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1. General information

All reactions were conducted under air. Synthesis grade solvents were used as received.
Unless otherwise stated, all commercial reagents were used as received except the
aldehydes that were distilled before using (Aldrich). Merrifield resin (1% DVB, f=0.53
mmol of Cl g™' resin) was purchased from Novabiochem. PMP-protected a-iminoester
9 was synthesized following reported procedures.! All flash chromatography
purifications were carried out using 60 mesh silica gel and dry-packed columns. Thin
layer chromatography was carried out using Merck TLC Silicagel 60 F254 aluminium
sheets. NMR spectra were recorded at 298 K on a Fourier 300 MHz Bruker, a Bruker
Avance 400 Ultrashield or a Bruker Avance 500 Ultrashield apparatus. 'H NMR
spectroscopy chemical shifts are quoted in ppm relative to tetramethylsilane (TMS).
CDCl; was used as internal standard for >°C NMR spectra. Chemical shifts are given in
0 and coupling constants in Hz. IR spectra were recorded on a BrukerTensor 27
/Diamond ATR and are reported in wavenumbers (cm™). High-resolution mass spectra
were measured on a Waters LCT Premier instrument operated in ESI mode. Elemental
analyses of the PS-resins were performed on a LECO CHNS 932 micro-analyzer at the
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Universidad Complutense de Madrid, Spain. Optical rotations were measured at room
temperature on a Jasco P-1030 polarimeter. High performance liquid chromatography
(HPLC) was performed on Agilent Technologies chromatographs (Series 1100 and
1200), using Chiralpak AD-H, Chiralpak AS-H and Chiralpak IC columns and guard
columns as noted. Racemic standard products were prepared as described below and
using reported procedures” in order to establish HPLC conditions.

2. Synthesis of catalysts 1 and 2

Scheme S1. Synthesis of the polymer-supported (PS) organocatalyst 1 and model
compound 2.
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(3S,45)-tert-Butyl 3-azido-4-hydroxypyrrolidine-1-carboxylate (3)
HO,  N;

N
Boc

Compound 3 with 96% ee was prepared according to reported methods.” Enantiopurity
was enhanced 99.5 % ee by recrystallization in hexanes. '"H NMR (400 MHz, CDCl;) &
4.28 —4.17 (m, 1H), 3.98 — 3.87 (m, 1H), 3.74 — 3.63 (m, 1H), 3.63 — 3.51 (m, 1H),
3.50 — 3.26 (m, 2H), 3.24 — 2.88 (m, 1H), 1.45 (s, 9H). °C {'H} (100 MHz, CDCl3): &
154.54, 80.24, 80.16, 77.20, 74.13, 73.32, 65.38, 64.84, 51.85, 51.56, 48.63, 48.18,
28.42 (mixture of rotamers). HPLC (Chiralpak® IC, hexane/i-PrOH = 90:10, 1.0
mL/min, A = 210 nm): tg (major enantiomer) = 9.8 min; tg (minor enantiomer) = 7.9
min. [a]p™ 36.1 (¢ 2.0, CHCl;).

(35,45)-tert-Butyl 3-azido-4-(prop-2-yn-1-yloxy)pyrrolidine-1-carboxylate (4)
\\/

o N

"
Boc

Compound 4 was prepared according to reported methods.* A solution of azido alcohol
3 (1.5 g, 6.57 mmol) in anhydrous THF (20 ml) was cooled to 0 °C with an ice-water
bath and NaH (0.526 g NaH 60% w/w dispersion in mineral oil, 13.14 mmol) was
added carefully. The reaction mixture was stirred at 0 °C under argon, for 10 minutes
and then allowed to warm at room temperature and stirred for 30 minutes. The reaction
mixture was cooled again at 0 °C with an ice-water bath and tetrabutyl ammonium
iodide (121 mg, 0.33 mmol) was added all at once followed by the dropwise addition of
propargyl bromide (80 % w/w solution in toluene, 1.46 ml, 13.14 mmol). The reaction
was allowed to reach room temperature and stirred for 2 hours. The flask was placed in
an ice-water bath and the reaction was first quenched with methanol (2 mL) and then
with saturated aqueous solution of NH4Cl (30 mL). The mixture was extracted twice
with ethyl acetate (2 x 20 mL). The organic layers were then combined, washed with
brine (20 mL), and dried over Na,SO4. After filtration the solvent was removed in the
rotatory evaporator. The crude product (yellow-brown oil) was then purified by flash
column chromatography with silica gel with hexanes/EtOAc = 100: 0 — 80:20 as eluent.
The title product was obtained as a colourless thick oil (1.59 g; 91 % yield).
'H NMR (500 MHz, CDCls): mixture of rotamers, & 4.30 — 4.13 (m, 2H), 4.12 — 4.06
(m, 1H), 4.06 — 4.00 (m, 1H), 3.70 — 3.51 (m, 2H), 3.51 — 3.32 (m, 2H), 2.49 (s, 1H),
1.45 (s, 9H). DEPTQ-135 NMR (125 MHz, CDCls): mixture of rotamers, o 154.14,
80.54, 79.94, 79.77, 75.43, 63.44, 62.53, 56.97, 49.34, 48.63, 48.59, 48.25, 28.37.

3
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(35,45)-tert-butyl 3-(prop-2-yn-1-yloxy)-4-(trifluoromethylsulfonamido)
pyrrolidine-1-carboxylate (5)

\o,// NHTf
!

N
Boc

To an ice-cooled solution of 4 (443 mg, 1.83 mmol) in THF (15 mL) and water (0.2
mL) triphenylphosphine (1.36 mg, 5.19 mmol) was added. After the addition the
reaction mixture was allowed to reach room temperature and then heated to 50 °C. After
stirring for 60 h at 50 °C the solvent was removed under vacuum and the residue was
redissolved in anhydrous dichloromethane (10 mL) and N,N-diisopropylethylamine
(2,67 mL, 15,28 mmol) was added via syringe. The temperature was then set at -78 °C
and trifluoromethane sulfonic anhydride (0.946 mL, 5.60 mmol) was added dropwise
via syringe. After the addition the mixture was allowed to reach room temperature and
stirred for 16 h. When the reaction was completed, the mixture was diluted with
dichloromethane (30 mL) and treated with a saturated aqueous solution of ammonium
chloride (10 mL). The organic layer was treated with Na,SO4 and filtered. After the
removal of the solvent in the rotatory evaporator the residue was purified by flash
chromatography (hexanes/EtOAc = 90:10 — 70:30) to afford S as a viscous yellow oil
after evaporation of the solvent (1.21 g, 64 %).

"H NMR (500 MHz, CD5;0D): mixture of rotamers 6 4.41 — 4.14 (m, 3H), 4.14 — 3.96
(m, 1H), 3.75 — 3.28 (m, 4H), 2.49 (t, J = 2.4 Hz, 1H), 1.44 (s, 9H). DEPTQ-135 NMR
(125 MHz, CDs;0OD): mixture of rotamers, ¢ 156.12, 121.23 (q, J = 320.6 Hz), 82.57,
81.74, 81.56, 76.59, 58.81, 58.05, 57.89, 51.02, 50.47, 50.37, 49.88, 28.66. IR (ATR): v
= 3295, 3104, 2980, 2899, 1665, 1421, 1382, 1370, 1188, 1146 cm™. HRMS: calcd for
C13H19N205F3$Na (M-Na) 3950864, found 395.0883.

(3S,4S5)-tert-butyl 3-((1-benzyl-1H-1,2,3-triazol-4-yl)methoxy)-4-
(trifluoromethylsulfonamido)pyrrolidine-1-carboxylate (7)

N,
NN
QﬁL&q NHTS

N
Boc

5 (0.160 g, 0.430 mmol), (azidomethyl)benzene (0.114 g, 0.859 mmol), THF (2 mL)
and tris(triazolyl)methyl copper (6) complex® were place in a tube for a microwave
reactor. The reaction mixture was heated at 80 °C for 1.5 h under microwave irradiation
(Pmax = 100 W). Once 5 was consumed the solvent was removed under reduced pressure
and the title product was obtained as a viscous oil after purification by flash column
chromatography (hexanes/EtOAc = 2:1 — 1:2). '"H NMR (500 MHz, CDCl;): mixture of
rotamers o 7.46 (bs, 1H), 7.43 — 7.33 (m, 3H), 7.32 — 7.24 (m, 2H), 5.51 (s, 2H), 4.79 —
4.56 (m, 2H), 4.25 — 4.09 (m, 1H), 4.09 — 3.95 (m, 1H), 3.82 — 3.53 (m, 2H), 3.53 —
3.34 (m, 1H), 3.31 (dd, J = 12.0, 3.7 Hz, 1H), 1.41 (s, 9H). “C {'H} (125 MHz,
CDCls): mixture of rotamers 6 154.18, 144.47, 134.14, 129.18, 128.91, 128.20, 122.74,
119.60 (q, J = 321.3 Hz), 81.31, 80.56, 80.51, 80.06, 62.99, 57.93, 57.15, 54.33, 49.81,
49.12, 48.77, 48.52, 28.35 IR (ATR): v = 3070, 2978, 2889, 1679, 1478, 1455, 1408,
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1378, 1188, 1146 cm’'. HRMS: caled for C0H27N505F3S (M-H) 506.1685, found
506.1684. [o]p> +10,4 (¢ 1.035, CHCL3).

