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1. General methods

All anaerobic and moisture-sensitive manipulations were carried out in anhydrous
solvents and under nitrogen. Dichloromethane, toluene, and tetrahydrofuran were dried
over the PureSolv MD purification system. Melting points were taken in open-end
capillary tubes. Reactions were monitored by thin-layer chromatography carried out on
0.25 mm silica gel plates (230-400 mesh). Flash column chromatographies were
performed using silica gel (230-400 mesh). NMR spectra were recorded on AU-300 MHz
instrument and calibrated using residual undeuterated solvent (CDCI;) as internal
reference. MS spectra were recorded on a VG AutoSpec mass spectrometer. The HPLC
chromatograms of the racemic and enantiomerically enriched cycloadducts are also
included. a-Iminoesters (1a-J) were prepared by condensation of aminoesters

hydrochlorides with the corresponding aldehydes, according to literature procedures.’
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2. Typical procedure for the synthesis of imines

Typical procedure 1: Methyl (S)-2-(5-(hydroxymethyl)furan-2-
yl)methyleneaminopropanoate (1a)
A suspension of (S)-alanine methyl ester hydrochloride
Ho\/@\¢N\/co2Me (122.8 mg, 0.88 mmol), anhydrous MgSQ, (excess) and
o e EtsN (0.12 mL, 0.88 mmol) in dry dichloromethane (4.0
mL) was stirred at room temperature for 30 minutes. 5-
crude 1a (Hydroxymethyl)furfural (100 mg, 0.80 mmol) was added
and the mixture was stirred at room temperature for 12 hours. Water (10 mL) was added,
the organic layer was separated, and the aqueous phase was extracted with
dichloromethane (3x10mL). The combined organic layers were dried over MgSO, and
evaporated under reduced pressure to afford 1a (100 mg, 59%, yellow oil), which was
used without further purification in the next reaction step.
TH-NMR (300 MHz, CDCI;) § 8.06 (s, 1H), 6.76 (d, J = 3.5 Hz, 1H), 6.39 (d, J = 3.5 Hz,
1H), 4.67 (s, 2H), 4.11 (q, J = 6.7 Hz, 1H), 3.74 (s, 3H), 1.53 (d, J = 6.0 Hz, 3H).

Methyl (S)-2-(5-(hydroxymethyl)furan-2-yl)methyleneaminobutanoate (1b)
HO /R N_ _CO:Me Following the typical procedure 1, the reaction of (S)-
o Zan'd methyl 2-aminobutanoate (103.1 mg, 0.88 mmol), MgSO,
t (excess), EtN (0.12 mL, 0.88 mmol) and 5-
(Hydroxymethyl)furfural (100.0 mg, 0.80 mmol) in
crude 1b dichloromethane (5 mL) afforded 1b (174 mg, 97%,
yellow oil).
TH-NMR (300 MHz, CDCI;) § 7.92 (s, 1H), 6.69 (d, J = 3.4 Hz, 1H), 6.28 (d, J = 3.3 Hz,
1H), 4.55 (s, 2H), 3.63 (s, 3H), 2.01 — 1.88 (m, 1H), 1.85-1.73 (m, 1H), 0.80 (t, J= 7.5
Hz, 3H).

me

Methyl (S)-2-(5-(hydroxymethyl)furan-2-yl)methyleneamino)-4-methylpentanoate
(1c)

HO, /AR N_ CO.Me Following the typical procedure 1, the reaction of (S)-leucine
\/<—)\// \_/ methyl ester hydrochloride (159.9 mg, 0.88 mmol), MgSQO,

) :
\( (excess), Et:N (012 mL, 088 mmol) and 5-
(Hydroxymethyl)furfural (100.0 mg, 0.80 mmol) in
crude 1c dichloromethane (5 mL) afforded 1¢ (200 mg, 99%, yellow

oil).

1H-NMR (300 MHz, CDCl,) § 7.87 (s, 1H), 6.64 (d, J = 3.4 Hz, 1H), 6.21 (d, J = 3.4 Hz,
1H), 4.48 (s, 2H), 3.85 (dd, J = 8.4, 6.0 Hz, 1H), 3.55 (s, 3H), 1.68 — 1.61 (m, 2H), 1.45
—1.32 (m, 1H), 0.77 (d, J = 6.5 Hz, 3H), 0.72 (d, J = 6.5 Hz, 3H).

Ethyl (S)-2-(5-(hydroxymethyl)furan-2-yl)methyleneamino-3-phenylpropanoate
(1d)

HO co,et Following the typical procedure 1, the reaction of (S)-
\J}\?NV& ’ phenylalanine ethyl ester hydrochloride (202.1 mg, 0,88
Ph/ mmol), MgSO, (excess), Et;N (0,12 mL, 0,88 mmol) and 5-
(Hydroxymethylfurfural (100.0 mg, 0.80 mmol) in

crude 1d dichloromethane (5 mL) afforded 1d (200 mg, 83%, yellow

oil).
TH-NMR (300 MHz, CDCl;) § 7.77 (s, 1H), 7.40 — 7.21 (m, 5H), 6.76 (d, J = 2.5 Hz, 1H),
6.43 (d, J =2.5Hz, 1H), 4.73 (s, 2H), 4.26 (q, J = 7.0 Hz, 2H), 4.18 (dd, J = 6.5, 3.8 Hz,
1H), 3.45 (dd, J = 13.5, 5.4 Hz, 1H), 3.19 (dd, J = 13.5, 8.6 Hz, 1H), 1.31 (t, J = 7.0 Hz,
3H).
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Methyl (S)-2-(5-(hydroxymethyl)furan-2-yl)methyleneamino-2-phenylacetate (1e)
HO /I CO.Me Following the typical procedure 1, the reaction of (S)-2-
\/O\//N\/ 2 phenylglycine methyl ester hydrochloride (177.5 mg, 0,88
0 h mmol), MgSO, (excess), Et;N (0.12 mL, 0.88 mmol) and
5-(Hydroxymethyl)furfural (100.0 mg, 0.80 mmol) in
dichloromethane (5 mL) afforded 1e (200 mg, 91%,
crude 1e yellow oil).
TH-NMR (300 MHz, CDCl;) § 8.01 (s, 1H), 7.46 — 7.40 (m, 2H), 7.37 — 7.30 (m, 3H), 6.75
(d, J=3.4 Hz, 1H), 6.35 (d, J = 3.4 Hz, 1H), 4.63 (s, 2H), 3.73 (s, 3H), 3.69 (s, 1H).

o

Methyl (S)-3-(tert-butoxy)-2-(5-(hydroxymethyl)furan-2-
yl)methyleneaminopropanoate (1f)

Following the typical procedure 1, the reaction of O-tert-

CO,Me

HO\/@\//N\/ 2 buthyl-(S)-serine methyl ester hydrochloride (186.3 mg,
o 0.88 mmol), MgSO, (excess), Et;N (0.12 mL, 0.88 mmol)

\\\I'

'BuO and 5-(Hydroxymethyl)furfural (100.0 mg, 0.80 mmol) in
dichloromethane (5 mL) afforded 1f (200 mg, 88%,
crude 1 yellow oil).

1H-NMR (300 MHz, CDCl,) § 7.92 (s, 1H), 6.67 (d, J = 3.4 Hz, 1H), 6.26 (d, J = 3.4 Hz,
1H), 4.51 (s, 2H), 3.97 (t, J = 6.4 Hz, 1H), 3.79 — 3.73 (m, 1H), 3.62 (s, 3H), 3.50 (t, J =
8.0 Hz, 1H), 1.03 (s, 9H).

Methyl (S)-2-(5-(hydroxymethyl)furan-2-yl)methyleneamino-4-
(methylthio)butanoate (19g)
Following the typical procedure 1, the reaction of (S)-

HO\/@\//N\/C%MG methionine methyl ester hydrochloride (175.7 mg, 0.88

0 : mmol), MgSQO, (excess), Et;N (0.12 mL, 0.88 mmol) and
( 5-(Hydroxymethyl)furfural (100.0 mg, 0.80 mmol) in
dichloromethane (5 mL) afforded 1g (200 mg, 92%,

S yellow oil).
H-NMR (300 MHz, CDCI;) § 8.03 (s, 1H),6.76 (d, J=3.4
crude 19 Hz, 1H), 6.37 (d, J = 3.4 Hz, 1H), 4.64 (s, 2H), 4.13 (dd,

J = 8.6, 5.0 Hz, 1H), 3.71 (s, 3H), 2.66 — 2.50 (m, 2H), 2.43 — 2.33 (m, 1H), 2.28 — 2.14
(m, 2H), 2.05 (s, 3H).

