (2.7 mg, 0.011 mmol);Rr),NEt (67.7 puL, 0.55 mmol). Quenched with MeOH and
DMAP, stirred overnight at rt. Crude reaction mixture 99 : Jwg; Chromatography column on
silica gel (Pet.ether : EtOAc, 80 : 20 to 60 : 40) gawe23 as a yellow oil (54 mg, 63%) in 84%
ee;[a]3 - 2.1 € 1.2 in DCM);Vma (film)/cm™ 1732 (C=0 ester), 1672 (C=0 ketone), 1154 (C&);
(CDCl;, 500MHz)2.43 (3H, s, Af.CHs), 2.68 (1H, ddJ 17.6, 8.3, GlaHg), 2.88 (1H, dd,) 17.6, 6.2,
CHaHg), 2.93-3.03 (1H, m, C(#), 3.12-3.22 (2H, m, C(®)sHs+C(3H), 3.56-3.62 (6H, m,
CO,CH3+C(2)HaHs+C(5H,), 6.56 (1H, dd,) 3.6, 1.7, AfuaH4), 7.15 (1H, ddJ 3.6, 0.8, AfuaH3),
7.31-7.36 (2H, m, AtH3-5), 7.58 (1H, ddJ 1.7, 0.8, AfuaH5), 7.74 (2H, d.) 8.2, ArH2-6). 5¢
(CDCl;, 125MHz) 21.5 (A+CHs), 35.8 C(4)H), 36.9 CH,CO), 45.6 C(3)H), 48.9 C(5)H,), 51.9
(CO.CHs), 52.2 C(2)Hy), 112.4 CHArwad), 117.2 CHArwad), 127.5 CHArr2-6), 129.8
(CHAr13-5), 133.7 CAr1S0,), 143.6 CArrCHs), 146.5 CHArab5), 152.3 C(2)Arum), 171.7
(CO,CHs), 186.5 COAreya); Mz (NSI) 392 ([M+H], 100%): HRMS (NS) CioH»SNO'
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(IM+H]™); found 392.1162, requires 392.1162 (- 0.1 ppm). Enantiomeric excess determirtachby
HPLC new (ChiralPak AD-H 20 %PrOH : hexane, 1.0 mL/Mif g = 29.3 minyt, min = 25.7 min;
211 nm, 30 °C).
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<Peak Table>
PDA Ch1211nm
Peak# Ret. Time| Area%
1 25.671 48.595
2 29.195 51.405
Total 100.000
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<Peak Table>
PDA Ch1211nm

Peak# Ret. Time| Area%
1 25.739 7.913
2 29.285 92.087
Total 100.000
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8) Characterisation of 2,3 substituted pyrrolidine derivatives 11-21

(2R,3R)-Methyl 3-(2-oxopropyl)-1-tosylpyrrolidine-2-carboxylate 11
(o}
HsC
H

OCHs
N
TsHo Following general procedure 5: ozonolysis of alkend0 (80.0 mg, 0.28 mmol), dry

DCM (100 mL). Wittig reaction with phosphorai®r (98.6 mg, 0.31 mmol), in CHE[80 mL).
Organocatalysis with pivaloylchloride (51.7 uL, 0.42 mmotRLNEt (73.1 pL, 0.42 mmol), DCM
(10 mL), (-)-tetramisole.HCI (3.3 mg, 0.014 mmol}P¢LNEt (122 uL, 0.70 mmol). Ring opening
with MeOH and DMAP, stirred overnight at rt. Crude reactionxtame 99 : 1 dfwani;
Chromatography column on silica gel (Pet.ether : EtOAc, 700 80t 40) gaveyn-11as a clear oil
(67 mg, 70%) in 93% e¢w]’ + 38.4 € 0.8 in CHCY); Vinax (film)/cm™ 1747 (C=0 ester), 1714 (C=0
ketone), 1340 (C-O)py (CDCl;, 300 MHz) 1.64-1.74 (1H, m, C(#)aHg), 1.89-1.92 (1H, m,
C(4)HaHg), 2.04 (3H, s, COB,), 2.24-2.31 (1H, m, BaHg), 2.37 (3H, s, ACH3), 2.40-2.51 (2H,
m, C(3H+CHaHg), 3.13 (1H, ddd,) 10.1, 9.2, 6.7, C(5)aHs), 3.53-3.59 (1H, m, C(5)kHg), 3.64
(3H, s, CQCHy), 4.27 (1H, d,) 8.1, C(2H), 7.25 (2H, d,) 8.0, Ak H3-5), 7.65 (2H, dJ 8.0, ArH2-
6); dc (CDCl;, 75MHz) 21.9 (AtCH3), 30.2 C(4)H,), 30.5 (CACH3), 37.9 C(3)H), 43.7 CH.CO),
47.7 €(5)H,), 52.5 (CQCHs3), 62.8 C(2)H), 127.7 CHAr2-6), 130.1 CHAr3-5), 135.3 CArS0,),
144.1 CArrCHs), 171.6 CO,CHs), 206.0 COCH,); miz (ES") 362 ([M+Na], 100%); HRMS (E§
CieHSNOsNa" ([M+Na]"); found 362.1030, requires 362.1030; Enantiomeric excess determined by
chiral HPLC (ChiralPak OD-H 20 %PrOH : hexane, 1.0 mL/mif n; = 20.6 Mint, min = 12.6 min;
220 nm, 30 °C).

PDA Multi 2 220nm,4nm|

200+

150+

— 20.471

100+
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T
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<Peak Table>

DA Ch2 220nm

Peak# Ret. Time Name Area%
i 12.350 50.294
2 20471 49.706
Total 100.000
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PDA Multi 2 220nm.4nm
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<Peak Table>
PDA Ch2 220nm

Peak# Ret. Time Name Area%
1 12.558 3.367
2 20.581 96.633
Total 100.000

Preparative scale wittig/organocatalysis route

Following general procedure 5: ozonolysis of alkend0 (1.00 g, 3.50 mmol), dry DCM (250 mL).
Wittig reaction with phosphorarg7 (1.20 g, 3.85 mmol), in CHg(150 mL). Organocatalysis with
pivaloylchloride (0.64 mL, 5.25 mmol),-PrpNEt (0.91 mL, 5.25 mmol), DCM (30 mL), (-)-
tetramisole.HCI (8.4 mg, 0.035 mmol);RrLNEt (1.50 mL, 8.75 mmol). Ring opening with MeOH
and DMAP, stirred overnight at rt. Crude reaction mixture 99 .6 Chromatography column on
silica gel (Pet.ether : EtOAc, 70 : 30 to 60 : 40) ggwellas a clear oil (772 mg, 65%) in 93% ee.

Catalyst loading screen

Catalsyt stock solution: (-)-tetramisole (63.0 mg) was disolved in DCM (10 mL) topare a solution
(0.053 M) of the free based catalyst.

1 mol % procedure

Following general procedure 5: ozonolysis of alken&0 (150 mg, 0.53 mmol), dry DCM (180 mL).
Wittig reaction with phosphorar®7 (184 mg, 0.58 mmol), in CHg{100 mL). Organocatalysis with
pivaloylchloride (98 pL, 0.80 mmol),i-PrpNEt (138 pL, 0.79 mmol), DCM (18 mL),-}-
tetramisole.HCI (2 mL of the stock solution, 0.0053 mmadtRrpNEL (92.3 pl, 0.53 mmol). Ring
opening with MeOH and DMAP, stirred overnight at rt. Crude reactnixture 99 : 1 dfyani;
Chromatography column on silica gel (Pet.ether : EtOAc, 700 80 t 40) gaveyn-11as a clear oil
(90 mg, 50%) in 93% ee.

0.1 mol % procedure

Following general procedure 5: ozonolysis of alken&0 (150 mg, 0.53 mmol), dry DCM (180 mL).
Wittig reaction with phosphoran®7 (184.5 mg, 0.58 mmol), in CHE{100 mL). Organocatalysis
with pivaloylchloride (98.0 pL, 0.80 mmol)j-Pr)pNEt (138 pL, 0.79 mmol), DCM (18 mL)}-
tetramisole.HCI (0.2 mL of the stock solution, 0.00053 mmolprgNEt (92.3 pL, 0.53 mmol) rt for
12 h. Ring opening with MeOH and DMAP, stirred overnight at rid€ reaction mixture 99 : 1
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drsmani; Chromatography column on silica gel (Pet.ether : EtOAc, 30 to 60 : 40) gaveyn-11as a
clear oil (53 mg, 30%) in 92% ee.

Metathesis/organocatalysis route

Following general procedure 6: Alkene 10 (60.0 mg, 0.22 mmol), Grubb’s 1l (8.9 mg, 0.01 mmol),
dry DCM (0.72 mL), methyl vinyl ketone&s14 (91.8 pL, 1.10 mmol), stired 2 h at 40 °C.
Organocatalysis with pivaloylchloride (39.1 pL, 0.33 mmatRrLNEt (55.7 uL, 0.33 mmol), DCM
(6 mL), (-)-tetramisole.HCI (2.6 mg, 0.011 mmol}P¢:LNEt (95.8 pL, 0.55 mmol). Ring opening
with MeOH and DMAP, stirred overnight at.rCrude reaction mixture 99 : 1
Chromatography column on silica gel (Pet.ether : EtOAc, 800 80t 40) gaveyn-11as a clear oil
(56 mg, 75%) in 97% ee.