(35,45)-4-((1-benzyl-1H-1,2,3-triazol-4-yl)methoxy)pyrrolidin-3-yl)-1,1,1-
trifluoromethanesulfonamide (2)

To an ice-water-bath cooled solution of 7 (130 mg, 0.26 mmol) in dichloromethane (1
mL), trifluoroacetic acid (I mL) was added dropwise. After 2 h stirring at room
temperature the reaction was completed. The volatiles were removed under reduced
pressure. The dry residue was dissolved in water and loaded to Dowex 50WX8-200 ion-
exchange resin (H' form, activated with 0.1 M HCI). The resin was washed with water
and then eluted with 15% ammonium hydroxide. The eluted fractions were concentrated
under reduced pressure to afford the title product as a white solid (124 mg, 89%).

'H NMR (500 MHz, MeOD, 333K) & 7.91 (s, 1H), 7.39 — 7.29 (m, 5H), 5.57 (s, 2H),
4.77 — 4.59 (m, 2H), 4.12-4.08 (m, 1H), 4.08-4.04 (m, 1H), 3.50 (dd, J = 12.5, 4.1 Hz,
1H), 3.42 (dd, J = 11.6, 5.1 Hz, 1H), 3.26 (d, J = 12.5 Hz, 1H), 3.11 (d, J = 11.6 Hz,
1H). *C {'H} (125 MHz, CD;0D, 333 K) & 145.73, 136.62, 130.01, 129.58, 129.12,
125.06, 85.22, 63.18, 60.30, 55.03, 53.35, 50.56. IR (ATR): v = 3259, 3152, 3037,
2977, 2681, 2411, 1621, 1280, 1188, 1150, 1078 cm’. HRMS: caled for
C15H19N503F3S (M-H) 406.1179, found 406.1161.

4-((35,48)-((((4-trifluoromethanesulfonamido)pyrrolidin-3-yl)oxy)methyl)-1 H-
1,2,3-triazol-1-yl)methyl polystyrene (1)

Qo

6 (1 mol%)
THF:DMF 1/1 N N

N N
MW 80 °C Oﬁ N\:& TFA, CH,Cl, O/\ N\:&
120 min o nutr_ (1) o NHTI

5 —»

N 1 N
Boc H

1) Cycloaddition

4-azidomethylpolystyrene® (f= 0.54 mmol g, 0.41 mmol, 0.75 g), 5 (0.49 mmol, 0.18
g) and tris(triazolyl)methyl copper (6) complex (0.02 mmol, 13.2 mg) in THF/DMF (3
mL/3 mL) were placed into a tube for microwave reactor. The irradiation was
temperature controlled at 80 °C with a maximal power of 100 W, and no stirring was
used. After 2 h under these conditions the cycloaddition reaction was completed as seen
by the disappearance of the v, (-N3) band at 2097 cm™ in the IR spectrum (Figures S1
and S2 respectively for the starting 4-azidomethylpolystyrene and the product resin).
Then the resin was filtered off and subsequently washed with THF(50 mL), water (50
mL), THF (50 mL), THF/MeOH 1/1 (50 mL), MeOH (50 mL) and THF (50 mL), and
was air-dried on the fritted glass filter for 0.5 h before submitting it to the next step. IR
(ATR) (Figure S2): v =3059.6, 3025.7, 2924.0, 1699.0, 1601.1, 1492.5, 1451.9, 1402.6,
1189.7, 1066.2, 906.7, 756.1, 696.6 cm.
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Figure S1. IR spectrum of the initial azidomethylpolystyrene.
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Figure S2. IR spectrum of the Boc-protected functionalized resin obtained by
cycloaddition of 5 with azidomethylpolystyrene.

2) Deprotection

Boc-protected functionalized resin obtained in the previous step was placed in a round-
bottom flask (100 mL) and suspended in dichloromethane (3 mL). The flask was placed
in an ice-water bath and trifluoroacetic acid (3 mL) was added dropwise. The ice-water
bath was then removed and the flask was shaken at room temperature while monitoring
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the evolution of the deprotection by ATR-FTIR. After the complete disappearance of
the IR bands corresponding to the Boc group, the resin was filtered off and
dichloromethane (30 mL in total) was used to ensure all the resin was transferred to the
fritted glass filter. The resin was then sequentially washed with THF (50 mL),
triethylamine 5 % v/v in THF (50 mL), THF (50 mL), water (50 mL), THF/MeOH 1/1
(50 mL), MeOH (50 mL) and THF (50 mL). The resin was then dried under vacuum at
40 °C for 3 days.

IR (ATR): v=3082.1, 3059.3, 2922.6, 2850.9, 1601.0, 1492.5, 1451.6, 1305.0, 1190.4,
1065.2, 906.2, 755.4, 696.1 cm’.

The yield of functionalization was calculated on the basis of nitrogen elemental analysis
and sulfur elemental analysis as 96 % and 95 % respectively. caled.: (%): N 3.30, S
1.51; found: N 3.20, S 1.46, C 81.94, H 7.35; f= 0.457 mmol g'] based on % N, 0.456
mmol g’ based on % S.
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Figure S3. IR spectrum of catalyst 1.
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3. Solvent-uptake tests on resin 1

The solvent uptake of resin 1 was taken as a measurement of its ability to swell in the
corresponding solvent.

Solvent uptake data for each solvent were determined gravimetrically and expressed as
g of solvent per g of dry resin.” Resin 1 (19-22 mg) was weighed into a tared 0.5 mL
eppendorf tube and solvent (0.3 mL) was added. The eppendorf tubes were then closed
and shaken overnight to allow equilibrium to be attained. After centrifugation (30 min
at 4000 rpm) a syringe was used to remove excess solventThe eppendorf tube
containing the swollen resin was immediately weighed. From this value the weight of
solvent absorbed per gram of resin was obtained.”

Table S1: Solvent uptake results.”

Ent. Solvent Solvent up-take  Solvent uptake
g [mL g™
1 Dioxane 4.6 4.4
2 DMSO 2.2 2.0
3 EtOAc 2.1 2.3
4 CH,CL, 5.1 3.8
5 CH;CN 0.7 1.0
6 DMF 4.5 4.8
7 IPA 0.9 1.2
8 THF 4.0 4.5
9 2-MeTHF 34 3.9

“ Precursor Merrifield resin used for the preparation of 1 contains 1 wt% divinyl
benzene (DVB) as crosslinker ” Solvent uptake data for resin 1 as determined by
gravimetry and expressed as g of adsorbed solvent per g of dry resin Solvent uptake =
(swollen mass - dry mass)/dry mass.  Provided in order to facilitate comparison after
removing the disturbing effect of the high density of DCM. The number is obtained
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4. Solvent screening for anti-Selective Mannich reaction
between 3-pentanone and a-imino ester 9 catalyzed by 1

PMP_ _
\)CL/ 'NK 1(4mol%) O HN-PMP
+ - -
CO,Et solvent \)H/\COZEt
8m 9 10
m

Table S2: Optimization of the anti-selective Mannich reaction between 3-pentanone 8m
and o-Imino Ester 9 catalyzed by 1.

Entry Solvent Conv. [%]” anti/syn° ee [%]”
1 Dioxane 53 n.d. n.d.
2 EtOAc > 95 75125 95
3 IPA > 95 69/31 88
4 DMF > 95 85/15 95
5 CH-CL > 95 72/28 94
6 THF > 95 71/29 93

“ Typical reaction conditions: To a solution of 9 (0.125 mmol, 1 equiv) in the
appropriate solvent (1 mL), catalyst 1 (4 mol % to the imine) and 3-pentanone (20
equiv) were consecutively added and the mixture was shaken at room temperature for
24 h " By '"H NMR. ¢ By "H NMR of reaction crude. ¢ By chiral HPLC.