Methyl (R)-3-(benzylthio)-2-(5-(hydroxymethyl)furan-2-
yl)methyleneaminopropanoate (1h)
Following the typical procedure 1, the reaction of S-
HO, CO,M
\/@\¢N\/ 2ie benzyl-(R)-cysteine methyl ester hydrochloride (230.4
o mg, 0.88 mmol), MgSO, (excess), Et;N (0.12 mL, 0.88

\\\ll

BnS mmol) and 5-(Hydroxymethyl)furfural (100.0 mg, 0.80
mmol) in dichloromethane (5 mL) afforded 1h (250 mg,
crude 1h 94%, yellow oil).

1H NMR-(300 MHz, CDCl,) & 7.89 (s, 1H), 7.31 — 7.14 (m, 5H), 6.77 (d, J = 3.4 Hz, 1H),
6.37 (d, J = 3.4 Hz, 1H), 4.63 (s, 2H), 3.89 (dd, J = 8.3, 5.3 Hz, 1H), 3.70 (s, 5H), 3.07
(dd, J = 13.8, 5.3 Hz, 1H), 2.84 (dd, J = 13.8, 8.3 Hz, 1H).

Methyl 2-(5-(hydroxymethyl)furan-2-yl)methyleneaminoacetate (1i)
Following the typical procedure 1, the reaction of glycine
HOVvacone methyl ester hydrochloride (110.4 mg, 0.88 mmol),
(o) MgSO, (excess), Ets3N (0.12 mL, 0.88 mmol) and 5-
(Hydroxymethylfurfural (100.0 mg, 0.80 mmol) in
crude 1i dichloromethane (5 mL) afforded 1i (150 mg, 95%, yellow
oil)
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1H-NMR (300 MHz, CDCl,) § 7.97 (s, 1H), 6.73 (d, J = 3.5 Hz, 1H), 6.32 (d, J = 3.5 Hz,
1H), 4.58 (s, 2H), 4.30 (s, 2H), 3.70 (s, 3H).

Methyl (S)-2-((5-methylfuran-2-yl)methyleneamino)propanoate (1j)

Following the typical procedure 1, the reaction of (S)-alanine

/@\//N\/COZMG methyl ester hydrochloride (455.0 mg, 3.26 mmol), MgSO,

(o) : (excess), Et;N (0.50 mL, 3.58 mmol) and 5-methylfuran-2-

carbaldehyde (0.25 mL, 2.51 mmol) in dichloromethane (5

crude 1j mL) afforded 1j (350.0 mg, 70%, yellow oil)

"H-NMR (300 MHz, CDCI;) 6 7.78 (s, 1H), 6.46 (d, J = 2.9 Hz,

1H), 5.85 (d, J = 2.9 Hz, 1H), 3.84 (q, J = 6.8 Hz, 1H), 3.47 (s, 3H), 2.11 (s, 3H), 1.28 (d,
J=6.8 Hz, 3H).

Methyl (S)-2-((5-(triisopropylsilyloxymethyl)furan-2-
yl)methyleneamino)propanoate (1k)

Following the typical procedure 1, the reaction of (S)-

TIPSO\/@\&N\/COZMe alanine methyl ester hydrochloride (165.0 mg, 1.18
(0) : mmol), MgSO, (excess), EtzN (0.17 mL, 1.22 mmol)

and 5-((triisopropylsilyloxy)methyl)furan-2-

crude 1k carbaldehyde (2753 mg, 0.97 mmol) in
dichloromethane (5 mL) afforded 1k (250.4 mg, 70%,

yellow oil)

TH-NMR (300 MHz, CDCIs) 6 8.10 (s, 1H), 7.30 (s, 1H), 6.43 (d, J = 2.5 Hz, 1H), 4.86 (s,
2H), 4.14 (q, J = 6.9 Hz, 1H), 3.78 (s, 3H), 1.57 (d, J = 6.6 Hz, 3H), 1.23 — 1.17 (m, 3H),
1.15-1.06 (m, 18H).

Methyl (S)-2-(5-((methoxymethoxymethyl)furan-2-yl)methyleneamino)propanoate
(11)

Following the typical procedure 1, the reaction of (S)-
MOMO\/@\//N\/C%Me alanine methyl ester hydrochloride (135.0 mg, 0.97
(0) : mmol), MgSO, (excess), Et;N (0.13 mL, 0.95 mmol)
and 5-(methoxymethoxymethyl)furan-2-carbaldehyde
crude 1l (128.9 mg, 0,76 mmol) in dichloromethane (5 mL)
afforded 11 (158.3 mg, 81%, yellow oil)
TH-NMR (300 MHz, CDCIls) 6 8.00 (s, 1H), 6.72 (d, J = 3.2 Hz, 1H), 6.35 (d, J = 3.2 Hz,
1H), 4.58 (s, 2H), 4.49 (s, 2H), 4.01 (q, J = 6.8 Hz, 1H), 3.63 (s, 3H), 3.29 (s, 3H), 1.43
(d, J=6.8 Hz, 3H).

3. Typical procedure for the asymmetric [3+2] cycloaddition of azomethine ylides

Typical Procedure 2: Methyl (1S,3R,3aS,6aR)-3-(5-(hydroxymethyl)furan-2-yl)-1-
methyl-4,6-dioxo-5-phenyloctahydropyrrolo[3,4-c]pyrrole-1-carboxylate (3a)

Hwm To a suspension of [Cu(CH;CN),]PFs (8.9 mg, 2.4:102

Ho\/@m, N ‘fCOZMe mmol), (R)-Fesulphos (11.9 mg, 2.6:102 mmol), N-

H H phenylmaleimide (41.6, 0.24 mmol) and 1a (50 mg, 0.24

j é mmol) in anhydrous dichloromethane (5 mL) under argon

0 r;l o atmosphere, EtsN (10 uL, 7.2:102 mmol) was added. The

Ph resulting mixture was stirred at room temperature for 12

3a h, filtered over celite® and the solvent was removed

under reduced pressure at the rotary evaporator. The

crude mixture was purified by flash chromatography, (heptane:AcOEt 1:1) to afford 3a

(60.0 mg, 65%, white solid),
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M.p.: 193-195°C.

[a]p2%:+61.8 (c =0.5 , CHCI3), 95% ee.

SFC: Chiralpak 1B, CO,/MeOH from 95-5 to 70/30 in 8 min, flow rate 2 mL/min (A = 230
nm) tr: 2.72 min (2R,3S,3aR,6aS)-3a and 3.02 min (1S,3R,3aS,6aR)-3a.

TH-NMR (300 MHz, CDCls) § 7.47 — 7.35 (m, 3H), 7.26 — 7.20 (m, 2H), 6.34 (d, J = 3.3
Hz, 1H), 6.20 (d, J= 3.3 Hz, 1H), 4.82 (d, J = 8.7 Hz, 1H), 4.42 (s, 2H), 3.86 (s, 3H), 3.64
(t, J=8.3 Hz, 1H), 3.45 (d, J = 8.3 Hz, 1H), 1.57 (s, 3H).

3C NMR (75 MHz, CDCl,) § 174.8,174.2,172.4, 154.7, 149.4, 131.8, 129.3(2C), 128.9,
126.5(2C), 109.6, 108.8, 68.4, 58.1, 57.4, 56.8, 53.1, 50.1, 23.9.

HRMS (ESI+): Calculated for CyoH,1N,Og, 385.1394; found, 385.1388.

Methyl (1S,3R,3aS, 6aR)-1-ethyl-3-(5-(hydroxymethyl)furan-2-yl)-4,6-dioxo-5-
phenyloctahydropyrrolo[3,4-c]pyrrole-1-carboxylate (3b)

H Following the typical procedure 2, the reaction of

Ho\/@n,, NJsCOMe CU(CHsCN):PFs (7.5 mg, 2.0-102 mmol), (R)-Fesulphos

© H § § H (10.1 mg, 2.2:102 mmol), N-phenylmaleimide (34.6 mg,

0.20 mmol), 1b (46 mg, 0.20 mmol) and Et;N ( 9 uL,

0=™\"0 6.0-10-2 mmol) in dichloromethane (5 mL) at 0°C for 12 h,

Ph afforded, after purification by silica gel flash

3b chromatography (heptane-AcOEt 1:1) the cycloadduct 3b
(58.2 mg, 73%, white solid).

M.p.: 187-189°C.