Catalyst loading screen

Catalsyt stock solution: (-)-tetramisole (63.0 mg) was disolved in DCM (10 mL) topare a solution
(0.053 M) of the free basedcatalyst.

1 mol% procedure

Following general procedure 6: alkend 0 (150 mg, 0.53 mmol), Grubb’s 1l (4.5 mg, 0.01 mmol), dry
DCM (1.85 mL), methyl vinyl keton&14 (220 uL, 2.65 mmol), stirred 4 h at 40 °C. Organocatalysis
with pivaloylchloride (98.0 pL, 0.80 mmol)i-PrpNEt (138.5 pL, 0.79 mmol), DCM (6 mL), (-)-
tetramisole.HCI (2 mL of the stock solution, 0.0053 mm®PrlLNEt (92.3 pL, 0.53 mmol) 1 h at rt
Ring opening with MeOH and DMAP, stirred overnight atQtude reaction mixture 99 : 1@k
Chromatography column on silica gel (Pet.ether : EtOAc, 800 B0t 40) gaveyn-11 as a clear oil
(134 mg, 75%) in 97% ee.

0.1 mol% procedure

Following general procedure 6: alkenelO (150 mg, 0.53 mmol), Grubb’s 1l (4.5 mg, 0.01 mmol), dry
DCM (1.85 mL), methyl vinyl ketoneS14 (220.1 uL, 2.65 mmol), stirred 4 h at 40 °C.
Organocatalysis with pivaloylchloride (98.0 pL, 0.80 mmakRLNEt (138 pL, 0.79 mmol), DCM
(6 mL), (-)-tetramisole.HCI (0.2 mL of the stock solution, 0.006880l), (-Pr),NEt (92.3 uL, 0.53
mmol) 1 h at rt. Ring opening with MeOH and DMAP, stirred overnghrt. Crude reaction mixture
99 : 1 diwani; Chromatography column on silica gel (Pet.ether : EtOAc, BDto 60 : 40) gaveyn-

11 as a clear oil (131 mg, 73%) in 98% ee.
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(2R,3R)-Methyl 3-(3,3-dimethyl-2-oxobutyl)-1-tosylpyrrolidine-2-carboxylate 12
C(CHa)3

OCH3;

Ts i o Following general procedure 5: ozonolysis of alkend0 (80.0 mg, 0.28 mmol), dry
DCM (100 mL). Wittig reaction with phosphorarg13 (112 mg, 0.31 mmol), in CHE[(80 mL).
Organocatalysis with pivaloylchloride (51.7 uL, 0.42 mmotRLNEt (73.1 uL, 0.42 mmol), DCM
(10 mL), ¢)-tetramisole.HCI (3.3 mg, 0.014 mmol);Rr)NEt (122 puL, 0.70 mmol). Ring opening
with MeOH and DMAP, stirred overnight at rt. Crude reactionxtane 99 : 1 wau;
Chromatography column on silica gel (Pet.ether : EtOAc, dDto 80 : 20) gaveyn-12as an oil (66
mg, 61%)in 98% ee;[a]3’ + 49.6 € 0.7 in DCM); Viax (film)/cm™ 1739 (C=0 ester), 1705 (C=0
ketone), 1344 (C-Ofy (CDCl, 500MHz) 1.02 (9H, s, C(85)s), 1.66-1.75 (1H, m, C(#aHsg), 1.86-
1.92 (1H, m, C(4)lHs), 2.36 (3H, s, ArCHJ), 2.36-2.43 (3H, m, C(8)+CH,), 3.10 (1H, tdJ 9.7,
6.6, C(5HaHs), 3.58 (1H, m, C(5)kHs), 3.62 (3H, s, CECHs), 4.32 (1H, dJ 8.0, C(2H), 7.26 (2H,
d, J 8.0, ArH3-5), 7.78 (2H, dJ 8.0, ArH2-6); 8. (CDCls, 125MHz) 21.6 (ArCH3), 26.5
(C(CHa)3), 29.8 C(4)H,), 36.6 CH,CO), 37.6 C(3)H), 43.9 C(CHy)s), 47.8 C(5)H,), 52.1
(COCHy), 625 C(2H), 127.3 CHAr2-6), 129.7 CHAr3-5), 134.5 CArSQ.,), 143.6
(CArCHs), 171.3 CO,CHy), 213.3 CO); miz (ES) 382 ([M+H], 100%); HRMS (EY
C1H26SNG™ ([M+H]™); found 382.1686, requires 382.1683 (+ 0.9 ppm). Enantiomeric excess
determined by chiral HPLC (ChiralPak OD-H 20i9rOH : hexane, 1.0 mL/mif ny = 8.97 minj;
min = 6.95 min; 211 nm, 30 °C).

mAU
750 PDA Muiti 1 211nm.4nm|

500+

250+

<Peak Table>
PDA Ch1211nm
Peak# Ret. Time| Area%
1 6.899 50.046

2 9.009 49.954
Total 100.000
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mAU

1000

750+

500

250+

=
~— 8.967

PDA Multi 1 211nm.4nm|

<Peak Table>

PDA Ch1

211nm

Peak# Ret. Time

Area%

1

6.986

1.056

2

8.967

98.944

Total

100.000

(2R,3R)-Methyl-3-(2-0x0-2-phenylethyl)-1-tosylpyrrolidine-2-carboxyate 13

(o}

OCH,

s o Following general procedure 5: ozonolysis of alken&0 (80.0 mg, 0.28 mmol), dry
DCM (100 mL). Wittig reaction with phosphoraig10(117 mg, 0.31 mmol), in CHE(80 mL).
Organocatalysis with pivaloylchloride (51.7 pL, 0.42 mmotRi,NEt (0.73 mL, 0.42 mmol), DCM
(10 mL), (-)-tetramisole.HCI (3.3 mg, 0.014 mmol}P¢LNEt (122 uL, 0.70 mmol). Ring opening
with MeOH and DMAP, stirred overnight at rt. Crude reactionxtame 99 : 1 dfwani;
Chromatography column (Pet.ether : EtOAc, 80 : 20 to 70 : 30 gevl3 as a clear oil (72 mg,
61%) in 93% eeja]?’ + 55.5 € 0.5 in CHCY); Vna (film)/cm™ 1743 (C=0 ester), 1683 (C=0
ketone), 1340 (C-O},; (CDCls, 300MHz) 1.81 (1H, tdd] 12.0, 10.4, 8.3, C(#).Hsg), 2.00-2.06 (1H,
m, C(4)HHs), 2.05 (3H, s, AiCH3), 2.68-2.74 (1H, m, C(8)), 2.79 (1H, dd, ABX systendas 17.6,
Jax 6.7, GHaHg), 2.99 (1H, dd, ABX systemilza 17.6,Jsx 7.2, CHHg), 3.17 (1H, dddJ 10.2, 9.1,
6.6, C(5HaHz), 3.49 (3H, s, C&CH3), 3.61 (1H, td) 8.6, 1.2, C(5)iHz), 4.41 (1H, dJ) 8.3, C(2H),
7.26 (2H, dJ 7.9, ArH2-6), 7.38 (2H, tJ 7.6, AH3-5), 7.50 (1H, m, At4), 7.66-7.70 (2H, dJ 8.6,
ArtH3-5), 7.81 (2H, d,J 8.6, AH2-6); 8. (CDCk, 75MHz) 21.6 (AtCHs), 30.0 C(4)Hy), 37.9
(C(3)H), 38.6 CH,CO), 47.4 C(5)H,), 52.0 (CQCHs), 62.6 C(2)H), 127.4 CHAr2-6), 127.9
(CHAr2-6), 128.8 CHAr3-5), 129.8 CHAr+3-5), 129.8 CHAr4), 133.5 C(1)Ar), 136.5 CArS0),
143.7 CAr+CHs), 171.3 CO,CH,), 197.2 COAr); m/z (ES’) 402 ([M+H]', 100%); HRMS (ES+)

CoiH2.SNG™ ([M+H]™); found 402.1372, requires 402.1370 (+ 0.6 ppm). Enantiomeric excess

determined by chiral HPLC (ChiralPak OD-H 10i%rOH : hexane, 1.0 mL/mif g = 46.9 minj;
min = 29.0 min; 254 nm, 30 °C).
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75

PDA Multi 3 254nm,4nm|

_— 47756

| [\
\ |
o )N N
5 = o A T
min
<Peak Table>
PDA Ch3 254nm
Peak# Ret. Time Name Area%
1 28.302 | RT:28.302 50.749
2| A47.756|RT:47.756 49.251
Totall 100.000
] %8 PDA Multi 3 254nm,4nm|
] n&
100 8%
] [
] [
75+ [
] ‘ \
50 Y
] [\
\‘
25| o “ \
] 8 |
& ] |
og4— /A N 7/ \\,4;! .
20 2‘5 3‘0 3% 4‘0 4‘5 5‘0 5‘5 BO‘
min
<Peak Table>
PDA Ch3 254nm
Peak# Ret. Time Name Area%
1 29.000 | RT:29.000 3.641
2| 46.968 | RT.46.968 96.359
Total 100.000