5. Catalytic performance of 1 with aldehydes in THF

Table S3: anti-selective Mannich reactions of aldehydes catalyzed by the PS-supported
catalyst 1 in THF.”

-PMP
o PMP. TR
N 1 (2 mol%) =
+ |k > CO,Et
R CO,Et THF, 0 °C R
8a-e 9 10a-e
Ent. R (8) Prod. t Yield anti/ ee
[h] [%]" syn‘ [%]
1 iPr (8a) 10a 4 86 91/9 96
2 Me (8b) 100 3 80 95/5 96
3 nPent (8c) 10c 2 93 91/9 97
4 Bn (8d)) 10d 3 70 91/9 96
5 CHZ:%;CHZ” 10e 3 85 93/7 97

“ Typical reaction conditions: The catalyst (2 mol% to 9) is added to a solution of 9
(0.125 mmol, 1 equiv) in THF (1 mL) at 0 °C. The aldehyde (8a-e, 1.5 equiv) is finally
added and the mixture is shaken at 0 °C. ° Isolated yield. © By "H NMR of the crude.
By chiral HPLC analysis.
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6. Procedures for the direct asymmetric anti-Mannich-type
reactions

General procedure for the catalyzed Mannich-type reactions between aldehydes
and o-imino ester 9 catalyzed by 1 in DMF (Table 2).

The reactions were performed in a closed vial under atmospheric conditions. To a
solution of protected a-imino ester 9 (0.125 mmol, 1.0 equiv) in DMF (1 mL) catalyst 1
was added. The vial was placed in an ice-water bath and finally aldehyde 8a-e was
added via syringe. The mixture was stirred at 0 °C for 4 h and then the catalyst was
filtered off and washed with DMF (3 x 1 mL). The solution was treated with water (25
mL) and then extracted with diethyl ether (3 x 5 mL). The organic layers were
combined, dried over anhydrous Na,SO4 and filtered. After solvent removal under
reduced pressure the crude was purified by flash column chromatography. In general
the anti- and syn-isomers of the Mannich products were not separated by column
chromatography. The diastereomeric ratio was determined by "H NMR spectroscopy of
the crude product. The enantiomeric excess was determined by chiral-phase HPLC
analysis of the isolated product.

General procedure for the catalyzed Mannich-type reactions between aldehydes
and o-imino ester 9 catalyzed by 2 (Table 2).

The reactions were performed in a closed vial under atmospheric conditions. To a
solution of protected a-imino ester 9 (0.250 mmol, 1.0 equiv) in DMF (2 mL) catalyst 2
was added. The vial was placed in an ice-water bath and finally aldehyde 8a-e was
added via syringe. The mixture was shaken at 0 °C for 4 h. After reaction the mixture
was treated with water (50 mL) and then extracted with diethyl ether (3 x 10 mL). The
organic layers were combined, dried over anhydrous Na,SO4 and filtered. After solvent
removal under reduced pressure the crude was purified by flash column
chromatography. In general the anti- and syn-isomers of the Mannich products were not
separated by column chromatography. The diastereomeric ratio was determined by 'H
NMR spectroscopy of the crude product. The enantiomeric excess was determined by
chiral-phase HPLC analysis of the isolated product.

General procedure for the catalyzed Mannich-type reactions between aldehydes
and o-imino ester 9 catalyzed by 1 in THF (Table S3).

The reactions were performed in a closed vial under atmospheric conditions. To a
solution of protected a-imino ester 9 (0.125 mmol, 1.0 equiv) in THF (1 mL) catalyst 1
was added. The vial was placed in an ice-water bath and finally aldehyde 8a-e was
added via syringe. The mixture was stirred at 0 °C until 9 was consumed by TLC. The
catalyst was then filtered off and washed with THF (3 x 1 mL). After solvent removal
under reduced pressure the crude was purified by flash column chromatography. In
general the anti- and syn-isomers of the Mannich products were not separated by
column chromatography. The diastercomeric ratio was determined by 'H NMR
spectroscopy of the crude product. The enantiomeric excess was determined by chiral-
phase HPLC analysis of the isolated product.

General procedure for the catalyzed Mannich-type reactions between unmodified
ketones and a-imino ester 9 catalyzed by 1 (Table 3).

The reactions were performed in a closed vial under atmospheric conditions. To a
solution of protected a-imino ester 9 (0.125 mmol, 1.0 equiv) in DMF (1 mL) catalyst 1
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(4 mol%) was added. Ketone 8f-n (1.2 equiv unless otherwise stated) was finally added
via syringe (except for 8i and 8j which are solid). The mixture was shaken until the
reaction was finished by TLC. After reaction the catalyst was filtered off and washed
with DMF (3 x 1 mL). The solution was treated with water (25 mL) and then extracted
with diethyl ether (3 x 5 mL). The organic layers were combined, dried over anhydrous
Na,SO4 and filtered. After solvent removal under reduced pressure the crude was
purified by flash column chromatography. In general the anti- and syn-isomers of the
Mannich products were not separated by column chromatography. The diastereomeric
ratio was determined by "H NMR spectroscopy of the crude product. The enantiomeric
excess was determined by chiral-phase HPLC analysis of the isolated product.

General procedure for the catalyzed Mannich-type reactions between unmodified
ketones and a-imino ester 9 catalyzed by 2 (Table 3).

The reactions were performed in a closed vial under atmospheric conditions. To a
solution of protected a-imino ester 9 (0.125 mmol, 1.0 equiv) in DMF (1 mL) catalyst 2
(4 mol%) was added. Ketone 8f (1.2 equiv) or 8l-m (20 equiv) was finally added via
syringe. The mixture was stirred until the reaction was finished by TLC. After reaction
the solution was treated with water (25 mL) and then extracted with diethyl ether (3 x 5
mL). The organic layers were combined, dried over anhydrous Na,SO4 and filtered.
After solvent removal under reduced pressure the crude was purified by flash column
chromatography. In general the anti- and syn-isomers of the Mannich products were not
separated by column chromatography. The diastereomeric ratio was determined by 'H
NMR spectroscopy of the crude product. The enantiomeric excess was determined by
chiral-phase HPLC analysis of the isolated product.

Synthesis of (£)-anti- and (£)-syn-Mannich product

Racemic mixtures of the diastereomers and enantiomers were synthesized using
pyrrolidine-trifluoroacetic acid (0.3 equiv) as catalyst in dichloromethane in the case of
ketones, or (+)-pipecolic acid (0.2 equiv) as catalyst in DMF in the case of aldehydes.
Alternatively, a racemic standard of the syn-Mannich products containing as well the
anti-Mannich was synthesized using (+)-proline (0.2 equiv) as catalyst in DMF.
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7. Description of the experimental setup for the continuous-
flow process

The instrumental setup for the continuous flow experiments is shown in Figure S4. The
flow reactor consisted on a vertically mounted, fritted and jacketed-low pressure
chromatography Omnifit glass column (10 mm bore size and up to a maximal 70 mm of
adjustable bed height) filled with 500 mg of swollen resin (19 mm bed height). Cooling
water (ca. 8 °C) was pumped through the jacket to cool the system below room
temperature. The reactor is assembled to an Asial20® flow chemistry system
developed by Syrris. A solution with 9 in THF was pumped by an Asia pump and
mixed with a solution of carbonyl compound in THF (pumped by another Asia pump)
in a mixing chamber (T-type mixer) connected to the reactor inlet. The reactor outlet
was connected to a receiving flask in a dry ice bath at -78 °C where the product was
collected. Conversion and enantioselectivity of the formed product at any moment were
determined respectively by "H NMR and HPLC of periodically collected samples. An
additional supply of THF was connected to both pumps for conditioning and cleaning
operations. The simplification of the system by using a single pump feeding one
solution containing of both reactant species resulted in loss of stereoselectivity with
time as a result of non-catalyzed reaction in the feeding solution.

Isolation of the Mannich adduct after the experiment was performed without any
aqueous work-up, by simple evaporation of solvent and excess starting carbonyl
compound. When lower conversion was achieved the product was further purified by
column chromatography. Since no aqueous work-up is required, the high volatility of
THF facilitates its evaporative recovery. In this way, the potential disadvantages with
respect to its analogue of renewable origin, 2-methyltetrahydrofuran, are partially
compensated.