[a]p?:+9.9 (c = 1.0, CHCI3), 95% ee.

SFC: Chiralpak 1B, CO,/MeOH from 95-5 to 70/30 in 8 min, flow rate 2 mL/min (A = 254
nm) tg: 2.73 min (2R,3S,3aR,6aS)-3b and 3.02 min (71S,3R,3aS,6aR)-3b.

TH-NMR (300 MHz, CDCl;) § 7.48 — 7.34 (m, 3H), 7.29 — 7.22 (m, 2H), 6.37 (d, J = 3.2
Hz, 1H), 6.23 (d, J = 3.2 Hz, 1H), 4.70 (d, J = 9.0 Hz, 1H), 4.44 (s, 2H), 3.88 (s, 3H), 3.61
(dd, J=9.0, 7.7 Hz, 1H), 3.46 (d, J = 7.7 Hz, 1H), 3.13 (d, J = 9.4 Hz, 1H, NH), 2.22 —
2.10 (m, 1H), 1.71 (dq, J = 14.2, 7.2 Hz, 1H), 0.94 (t, J = 7.2 Hz, 3H).

13C-NMR (75 MHz, CDCl;) § 174.9, 174.4,171.7, 154.7, 149.6, 131.8, 129.3(2C), 128.9,
126.5(2C), 109.6, 108.8, 72.5, 57.6, 57.4, 56.6, 52.9, 50.1, 28.7, 8.4.

HRMS (ESI+): Calculated for C,1H23N20g, 399.1551; found, 399.1549.

Methyl (1S,3R,3aS,6aR)-3-(5-(hydroxymethyl)furan-2-yl)-1-isobutyl-4,6-dioxo-5-
phenyloctahydropyrrolo[3,4-c]pyrrole-1-carboxylate (3c)

Following the typical
procedure 2, the reaction of
Cu(CH3;CN)PFs (7.5 mg,
2.0-102 mmol), (R)-Fesulphos
(10.1 mg, 2.2:102 mmol), N-
phenylmaleimide (34.6 mg,

Ph Ph 0.20 mmol), 1¢ (50 mg, 0.20
3c-endo-88% 3c-ex0-12% mmol) and EtN (9 “I_-’
6.0-102 mmol) in

dichloromethane (5 mL) at 0°C for 12 h. The crude mixture was concentrated in vacuo
and gave a 85:15 mixture of diastereocisomers 3c-endo and 3c-exo. After flash column
chromatography (heptane-AcOEt 1:1) a fraction containing 88:12 mixture of 3c-endo
and 3c-exo could be isolated (68.2 mg, 80%, white solid).

M.p.: 117-120°C.

[a]p?:+11.3 (c= 1.0 CHCI3), 98% ee.

SFC: Chiralpak 1B, CO,/MeOH from 95-5 to 70/30 in 8 min, flow rate 2 mL/min (A = 230
nm) tz: 3.06 min (2R, 3S,3aR,6aS)-3c-endo and 3.32 min (1S,3R,3aS, 6aR)-3c-endo.
TH-NMR (300 MHz, CDCl;) § 7.45 — 7.31 (m, 3H, 3c-endo), 7.26 — 7.17 (m, 2H, 3c-
endo), 7.12 — 7.09 (m, 3H, 3c-exo0), 6.59 (s, 1H, 3c-ex0), 6.41 (d, J = 5.6 Hz, 1H, 3c-
exo), 6.33 (d, J = 2.8 Hz, 1H, 3c-endo), 6.18 (s, 1H, 3c-endo), 4.65 (d, J = 8.7 Hz, 1H,
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3c-endo), 4.54 (d, J=7.2 Hz, 2H, 3¢c-ex0), 4.40 (s, 2H, 3c-endo), 3.83 (s, 3H, 3c-endo),
3.80 (s, 2H, 3c-exo0), 3.55 (t, J = 8.7 Hz, 2H, 3c-endo), 3.44 (d, J = 7.0 Hz, 2H, 3c-exo0),
3.35 (d, J = 7.2 Hz, 1H, 3c-endo), 2.74 (bs, 1H, OH), 2.13 — 1.99 (m, 1H, 3c-endo),
1.78 (dd, J=13.2, 6.7 Hz, 1H, 3c-endo), 1.60 (dd, J = 14.1, 4.8 Hz, 1H, 3c-endo), 1.09
—1.01 (m, 3H. 3c-exo0), 0.98 (d, J = 6.7 Hz, 3H, 3¢c-endo), 0.90 (d, J = 1.5 Hz, 3H, 3c-
exo), 0.86 (d, J = 5.8 Hz, 3H. 3c-endo).,

3C-NMR (75 MHz, CDCIs;, 3c-endo) 6 174.6, 174.4, 172.4, 154.8, 149.3, 131.7,
129.2(2C), 128.8, 126.5(2C), 109.5, 108.7, 71.3, 58.0, 57.4, 57.2, 52.7, 50.2, 43.5, 24.8,
24.2,22.1.

HRMS (ESI+): Calculated for C3H27N2Og, 427.1864; found, 427.1857.

Ethyl (1S,3R,3aS,6aR)-1-benzyl-3-(5-(hydroxymethyl)furan-2-yl)-4,6-dioxo-5-
phenyloctahydropyrrolo[3,4-c]pyrrole-1-carboxylate (3d)
Following the typical procedure 2, the

Ho, f// \ Hoen Ho, f// \ Hoen reaction of Cu(CH3;CN)4PF¢ (6.3 mg,
VQ""EN%“COZE" VQHCOZ'E‘ 1.7-102 mmol), (R)-Fesulphos (8.6

H H . Hup—{"H mg,  1.9-102 mmol),  N-

0= "0 0= "0 phenylmaleimide (29.4 mg, 0.17
Ph Ph mmol), 1d (50 mg, 0.17 mmol) and
3d-endo-95% 3d-ex0-5% EtN (8 pL, 5.1-102 mmol) in

dichloromethane (5 mL) at 0°C for 12
h. The crude mixture was concentrated in vacuo and gave a 90:10 mixture of
diastereoisomers 3d-endo and 3d-exo. After flash column chromatography (heptane-
AcOEt 1:1) a fraction containing 95:5 mixture of 3d-endo and 3d-exo could be isolated
(61.3 mg, 76%, white solid).
M.p.: 90-92°C.
[a]p?%:+133.4 (c = 1.0, CHCI;), 98% ee.
SFC: Chiralpak 1B, CO,/MeOH from 95-5 to 70/30 in 8 min, flow rate 2 mL/min (A = 230
nm) tg: 3.56 min (2R,3S,3aR,6aS)-3d-endo and 3.78 min (1S,3R,3aS, 6aR)-3d-endo.
TH-NMR (300 MHz, CDCl;. 3d-endo) 6 7.43 — 7.35 (m, 3H), 7.34 — 7.27 (m, 3H), 7.24 —
7.17 (m, 4H), 6.35 (d, J= 3.1 Hz, 1H), 6.20 (d, J = 3.1 Hz, 1H), 4.86 (s, 1H), 4.45 (s, 2H),
4.29 (q, J = 7.1 Hz, 2H), 3.67 — 3.51 (m, 2H), 3.39 (d, J = 13.7 Hz, 1H), 3.02 (d, J = 13.7
Hz, 1H), 2.06 (bs, 1H, OH), 1.34 (t, J = 7.1 Hz, 3H).
3C-NMR (75 MHz, CDCI;, 3d-endo) § 174.6, 174.2, 170.6, 154.7, 150.3, 135.4, 131.8,
130.1(2C), 129.3(2C), 128.8, 128.7(2C), 127.5, 126.5(2C), 109.4, 108.8, 72.2, 62.1,
57.4,57.3,55.7,49.7, 41.3, 14.2.
HRMS (ESI+): Calculated for C,7H,7N,Og, 475.1864; found, 475.1858.