(2R,3R)-Methyl-3-(2-0x0-2-(9-tolyl)ethyl))-1-tosylpyrrolidine-2-carboxylate 14
O
HsC

OCHj

N

TR0 Following general procedure 5. ozonolysis of alkenel0 (150 mg, 0.53

mmol), dry DCM (180 mL). Wittig reaction with phosphorag@ (230 mg, 0.58 mmol), in CHgI
(100 mL). Organocatalysis with pivaloylchloride (98.0 uL, 0.80 mmolPrENEt (0.23 mL, 1.32
mmol), DCM (18 mL), {)-tetramisole.HCI (6.4 mg, 0.027 mmol);Rr),NEt (0.23 mL, 1.32 mmol).
Ring opening with MeOH and DMAP, stirred overnight at rt. Crudeti@aenixture 99 : 1 dfan;
Chromatography column on silica gel (Pet.ether : EtOAc, 70 : 80 ta10) gavesyn-14as a clear oil
(135 mg, 64%) in 91% egn]3 + 56.7 € 0.5 in CHCL); Vma (flm)/cm™ 1737 (C=0 ester), 1681
(C=0 ketone), 1342 (C-Opy (CDCl, 300MHz) 1.80 (1H, tddj 12.1, 10.3, 8.1, C(#uHs), 1.97-
2.05 (1H, m, C(4)HHg), 2.33 (3H, s, AsCHs), 2.36 (3H, s, ArCHs), 2.64-2.80 (2H, m,
C(3)H+CHaHg), 3.02 (1H, dd,J 17.7, 6.9, CHHg), 3.15 (1H, ddd)) 10.2, 9.1, 6.6, C(5)xHs), 3.49
(3H, s, CQCHsy), 3.61 (1H, m, C(5)&Hs), 4.40 (1H, dJ 8.3, C(2H), 7.17 (2H, dJ 8.0, ArcpsH3-5),
7.26 (2H, d,J 7.8, ArH3-5), 7.72-7.79 (4H, m, ArsH2-6+ArH2-6); 8. (CDCls, 75MHz) 21.9
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(ArcpsCHas), 22.1 (AgCH3), 30.4 C(4)H,), 38.4 C(3)H), 38.8 CH,CO), 47.8 C(5)H,), 52.4
(COCH3), 63.0 C(2)H), 127.7 CHAr2-6), 128.3 CHArc:2-6), 129.8 CHArcy:3-5), 130.1
(CHAr+3-5), 134.4 C(1)Arcs) 135.3 CArSO,), 144.1 CArCHs), 144.8 C(4)Arci:CHs), 171.4
(CO,CHs), 197.3 COAr); m/z (ES’) 416 ([M+H], 100%); HRMS (ES+) GH,cSNG"™ ([M+H]Y);
found 416.1527, requires 416.1526 (+ 0.2 ppm). Enantiomeric excess determinedaby{PhiC
(ChiralPak OD-H 10 %-PrOH : hexane, 1.0 mL/mifa = 39.6 mint; min = 26.9 min; 254 nm, 30

°C).

PDA Multi 3 254nm.4nm

1000+ 2
N>
&
750
\
500 \ \
\ |\
\

250 “u\

(o S

T T T T
15 20 25 30 35 40 45 50 55 60
min

<Peak Table>

DA Ch3 254nm
Peak# Ret. Time Name Area%
1 25.975 49.563
2| 40.674 50.437
Total 100.000

PDA Multi 3 254nm 4nrm

1000-]
7504
500;

T |

250

o —— S—
T

10 20 ) Py 50 80
min
<Peak Table>
PDA Ch3 254nm
Peak# Ret. Time Name Area%
1 26.976 | RT:26.976 4.572
2 39.599 | RT:39.599 95.428
Total 100.000

(2R,3R)-Methyl 3-(2-ox0-2-(4-(trifluoromethyl)phenyl)ethyl)-1-tosylpyrrolidine-2-carboxylate 15

(0]
F3C

OCHs
N
Mo Following general procedure 5. ozonolysis of alkenelO (80.0 mg, 0.28

mmol), dry DCM (100 mL). Wittig reaction with phosphora®&2 (138 mg, 0.31 mmol), in CHg¢l
(80 mL). Organocatalysis with pivaloylchloride (51.7 pL, 0.42 mma&tRrENEt (73.1 pL, 0.42
mmol), DCM (10 mL), (-)-tetramisole.HCI (3.3 mg, 0.014 mmdPR(LNEt (122.0 pL, 0.70 mmol).
Ring opening with MeOH and DMAP, stirred overnight at rt. Crudeti@aenixture 99 : 1 dfan;
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Chromatography column on silica gel (Pet.ether : EtOAc, 80 : B0 to40) gavesyn-15as a white
solid (100 mg, 76%) in 93% ege]3’ + 50.9 € 0.5 in CHCL); mp 136 °C;Vna (KBr)/cm™ 1749
(C=0 ester), 1693 (C=0 ketone), 1321 (C-8);(CDCl;, 500MHz) 1.85-1.92 (1H, m, C@\Hz),
2.09-2.14 (1H, m, C(4)kHs), 2.44 (3H, s, AiCHs), 2.75-2.84 (1H, m, C(8)), 2.91 (1H, dd, ABX
systemJas 18.1,Jax 6.4, (HaHg), 3.09 (1H, dd, ABX systendgs 18.1,Jsx 7.7, CHHg), 3.27 (1H,
td, J 9.6, 6.7, C(}aHz), 3.58 (3H, s, CGH,), 3.67-3.71 (1H, m, C(5)kHz), 4.52 (1H, dJ 8.5,
C(2H), 7.36 (2H, dJ 8.3, ArH3-5), 7.73-7.77 (4H, mArH2-6+ArceH3-5), 7.99 (2H, dJ 8.1,
ArcrH2-6); 8¢ (CDCls, 125MHZz)21.6 (ARCH3), 29.9 C(4)Hy), 37.7 C(3)H), 38.9 CH.CO), 47.2
(C(5)H,), 52.1 (CQCHy), 62.4 C(2)H), 123.0 (g, 272.7,CF3), 124.6 (9J 33.0C(4)ArcCFs), 125.7
(CHArcr3), 125.8 CHArcrs5), 127.4 CHAr2-6), 128.2 CHArcm:2-6), 129.8 CHAr:3-5), 134.9
(CArS0,), 139.0 C(1)Arcr), 143.7 CAr+CHs), 171.2 CO,CHsy), 196.3 COAr); m/z (ES) 470
(IM+H]*, 100%); HRMS (EY CaHaFSNQS* ([M+H]*): found 470.1240, requires 470.1244 (- 0.8
ppm). Enantiomeric excess determined by chiral HPLC (ChiralEaQ5 %i-PrOH : hexane, 1.0
mL/mint; mg = 23.4 Ming; min = 13.6 min, 254 nm, 30 °C).

PDA Multi 3 254nm,4nm|

Rews
13561

7.5 | |

P
3
8
&

J/’\

5.0 |

2.5

\
\

0.0+ '\\’

T T T
10.0 125 15.0 17.5 200 225 25.0 275 30.0
min

<Peak Table>
PDA Ch3 254nm

Peak# Ret. Time| Area%
1 13.561 50.344
2 23.663 49.656
Total 100.000

mAU

PDA Multi 3 254nm,4nm|

375

min

<Peak Table>

DA Ch3 254nm
Peak#|Ret. Time | Area%
1 13.643 3.746
2| 23375 96.254
Total 100.000
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(3aR,7aR)-5-(4-Chlorophenyl)-1-tosyl-1,3,3a,7a-tetrahydropyrano[3,4-b]pyrrol-7(2H-one S17
Cl