Figure S4. Picture of continuous flow reactor setup for the anti-Mannich reaction
between N-methylpiperidin-4-one 8h and 9.
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8. Optimization of the conditions for the continuous flow

operation

The experiments for the optimization of the continuous flow parameters were
performed using propanal (8b) as substrate. A representation of the experimental setup
used is shown in Figure S5. The figure is analogous to Figure 3 in the main text but
includes the broader range of conditions tested for the optimization. All the
optimization experiments were performed using the same bed of catalyst.

R Pump 1 O NHTf
8, 2 equiv (0.065-0.20 mL min™")
52- N
(0.52-1.04 M) O H
T-type mixer .
N 0.13-0.40 mL min™"
\ packed-bed
reactor
9, 1 equiv Pump 2 10 C)

(0.065-0.20 mL min™")

(0.26-0.52 M)
THF

Figure S5. Experimental setup including the optimization parameters for the anfi-
selective Mannich reactions under continuous-flow operation.
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Table S4: Optimization experiments for the continuous flow anti-selective asymmetric

Mannich reaction with immobilized catalyst 1.
_PMP

PMP. O HN

0 “N |
I+ I ([105g) [— KlﬂcozEt
CO,Et

flow = 0.13-0.40 mL min™’

8b 9 10b

Ent.  Prod. (mmol)’ t[h] Conv.[%]" anti/syn° ee[%]° TON¢
V 10b (3.81) 4 97 >95/5 97 16
28 10b (2.84) 1 92 >95/5 97 12/
3¢k 10b (4.99) 1 85 >95/5 96 22
4" 10b (3.81) 1.3 96 >95/5 96 16/
5 10b (16.66) 6 93 >95/5 96 72

“ Reactions were performed with 500 mg of resin (0.231 mmol, >99.5% ee) in a reactor
jacketed at 8-10 °C. Unless otherwise stated, the imine 9 (0.26 M) and the carbonyl
compound (0.52 M), were fed from separate solutions in THF pumped at the same flow
rate into the column. 0.20 mL min™' total flow rate, 0.13 M concentration of 9 in the
reactor. The residence time under these conditions was 12 min. ” Pure product obtained
after flash chromatography. ¢ Determined by 'H NMR spectroscopy. ¢ By chiral HPLC
analysis. © Turnover number (TON) based on the isolated pure product. / Both reactants
were fed from the same solution, 0.13 mL min™! total flow rate. ¢ 0.40 mL min™' total
flow rate. " 0.26 M concentration of 9 in the reactor. ' Entry 5 in Table S4 corresponds
to the same experiment as entry 2 in Table 4 in the main text. / The used resin was the
same for entries 1-5, with production only interrupted for cleaning by flushing THF
through the packed bed reactor.
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9. Characterization of the anti-Mannich-type adducts

Products 10a-g, 10i-j and 10l-n are known compounds that exhibited spectroscopic data
in agreement with those reported in the literature.”®’ The absolute configuration of the
anti-Mannich products was assigned by comparing the specific optical rotation of
representative products and the chiral HPLC chromatograms with those reported in the
literature under the same conditions.>*”

Ethyl (25,3R)-3-formyl-2-(p-methoxyphenylamino)-4-methylpentanoate (102)>*

QO NHPMP

COOEt

10a

HPLC (Chiralpak® AS-H, hexane/i-PrOH = 90:10, 0.5 mL/min, A = 240 nm): tg (anti
major enantiomer) = 18.8 min; tg (anti minor enantiomer) = 35.1 min.

Ethyl (25,3R)-3-formyl-2-(p-methoxyphenylamino)butanoate (10b)**

For HPLC analysis the adduct was reacted with O-benzylhydroxylamine to obtain the
corresponding oxime as reported in the literature (see below).”

Ethyl (E)-(2S,3R)-3-benzyloxyimin0methyl-2-(p-methoxyphenylamino)butanoate2’8

Ph._O
NN
O NAPMP pheH,0NH HC | SRPMP
COOEt DMF/pyridine L\r/\COOEt
10b

HPLC (Chiralpak® AD-H, hexane/i-PrOH = 97:3, 0.9 mL/min, A = 240 nm): tr (anti
major enantiomer) = 35.1 min; tg (anti minor enantiomer) = 21.0 min.

Ethyl (25,3R)-3-formyl-2-(p-methoxyphenylamino)octanoate (10c)>®

QO NHPMP

COOEt
n-Pent 10c

HPLC (Chiralpak® AS-H, hexane/i-PrOH = 99:1, 0.90 mL/min, A = 240 nm): tg (anti
major enantiomer) = 28.7 min; tr (anti minor enantiomer) = 31.7 min.

Ethyl (25,3R)-3-formyl-2-(p-methoxyphenylamino)-4-phenylbutanoate (10d)**

QO NHPMP

COOEt

ph 10d

HPLC (Chiralpak® AS-H, hexane/i-PrOH = 98:2, 1.00 mL/min, A = 240 nm): tr (anti
major enantiomer) = 41.2 min; tg (anti minor enantiomer) = 47.7 min.
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Ethyl (25,3R)-3-formyl-2-(p-methoxyphenylamino)dodec-11-enoate (10e)’

O NHPMP

10e

HPLC (Chiralpak® IC, hexane/i-PrOH = 95:5, 1.00 mL/min, A = 240 nm): tr (anti
major enantiomer) = 17.1 min; tr (anti minor enantiomer) = 22.2 min.

Ethyl (25, 1’R)-2-(p-methoxyphenylamino)-2-(2’-oxocyclohexyl)acetate (10H)>®
O NHPMP

COOEt

10f

HPLC (Chiralpak® AS-H, hexane/i-PrOH = 90:10, 0.50 mL/min, A = 240 nm): tr (anti
major enantiomer) = 26.7 min; tg (anti minor enantiomer) = 35.7 min.

Ethyl (25, 3°S)-2-(p-methoxyphenylamino)-2-(4’-oxotetrahydropyran-3’-yl)acetate

(10g)**
O NHPMP
COOEt
o) 109

HPLC (Chiralpak® IC, hexane/i-PrOH = 90:10, 1.00 mL/min, A = 240 nm): tr (anti
major enantiomer) = 31.8 min; tg (anti minor enantiomer) = 29.1 min.

Ethyl (25, 3’R)-2-(p-methoxyphenylamino)-2-(N-methyl-4’-oxopiperidin-3’-yl)

acetate (10h)
O NHPMP
COOEt
N 10h

|

'H NMR (500 MHz, CDCl3) & 6.79 — 6.69 (m, 2H), 6.67 — 6.56 (m, 2H), 4.21 —4.08 (m,
3H), 3.72 (s, 3H), 3.29 — 3.18 (m, 1H), 3.01 (ddd, J=11.3,5.7, 2.1 Hz, 1H),2.89 (d, J =
2.0 Hz, 1H), 2.74 — 2.42 (m, 4H), 2.39 (s, 3H), 1.20 (t, J = 7.1 Hz, 3H). °C NMR (75
MHz, CDCls) 6 208.00 (anti), 207.55 (syn), 172.91 (syn), 172.39 (anti), 153.11 (syn),
152.96 (anti), 141.43 (anti), 141.00 (syn), 116.01 (syn), 115.65 (anti), 114.79 (anti),
114.75 (syn), 61.33 (anti), 61.28 (syn), 57.98 (anti), 57.57 (syn), 57.54 (anti), 57.23
(syn), 55.67 (anti), 55.31 (syn), 55.04 (anti), 52.62 (syn), 52.19 (anti), 45.52 (syn),
45.44 (anti), 40.68 (syn), 40.49 (anti), 14.08 (anti), 14.06 (syn). HPLC (Chiralpak® AS-
H, hexane/i-PrOH = 80:20, 0.75 mL/min, A = 254 nm): tg (anti major enantiomer) =
15.7 min; tr (anti minor enantiomer) = 22.0 min.
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Ethyl (25,1’ R)-2-(p-methoxyphenylamino)-2-(5°,5’-ethylenedioxy-2’-oxocyclohexyl)
acetate (10i)2’8

O  NHPMP

COOEt

10i
O O
/
HPLC (Chiralpak® IC, hexane/i-PrOH = 85:15, 1.00 mL/min, A = 254 nm): tr (anti
major enantiomer) = 28.7 min; tr (anti minor enantiomer) = 23.6 min.

Ethyl (2S, 1’R)-2-(p-methoxyphenylamino)-2-(5°,5’-dimethyl-2’-oxocyclohexyl)
acetate (10j)2

NHPMP

;i;r/\COOEt

HPLC (Chiralpak® AS-H, hexane/i-PrOH = 90:10, 0.50 mL/min, A = 254 nm): tr (anti
major enantiomer) = 15.7 min; tr (anti minor enantiomer) = 17.3 min.