Methyl (1R,3R,3aS,6aR)-3-(5-(hydroxymethyl)furan-2-yl)-4,6-dioxo-1,5-
diphenyloctahydropyrrolo[3,4-c]pyrrole-1-carboxylate (3e)

H ph Following the typical procedure 2, the reaction of

HO\/A/;&::,. N{J.wCO,Me Cu(CHsCN),PFs (6.7 mg, 1.8-102 mmol), (R)-Fesulphos

ﬂH (9.2 mg, 2.0:102 mmol), N-phenylmaleimide (31.2 mg,

0.18 mmol), 1e (50 mg, 0.18 mmol) and Et3N (8 uL, 5.4-10

o r'q 0 2 mmol) in dichloromethane (5 mL) at 0°C for 12 h,

Ph afforded, after purification by silica gel flash

3e chromatography (heptane-AcOEt 1:1) the cycloadduct 3e

(56.3 mg, 70%, white solid).
M.p.: 146-148°C.
[a]p?0:-7.2 (c=0.5, CHCI;), 97% ee.
SFC: Chiralpak 1B, CO,/MeOH from 95-5 to 70/30 in 8 min, flow rate 2 mL/min (A = 254
nm) tg: 3.32 min (2S,3S,3aR,6aS)-3e and 3.54 min (1R,3R,3aS,6aR)-3e.
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1H-NMR (300 MHz, CDCls) § 7.66 — 7.57 (m, 2H), 7.42 — 7.31 (m, 6H), 7.30 — 7.21 (m,
2H), 6.23 (d, J = 3.2 Hz, 1H), 6.12 (d, J = 3.2 Hz, 1H), 4.36 (bs, 3H), 4.23 (dd, J = 7.4,
1.1 Hz, 1H), 3.71 (s, 3H), 3.36 (dd, J = 8.9, 7.4 Hz, 1H), 2.61 (bs, 1H, OH).

13C-NMR (75 MHz, CDCls) § 175.1, 174.5, 170.7, 154.8, 149.2, 138.0, 131.7, 129.2(2C),
128.9(2C), 128.9, 128.6, 126.8(2C), 126.5(2C), 109.6, 108.6, 73.4, 57.2, 55.2, 53.2,
53.2, 49.9.

HRMS (ESI+): Calculated for CosHxsN,Og, 447.1551; found, 447.1549.

Methyl (1R,3R,3aS,6aR)-1-tert-butoxymethyl-3-(5-(hydroxymethyl)furan-2-yl)-4,6-
dioxo-5-phenyloctahydropyrrolo[3,4-c]pyrrole-1-carboxylate (3f)
Following the typical procedure

\/Q,,,, NJ.co,Me \/Q,,“ [ \cOMe 2, the reaction of

CU(CH3CN)4PF5 (67 mg,

H H ¥ Hi—{"H 1.8:102 mmol), (R)-Fesulphos
0= "0 0—™\"0 (9.2 mg, 2.0-102 mmol), N-

Ph Ph phenylmaleimide (31.2 mg, 0.18
3-ondo-87% 3-ex0-13% mmol), 1f (50 mg, 0.18 mmol)

and Et;N (8 yL, 5.4:102 mmol)
in dichloromethane (5 mL) at 0°C for 12 h. The crude mixture was concentrated in vacuo
and gave a 86:14 mixture of diastereoisomers 3f-endo and 3f-exo. After flash column
chromatography (heptane-AcOEt 1:1) a fraction containing 88:12 mixture of 3f-endo and
3f-exo could be isolated (61.0 mg, 73%, white solid).
M.p.: 103-105°C.
[a]p20:+87.4 (c = 0.5, CH,Cl,), 99% ee.
SFC: Chiralpak IC, CO,/MeOH from 95-5 to 60/40 in 8 min, flow rate 2 mL/min (A=230
nm) tg: 6.24 min (1S,3S,3aR,6aS)-3f-endo and 6.4 min (1R,3R,3aS,6aR)-3f-endo.
TH-NMR (300 MHz, CDCl;) § 7.46 — 7.34 (m, 3H, 3f-endo), 7.26 — 7.19 (m, 2H, 3f-endo),
7.15-7.09 (m, 4H, 3f-ex0), 6.61 (d, J=5.9 Hz, 1H, 3f-ex0), 6.46 (d, J = 5.9 Hz, 1H, 3f-
exo), 6.37 (d, J = 3.1 Hz, 1H, 3f-endo), 6.21 (d, J = 3.1 Hz, 1H, 3f-endo), 4.99 (d, J =
9.2 Hz, 1H, 3f-endo), 4.90 (d, J = 9.2 Hz, 1H, 3f-exo), 4.57 (d, J = 7.7 Hz, 1H, 3f-exo0),
4.46 (s, 2H, 3f-endo), 4.19 — 4.05 (m, 4H, 3f-exo), 3.90 (d, J = 2.4 Hz, 1H, 3f-exo0), 3.84
(s, 3H, 3f-endo), 3.80 (d, J = 8.0 Hz, 1H, 3f-endo), 3.75 — 3.68 (m, 2H, 3f-endo), 3.61
(d, J=7.7 Hz, 1H, 3f-exo), 3.51 (d, J = 8.0 Hz, 1H, 3f-endo), 1.22 (s, 9H, 3f-endo).
3C-NMR (75 MHz, CDCI;, 3f-endo) § 175.2, 174.7, 171.0, 154.5, 150.9, 131.9,
129.3(2C), 128.8, 126.5(2C), 109.3, 108.7, 74.0, 71.9, 66.2, 58.4, 57.5, 53.0, 52.8, 50.8,
27.5(3C).
HRMS (ESI+): Calculated for C,4H29N,O, 457.1969; found, 457.1964.
Methyl (1S,3R,3aS,6aR)-3-(5-(hydroxymethyl)furan-2-yl)-1-(2-methylthioethyl)-4,6-
dioxo-5-phenyloctahydropyrrolo[3,4-c]pyrrole-1-carboxylate (3g)
Following the typical procedure 2, the reaction of
Cu(CH3CN)4PF¢ (6.3 mg, 1.7-102 mmol), (R)-Fesulphos
(8.6 mg, 1.9-102 mmol), N-phenylmaleimide (29.4 mg,
0.17 mmol), 1g (45 mg, 0.17 mmol) and Et;N (8 pL, 5.1-10
2 mmol) in dichloromethane (5 mL) at 0°C for 12 h,
afforded, after purification by silica gel flash
chromatography (heptane-AcOEt 1:1) the cycloadduct 3g
(50.6 mg, 67%, white solid).

3g M.p.: 167-169°C.
[a]p?°:+33.4 (c =0.5, CHCI3), 88% ee.

SFC: Chiralpak IB, CO,/MeOH from 95-5 to 70/30 in 8 min, flow rate 2 mL/min (A = 230
nm) tz: 3.28 min (2R, 3S,3aR,6aS)-3g and 3.53 min (1S,3R,3aS,6aR)-3g.
TH-NMR (300 MHz, CDCl;) 6 7.48 — 7.33 (m, 3H), 7.28 — 7.19 (m, 2H), 6.37 (d, J = 3.2
Hz, 1H), 6.24 (d, J = 3.2 Hz, 1H), 4.74 (d, J = 8.9 Hz, 1H), 4.44 (s, 2H), 3.89 (s, 3H), 3.61
(dd, J=8.9, 7.7 Hz, 1H), 3.47 (d, J = 7.7 Hz, 1H), 2.72 — 2.60 (m, 1H), 2.53 — 2.34 (m,
2H), 2.14 (s, 3H), 1.95-1.83 (m, 1H).
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13C-NMR (75 MHz, CDCl;) 6 174.5, 174.0, 171.2, 154.9, 149.0, 131.7, 129.3(2C), 129.0,
126.5(2C), 109.9, 108.9, 71.9, 58.2, 57.6, 57.0, 53.2, 50.4, 35.5, 28.9, 15.9.
HRMS (ESI+): Calculated for C,,H25N206S, 445.1428; found, 445.1420.