#\, O
T H D Following general procedure 5 without addition of nucleophile: ozonolysis of alkene
10 (80.0 mg, 0.28 mmol), dry DCM (100 mL). Wittig reaction with phospheiS8 (128 mg, 0.31
mmol), in CHC} (80 mL). Organocatalysis with pivaloylchloride (51.7 pL, 0.42 mmoRrpNEt
(73.1 uL, 0.42 mmol), DCM (10 mL), (-)-tetramisole.HCI (3.3 mg, 0.014 mnGePrpLNEt (122 pL,
0.70 mmol). Crude reaction mixture 99 : 1,dr:; Chromatography column on silica gel (Pet.ether :
EtOAc, 80 : 20 to 70 : 30) gawgn-S17as a white solid (50 mg, 45%) in 93% e 180 °C;[a]3 +
70.0 € 0.1 in CHCY); Vinax (KBr)/cm™ 1770 (C=0) 1342 (C-O)y (CDCls, 500MHz)1.73-1.82 (1H,
m, C(3HaHs), 2.27 (1H, dtdJ 12.8, 6.5, 3.1, C(3)kHg), 2.47 (3H, s, ArCHs), 3.02 (1H, ddtJ
10.6, 8.2, 5.6, C(34l), 3.41-3.50 (2H, m, C(B),), 4.66 (1H, dJ 8.2, C(7a}), 5.67 (1H, dJ 5.6,
C(4)H), 7.36 (4H, app d, AtH3-5+ArcH3-5), 7.53 (2H, dJ 8.6, AyH2-6), 7.91 (2H, dJ 8.2,
ArrH2-6); 8, (CDCls, 125MHz) 21.6 (Af.CHs), 31.9 C(3)H,), 37.9 C(3a)H), 46.6 C(2)H,), 58.3
(C(7a)H), 99.3 C(4)H), 126.1 CHAr¢2-6), 127.9 CHAr12-6), 128.8 CHAr¢3-5), 129.7 CHArrs3-
5), 130.1 C(1)Arg), 135.4 CArrSO+C(4)ArcCl), 143.9 CAr+CHs), 149.2 C(5)-Arg), 165.9 CO);
m/z (ES") 404 ([M+HT", 100%), HRMS (EY C,iH1eSNO,CI" ([M+H]™); found 404.0716, requires
404.0718 (- 0.5 ppm). Enantiomeric excess determined by chiral HehitalPak AD-H 20 %-
PrOH : hexane, 1.0 mL/mi s = 27.1 ming; mis = 38.6 min; 220 nm, 30 °C).

PDA Multi 1 211nm.4nm|

50— |

T 383%

25+ ‘\ I

15 20 25 30 35 40 45 50 55 60
min
<Peak Table>

PDA Ch1 211nm
Peak# Ret. Time Name Area%

1 27.174 50.519
2] 38336 49.481
Total 100.000
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PDA Multi 2 220nm,4nm|

754 |

e H

38594

15 20 25 30 35 40 45 50 55 60

min
<Peak Table>
PDA Ch2 220nm

Peak# Ret. Time Name Area%
1] 27.101 96.679
2| 38594 3.321
Total 100.000

(2R,3R)-Methyl 3-(2-(4-chlorophenyl)-2-oxoethyl)-1-tosylpyrrolidine2-carboxylate 16
(0}
Cl

OCHg
Ts i 0 Following general procedure 5: ozonolysis of alkend0 (80.0 mg, 0.28 mmol),
dry DCM (100 mL). Wittig reaction with phosphora88& (129 mg, 0.31 mmol), in CHE{80 mL).
Organocatalysis with pivaloylchloride (51.7 pL, 0.42 mmotRiLNEt (73.1 pL, 0.42 mmol), DCM
(10 mL), ¢)-tetramisole.HCI (3.3 mg, 0.014 mmol);Rr)NEt (122 uL, 0.70 mmol). Ring opening
with MeOH and DMAP, stirred overnight at rt. Crude reactionxtame 99 : 1 Ofwani;
Chromatography column on silica gel (Pet.ether : EtOAc, 60 gd@®@syn-16as a clear oil (95 mg,
78%) in 94% eefa]3’ + 31.7 € 0.5 in DCM);Vpax (film)/cm™ 1749 (C=0 ester), 1685 (C=0 ketone);
1340 (C-O);8y (CDCk, 500MHz) 1.89 (1H, tddJ 12.1, 10.2, 8.3, C(#Hg), 2.07-2.15 (1H, m,
C(4)HaHg), 2.46 (3H, s, ArCH3), 2.73-2.82 (1H, m, C(8)), 2.86 (1H, dd, ABX systenlg 17.8,
Jax 6.6, (HaHg), 3.04 (1H, dd ABX systemJsa 17.8, Jsgx 7.4, CHHg), 3.23-3.31 (1H, m,
C(5HaHg), 3.60 (3H, s, CgCH3), 3.67-3.73 (1H, m, C(5)kHg), 4.50 (1H, dJ 8.3, C(2H), 7.36
(2H, d,J 8.0, ArH3-5), 7.46 (2H, dJ 8.6, AH3-5), 7.78 (2H, dJ 8.0, ArH2-6), 7.84 (2H, dJ
8.6, ArgH2-6); 8. (CDCl, 125MHz) 21.6 (AfCHz3), 29.9 C(4)H,), 37.9 C(3)H), 38.6 CH,CO),
47.3 €(5)H,), 52.1 (CQCHs), 62.5 C(2)H), 127.4 CHAr12-6), 128.9 CHAr¢3-5), 129.1 CHAr¢2-
6), 129.2 CHAr+s3-5), 129.7 C(4)ArcCl), 129.8 CArtCHs), 134.7 C(1)Arg), 139.9 CAriSQy),
171.2 CO,CHs), 195.9 COAr); m/z (ES) 436 ([M+H], 100%); HRMS (EY ClezgsNosgLii,/{Misenforme:Non Exposant/ Indice |

(IM+H]™); found 436.0981, requires 436.0980 (+ 0.2 ppm). Enantiomeric excessidetely chiral B {S“PPri“‘é a J
HPLC (ChiralPak OD-H 10 %PrOH : hexane, 1.0 mL/mif mg = 36.1 mint; mi, = 20.0; 211 nm, 30
°C).
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125 PDA Multi 3 254nm,4nm|
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38.860

75 I

min

<Peak Table>

PDA Ch3 254nm

Peak# Ret. Time| Area%

1 20.527 49.960
2 38.860 50.040

Totall 100.000
mAU
[p PDA Multi 1 211nm,4nn
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<Peak Table>
DA Ch1 211nm

Peak# Ret. Time| Area%

1 20.017 2.832

2 36.075 97.168

Total 100.000

(2R,3R)-Methyl 3-(2-(4-methoxyphenyl)-2-oxoethyl)-1-tosylpyrrolidine2-carboxylate 17
(0]
H3CO

OCHj

N
TsH o Following general procedure 5: ozonolysis of alkend0 (80.0 mg, 0.28

mmol), dry DCM (100 mL). Wittig reaction with phosphora®#l (127 mg, 0.31 mmol), in CH¢l
(80 mL). Organocatalysis with pivaloylchloride (51.7 pL, 0.42 mmatRrENEt (73.1 uL, 0.42
mmol), DCM (10 mL), (-)-tetramisole.HCI (3.3 mg, 0.014 mmdPR(L,NEt (122.0 pL, 0.70 mmol).
Ring opening with MeOH and DMAP, stirred overnight at rt. Crudeti@acenixture 99 : 1 Afang;
Chromatography column on silica gel (Pet.ether : EtOAc, 80to 20 : 30) gaveyn-17as a yellow
oil (96 mg, 80%) in 99% edpu]3® + 67.0 € 0.4 in DCM); vy (film)/cm™ 1743 (C=0 ester), 1676
(C=0 ketone) 1342 (C-0), 1115 (C-O-@); (CDCl, 300MHz) 1.75-1.87 (1H, m, CM)\Hg), 1.97-
2.05 (1H, m, C(4)Hs), 2.37 (3H, s, ArCH3), 2.69-2.75 (2H, m, C(8)+ CHxHs), 2.89-2.98 (1H, m,
CHaHg), 3.16 (1H, dddJ 10.2, 9.2, 6.6, C(5)aHs), 3.51 (3H, s, CE@CHg), 3.58-3.64 (1H, m,
C(5)HaHg), 3.80 (3H, s, Ofl), 4.39 (1H, d,J 8.1, C(2H), 6.85 (2H, d,) 9.0, AlociH3-5), 7.26 (2H,
d, J 8.0, ArH3-5), 7.68 (2H, dJ 8.0, ArH2-6), 7.79 (2H, dJ 9.0, AlbcrH2-6); 8. (CDCls, 75MHZ)
21.9 (ArCHa), 30.4 C(4)H,), 38.5 C(3)H), 38.6 CH,CO), 47.8 C(5)H,), 52.4 (QCH,), 55.9
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(OCHj), 63.0 C(2)H), 114.3 CHArocs3-5), 127.8 CHAr2-6), 130.0 C(1)Arocrs), 130.2
(CHAr+3-5), 130.5 CHAroci52-6), 135.3 CArrS0Oy), 144.1 (CA#CHs), 164.1 C(4)ArocisOCHs)
171.7 CO,CHy), 196.1 COAr); miz (ES) 432 ([M+H]', 100%); HRMS (EY CrHSNO*
(IM+H]™); found 432.1476, requires 432.1475 (+ 0.2 ppm). Enantiomeric excessidetely chiral
HPLC (ChiralPak OD-H 20 %PrOH : hexane, 1.0 mL/mifa g = 16.1 min,t; min = 49.9 min; 220

nm, 30 °C).