Ethyl (25, 1’R, 5’ R)-2-(p-methoxyphenylamino)-2-(5’-methyl-2’-oxocyclohexyl)

acetate (10k)
O NHPMP
COOEt
10k

'H NMR (500 MHz, CDCl;) & 6.84 — 6.71 (m, 2H), 6.67 — 6.55 (m, 2H), 4.15 (qd, J =

7.1,2.3 Hz, 3H), 4.11 (d, J = 6.8 Hz, 1H), 3.73 (s, 3H), 3.07 — 2.97 (m, 1H), 2.48 — 2.33
(m, 2H), 2.28 — 2.15 (m, 1H), 2.13 — 2.02 (m, 1H), 2.00 — 1.91 (m, 1H), 1.77 — 1.69 (m,
1H), 1.69 — 1.59 (m, 1H), 1.21 (t, J = 7.1 Hz, 3H), 1.14 (d, J = 6.8 Hz, 3H). °C NMR
(125 MHz, CDCl3) & 211.38, 172.83, 152.94, 141.38, 115.55, 114.78, 61.23, 59.03,
55.69, 50.41, 37.79, 36.32, 33.33, 26.87, 19.47, 14.17. HPLC (Chiralpak® AS-H,
hexane/i-PrOH = 95:5, 1.00 mL/min, A = 254 nm): tg (anti major enantiomer) = 16.6
min; tg (anti minor enantiomer) = 43.4 min.

Ethyl (25, 1’R)-2-(p-methoxyphenylamino)-2-(2’-oxocycloheptyl)acetate (101)>*
0] NHPMP

COOEt

101

HPLC (Chiralpak® AS-H, hexane/i-PrOH = 90:10, 0.50 mL/min, A = 240 nm): tr (anti
major enantiomer) = 23.1 min; tg (anti minor enantiomer) = 46.4 min.
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Ethyl (25,3R)-2-(p-methoxyphenylamino)-3-methyl-4-oxohexanoate (10m)>*
O NHPMP

COOEt

10m

HPLC (Chiralpak® AS-H, hexane/i-PrOH = 99:1, 1.00 mL/min, A = 240 nm): tg (anti
major enantiomer) = 27.2 min; tg (anti minor enantiomer) = 44.5 min.

Ethyl (25,3R)-2-(p-methoxyphenylamino)-3-methyl-4-oxopentanoate (10n)>*
O NHPMP
COOEt

10n

HPLC (Chiralpak® AS-H, hexane/i-PrOH = 90:10, 0.50 mL/min, A = 240 nm): tr (anti
major enantiomer) = 21.4 min; tr (anti minor enantiomer) = 32.0 min.
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10. HPLC traces of the anti-Mannich-type adducts and

racemic standards

1

NHPMP

COOEt
10a

Chiralpak® AS-H column (90/10) hexane/iPrOH — flow rate: 0.50 mL/min

mAU ] E Signal 1: DADL B, Sig=240,16 Ref=360,100
| # Peak RetTime Type Width Area Height Area
300 | 4 [min] [min]  [mAU*s] [mAU] %
j | - === I L |==-mmmm- I
‘ antl 1 18.757 VB 0.3646 7719.15430 325.55554 98.4892
| 2 35.133 BB 0.6332 118.41385 7114 1.5108
250 ] ‘ Totals : 7837.56815 328.42668
200 ‘ ‘
150 ‘ |
100 | \
, | .
50 | anti
- syn
- B 2
| | n )
] A - syn
o I B _
! T L S T T
20 25 30 35 40 45min

Racemic mixture:

mAU [ Signal 1: DADL B, Sig=240,16 Ref=360,100
1 ©
350+ Peak RetTime Type Width Area Height Area
1 N . | + [min] [min] [MAU*s] [mAU]
< L L I
] ° ant’ H Syn \ 0.3460 6 )5 305.50516
0.4373 1.0 S5ed 356.32306
300t |y| H 0.6557 63:\ 4:93 f62.44;\_';;:,
H 0.7021 1.00046e4 221.85373
4 M ‘ | 3.37695e4  1046.12549
250 | ‘
] I | | syn
200 ‘\ ‘ | .2 |
1 |
anti & ||
| 1 8
150 ‘ N
] A [
| il
‘ ‘ | [ i
B [ |
100+ ‘ \ \ o
] ‘ | [
| [ P
. B \ [
50| [ | [ |
: . [ R .
4 [ | [
1 [ o / \
i I | \ \/
o | \. . / N L 1 \_
T T T T T T T T T T
20 25 30 35 40 45mj
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COOEt DMF/pyridine COOEt

10b
Chiralpak® AD-H column (97/3) hexane/iPrOH — flow rate: 0.90 mL/min

mAU 4 > Signal 1: DAD1 B, Sig=240,16 Ref=360,100
=
%ﬂ Peak RetTime Type Width Area Height Area
. ‘ # [min] [min] [mAU*s] [mAU]
i - [====1 \ [ [ [
(E)-antl |‘ 1 21.028 BBA 0.4241 1978.8855 73.03073 1.6514
2000 4 ‘l 2 35.094 W 0.7895 1.17848e5 2332.46558 98.3486
| “ lotals : 1.19827e5 2405.49631
1500 | |
1000 | |
i ‘ |
\
] R
500 . [
(E)-anti |
© |
g . (E)-syn
S WA
od AN o e N
20 30 40 50 80 i
Racemic mixture:
mAU | E ( ) Signal 1: DAD1 B, Sig=240,16 Ref=360,100
1000 4 (E)_Syn % E Syn Peak RetTime Type Width Area Height Area
| H % #  [min) [min]  [mAU*s] [mAU]
: — I====I [ [—==mmmm [ == [
% 1 22.089 VB 0.4574 559.08142 8.9441
H |"‘ 2 0.6172 423.93369 9.1334
7 “ 3 0. 387.00061 9.1230
800 H | 4 0. g 2
| s 0. :
(E)-ant[ ‘ ‘ |‘ 6 0. . ed 3 5734 ¢
7 0.8459 4.84377e 885.83173 26.173(
‘| | 8 1.1494 1.06251e4d 143.90919
(o]
5004 = ‘ | Totals : 1.85067e5 3976.06171
i 1
I o |
I 8o | |
| \ o 2 R 2 ||
400 | I S
| 2)-syn (E)anti
] | (Z)-syn (E)-anti ;
| syn (E)-an (Z)-anti
1 | NIRRT g
- | N | | g
@S gt :
q i ( )- | N\
] | L (4)-antit |
I A YRV /)
I | [ Voo w \
0 Y L \y/ AN} T 1 - LS AN
I [ I T I T
20 30 40 50 60 mi
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T

NHPM

n-Pent 1

P

Oc

Chiralpak® AS-H column (99/1) hexane/iPrOH — flow rate: 0.90 mL/min

mAU | E Signal 1: DADL B, Sig=240,16 Ref=360,100
ﬁ Peak RetTime Type Width Area Height Area
1 | # [min] [min] [mAU*s] [mAU] %
50 ‘ H
B | - J====1 | I I I
| “| antl 1 28.717 BB 0.7530 2677.94580  54.52145 98.3406
| ‘ 2 31.722 BBA  0.5214 45.18678  1.11842  1.6594
i ‘ ‘l Totals : 2723.13258 55.63986
40 ‘ |
1 |
N
|
] | ‘
20 [
i | ‘
|
(.
g |
20 ||
1 [
Fo
i | |
| \
104 | I
f | syn
| \
| syn
/ /N
| E—— o e R o
o
R ——
20 25 0 5 40 45 mi
Racemic mixture:
mAU 1 5 2
1 3 % &
50| Lo 3
| anti I
I\\I Signal 1: DADL B, Sig=240,16 Ref=360,100 5
3¢
{ 3
“ | Peak RetTime Type Width Area Height Area 2
1 1 #  [min] [min] [MAU*s] [mAU] B A
404 ‘ -1 I-=--1 A
| \ ‘I BB I
[ BV \
[ e
‘ | BB
1 \
30 D Trt‘als“ s
i ‘ [
| |
e
‘ | | | |
] | .
20 [ ol
4 | | “ |
[ . w
[ T A |
|
| | | | ‘l | | \
| | [ \ | |
104 | | | . | | |
i I‘ \ ‘l | .“ \ | “.‘
| \ | \ \ I
| \ | \/ \ | iy
/ | | A | \
1 / \.\ yi' \\,_ / ANy
o - IV — T — — e —_—
—— -——— ———
20 25 30 35 40 45 mi
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QO NHPMP