Methyl (1S,3R,3aS,6aR)-1-benzylthiomethyl-3-(5-(hydroxymethyl)furan-2-yl)-4,6-
dioxo-5-phenyloctahydropyrrolo[3,4-c]pyrrole-1-carboxylate (3h)
H _-SBn Following the typical procedure 2, the reaction of
Ho\/(/_\)“ N come CU(CH:CN)PFs (5.6 mg, 1.5:102 mmol), (R)-Fesulphos
0" " w2 (7.6 mg, 1.7-102 mmol), N-phenylmaleimide (26.0 mg,
H H 0.15 mmol), 1h (50 mg, 0.15 mmol) and Et;N (7 uL, 4.5-10
0= "0 2 mmol) in dichloromethane (5 mL) at 0°C for 12 h,
Bh afforded, after purification by silica gel flash
chromatography (heptane-AcOEt 1:1) the cycloadduct 3h
3h (64.6 mg, 85%, white solid).
M.p.: 105-107°C.
[a]p2:+30.7 (c = 1.0, CHCI;), 86% ee.
SFC: Chiralpak 1B, CO,/MeOH from 95-5 to 70/30 in 8 min, flow rate 2 mL/min (A = 210
nm) tr: 5.24 min (2R, 3S,3aR,6aS)-3h and 5.65 min (71S,3R,3aS,6aR)-3h.
TH-NMR (300 MHz, CDCl;) 6 7.36 — 7.27 (m, 6H), 7.24 — 7.18 (m, 2H), 7.16 — 7.09 (m,
2H), 6.24 (d, J = 3.2 Hz, 1H), 6.12 (d, J = 3.2 Hz, 1H), 4.36 (bs, 3H), 3.79 (d, J = 13.8
Hz, 1H), 3.75 (s, 3H), 3.68 (d, J = 13.8 Hz, 1H), 3.40 — 3.33 (m, 1H), 3.29 (d, J= 7.7 Hz,
1H), 3.01 (d, J = 13.6 Hz, 1H), 2.69 (d, J = 13.6 Hz, 1H).
13C-NMR (75 MHz, CDCl;) § 174.2,174.0, 170.8, 154.7, 149.5, 138.1, 131.7, 129.3(2C),
129.1(2C), 128.9, 128.8(2C), 127.5, 126.5(2C), 109.5, 108.7, 72.6, 57.4, 57.2, 55.3,
53.1,49.5, 37.2, 36.4.
HRMS (ESI+): Calculated for C»;H27N2O6S, 507.1584; found, 507.1576.

Methyl (1S,3R,3aS,6aR)-3-(5-(hydroxymethyl)furan-2-yl)-4,6-dioxo-5-
phenyloctahydropyrrolo[3,4-c]pyrrole-1-carboxylate (3i)

H Following the typical procedure 2, the reaction of

Ho\/@lu, N wCO,Me Cu(CH3CN)4PFg (9.3 mg, 2.5-102 mmol), (R)-Fesulphos

ﬂ“ (12.8 mg, 2.8:102 mmol), N-phenylmaleimide (43.3 mg,

0.25 mmol), 1i (50 mg, 0.25 mmol) and Et3N (11 pL, 7.5-10

0 r;l o 2mmol) in dichloromethane (5 mL) at room temperature for

Ph 12 h, afforded, after purification by silica gel flash

3i chromatography (heptane-AcOEt 1:1) the cycloadduct 3i
(65.0 mg, 70%, white solid).

M.p.: 130-132°C.

[a]p2:+41.0 (c =0.1 , CHCI3), >99% ee.

HPLC: Chiralpak IC, hexane/iPrOH 40/60 in 30 min, flow rate 1 mL/min (A = 254 nm), tg:
10.69 min (71S,3R,3aS,6aR)-3i and 16.42 min (1R, 3S,3aR,6aS)-3i.

TH-NMR (300 MHz, CDCls) § 7.47 — 7.32 (m, 3H), 7.26 — 7.22 (m, 2H), 6.36 (d, J = 3.1
Hz, 1H), 6.23 (d, J = 3.1 Hz, 1H), 4.64 (d, J = 8.8 Hz, 1H), 4.50 (s, 2H), 4.11 (d, J=6.3
Hz, 1H), 3.87 (s, 3H), 3.75 (t, J= 7.4 Hz, 1H), 3.59 (t, J = 8.3 Hz, 1H), 2.78 (bs, 1H, OH).
13C-NMR (75 MHz, CDCl;) § 174.9, 174.1, 169.9, 154.7, 149.4, 131.8, 129.3(2C), 128.9,
126.5(2C), 109.4, 108.8, 62.5, 59.3, 57.5, 52.7, 49.6, 49.6.

HRMS (ESI+): Calculated for C19H1gN>Og, 371.1238; found, 371.1239.

Methyl (1S,3R,3aS,6aR)-3-(5-methylfuran-2-yl)-4,6-dioxo-5-
phenyloctahydropyrrolo[3,4-c]pyrrole-1-carboxylate (3j)

/@ H Following the typical procedure 2, the reaction of
o’ N WwCO,Me Cu(CH3;CN),PFg (4.8 mg, 1.3:102 mmol), (R)-Fesulphos (6.9
H H mg, 1.5-102 mmol), N-phenylmaleimide (22.5 mg, 0.13 mmol),

1j (25 mg, 0.13 mmol) and Et;N (5 pL, 3.9:102 mmol) in
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dichloromethane (5 mL) at room temperature for 12 h, afforded, after purification by silica
gel flash chromatography (heptane-AcOEt 3:1) the cycloadduct 3j (40.5 mg, 86%, white
solid).

M.p.: 171-174°C.

[a]p?°:+42.0 (c =0.5, CHCI;), 96% ee.

HPLC: Chiralpak IBN, hexane/iPrOH 70/30 in 30 min, flow rate 1 mL/min (A = 230 nm),
tr: 9.24 min (1R,3S,3aR,6aS)-3j and 12.96 min (71S,3R,3aS,6aR)-3j.

TH-NMR (300 MHz, CDCl;) § 7.50 — 7.38 (m, 4H), 7.29 — 7.24 (m, 1H), 6.34 (d, J = 3.2
Hz, 1H), 5.98 — 5.93 (m, 1H), 4.86 (t, J = 9.5 Hz, 1H), 3.92 (s, 3H), 3.68 (t, J = 7.7 Hz,
1H), 3.54 (d, J = 7.7 Hz, 1H), 3.35 (d, J = 10.1 Hz, 1H, NH), 2.23 (s, 3H), 1.63 (s, 3H).
13C-NMR (75 MHz, CDCl;) 6 174.8, 174.0, 172.4, 152.8, 147.2, 131.9, 129.2 (2C),
128.8, 126.5(2C), 110.0, 106.7, 68.4, 58.5, 57.2, 53.1, 50.3, 24.0, 13.8.

HRMS (ESI+): Calculated for C,0H»1N,0s, 369.1445; found, 369.1440.

Methyl (1S,3R,3aS,6aR)-4,6-dioxo-5-phenyl-3-(5-(triisopropylsilyloxymethyl)furan-
2-yl)octahydropyrrolo[3,4-c]pyrrole-1-carboxylate (3k)

H Following the typical procedure 2, the reaction of
TIPSO\/A/;}“. N WwCO,Me Cu(CH3;CN),PFs (2.7 mg, 7.2:10° mmol), (R)-

H H Fesulphos (3.6 mg, 7.8-10-3 mmol), N-phenylmaleimide
(12.1 mg, 6.9-102 mmol), 1i (25 mg, 6.8-10-2 mmol) and

o N o EtsN (5 yL, 2.0-102 mmol) in dichloromethane (5 mL) at
Ph room temperature for 12 h, afforded, after purification

3K by silica gel flash chromatography (heptane-AcOEt 2:1)

the cycloadduct 3i (21.4 mg, 60%, yellow solid).
M.p.: 110-112°C.
[a]p2°:+15.2 (¢ =1.0, CHCIs), 97% ee.
HPLC: Chiralpak IBN, hexane/iPrOH 80/20 in 30 min, flow rate 1 mL/min (A = 250 nm),
tr: 7.10 min (1R, 3S,3aR,6aS)-3k and 8.48 min (1S,3R,3aS, 6aR)-3k.
TH-NMR (300 MHz, CDCl;) § 7.44 — 7.34 (m, 3H), 7.25 - 7.18 (m, 2H), 6.35 (d, J = 3.2
Hz, 1H), 6.20 (d, J = 3.2 Hz, 1H), 4.82 (dd, J = 11.0, 9.0 Hz, 1H), 4.58 (d, J = 4.4 Hz,
2H), 3.86 (s, 3H), 3.63 (dd, J = 9.0, 7.7 Hz, 1H), 3.46 (d, J = 7.7 Hz, 1H), 3.28 (d, J =
11.0 Hz, 1H, NH), 1.57 (s, 3H), 1.15-0.95 (m, 18H).
13C-NMR (75 MHz, CDCl;) § 174.7,173.7, 172.1, 155.3, 148.2, 131.9, 129.1(2C), 128.7,
126.4(2C), 109.6, 107.4, 68.4, 58.7, 58.3, 57.0, 53.0, 50.31, 24.0, 18.0(6C), 12.1(3C).
HRMS (ESI+): Calculated for Cy9H41N2O6Si, 541.2728; found, 541.2723.