= -
1504 3 PDA Multi 2 220nm.4nm|
S

100+ |

<Peak Table>
DA Ch2 220nm
Peak# Ret. Time| Area%
1 22.557 48.193
2| 47.348 51.807
Total 100.000

PDA Multi 2 220nm,4nm|

750+ | \

|
250 | \
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|
\ |

0 10 20 30 40 5

49.919

=)

min

<Peak Table>
DA Ch2 220nm

Peak# Ret. Time| Area%
1 16.131 99.856
2 49.919 0.144
Total 100.000

(2R,3R)-N-Isopropyl-3-(2-oxopropyl)-1-tosylpyrrolidine-2-carboxamide 18

o]

H CHs

Ts 0 \EHS Following general procedure 5: alkenel0 (60.0 mg, 0.22 mmol), Grubb’s 11 (8.9
mg, 0.01 mmol), dry DCM (0.72 mL), methyl vinyl keto8&4(88.3 pL, 1.06 mmol), stirred 1 h at 40
°C. Organocatalysis with pivaloylchloride (39.1 pL, 0.33 mmatRrNEt (55.7 pL, 0.33 mmol),
DCM(6 mL), (-)-tetramisole.HCI (2.6 mg, 0.011 mmol);P¢LNEt (95.8 pL, 0.55 mmol). The
mixture was evaporateith vacuo and the residue was disolved in DMF (3 mL) and isopropylami

(37.5 pL, 0.44 mmol) was added. The reaction was stirred at 50 CHand then quenched with
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0.1M HCI and extracted with EtOAc (x3). The combined organic phaseswashed with 0 (x4),
brine (x2), dried (MgS@ and concentratedn vacuo. Crude reaction mixture 99 : 1 ol
Chromatography column on silica gel (DCM : MeOH, 99.9 : 0.1 to 90.5):gavesyn-18 as an oil
(55 mg, 68%) in 92% edn]3’ + 94.6 € 0.5 in DCM); vy (film)/cm™ 3365 (N-H),1714 (C=0),
1653 (N-C=0 amide), 1259 (C-Ny;; (CDCl, 300 MHz) 1.12 (6H, app 3,6.4, CH(GH,),), 1.38-1.53
(1H, m, C(4HaHs), 1.80-1.88 (1H, m, C(4)tHg), 2.05 (3H, s, COBs), 2.11-2.27 (2H, m,
C(3H+CHaHs), 2.38 (3H, s, ArCHs), 2.74 (1H, m, ClHg), 2.98 (1H, dddJ 11.2, 9.5, 6.2,
C(5)HaHg), 3.56 (1H, dddJ 9.5, 7.5, 1.2, C(5)kHs), 3.94-4.04 (2H, m, C(®)+CH(CH,),), 6.38
(1H, d,J 8.2, NH), 7.29 (2H, d,J 8.3, ArH3-5), 7.67 (2H, d)) 8.3, ArH2-6); 8¢ (CDCls, 75MHz)
22.0 (ArCHa3), 22.8 (CHiopropylCH3)), 23.4 (Chopropy(CH3)), 30.2 C(4)H,), 30.6 (CCCH3), 37.6
(C(3)H), 41.9 CH(CHg),), 43.6 CH,CO), 48.6 C(5)H,), 63.5 C(2)H), 128.3 CHAr2-6), 130.4
(CHAr1:3-5), 132.9 CArSO,), 144.8 CAr+CHs), 168.9 CONH), 207.4 COCHs); m/z (NSI*) 367
([M+H]*, 100%); HRMS (ES§ C;gH»;SN,O," ([M+H]"); found 367.1692, requires 367.1686 (+1.6
ppm). Enantiomeric excess determined by chiral HPLC (Chkaa-H 15 %i-PrOH : hexane, 1.0
mL/mint; mgj = 16.9 Ming; min = 14.3 min; 211 nm, 30 °C).
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<Peak Table>
PDA Ch1211nm
Peak# Ret. Time| Area%
1 14.415 50.743
2 16.786 49.257
Totall 100.000
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<Peak Table>

PDA Ch1 211nm
Peak# Ret. Time| Area%

1 14.263 4.282
2 16.867 95.718
Total 100.000
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Methyl 2-[(2R,3R)-3-(2-oxopropyl)-1-tosylpyrrolidine-2-carboxamido]acetate 19

o
HaC

H 0o

Ts 0 Following general procedure 6: alkenelO (60.0 mg, 0.22 mmol), Grubb’s Il (8.9
mg, 0.01 mmol), dry DCM (0.72 mL), methyl vinyl keto8&4(88.3 puL, 1.06 mmol), stirred 2 h at 40
°C. Organocatalysis with pivaloylchloride (39.1 pL, 0.33 mmatRrENEt (55.7 pL, 0.33 mmol),
DCM (6 mL), (-)-tetramisole.HCI (2.6 mg, 0.011 mmol}Pf:LNEt (95.8 pL, 0.55 mmol), quenched
with glycinemethyl ester. H& (75.4 mg 0.88 mmol),iPryNEt (1.47 mL, 0.88 mmol), in DMF (3
mL), stirred 3 h at 65 °C. After completion the reaction mixtwas quenched with brine and
extracted with EtOAc (x3). The combined organic phases weshegawith HO (x4), brine (x2),
dried (MgSQ) and concentrateth vacuo. Crude reaction mixture 99 : 1 kw; Chromatography
column on silica gel (DCM : MeOH, 99.9 : 0.1) gay®-19as a clear oil (63 mg, 72%) in 97% ee;
[a]3? + 41.5 € 0.4 in DCM); Ve (film)/cm™ 3286 (N-H),1747 (C=0 ester)1712 (C=0 ketone),
1658 (N-C=0 amide), 1338 (C-O§;; (CDCl, 500MHz) 1.72 (1H, m, C(4)xHs), 1.93-2.02 (1H, m,
C(4)HaHg), 2.13 (3H, s, COBy), 2.29 (1H, dddd) 16.0, 12.9, 8.1, 6.4, C(d), 2.40 (1H, ddJ 18.4,
6.8, (HaHg), 2.47 (3H, s, ACH3), 2.84 (1H, ddJ 18.4, 7.5, CHHg), 3.06 (1H, ddd) 11.3, 9.4, 6.2,
C(5HaHg), 3.69 (1H, m, C(5)Hg), 3.79 (3H, s, CgCH,), 3.89 (1H, dd,J 18.0, 4.9,
NHCHaHsCO,CHs), 4.20 (1H, dJ 8.9, C(2H), 4.29 (1H, dd,) 18.0, 6.9, NHCHHzCO,CH), 7.08
(1H, t,J 6.0, NH), 7.37 (2H, dd,J 8.6, 0.8, AfH3-5), 7.76 (2H, d,J 8.3, ArH2-6); 6c (CDCl;,
100MHz) 21.6 (AfCH3), 29.6 C(4)H,), 30.2 (CACH,), 37.5 C(3)H), 40.9 (NHCH,CO,CHs), 42.9
(CH,CO), 48.2 C(5)H,), 52.4 (CQCH3), 63.1 C(2)H), 127.3 CHAr2-6), 130.4 CHAr3-5), 132.4
(CArS0,), 144.5 CAr+CHs), 168.3 CONH), 170.1 (CGCH,), 207.2 COCHs); miz (ES) 397
([M+H]*, 100%); HRMS (E§ CigH2sSN,Os" ([M+H]™); found 397.1431, requires 397.1428 (+0.8
ppm). Enantiomeric excess determined by chiral HPLC (ChiraM2dH 20 %i-PrOH : hexane, 1.0
mL/min t; mgj = 19.4 Ming; min = 12.7 min; 220 nm, 30 °C).
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<Peak Table>

PDA Ch2 220nm
Peak# Ret. Time| Area%

1 12.736 50.751

2] 20.739 49.249

Total 100.000
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PDA Multi 2 220nm.4nm|

500 / \

250+ |
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<Peak Table>
PDA Ch2 220nm