ph 10d

Chiralpak® AS-H column (98/2) hexane/iPrOH — flow rate: 1.00 mL/min

COOEt

mAU*_ @ Signal 1: DADI B, Sig=240,16 Ref=360,100
] % [ Peak RetTime Type Width Area
1 | ant’ #  [min] [min]  [mAU*s]
J \ . S [ [
300 [ 1 41.183 BBA  1.2826 2.78951ed  333.92642 97.8333
] ‘ 2 47.680 BBA 1.1167 617.77881 2.1667
i | ‘ Totals : .85129e4
250+
200
150 4
100+
50
] syn
ol _ - S
T T T T 7 T T
40 50 60 70 80 90 mi
Racemic mixture:
"1 anti 5
S 8
. g . T syn
T anti |
] 3 F [
1
80 f\ ] [ 5
i l F ‘ 3
[ i ‘ ‘ o
1 | | h | Il
| IR}
] | syn ||
I
50- ‘| A L
| ‘ ‘ [ | | siomal 1: paDL B, Sig=240,16 Ref=360,100
|
] | | | I | “ Peak RetTime Type Height Area
‘ ‘ | I‘ [ 4 [min] [mAU] %
1 e R B e -
| [ [ 44.400 BBA 9.59454
40 ‘ | | " [ | 2 4s.s01 eEa 7.00503
J | ‘ |3 s55.121 BRA 91.39079
| I ‘ i “ “ 4 81.987 BB 9.43742
1 | - |
[ [ | |Totals 3.23038e4  307.42779
1 | I | | |
\
20 B [ N I‘
[ | | ‘l | |
1 | \ | \ | |
] | \ / \ | |
[ N \r’ N /
I T e — T ~ .“‘
ol —_— - S —
0_ E— —_— L EE—
T T 7 T 7 7 T
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O

> NHPMP

10e

Chiralpak® IC column (95/5) hexane/iPrOH — flow rate: 1.00 mL/min

mAU 4 h Signal 1: VWDl A, Wavelength=240 nm
] ant’ ;'Jr Peak RetTime Type Width Area Height Area
1750 - ‘ ‘I + ‘ [min] ‘ ‘ [min] ‘mAU *s ‘[mAU ] ‘ 3 ‘
j \ — ——
1 [ 1 17.141 W 0.4516 5.82837e4 1960.75232 98.5132
1 | I‘ 2 22.185 BB 0.5405 879.62756  25.24313  1.4868
15007 “ ‘I Totals : 5.91633e4 1985.99545
i |
] [
1250 4 ‘ I‘
1 |
i | I
1000 | “
i [
i |
] [
750 | I‘
i |
] “ |
500 | ‘.‘
] | |
] \
] | { .
| \
250 | \ Syn anti
1 | \
] syn | oA 8
0+ — \T/ - &
] B - — ~— S— e }
1 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T -
10 12 14 16 18 20 22 24 mi
Racemic mixture:
mAU - ©
120 e anti p
4 l‘.‘l o "
1003 [ 2 @ anti
] I -
80 \I | e N 2
] | " i\ ©
] A A [ =
0 A §
il [ [\ - \
40 - [ [ [\
] [ [ I
20— [ \ [ | \ [
3 / v \ /
0 T+ - L \[_,J/ — —\-T_J/, _ '\‘T——_iLL" N \\ ——
20— T
10 12 14 16 18 20 22 24 miny
Signal 1: DADl B, Sig=240,16 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
il Bttt [ === === | === | === | ===~ |
1 15.096 BB 0.3676 2718.76001 115.07326 28.2326
2 16.413 BB 0.3952 2047.99280 80.400438 21.2671
3 18.015 BB 0.4431 2707.85522 94.83204 28.1194
4 20.333 BB 0.5047 2155.24951 66.39837 22.3809
Totals : 9629.85754 356.70415
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O NHPMP

COOEt
10f

Chiralpak® AS-H column (90/10) hexane/iPrOH — flow rate: 0.50 mL/min

mAU 4 2 Signal 1: DAD1 B, Sig=240,16 Ref=360,100
i =
200*7 $ Peak RetTime Type Width Area Height Area
\ #  [min] [min]  [mAU*s] [mAU] %
1 H - ] I | | |
1 ant l 1 26.745 BB 0.5277 6932.44238 204.38126 98.8206
175 [l 2 35.670 BB 0.8118 82.73412  1.33356 1.1794
— 1 Totals : 7015.17650 205.71481
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100 4 ‘ ‘
| |
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] o
] [
50 ‘
[ .
[ t
, | anti
25 . -
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mAU | 3
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- syn | .
| =
] | ™~
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100 -1 | [
12 . [ [
1 2 34.199BB 0 147.18433  49.4373 | [
13 37.349 BB 0.8282 109.07204  1.64790 0.7580 ‘ [
g0 4 44.717 BB 0.9557 7057.18262 114.35461 49.0418 | ‘ “ |
|
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1 [ [
80 | I
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O NHPMP

COOEt

(o) 109
Chiralpak® IC column (90/10) hexane/iPrOH — flow rate: 1.00 mL/min

mAU © Signal 1: VWDl A, Wavelength=240 nm
o .
] ﬁ ant’ Peak RetTime Type Width Area Height Area
80 Il #  [min] [min] mAU  *s  [mAU ] B
] | -1 I====1 I [ [
|‘ 1 29.060 BBA 0.6787  83.10193
1 | 2 31.815 BB 0.7919 4419.69385
70 |
‘| Totals : 4502.79578  87.56126
50 | \‘
50 |
] | |
40 | |
1 \
1 [
30 | |
] |
] [
20 ‘ |
] anti | |
10] |
n o |
] syn & | | syn
[e2] i
N /
o4 s W N SN o |
-——— T[T T T 7T
20 25 30 35 40 45 50 55 mi

Racemic mixture:

mAU o Signal 1: VWDl A, Wavelength=240 nm
] * Peak RetTime Type Width Area Height Area
4 4  [min) [min] mAU *s  [mAU
b ‘\ Ei)/,7 I I I
1754 | 3 8 598 197.73849
] | .7 09905
] ‘ 0.8750 .65885
150.] \ .2307 25632
] “ Totals : 1.80163e4  328.75272
7 | syn &
7 (2]
] ‘ 2
10077 ‘ |
] A
1 | \ A
787 | \ (1
1 | o
] ‘ |
50 \ . . [
] . anti anti b
] |
1 - © o | |
o I -
] fo A = /
ol I /\-,,.T, SN B
s e e e L B B e e L e s e e s s e B s o e e e e LS S s
20 25 30 35 40 45 50 55 mi
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O NHPMP

COOEt

N 10h

|
Chiralpak® AS-H column (80/20) hexane/iPrOH — flow rate: 0.75 mL/min

mAU | é . Signal 1: DAD1 A, Sig=254,16 Ref=360,100
| ;
1 # ant’ Peak RetTime Type Width Area Height Area
600 | M # [min] [min] [mAU*s] [mAU] k
g -1 I====1 I I I I
1 “ 1 15.701 BBA  0.4683 1.99184e4  €37.91772 99.1604
1 ‘ 2 21.998 BBA  0.6068 168.66048 4.32609  0.8396
500+ “ Totals : 2.00871ed  642.24382
400 ‘ ‘
300 ‘ \
] |
2004 ‘ ‘
] |
J | |
|
| \ .
100 o anti
] o osyn
1 oA ; 8 syn
1n | e \ b=
0 B _ o —— N o o e
: : T T T - - T T T - - T
10 15 20 25 30 35 mi
Racemic mixture:
© Signal 1: DADL &, S 16 Ref=360,100
mAU 3 gl ’ B B
] @
o
4 Peak RetTime Type Area
| sﬁ Syn # [mAU*s]
.
] | .
200 2 88 . 71
] |‘ 3 22 0. 506
| 4 33.489 BB 0.9365 7358.31055 121.16193 45.8008
| ‘ ‘ Totals : 1.60659ed4  372.44352