Methyl (1S,3R,3aS,6aR)-3-(5-((methoxymethoxy)methyl)furan-2-yl)-4,6-dioxo-5-
phenyloctahydropyrrolo[3,4-c]pyrrole-1-carboxylate (3l)
Following the typical procedure 2, the reaction of

H Cu(CHsCN)L,PFs (4.3 mg, 1.1102 mmol), (R)-
Momo\/@m N J.co,me (CHsCN)4PFs  ( g ), (R)

o~ " Fesulphos (5.9 mg, 1.3:102 mmol), N-
H H phenylmaleimide (20.3 mg, 0.11 mmol), 11 (30 mg,

o o 0.11 mmol) and EtzN (11 pL, 7.5:102 mmol) in
'}' dichloromethane (5 mL) at room temperature for 12 h,

Ph afforded, after purification by silica gel flash

3| chromatography (heptane-AcOEt 3:1) the

cycloadduct 31 (30.2 mg, 60%, yellow solid).
M.p.: 154-157°C
[a]p?:+87.6 (c =0.5, CHCI3), 97% ee.
HPLC: Chiralpak IBN, hexane/iPrOH 70/30 in 30 min, flow rate 1 mL/min (A = 230 nm),
tr: 14.50 min (1R, 3S,3aR,6aS)-3l and 18.54 min (1S,3R,3aS,6aR)-3lI.
TH-NMR (300 MHz, CDCl;) 6 7.47 — 7.31 (m, 3H), 7.25 (d, J = 5.3 Hz, 2H), 6.37 (d, J =
3.2 Hz, 1H), 6.29 (d, J = 3.2 Hz, 1H), 4.84 (t, J = 9.1 Hz, 1H), 4.57 (d, J = 6.7 Hz, 1H),
4.51(d, J=6.7 Hz, 1H), 4.43 (d, J = 5.5 Hz, 2H), 3.86 (s, 3H), 3.64 (d, J = 8.6 Hz, 1H),
3.47 (d, J=7.8 Hz, 1H), 3.34 (s, 3H), 1.58 (s, 3H).
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13C-NMR (75 MHz, CDCl;) 6 174.8, 173.8, 172.3, 151.9, 149.8, 131.8, 129.2(2C), 128.8,
126.6(2C), 110.7, 109.5, 95.0, 68.5, 60.7, 58.2, 56.9, 55.5, 53.1, 50.3, 24.0.
HRMS (ESI+): Calculated for C,;H25N,07, 429.1656; found, 429.1659.

Trimethyl (2S,3S,4S,5R)-5-(5-(hydroxymethyl)furan-2-yl)pyrrolidine-2,3,4-
tricarboxylate (9)

H H Following the typical procedure 2,

“°\/@,,,, N CO,Me . Ho\/@"'o NGwCOo:Me the reaction of Cu(CH3CN),PF;
S—-z . (8.9 mg, 24102 mmol), (R)-

MeO,C  'CO,Me MeO,C  COMe  Fgsylphos (11.9 mg, 2.6-102
mmol), dimethyl fumarate (34.6

9-endo-90% 9-exo-10% mg, 0.24 mmol), 1i (48 mg, 0.24

mmol) and Et;N (10 L, 7.0-102 mmol) in THF (5 mL) at room temperature for 12 h. The
crude mixture was concentrated in vacuo and gave a 80:20 mixture of diasterecisomers
9-endo and 9-exo. After flash column chromatography (heptane-AcOEt 1:2) a fraction
containing 90:10 mixture of 9-endo and 9-exo could be isolated (41.5 mg, 51%, yellow
oil).

[a]p?5: +21.4 (c=0.5, CHCI3), 93% ee.

HPLC: Chiralpak IBN, hexane/iPrOH 70/30 in 15 min, flow rate 1 mL/min (A = 230 nm),
tr: 6.07 min (2S,3S,4S,5R)-9 and 7.01 min (2R,3R,4R,5S)-9.

TH-NMR (300 MHz, CDCl;) 6 6.30 (d, J = 3.3 Hz, 1H, 9-exo0), 6.23 (d, J = 3.2 Hz, 1H, 9-
exo0), 6.20 (d, J = 3.2 Hz, 1H, 9-endo), 6.18 (d, J = 3.2 Hz, 1H, 9-endo), 4.66 (d, J = 8.0
Hz, 1H, 9-endo), 4.58 (s, 2H, 9-ex0), 4.51 (s, 2H, 9-endo), 4.18 (d, J = 7.2 Hz, 1H, 9-
endo), 3.80 (s, 3H, 9-endo), 3.77 (s, 3H, 9-endo), 3.73 (s, 3H, 9-ex0), 3.70 (d, J=1.9
Hz, 1H, 9-endo), 3.61 (t, = 7.2 Hz, 1H, 9-endo), 3.52 (s, 3H, 9-endo), 2.41 (s, 1H, OH).
13C-NMR (75 MHz, CDCl;, 9-endo) 6 172.9, 172.7, 171.4, 154.2, 151.6, 108.6, 108.4,
62.7, 59.0, 57.2, 52.9, 52.8, 52.5, 52.4, 49.6.

HRMS (ESI+): Calculated for C15H20NOg, 342.1183; found, 342.1180.

Trimethyl (2S,3S,4S,5R)-5-(5-(hydroxymethyl)furan-2-yl)-2-methylpyrrolidine-
2,3,4-tricarboxylate (10)

H m H m Following the typical procedure
Ho\/«;}m N .‘?COZMe HO\/</;§”“ N .‘?COZMe 2, the reaction of
* Cu(CH3CN),PFg (7.5 mg, 2.0-10-

MeO,C  ‘CO,Me MeO,C  coMe 2 mmol), (R)-Fesulphos (10.1
mg, 2.2:102 mmol), dimethyl
fumarate (28.9 mg, 0.20 mmol),
1a (43 mg, 0.20 mmol) and Et3N (9 uL, 6.0-10-2 mmol) in THF (5 mL) at room temperature
for 12 h. The crude mixture was concentrated in vacuo and gave a 85:15 mixture of
diastereoisomers 10-endo and 10-exo. After flash column chromatography (heptane-
AcOEt 1:1) a fraction containing 90:10 mixture of 10-endo and 10-exo could be isolated
(40.0 mg, 56%, yellow oil).

[a]p?0: +19.0, (c=0.5, CHCI3), 80% ee.

HPLC: Chiralpak IBN, hexane/iPrOH 80/20 in 30 min, flow rate 0.8 mL/min (A =210 nm),
tr: 8.56 min (2S,3S,4S,5R)-10-endo and 9.11 min (2R,3R,4R,5S)-10-endo.

6.22 (d, J = 3.2 Hz, 1H), 6.19 (d, J = 3.3 Hz, 1H), 4.54 (s, 2H), 3.70 (s, 3H), 3.67 (s, 3H),
3.64 (s, 3H),

TH-NMR (300 MHz, CDCl;) § 6.22 (d, J = 3.3 Hz, 1H, 10-ex0), 6.19 (d, J= 3.3 Hz, 1H, 10-
exo), 6.13 (d, J = 3.3 Hz, 1H, 10-endo), 6.11 (d, J = 3.3 Hz, 1H, 10-endo), 4.71 (d, J =
8.1 Hz, 1H, 10-endo), 4.54 (s, 2H, 10-exo0), 4.47 (s, 2H, 10-endo), 4.09 (d, J = 10.3 Hz,
1H, 10-endo), 3.85 (dd, J = 10.3, 8.1 Hz, 1H, 10-endo), 3.76 (s, 3H, 10-endo), 3.74 (s,
3H, 10-endo), 3.70 (s, 3H, 10-exo0), 3.67 (s, 3H, 10-exo0), 3.64 (s, 3H, 10-exo0), 3.51 (s,
3H, 10-endo), 2.47 (bs, OH, 10-endo + 10-exo0), 1.31 (s, 3H, 10-endo), 1.24 (s, 3H, 10-
exo).

10-endo-90% 10-ex0-10%
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13C-NMR (75 MHz, CDCl;, 9-endo) 6 175.7, 171.6, 171.0, 154.0, 153.3, 108.4, 108.3,
66.8, 57.4, 56.6, 53.2, 52.4, 52.3, 51.8, 51.1, 23.3.
HRMS (ESI+): Calculated for C46H2,NOg, 356.1340; found, 356.1341.