Peak# Ret. Time| Area%
1 12.733 1.372
2 19.385 98.628
Total| 100.000

(2R,3R)-Methyl 3-(2-oxobutyl)-1-tosylpyrrolidine-2-carboxylate 20

o
HaCH,C
H
OCHg
Ton

Following general procedure 6: alkenel0 (60.0 mg, 0.22 mmol), Grubb’s I
(8.9 mg, 0.01 mmol), dry DCM (0.72 mL), ethyl vinyl ketd®&5(109 pL, 1.06 mmol), stirred for 2 h
at 40 °C. Organocatalysis with pivaloylchloride (39.1 pL, 0.33 mmolPrgNEt (55.7 pL, 0.33
mmol), DCM (6 mL), €)-tetramisole.HCI (2.6 mg, 0.011 mmol);Rr),NEt (95.8 pL, 0.55 mmol).
Ring opening with MeOH and DMAP, stirred overnight atOtude reaction mixture 99 : 1@
Chromatography column on silica gel (Pet.ether : EtOAc, 80 o BD t 40) gaveyn-20as a brown
oil (62 mg, 80%) in 99% edn]3? + 52.9 € 0.6 in DCM); Vinax (film)/cm™ 1739 (C=0 ester), 1714
(C=0 ketone), 1342 (C-Oj (CDCh 500MHz) 0.95 (3H, tJ 7.3, CHCHs), 1.66-1.70 (1H, m,
C(4)HaHs), 1.93 (1H, dtJ) 12.5, 6.3, C(4)liHs), 2.26-2.29 (3H, m, B,CHs+CHaHg), 2.30-2.36 (4H,
m, ArCHs+CHaHg), 2.36-2.45 (1H, m, C(8)), 3.12 (1H, tdJ 9.6, 6.7, C(3xHs), 3.56 (1H, tJ
8.7, C(5)HHg), 3.63 (3H, s, COBs), 4.23 (1H, d,J) 8.5, C(2H), 7.25 (2H, d,) 8.0, ArH3-5), 7.65
(2H, d, J 8.0, AkH2-6); 8c (CDCl; 100MHz) 7.7 (CHCH3), 21.6 (ArCHs), 29.8 C(4)H,), 36.2
(CH,CO), 37.6 C(3)H), 42.1 CH,CHs), 47.4 C(5)H,), 52.2 (CQCHJ), 62.5 C(2)H), 127.4
(CHAr:2-6), 129.8 CHAr3-5), 134.9 CAr1S0y), 143.7 CArrCHs), 171.3 CO,CH,CHs), 208.5
(COCHy); miz (ES) 354 ([M-HJ, 100%); HRMS (ES) GH..SNQ;" ([M+H]*); found 354.1374,
requires 354.1370 (+ 1.2 ppm); Enantiomeric excess determingdraylPLC new (ChiralPak AD-
H 5 %i-PrOH, 1.0 mL/mirt; maj = 63.3 minf, min = 44.6 min; 220 nm, 30 °C).
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<Peak Table>

PDA Ch2 220nm
Peak# Ret. Time| Area%

1 44.803 48.407
2| 63450 51.593
Total 100.000
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<Peak Table>
PDA Ch2 220nm

Peak# Ret. Time| Area%
1 44.663 0.546
2 63.269 99.454
Totall 100.000

(2R,3R)-Methyl 3-[2-(furan-2-yl)-2-oxoethyl]-1-[(4-methylbenzene)sulfonyl]pyrrolidine-2-
carboxylate 21

Y
O H
OCHj

s H 0 Following general procedure 6: alkenel0 (60.0 mg, 0.21 mmol), Grubb’s Il (8.9 mg,
0.01 mmol), dry DCM (0.72 mL), vinyl keton®6 (129.3 mg, 1.06 mmol), stirred 12 h at 40 °C.
Organocatalysis with pivaloylchloride (38.9 pL, 0.31 mmotRiL,NEt (54.8 pL, 0.31 mmol), DCM
(6 mL), (-)-tetramisole.HCI (2.6 mg, 0.01 mmol}Rr)pNEt (91.5 pL, 0.53 mmol) 1 h at rt. Ring
opening with MeOH and DMAP, stirred overnight at rt. Crude reactnixture 99 : 1 dfyani;
Chromatography column on silica gel (DCM : MeOH, 99.9 : 0.1) ggne21as a yellow oil (62 mg,
75%) in 96% eefa]3’ + 41.1 € 2.6 in DCM);Vna (film)/cm™ 1734 (C=0 ester), 1674 (C=0 ketone),
1340 (C-0);8y (CDCl;, 500MHz) 1.76-1.84 (1H, m, CM)\Hg), 1.96-2.01 (1H, m, C(4)kHs), 2.37
(3H, s, ArCHs), 2.64-2.67 (2H, m, C(8}+ CHxHs), 2.84-2.89 (1H, m, CkHg), 3.15 (1H, tdJ 9.5,
6.6, C(5HaHs), 3.55 (3H, s, C@CH3) 3.58-3.64 (1H, m, C(5)kHs), 4.35 (1H, dJ) 7.9, C(2H), 6.47
(1H, dd,J 3.6, 1.7, AgyaH4), 7.10 (1H, ddJ 3.6, 0.9, AgyH3), 7.26 (2H, d,] 8.0, ArH3-5), 7.50
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(1H, dd,J 1.8, 0.9, Ag,aH5), 7.67 (2H, dJ 8.0, ArH2-6); 8. (CDCls, 125MHz)21.6 (ARCH,),
29.9 C(4)H,), 37.5 C(3)H), 38.2 CH,CO), 47.4 C(5)H,), 52.1 (CQCH,), 62.5 C(2)H), 112.5
(CHAryadd), 117.1 CHArya3), 127.4 CHAr2-6), 129.8 CHAr13-5), 134.8 CArSO,), 143.7
(CArCHa), 146.5 CHAryab), 152.3 C(2)Arya), 171.2 CO,CHs), 186.4 CO); m/z (ES) 413
(IM+Na]*, 100%); HRMS (E§ CigH,:SNO:Na' ([M+Na]"); found 414.0985, requires 414.0987 (-
0.2 ppm). Enantiomeric excess determined by chiral HPLC new (BakaOD-H 20 %i-PrOH :
hexane, 1.0 mL/mit} ng = 24.9 Minf, min = 19.9 min; 270 nm, 30 °C).
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<Peak Table>
PDA Ch2 220nm

Peak# Ret. Time| Area%
il 19.771 50.634
2| 24792 49.366
Total 100.000
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<Peak Table>
PDA Ch4 270nm

Peak# Ret. Time| Area%
1 19.916 1.850
2 24.850 98.150
Total 100.000
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9) Telescoped olefination/asymmetric Michael addition-lactonisationihg opening

i. Tandem Wittig
Ph Ph
o 3) (-Pr),NEt (1.5 eq) /7 /7
o /\)k 1) O3, DMS Piv-Cl (1.5 e0) _ LHC L HC
XNy 2 Wittia NH,Bn,
Coz ) Wi -g 4) (i-Pr);NEt (2.5 eq) y Pd o
gb CH,Cl, H,, MeOH
Z
Ph3P\)L Ph—(\/J\/>
5 HCI 2 ® *

Following general procedure 5: ozonolysis of alken® (150 mg, 0.57 mmol), dry DCM (200 mL).
Wittig reaction with S7 (199 mg, 0.63 mmol), in CHEI(100 mL). Organocatalysis with
pivaloylchloride (106 pL, 0.86 mmol),i-PrpNEt (148.3uL, 0.86 mmol), DCM (10 mL), (-)-
tetramisole.HCI (13.7 mg, 0.06 mmol);Rr,NEt (247 pL, 1.43 mmol), stirred for 1 h at rt. Crude
reaction mixture 99 : 1 grani; Chromatography column on silica gel (Pet.ether : EtOAc, 70 : 30
gave (387aR)-syn 24as a yellow oil (114 mg, 71%Jn]3° + 43.9(c 1.2 in DCM); Vi (film)/cm™®
1773 (C=0 lactone), 1695 (C=0), 1425 (C-@);(CDCl;, 300MHz) mixture of rotamers 1.83 (3H, s,
CH3), 2.70-3.14 (2H, m, C(3H)}C(7aH),), 3.17-3.21 (1H, m, C(HuHs), 3.63-3.67 (2H, m,
C(1)HaHs+C(3HaHz), 3.68-3.83 (1H, m, C(3)kHs), 4.75- 4.92 (1H, m, C(A), 5.06 (2H, m,
PhCH,0CO), 7.23-7.39 (5H, m, Af); 8¢ (CDCl; 75MHz,) 18.8 (AtCHs), 35.2, 36.0¢(3a)H), 40.6,
41.4 C(7a)H), 47.2, 47.7Q(3)H,), 51.5, 51.9 C(1)H,), 67.1 (PIEH,OCO), 100.1 ¢(7)H), 127.9
(CHAr), 128.1 CHAr), 128.5 (2)CHAr), 136.5 C(1)Ar), 150.1 C(6)CHs), 154.4 (PhCHDCO),
167.9 €O) miz (ES) 288 (IM+H]', 100%); HRMS (E§ CieH1eNO," (M+H]*); found 288.1229,
requires 288.1226 (- 0.5 ppm). Ring openingswf24 with benzylamine (47.7 pL, 0.44 mmol) in
DCM (7 mL) 1 h at rt. The reaction was quenched with 0.1M aq. H®aaed with DCM (x3),
washed with brine, dried (MgSJPand concentrateith vacuo to give (354R)-syn 25 as a clear oil (124
mg, 79%) in 99% edr]3’ - 0.12 € 6.3 in DCM); v (film)/cm™ 3307 (N-H), 1699 (N-C=0), 1666
(C=0 ester), 1651 (C=0 ketond);; (CDCl, 500MHz) 1.97 (3H, s, COHj), 2.53-2.57 (2H, m,
CH,COCH;), 2.58-2.77 (1H, m, C(8)), 3.11 (1H, dtd,) 13.7, 7.1, 3.4, C(#)), 3.28 (1H, td, 10.1,
9.6, 2.9, C(HaHg), 3.58-3.66 (2H, m, C(2)kHe+C(5HaHz), 3.76-3.80 (1H, m, C(5)kHs), 4.30
(1H, dt, J 14.4, 5.2, NHEi.HgPh), 4.48 (1H, ddJ 14.4, 6.3, NHCHHgPh), 5.05-5.22 (2H, m,
PhH,0CO), 5.96 (1H, tJ 5.9, NH), 7.24-7.42 (10H, m, At); 8¢ (CDCl, 125MHz) 50:50 mixture
of rotamers 30.1GHs), 35.9, 36.8 C(3)H), 42.3, 42.4QH,CO), 43.4, 43.5 (NBH.Ph), 45.6, 46.5
(C(4)H), 48.1, 48.8 ¢(5)H,), 50.0, 50.6 C(2)H,), 66.8, 66.9 (AEH,0CO), 127.7, 127.8GHAT),
127.8, 127.9 (2KHAr), 128.0, 128.1 GHAr), 128.5(3XCHAr), 128.8, 128.8 (3KHAr), 136.8
(NHCH,C(1)Ar), 138.1 C(1)ArCH,0CO), 154.6, 154.6 (ArC}0CO), 171.5, 171.6GONH), 207.9,
208.0 COCHy); m/z (ES") 417([M+Na], 100%); HRMS (E§ C,3H26SN,O,Na’ ([M+Na]"); found
417.1797, requires 417.1790 (+ 0.7 ppm). Enantiomeric excess determined bihiTa{ChiralPak
OD-H 20 %i-PrOH : hexane, 1.0 mL/mi ng = 23.3 Ming; min = 19.8 min; 211 nm, 30 °C).
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PDA Multi 1211nm 4nm|