100

] anti || anti C
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O

NHPMP

COOEt
10i

0O 0
-/

Chiralpak® IC column (85/15) hexane/iPrOH — flow rate: 1.00 mL/min

mAU 2 Signal 1: VWDl A, Wavelength—=254 nm
~
300 g
| ﬁ Peak RetTime Type Width Area Height Area
4 | H # [min] [min] mAU *g [mAU ] 4
I t
] || anti L ‘ ‘ ‘
1 23.611 BV 0.6615 601.60773 14.00040 3.5093
i ‘ |
| 2 28.749 BB 0.8391 1.65415e4  301.05087 96.4907
250 ‘ |
] | | Totals : 1.71431e4 315.05128
7 |
7 |
] |
2004 ‘ |
1 |
4 | |
] |
150 4
100+ |‘
] |
B |
1
y |
] anti \
\
50 \
J - \
o \
] o S n \ Syn
] 2 V.
J s / \_ _
04 A/;ﬁ_,,,,; J — - - R
L T T T T T T T T T T T T T T T T T T T T T T T T T T T T
20 25 30 35 40 45 mi
Racemic mixture:
mAU | g Signal 1: VWDl A, Wavelength=254 nm
i ©
70 5 Peak RetTime Type Width Area Height Area
1 1 Syn £ [min) min] mAU  *s  (maU ]
I B | === =mmmmm- [ i [ I
i | 1 25.720 BV 0.7778 133.43582
60 - ‘ | 2 27.693 W 0.8294 3812.18823
4 | 3 31.992 VBA 1.0125 144.70274
‘ 4 47.651 BBA  1.3307 3707.06055
|
g Total 7797.38734 117.75306
50 \ -
1 wn
| @
~
| <
] p
40+ ‘ [\
] | u
[
30 ‘ [
] | \
\
| [
| \
\
1 \ [
20 | ‘\I \
] | | |
] ;| t' | \
] anti | anti o
10 | | \
] g | | 8 /
] g “"\ 2
N / il /
ol e Y, — - o S o
————————————F———+——+——+——f————+——+————
20 25 Q 5 40 45 mi




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

O NHPMP

COOEt
10j

Chiralpak® AS-H column (90/10) hexane/iPrOH — flow rate: 0.50 mL/min

mAU ] . 8 Signal 1: VWDl A, Wavelength=254 nm
7 ti g
] anti B Peak RetTime Type Width Area Height Area
q [ 4 [min] [min] mAU  *s  [mAU ]
!
1 e [===-I [ [ [
700 ‘ 1 15.668 BV  0.4105 2.08321ed  787.68463 93.
] |‘ 2 17.281 VB 0.4557 1540.15466  51.20459  6.88
4 | Totals : 2.23722e4  838.88922
600+ ‘
500 ‘ ‘
400 - ‘ ‘
300 ‘ |
] \
: A
200 | .
_ || anti sy
] ‘ ‘I -
1004 & N
i [ T
] [ AN
4 | LAY
0 N N . - il
T T 7 7 T T
5 10 15 20 25 30 mi
Racemic mixture:
mAU 1 svn =
] yn e o
{2
350 ?
] I 2 8Syn
o~
| “ i
1 signal 1: VWDl 2, Wavelength=254 nm I
300 ([l (
1 reak RetTime Type wWidth Area Height Area ‘ ‘ ‘
#  [min) [min] ®mAU  *s  [mAU ] ‘ | ‘I
] - I-=—-1 I I I |
250 1 15.746 YV 0.4152 347.29324 1.2490 ‘ ‘ |
f 2 17.279 VB 0.5094 349.97351 1.2586 | | ‘
3 19.874 BV 0.5723 1.35038e4 48.5647 ‘ |
1 4 22.095 VB 0.6394 1.36048e4 48.9277 | | ‘ ‘
2009 rora1 2.78059¢4 ‘ | |
|
] | \ [
150 -] ‘I | ‘l
| |
| ‘ |
] \ | |
100 ‘ | | |
) ‘ |
] | |
anti anti | | ||
50.] I .
] @ o | | \
E < | | \
] ~ | |\
1 -2} r~ | | \
i = hay | | \
[0 S o~ o~ -— L/\_‘_A"_H‘ \'+ \'-»_i I —
——— Y/ ——————
5 10 15 20 25 30 mi
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O NHPMP

COOEt
10k

Chiralpak® AS-H column (95;5) hexane/iPrOH — flow rate: 1.00 mL/min

maU 8 O  NHPMP O NHPMP
1 ;g COOEt
160 4 | O
140+ o . o . o
1 anti-trans pair anti-cis pair syn-trans pair syn-cis pair
120 Signal 1: DADL A, Sig-254,16 Ref-360,100
] Peak RetTime Type Width Area Height Area
1004 ”ffi [min] . [min] . [mAU*s] ‘ [mAU] ‘ % |
l 1 16.638 VW 0.4109 4690.57080 173.75716 98.8884
l 2 43.390 BBA  0.9020  52.72686 8.52056e-1 1.1116
80+
] ‘ Totals : 4743.29766 174.60921
60
o
&
| \ ¢ B |
<
VAN T _ . .
-———————————
20 30 40 50 60 70 mi

Racemic mixture A

maU |
{ @t
1204
100 ! anti-trans pair anti-cis pair syn-trans pair syn-cis pair
4 =
2 Signal 1: DADL B, Sig=240,16 Ref=360,100
o~
1 ‘“‘ Peak RetTime Type Width Area Height
80 — || # [min] [MAU*s]
] -===1
I *
1 | 3 . . 80.46921
50 ‘ 4 20. . .35469
] | 5 0. .90205
| 6 0 1.€ .14968
\ | 7 44.616 VB 1.1107 565.61993 7.61382
1 O ‘ | ‘H 8 66.777 BB 1.5608 487.94913 4.70928
40+ g ‘ l\
] [ |
© \ ‘
N | ‘
1] [ |‘| ol H
20 |\ ‘ | | =0
J |\| ‘ | | I R I~
| oM < ~
| I [\ [ < 3 <
{1 |\ [ ff\ ©
oy —_—d N o/ N - . ]
— T — T T — — T — T T —— — — T — T T T
20 30 40 50 60 70 mi
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Racemic mixture B

anti-trans pair

anti-cis pair

syn-trans pair

syn-cis pair

mAU ~ Signal 1: DADL B, Sig=240,16 Ref=360,100
] <l
200; $ Peak RetTime Type Width Area Height Area
] ” #  [min] [min] [mAU*s] [mAU]
1 ----1 1----1 [ [ [
1 ! 1 15.946 VvV 0.4527 463.19513  15.32212
175 ‘ @ 2 16.727 VB 0.5106 454.81253  12.55557
] S 3 18.635 BV 0.6515 252.06340
1 ~ 4 20.307 VWV 0.6405 8625.16211
] 0 5 27.884 BB 0.8401 8724.83105
1504 i & 45.206 BB 1.1856 6233.68262
1 ‘ ‘\ 7 €7.689 BB 1.7570 5889.94678
] “ Totals : 3.06437e4  533.66566
125 ‘ |‘
100 ‘ | ‘ \ Q
] &
] \ ‘ 2
75 i m
: | | f 2
1 I ©
1 | | I s
1 | | ©
50 . Y
1 ‘ | " | M\
190 _ | | [ A
I
1 $ . ‘ | i Il
1 ou | I | [
250 o~ 2 | M |
] T8 8 . I [
1 nn o= | [ [ /
oW %) oA \ o,/ |
1 ) [
oI oy o ) SN 4 . B ]
1 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
20 30 40 50 60 70 minj
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O NHPMP

COOEt

101

Chiralpak® AS-H column (90/10) hexane/iPrOH — flow rate: 0.50 mL/min

mAU 7| 3 Signal 1: DADL B, Sig-240,16 Ref=360,100
$ Peak RetTime Type Width Area Height Area
1 ‘| #  [min] [min]  [mAU*s] [mAU] %
---- 1-=—-1 [ [ \ \
] . 1 23.144 BB 0.4678 2.89698ed4  960.71356 97.4499
8004 ‘ant[ 2 46.399 BB 1.0113 758.08801  11.70913  2.5501
1 “ Totals : 2.97279e4  972.42269
600 ‘
400+ ‘ |
2004 | |‘
] |
4 ‘ |
|
, | syn
[
04— J_ N SN _
T T T T T T
15 20 25 30 35 40 45 50 mi
Racemic mixture:
mAU - S Signal 1: DADl B, Sig=240,16 Ref=360,100
4 =]
| Jud] Peak RetTime Type Width Area Height Area
TP #  [min] [min]  [mAU*s] [mAU]
] | -1 ===~ I I I I
120+ Syn | 1 23.967 BB 0.4781 153.12669 4.93406  1.2860
J | 2 32.088 BB 0.6649 577 134.57091 48.5199
] ‘ 3 45.142 BB 1.1602 5784 76.32106 48.5749
] ‘ 4 49.074 BB 1.1266 192 2.38643  1.6192
100 ‘ Totals : 1.19074e4  218.21247
4 | o~
‘ =
1 =
w0 i syn s
7 f\
I
] i
i ‘ | ||
i
60 - | N
o | 1
‘ [
] [
o | |
.
404 \ w
\ [
] | | | |
4 - | ‘I
] anti | o
| \
i | \
20 ~ | \I | ‘
1 & | I |
) o |
] g | /
/ /
o4/ - e L/ —
7 — T T T T — T T T T T T T T
15 20 25 0 40 45 50 mi
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O NHPMP