Trimethyl (2S,3R,4S,5R)-5-(5-(hydroxymethyl)furan-2-yl)pyrrolidine-2,3,4-

tricarboxylate (11)
Following the typical procedure

H H

Ho\/«_\),,,, N mCO,Me HO\/«_\)H,, N wmCO,Me 2, the reaction of
o S 7, + o Cu(CHsCN),PFs (5.6 mg,
MeO,C  TO,Me Me0,C' ‘co,Me  1.5:10% mmol), (R)-Fesulphos
(7.8 mg, 1.7-1072 mmol),
11-endo-85% 11-ex0-15% dimethyl maleate (38 uL, 0.30

mmol), 1i (30 mg, 0.15 mmol) and Et;N (7 pL, 4.5-102 mmol) in THF (5 mL) at room
temperature for 12 h. The crude mixture was concentrated in vacuo and gave a 80:20
mixture of diasterecisomers 11-endo and 11-exo. After flash column chromatography
(heptane-AcOEt 1:2) a fraction containing 85:15 mixture of 11-endo and 11-exo could
be isolated (24.0 mg, , 47%, yellow oil).

[a]p?°: +21.0 (c=0.5, CHCI;), 83% ee.

HPLC: Chiralpak IBN, hexane/iPrOH 70/30 in 30 min, flow rate 1 mL/min (A = 230 nm),
tr: 8.87 min (2R,3S,4R,5S5)-11-endo and 12.28 min (2S,3R,4S,5R)-11-endo.

TH-NMR (300 MHz, CDCI;) 6 6.26 (d, J = 3.3 Hz, 1H, 11-endo), 6.20 (d, J = 3.3 Hz, 1H,
11-endo), 6.06 — 6.00 (m, 2H, 11-ex0), 5.18 (d, J = 6.7 Hz, 1H, 11-ex0), 4.85 (d, J=6.9
Hz, 1H, 11-exo0), 4.52 (s, 2H, 11-endo), 4.47 (d, J = 7.1 Hz, 1H, 11-endo), 4.36 (s, 2H,
11-exo0), 4.28 (d, J = 6.8 Hz, 1H, 11-exo0), 4.11 (d, J = 8.9 Hz, 1H, 11-endo), 3.78 (s, 3H,
11-endo), 3.83 (s, 3H, 11-ex0), 3.76 — 3.72 (m, 1H, 11-ex0), 3.71 (s, 3H, 11-ex0), 3.68
(s, 3H, 11-endo), 3.66 — 3.61 (m, 1H, 11-endo), 3.53 — 3.49 (m, 1H, 11-endo), 3.49 (s,
3H, 11-endo), 3.39 (s, 3H, 11-exo0), 2.63 (bs, 1H, OH).

13C-NMR (75 MHz, CDCI;) § 171.2 (11-ex0), 171.1 (11-endo), 170.9 (11-endo), 170.6
(11-endo), 170.5 (11-exo0), 169.8 (11-ex0), 154.0 (11-endo), 152.6 (11-exo0), 150.7 (11-
endo), 147.6 (11-exo0), 112.5 (11-ex0), 108.6 (11-endo), 108.4 (11-endo), 61.9 (11-
endo), 60.0 (11-exo), 59.5 (11-endo), 58.7 (11-exo0), 57.4 (11-endo), 57.3 (11-exo0),
52.9 (11-exo0), 52.7 (11-endo), 52.5 (11-exo0), 52.3 (11-endo), 52.0 (11-endo), 51.9 (11-
exo), 51.6 (11-exo0), 51.1 (11-endo), 50.6 (11-endo), 48.8 (11-exo0).

HRMS (ESI+): Calculated for C15H;0NOg, 342.1183; found, 342.1179.

Dimethyl (2S,4S,5R)-5-(5-(hydroxymethyl)furan-2-yl)pyrrolidine-2,4-dicarboxylate
(12)

H Following the typical procedure 2, the reaction of

Ho\/@,,,, NG wco,Me Cu(CH3CN)4PFg (5.6 mg, 1.5-102 mmol), (R)-Fesulphos (7.8
o Q mg, 1.7-102 mmol), methyl acrylate (28 L, 0.30 mmol), 1i
Meozcs (30 mg, 0.15 mmol) and Et3N (7 pL, 4.5-102 mmol) in THF

(5 mL) at 0°C for 12 h, afforded, after purification by silica gel

12 flash chromatography (heptane-AcOEt 1:1) the cycloadduct

12 (21.2 mg, 51%, yellow oil).
[a]p?0: +22.8 (c=0.5, CHCI3), 88% ee.
HPLC: Chiralpak IBN, hexane/iPrOH 70/30 in 15 min, flow rate 1 mL/min (A = 230 nm),
tr: 5.54 min (2R,4R,5S)-12 and 6.59 min (2S,4S,5R)-12.
TH-NMR (300 MHz, CDCI;) 6§ 6.19 (d, J = 3.3 Hz, 1H), 6.16 (d, J = 3.3 Hz, 1H), 4.52 (d,
J=7.3Hz, 1H), 4.48 (s, 2H), 3.94 (t, J = 8.1 Hz, 1H), 3.77 (s, 3H), 3.50 (s, 3H), 3.26 (q,
J=7.3 Hz, 1H), 2.61 (bs, 1H, OH), 2.41 (td, J = 8.1, 1.5 Hz, 2H).
3C-NMR (75 MHz, CDCl,) 6 174.4, 172.8, 154.0, 152.6, 108.4, 108.2, 59.3, 59.2, 57.3,
52.6,52.1,48.4, 32.1.
HRMS (ESI+): Calculated for C;3HgsNOg, 284.1129; found, 284.1123.

S11


https://www.sigmaaldrich.com/catalog/product/aldrich/g6600?lang=en&region=US
https://www.sigmaaldrich.com/catalog/product/aldrich/g6600?lang=en&region=US
https://www.sigmaaldrich.com/catalog/product/aldrich/g6600?lang=en&region=US
https://www.sigmaaldrich.com/catalog/product/aldrich/g6600?lang=en&region=US
https://www.sigmaaldrich.com/catalog/product/aldrich/g6600?lang=en&region=US
https://www.sigmaaldrich.com/catalog/product/aldrich/g6600?lang=en&region=US
https://www.sigmaaldrich.com/catalog/product/aldrich/g6600?lang=en&region=US
https://www.sigmaaldrich.com/catalog/product/aldrich/g6600?lang=en&region=US
https://www.sigmaaldrich.com/catalog/product/aldrich/g6600?lang=en&region=US
https://www.sigmaaldrich.com/catalog/product/aldrich/g6600?lang=en&region=US
https://www.sigmaaldrich.com/catalog/product/aldrich/g6600?lang=en&region=US
https://www.sigmaaldrich.com/catalog/product/aldrich/g6600?lang=en&region=US
https://www.sigmaaldrich.com/catalog/product/aldrich/g6600?lang=en&region=US
https://www.sigmaaldrich.com/catalog/product/aldrich/g6600?lang=en&region=US
https://www.sigmaaldrich.com/catalog/product/aldrich/g6600?lang=en&region=US
https://www.sigmaaldrich.com/catalog/product/aldrich/g6600?lang=en&region=US
https://www.sigmaaldrich.com/catalog/product/aldrich/g6600?lang=en&region=US
https://www.sigmaaldrich.com/catalog/product/aldrich/g6600?lang=en&region=US
https://www.sigmaaldrich.com/catalog/product/aldrich/g6600?lang=en&region=US
https://www.sigmaaldrich.com/catalog/product/aldrich/g6600?lang=en&region=US
https://www.sigmaaldrich.com/catalog/product/aldrich/g6600?lang=en&region=US
https://www.sigmaaldrich.com/catalog/product/aldrich/g6600?lang=en&region=US
https://www.sigmaaldrich.com/catalog/product/aldrich/g6600?lang=en&region=US
https://www.sigmaaldrich.com/catalog/product/aldrich/g6600?lang=en&region=US
https://www.sigmaaldrich.com/catalog/product/aldrich/g6600?lang=en&region=US

Methyl (2S,4S,5R)-4-ethyl-4-formyl-5-(5-(hydroxymethyl)furan-2-yl)pyrrolidine-2-
carboxylate (13)

H Following the typical procedure 2, the reaction of

Ho 'Y, N wCO,Me CU(CH3CN),PF; (5.6 mg, 1.5-102 mmol), (R)-Fesulphos (7.8

o \ mg, 1.7-102 mmol), 2-ethylacrolein (30 uL, 0.30 mmol), 1i
OHC Et (30 mg, 0.15 mmol) and Et;N (7 pL, 4.5-102 mmol) in DCM
(5 mL) at room temperature for 12 h, afforded, after
purification by silica gel flash chromatography (heptane-
AcOEt 2:3) the cycloadduct 13 (17.4 mg, 41%, yellow oil).
[a]p?5: +14.0 (c=0.5, CHCI3), 91% ee.
HPLC: Chiralpak IBN, hexane/iPrOH 70/30 in 30 min, flow rate 1 mL/min (A = 230 nm),
tr: 4.76 min (2S,4S,5R)-13 and 7.73 min (2R,4R,5S)-13.
TH-NMR (300 MHz, CDCI;) 6§ 9.15 (s, 1H), 6.27 (d, J = 3.2 Hz, 1H), 6.20 (d, J = 3.2 Hz,
1H), 4.52 (s, 2H), 4.13 (s, 1H), 3.96 (dd, J = 9.9, 5.6 Hz, 1H), 3.77 (s, 3H), 2.58 (dd, J =
13.4, 5.6 Hz, 1H), 2.10 — 1.93 (m, 2H), 1.58 (dq, J = 14.7, 7.5 Hz, 1H), 0.84 (t, J=7.5
Hz, 3H).
3C-NMR (75 MHz, CDCIl;) § 204.0, 174.2, 154.7, 150.1, 109.3, 108.4, 65.2, 61.3, 58.3,
57.2,52.6, 34.1, 26.4, 9.8.
HRMS (ESI+): Calculated for C14H20NOs, 282.1336; found, 282.1334.