<Peak Table>
PDA Ch1 211nm

min

Peak# Area% Ret. Time
1 50.748 19.848
2 49.252 25.659
Total 100.000
mAU
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<Peak Table>
PDA Ch1 211nm
Peak# Ret. Time| Area%
1 19.787 0.615
2 23.268 99.385
Total 100.000

To a solution ofyn-25 (121 mg, 0.30 mmol, 1.0 eq) in MeOH (5 mL) was added PdfCH)
(60.5 mg, 50%w/w). The resultant mixture was stirred under hydrogen [fat@0 min at rt. After

completion the reaction was filtered through celite and washéld MeOH. The filtrate was

concentratedn vacuo to give the corresponding amisgn-26 as a clear oil (59 mg, 71%) in 99% ee;
[a]3 - 1.9(c 0.3 in DCM); Vpnax (film)/cm™ 3271 (N-H), 1719 (C=0 ester), 1647 (C=0 amidyg);
(CDCl; 500MHz) 2.01, (3H, s, COE3), 2.48 (1H, ddJ 18.0, 6.2, GlxHsCOCH;), 2.59-2.68 (1H, m,
CHaAHsCOCH;), 2.68-2.78 (2H, m, C(#)+C(5HaHg), 2.88 (1H, ddd,) 8.3, 6.1, 2.6, C(3)), 3.04
(1H, dd,J 10.8, 6.1, C(BaHg), 3.14-3.30 (2H, m, C(2)kHg+C(5)HaHg), 4.36 (1H, dd,J 14.5, 5.7,
NHCHaHgAT), 4.43 (1H, dd,) 14.5, 6.0, NHCHHGsAT), 6.94 (1H, tJ 6.0, \HCO), 7.23-7.39 (5H, m,
ArH); 8¢ (CDCl, 125MHz) 30.1 CH3), 37.4 C(4)H), 43.4 (NKCH,Ar), 43.5 CH,COCH), 47.3
(C(3)H), 49.9 C(2)H,), 50.5 C(5)H,), 127.5 CHAr4), 127.9 CHAr2-6), 128.7 CHAr3-5), 138.4
(C(1)Ar), 172.8 CONH), 208.2 COCHy); HRMS (ES) 283 ([M+Na]; 100%); 261 ([M+H]; 90%);
CisHoiN,0," ([M+H]™); found 261.1601, requires 261.1598 (+ 1.3 ppm). Enantiomeric excess
determined by chiral HPLC of the corresponding Cbz protected comg@imi@iPak OD-H 20 %-
PrOH : hexane, 1.0 mL/mi s = 26.4 miny; mis = 20.2 min; 211 nm, 30 °C).
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40

min
<Peak Table>
PDA Ch1 211nm
Peak# Area%

4 50.748

2 49.252

Total 100.000

Ret. Time
19.848
25.659

mAU

PDA Multi 1 211nm,4nm|

<Peak Table>

DA Ch1 211nm

Peak#]

Ret. Time

Area%

1

20.235

0.659

2

26.360

99.341

Totall

100.000

\/\ /\A
Cbz

ii. Tandem Metathesis

(i-Pr),NEt (1.5 eq)
Piv-Cl (1 5eq)

o]

1) )k/
Grubb's Il 3) (i-Pr);NEt (2.5 eq)

(5 mol%)
w@

HCl N S 24

40
min

/*Ph
H H
NH»_;Bn

CHoCly

25

Following general procedure 6: alkene5 (60 mg, 0.23 mmol), Grubb’s Il (9.3 mg, 0.11 mmol), dry
DCM (1.2 mL), methyl vinyl ketoneS14 (95 pL, 1.06 mmol), stired at 40 °C over night.
Organocatalysis with pivaloylchloride (42.1 pL, 0.34 mmotRiLNEt (59.0 pL, 0.34 mmol), DCM
(3 mL), (-)-tetramisole.HCI (2.7 mg, 0.011 mmoi}Pt):NEt (98.8 pL, 0.55 mmol). Crude reaction
. EtOAc, 70) :gafe
(3aS,7aR)-syn 24 as a yellow oil (42 mg, 65%); Ring openingsyh-24 with benzylamine (22.2 pL,
0.21 mmol) in DCM (7 mL) 1 h at rt. The reaction was quenched @ithl aqg. HCI, extracted with
DCM (x3), washed with brine, dried (MgQQand concentrateioh vacuo to give (354R)-syn 25as a

mixture 99 : 1 dfwa.ni; Chromatography column on silica gel (Pet.ether
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yellow oil (34 mg, 60%) in 99% ee. Other analytical data wdemntical to the one previously

described for this compound.

<Chromatogram>
mAU
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<Peak Table>

PDA Ch1211nm

Peak# Ret. Time| Area%

20.384 1.718

2 25.682 98.282
Total 100.000

10) Stereodivergent telescoped olefination/asymmetric Michael adtibn-lactonisation/ring
opening

Racemicanti products were obtained using DABCO (20 mol%) as a achiral catalyst.

iii. Tandem Wittig
X
3]
@
CoreF
o OTf & (1.5eq)
\/\N/\AOH 1) O3 DMS (i-PrMeq)
e 2) Wittig OCH3

Q

5 Phsva
R

A stream of Qin O, was bubbled through a solution®{200 mg, 0.76 mmol) in dry DCM (200 mL)
at - 78 °C. When the blue color persisted (1 min), dimethyl sulfide€q) was added and the reaction
was allowed to warm to rt. After concentratiornvacuo the aldehyde was disolved in CHC50 mL)
and phosphorang7 (242 mg, 0.84 mmol) was added. The reaction was stirred overnight°&t and
then concentrateth vacuo. The crude mixture was dissolved in DCM and was slowly added to
solution of Mukayaima derivative9 (383 mg, 1.14 mmol),i{PryNEt (329 pL, 1.90 mmol) and
OTMS-quinidine (60.0 mg, 0.15 mmol) in dry DCM (10 mL). After 2 h fathe reaction was
concentratedn vacuo and the residue was purified by chomatography column. Crude reactimmem
33 : 67 dgwani; Chromatography column in silica gel (Pet.ether : EtOAC@0gave (3R, 7&R)-anti
27 and (3&, 7&5)-syn 24 (203 mg, 93% combined yield);
Anti-27: was obtained as a white solid (130.0 mg, 60%) in 97%npe100-102 °Cla]3’ - 1.8(c 1.1
in DCM); Vinax (KBr)/em™ 1774 (C=0 lactone), 1695 (C=0), 1423 (C-&);(CDCl, 300MHz) 1.97
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(3H, s, GHs), 2.70-3.14 (1H, m, C(3H), 2.58-2.81 (1H, m, C(7H), 3.11-3.18 (1H, m, C(HaHz),
3.53-3.56 (1H, m, C(3)sHs), 3.83-3.92 (2H, m, C(HaHg+C(3)HHs), 5.17 (2H, s, PhB,0CO),
5.28-5.35 (1H, m, C(B), 7.37-7.40 (5H, m, Af); 8. (CDCl;, 125MHz) mixture of rotameres 18.5
(CHs), 36.8, 37.5 C(7a)H), 44.5, 44.9G(3a)H), 44.7, 45.2G(3)H,), 48.9, 49.1 C(1)H,), 67.1
(PhCH,OCO), 102.5, 102.7Q(7)H), 127.9 CHAr), 128.1 CHAr), 128.1 CHAr), 128.5 (2XCHAT),
136.4, 136.5@(1)Ar), 152.7, 152.8G(6)-CHs), 154.7, 154.8 (PhCHDCO), 167.7, 167.9GO); m/z
(ES) 310 ([M+Na], 100%); HRMS (E§ C;H:NO,Na" ([M+Na]"); found 310.1047, requires
310.1055 (- 2.8 ppm); Enantiomeric excess determined by chiral HPL@alf@dk OD-H 15%i-
PrOH : hexane, 1.0 mL/mi s = 24.3 ming; mis = 30.5 min; 211 nm, 30 °C).
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ne
100 e .
I Q
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I \
R A N
T T T T
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min