COOEt
10m

Chiralpak® AS-H column (99/1) hexane/iPrOH —

flow rate: 1.00 mL/min

mAU 2 Signal 1: DADL D, Sig-240,16 Ref-360,100
g ﬁ Peak RetTime Type Width Area Height Area
4 [min] [min] [mAU*s] [mAU] %
1204 I -l === \ \ I |
‘ ‘l 1 27.250 BB 0.7620 6504.71289 132.20927 98.4641
7] 2 44.479 MM 2.4115 101.46388 7.01253e-1 1.5359
] a
i antl | ‘| Totals : 6606.17677 132.91053
100+ [
J ‘ ‘
1 |
J |
80— ‘
] ‘ I
1 |
] |
60 - | I‘
: ‘ |
|
1 |
40 |
4 | \
|
1 [ Syn i
] | i anti
\
207 | \ A &
| \ / svn 2 &
: JI "‘\ ;"l \ y : &
Y S N )N R
L T T T T T T T
20 25 30 35 40 45 mi
Racemic mixture:
mAU _| 5 Signal 1: DADl B, Sig=240,16 Ref=360,100
~
1 Fi] Peak RetTime Type Width Area Height Area
J ft . i ] Ay :
1 . ‘ | ——
120 anti ||
1 ‘ |
4 |
1004 ‘\ Totals : 1.45824e4  228.60579
1 |
] | |
a0 |
] N
] | |
650 ‘I
] a & anti
‘ ~
] L syn Syn 3
40— | | w 3 /\
B I 5 & foN
1 | 2 & / \
1 | '\ N N \
20 | \ \
J | \
4 | AN
[ R E— — — —\"' e
———— —
20 25 o] 5 40 45 mi
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O NHPMP
COOEt

10n
Chiralpak® AS-H column (90/10) hexane/iPrOH — flow rate: 0.50 mL/min

[o2]
mAU - e t Signal 1: DAD1 B, Sig=240,16 Ref=360,100
| anti
ﬁ% Peak RetTime Type Width Area Height Brea
100+ #  [min) [min]  [mAU*s) [mAU]
i —-- e I [ [ \
H 1 21.379 BB 0.3965 2750.82788 106.80753 97.9839
q 2 31.964 BBA  0.7547 56.60162 1.04039  2.0161
] H Totals : 2807.42950 107.84792
804
80 ‘ ‘
404 ‘ ‘
20+ ‘ ‘
] | |
4 ‘ |
] I\ syn regio
04— _u‘l \ T S e
h T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
20 25 0 38 40 45 80 85 mi
Racemic mixture:
mAU | 3 t Signal 1: DADl B, Sig=240,16 Ref=360,100
1 ;an I Peak RetTime Type Width Height Area
7 ‘ Syn 4 [min] ‘
250 - ‘ —
] oy 1 0. 272.13083 2
] S 2 0. 217.15211 20.5842
] & 3 0. 71.36649  7.9327
1 4 . 152.25343 21.3243
1 5 36.106 BB 0.6867 6756. 2 152.57246 20.4724
200 € 52.609 BB 1.1032 2537.13721  32.48431  7.6873
J Totals 3.3004le4  897.95964
160 4
100+
’ 2
504 @
4 o
wn
] ~
~\ .‘” \
J JARN
4 — P / \
0—— _ AN N\
- T
20 25 30 35 40 45 50 55 mi
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DEPTQ (125 MHz, CDCl;) 2 \
o N
N4 ] N
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DEPTQ (125 MHz, CD;0D) \
0} NHTf
N
5 Boc
5¢ 52
Y N
T | [ | '\ [ ]
[
s 518 )\
i SRR 23 i
N
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)

- S37 -



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

artT

'H NMR (500 MHz, CDCl5)

NHTf

)
o)
Zm
R
o
N~
000-— T3
_
Lo
o
967'€
£0€°€ L
oze'e L
wNm.m\ 60°c 967°€
ssee \ Fea £0E'E
3443 0zE'e
/ v/ - o0z 8ze'e
Eo.m\ [ seere N\
L0L°€ m¢v.mv
[ | o bore
€80y ™ C1 [+ 919°€
bSIH N e
o1y for Lo €50\
- s bSTH >
= 9T
e
f SE9P\ N SE9°)
199 mkaxd 199 =
(i | b oy ) =
Ly aLy
Lo
L
L 1SS |L
1ss ﬁ q JL %S.N i
097'L
897'L
[}
[
9874
s6cc
097'L r 02e'L 8 “AM
m@N.nub owm.mwm
ey Y EVEL
8L WL
9872 L 9SE'L |
5622\ W oy
0ze'L / W . 99¢°/
9\2/r ¥ Lo 69€'L ]
EVEL mmm.&
GHEL™S / Foe 08€'L ]
9SEL”/E ) €8¢,
%Eww J we | L& 99t 1
99E'L | ~o 06€'L ]
69€'L 7] he 66 ]
ELEL P T 866, ]
086, u j 09'c % 880 052
€88, | |2 0L~
88eL |
06€L |
s66°L ] r
86¢'¢ ]
0L Fe

Feoe

4.5

50
f1 (ppm)

T
5.5

- S38 -



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

BC {'"H} NMR (125 MHz, CDCl5)
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'"H NMR (500 MHz, CD;0D, 333 K)
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13 1 N
C { H} NMR (125 MHz, CD;0D, 333 K) N~ °N
\_K/O, NHTf
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NHPMP
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stereoisomer mixture after epimerization of 10h during
purification by column chromatography
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C {'"H} NMR (75 MHz, CDCl)
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NOESY NMR (500 MHz, CDCls) (zoom)
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13C {'"H} NMR (125 MHz, CDCl5) O NHPMP
COOEt
. 10k
KY;
2 g s 2 0N RN T
i | TS |
g — "J“ wLw-mmew‘;W L o— bon " —-

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
20 210 200 190 180 170 160 150 140 130 120 110 ; (100 | 90 80 70 60 50 40 30 20 10 0 -10 -2
1 (ppm

- S48 -



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

12. References

M. s. Manhas, M. Ghosh and A. K. Bose, J.Org. Chem., 1990, 55, 575-580.

? (a) S. Mitsumori, H. Zhang, P. H.-Y. Cheong, K. N. Houk, F. Tanaka and C. F. Barbas
I, J. Am. Chem. Soc., 2006, 128, 1040-1041. (b) H. Zhang, M. Mifsud, F. Tanaka and
C. F. Barbas III, J. Am. Chem. Soc., 2006, 128, 9630-9631.

3 (a) L. E. Martinez, J. L. Leighton, D. H. Carsten and E. N. Jacobsen, J. Am. Chem.
Soc., 1995, 117, 5897-5898. (b) S. E. Schaus, J. F. Larrow and E. N. Jacobsen, J. Org.
Chem., 1997, 62, 4197-4199.

* A. L Oliva, U. Christmann, D. Font, F. Cuevas, P. Ballester, H. Buschmann, A.
Torrens, S. Yenes and M. A. Pericas Org. Lett., 2008, 10, 1617-1619.

> S. Ozgubukeu, E. Ozkal, C. Jimeno and M. A. Pericas, Org. Lett., 2009, 11, 4680-
4683.

°p. Font, C. Jimeno and M. A. Pericas, Org. Lett., 2006, 8, 4653-4655.

7 (a) R. P. Washington and O. Steinbock, J. Am. Chem. Soc., 2001, 123, 7933-7934. (b)
P. Besenius, P. A. G. Cormack, J. Liu, S. Otto, J. K. M. Sanders and D. C. Sherrington,
Chem. Eur. J., 2008, 14, 9006—9019.

SR, Martin-Raptn, X. Fan, S. Sayalero, M. Bahramnejad, F. Cuevas and M. A. Pericas,
Chem. Eur. J., 2011, 17, 8780-8783.

’ M. Pouliquen, J. Blanchet, M.-C. Lasne and J. Rouden, Org. Lett., 2008, 10, 1029-
1032.

- 849 -



	RevSIGC-COM-07-2013-041444
	RevSIGC-COM-07-2013-041444.2
	RevSIGC-COM-07-2013-041444.3