<Peak Table>
PDA Ch1 211nm

Peak# Ret. Time| Area%
1] 23.958 50.179
2| 28702 49.821

Total 100.000
mAU
i0. PDA Multi 1 211nm.4nm|
A%
| ®
[ ¢
307 |
|
|
20| |
|
| \
10 | \
| '\\ ~
7 i 7]
| <
,/ \\,,J; ,,,77\7\_7 8
o B e —
— T T T T T T T T T
200 225 250 275 300 325 350 375 400

<Peak Table>

PDA Ch1211nm

Peak# Ret. Time| Area%

i 24.355 98.492

2| 30457 1.508
Total 100.000

Ent syn-24: was obtained as an oil (72 mg, 33%) in 50% ee; Analytical dataindentical tesyn-24;
Enantiomeric excess efit syn-24 was determineslia ring opening with benzylamine; analytical data
were indentical teyn-25. Determined by chiral HPLC (ChiralPak OD-H 209%¢rOH : hexane, 1.0

mL/min t; maj = 20.4 Ming; min = 27.3 min; 211 nm, 30 °C)
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mAU

/g PDA Multi 1 211nm.4nm
[
50-| [ 8
Fod &
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. /N
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l E— e
T T T T T
15 20 25 30 35 40
min
<Peak Table>
PDA Ch1 211nm
Peak# Area% Ret. Time
1 50.748 19.848
2 49.252 25.659
Total 100.000
uAU
15000 PDA Multi 1 211 nm,4nm|
100000
8
50000 g
3
8
&
o
T T T T T T
15.0 175 20.0 225 25.0 275 30.0

<Peak Table>
DA Ch1 211nm
Peak# Ret. Time| Area%
1] 20.362 74.627
2| 27.284 25.373
Total 100.000

iv. Tandem Metathesis

N
2) ‘@/

eOTf ’Tl Br
0 H g P Et (15eq)
j-Pr),NEt (2.5 e
\/\N/\AOH Ve (HPr)2NEt (25 €q)
Cbz Grubb's Il OCH3
(5 mol%)
5

Grubbs Il (6.8 mg, 0.01 mmol) and alkeb¢42.0 mg, 0.16 mmol, 1.0 eq), were addle a flame

dry microwave tube under,NThe tube was then sealed deagsed and purged witbriNDCM (0.72

mL) and methyl vinyl keton&14 (66.6 pL, 0.79 mmol, 5.0 eq) were added and the solution was
heated at 40 °C for 4 h. The mixture was then cooled to rt andslovaty added to a solution of
Mukaiyama derivativ9 (80.5 mg, 0.23 mmol, 1.5 eq);®r)LNEt (69.2 uL, 0.40 mmol, 2.5 eq), and
OTMS-Quinidine (12.6 mg, 0.032 mmol, 0.2 eq) in DCM (3 mL). After 2 Int ahe solvent was
evaporatedn vacuo and the residue was purified by chomatography column; Crudgoreatixture
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33 : 67 dgwani; Chromatography column on silica gel (Pet.ether : EtOAc, 80:2@aydiv27andsyn-
24 lactones (44.2 mg, 96% combined yield;) in 99% eeaftir27.
Anti-27: was obtained as a white solid (30 mg, 66%) in 99% ee; other anatigtealvere indentical

to the one previously described for this compound.

mAU

8 PDA Multi 1 211nm 4nm
g
100 [
I
B
75 |\
‘ \
[
50+ | \
o
25 \
| \ -
| \ e
L o
o
.= —~ i L ~
o o — S i - s
T T T T
15 20 25 30 35 40

min

<Peak Table>
PDA Ch1 211nm
Peak# Ret. Time| Area%
1 23.935 99.449
2]  30.220 0.551
Total 100.000

Ent syn-24: was obtained as an oil (14 mg, 30%) in 37% ee. Enantiomeric exass\of-24 was
determinediia ring opening with benzylamine; analytical data were indenticairt@5 previously
described.

uAU

PDA Multi 1 211nm,4nm|

250000

15.0 17.5 20.0 225 250
min

<Peak Table>

DA Ch1211nm
Peak# Ret. Time| Area%
18.756 68.398
24.859 31.602

Totall 100.000

(NI

(3R,4R)-Benzyl-3-(benzylcarbamoyl)-4-(2-oxopropyl)pyrrolidine-1-cartoxylate 28

o} o) /—Ph
NH
H3C' Hm——m H
N

Cbz Benzylamine (54.4 pL, 0.49 mmol, 1.1 eq) was added to a soluti@ctohk
anti-27 (130 mg, 0.45 mmol, 1.0 eq) in DCM. The reaction was stirred 1 taaidrthen quenched
with 1M aq. HCI, extracted with DCM (x3), washed with brine, drigiy$0O;) and concentrateth
vacuo to give anti-28 as a clear oil (142 mg, 80%) in 95% ¢a]3’ + 3.0 € 0.5 in DCM); Vinax
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(film)/lcm™ 3275 (N-H), 1697 (N-C=0), 1660 (C=0 ester), 1651 (C=0 ket@ne)CDCk, 500 MHz)
mixture of rotamers2.16-2.18 (3H, m, CORBy), 2.60-2.76 (4H, m, B,COCH;+C(3)H)+C(4)H),
3.05-3.17 (1H, m, C(®aHs), 3.71-3.81 (3H, m, C(2Q)kHs+C(5)H,), 4.47-4.49 (2H, m, NHB,Ph),
5.14-5.15 (2H, m, Phg,0CO), 6.21-6.40 (1H, m, M), 7.29-7.39 (10H, m, At); dc (CDCl,,
125MHz) 50:50 mixture of rotamers 30.2, 30C3Hg), 37.8, 38.3¢(3)H),43.8 (NHCH,Ph), 46.5, 46.9
(CH,CO), 47.8 C(5)H,), 48.6, 49.3 €(4)H), 50.4, 50.6 ¢(2)H,), 66.9 (PILH,OCO), 127.7, 127.9
(3XCHAr), 128.0 (2>)CHAr), 128.5 (3XCHAr), 128.8 (2XCHAr), 136.7 C(1)ArCH,0CO), 138.1
(NHCH,C(1)Ar), 154.6 (PhCHOCON), 171.2, 171.3GONH), 207.4, 207.8G0CH;,); m/z (ES') 417
ppm). Enantiomeric excess determined by chiral HPLC (Chira¥Sak 20 %i-PrOH, 1.0 mL/mirt,
maj = 24.3 Ming; min = 15.1 min; 211 nm).
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<Peak Table>

PDA Ch1 211nm
Peak# Ret. Time| Area%

1 16.695 51.697
2 26.155 48.303

Total 100.000
mAU
200 /§ PDA Multi 1 211nm 4nmj
P
‘/ \
1504 / \\
// \\
100-| /
/
504 2 /
8 /
©
o] A _
——— — — ———
10 15 20 25 30 35 40

min
<Peak Table>
PDA Ch1211nm

Peak# Ret. Time| Area%
1 15.059 2.483
2 24.300 97.517
Totall 100.000
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11) Epimerisation procedure

0, 0, ﬁPh 0, 0, ﬁPh
NH NaOMe NH
H:C' H H __ MeOH HoC H o
40°C,12h N
Cbz Cbz

To a freshly made solution of NaOMe in MeOH was adgael5 (92 mg, 0.23 mmol). The mixture
was heated at 40 °C overnight then quenched with 0.1M ag. HCI, extracted with &&)Avashed
with brine, dried (MgS@) and concentrateith vacuo to giveanti-28as a clear oil (64 mg, 70%) in

93% ee. Other analytical data were indentical to the one previousslyilukd foranti-28

uAU
10000 PDA Multi 1 211nm,4nm|

75000

50000

23.794

25000

15.016

15 20 25 30 35 40

min
<Peak Table>
DA Ch1211nm

Peak# Ret. Time| Area%
1 15.016 3.857
2| 23794 96.143
Total 100.000

12) Control experiment

| X
@
) Et (1.5eq) VR o
w/ O (-PriNEt (2.5 eq) 3
H 7a H —_— H 7a H
OCH, N
N
Cbz Cbz
syn-24
99:1dr 99: 1

A
(20 mol%)
rt,12h

99% ee

Syn-24 (20.0 mg, 0.07 mmol, 1.0 eq) was added to a solution of Mukaiyama deri2@t(35.0 mg,
0.10 mmol, 1.5 eq),i{PrpNEt (30.2 uL, 0.17 mmol, 2.5 eq), and OTMS-Quinidine (5.6 mg, 0.014
mmol, 0.2 eq) in DCM (3 mL). After 12 h at rt ,the reaction wasnched with 0.1 M HCI and
extracted with DCM (x3). The combined organic phases were wastetnme, dried (MgSg) and

concentratedh vacuo. Crude reactiomixture 99 : 1 dfnani.
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