13

Methyl (2S,3R4S,5R)-4-benzoyl-5-(5-(hydroxymethyl)furan-2-yl)-3-
phenylpyrrolidine-2-carboxylate (14)
H Following the typical procedure 2, the reaction of
“°\/(/—\),,,, N_ .coMe CU(CHsCN),PFs (5.6 mg, 1.5102 mmol), (R)-Fesulphos
° (__Z (7.8 mg, 1.7-102 mmol), trans chalcone (31.2 mg, 0.15
o:{‘ Ph mmol), 1i (30 mg, 0.15 mmol) and Et;N
Ph (7 yL, 4.5-102 mmol) in THF (5 mL) at 0°C for 12 h, afforded,
14 after purification by silica gel flash chromatography
(heptane-AcOEt 2:1) the cycloadduct 14 (27.4 mg, 45%,
yellow oil).
[a]p?°: -32.0 (c=0.5, CHCI3), 80% ee.
HPLC: Chiralpak IBN, hexane/iPrOH 70/30 in 30 min, flow rate 1 mL/min (A = 230 nm),
tr: 5.07 min (2R,3S,4R,5S)-14 and 11.17 min (2S,3R,4S,5R)-14.
TH-NMR (300 MHz, CDCl;) 6 7.77 — 7.72 (m, 2H), 7.50 — 7.43 (m, 2H), 7.41 - 7.30 (m,
6H), 6.05 (d, J = 3.3 Hz, 1H), 5.97 (d, J = 3.3 Hz, 1H), 4.99 (d, J= 8.1 Hz, 1H), 4.45 (t, J
=7.6 Hz, 1H), 4.27 (d, J = 4.9 Hz, 2H), 4.23 - 4.16 (m, 1H), 4.12 (d, J = 8.1 Hz, 1H),
3.73 (s, 3H), 2.45 (bs, 1H, OH).
3C-NMR (75 MHz, CDCl;) § 198.0, 174.0, 153.6, 152.0, 141.2, 136.9, 133.2, 129.0(2C),
128.5(2C), 128.3(2C), 127.9(2C), 127.3, 108.8, 108.3, 67.3, 60.4, 59.3, 57.2, 52.6, 51.3.
HRMS (ESI+): Calculated for C,4H,4NOs5, 406.1649; found, 406.1642.

Methyl (2S,3R,4R,5R)-5-(5-(hydroxymethyl)furan-2-yl)-3-(4-methoxyphenyl)-2-
methyl-4-nitropyrrolidine-2-carboxylate (15)

H Me H Me Following the typical procedure

Ho\/@"l.j_”_\/l.ucozm ol V., NJfcome 2, the  reaction of

A d CU(CHgCN)4PF6 (52 mg,

ON % ¥ O,N' 1.4-102 mmol), (R)-Fesulphos

Q (6.9 mg, 1.5:102 mmol), trans-
4-methoxy-B-nitrostyrene

(25.1, 0.14 mmol), 1a (30 mg,

15-ex0-85% 15-endo-15% 0.14 mmo|) and Et;N
(6 L, 4.2:102 mmol) in THF (5 mL) at -10°C for 12 h. The crude mixture was
concentrated in vacuo and gave a 80:20 mixture of diastereoisomers 15-exo and 15-

OMe OMe
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endo. After flash column chromatography (heptane-AcOEt 2:1) a fraction containing
85:15 mixture of 15-exo and 15-endo could be isolated (25.0 mg, , 46%, yellow solid).
M.p.: 140-142°C

[a]p?0: -17.8, (c=0.5, CHCI;) 95% ee.

HPLC: Chiralpak IBN, hexane/iPrOH 70/30 in 30 min, flow rate 1 mL/min (A = 230 nm),
tr: 7.50 min (2R,3S,4S,55)-15 and 9.86 min (2S,3R,4R,5R)-15.

TH-NMR (300 MHz, CDCls) § 7.20 (d, J = 8.7 Hz, 2H, 15-ex0), 7.14 (d, J= 8.7 Hz, 2H, 15-
endo), 6.89 (d, J = 8.7 Hz, 2H, 15-ex0), 6.86-6.83 (m, 2H, 15-endo), 6.41 (d, J = 3.2 Hz,
1H, 15-endo ), 6.32 (d, J = 3.2 Hz, 1H, 15-ex0), 6.29 (d, J = 3.3 Hz, 1H, 15-endo), 6.22
(d, J=3.3 Hz, 1H, 15-ex0), 5.57 (dd, J= 8.1, 7.3 Hz, 1H, 15-ex0), 5.51 - 5.43 (m, 1H, 15-
endo), 5.00 (d, J =7.1 Hz, 1H, 15-ex0), 4.87 (d, J = 9.0 Hz, 1H, 15-endo), 4.61 (d, J =
8.3 Hz, 1H, 15-ex0), 4.57 (s, 1H, 15-endo), 4.55 (s, 2H, 15-ex0), 4.41 (d, J = 7.9 Hz,
1H, 15-endo), 3.83 (s, 3H, 15-exo0), 3.80 (s, 3H, 15-ex0), 3.79 (s, 3H, 15-endo), 2.19 (s,
1H, OH), 1.14 (s, 3H, 15-endo), 1.08 (s, 3H, 15-ex0). Contains Acetone and Ethyl
Acetate.

3C-NMR (75 MHz, CDCI,;, 15-ex0) 6 175.8, 159.4, 154.7, 149.8, 129.9(2C), 127.2,
114.3(2C), 109.7, 108.8, 92.6, 68.2, 58.6, 57.5, 55.4, 53.8, 53.1, 23.9.

HRMS (ESI+): Calculated for C19H23N,07, 391.1500; found, 391.1494.
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4. Preparation of racemic products for HPLC analysis.
The racemic pyrrolidines were prepared according to the general procedure, but using
PPh; as ligand. The samples for HPLC analysis were dissolved in isopropyl alcohol and
used as quickly as possible to minimize the formation of decomposition products.
5. Additional transformations
Typical Procedure 3: Methyl 5-(5-(hydroxymethyl)furan-2-yl)-1H-pyrrole-2-
carboxylate (17)
HOM To a suspension of [Cu(CH3CN?4]I3_'§6 (18.6 mg, 5.0-102
co,Me mMmol), PPh; (144 mg, 5.5-102 mmol), trans-1,2-
o \ / bis(phenylsulfonyl)ethylene (16, 154.2, 0.50 mmol) and 1i
(100 mg, 0.50 mmol) in anhydrous THF (5 mL) under
17 argon atmosphere, Et;N (21 pL, 1.5-10"" mmol) was
added. The resulting mixture was stirred at room temperature for 5 h and DBU (0.15 mL,
1.02 mmol) was added. After stirring for 30 min the resulting mixture was filtered over
celite® and the solvent was removed under reduced pressure. The crude mixture was
purified by flash chromatography, (heptane:AcOEt 3:1) to afford 17 (50.0 mg, 47%,
brown oil).
TH-NMR (300 MHz, CDCl3) § 9.65 (bs, 1H, NH), 6.90 (dd, J = 3.9, 2.3 Hz, 1H), 6.45 (d,
J=3.3Hz, 1H), 6.41 (dd, J=3.9, 2.3 Hz, 1H), 6.33 (d, J = 3.3 Hz, 1H), 4.65 (s, 2H), 3.86
(s, 3H).
3C-NMR (75 MHz, CDCl;) 6 161.7, 153.4, 146.8, 128.4, 122.4, 116.9, 110.0, 107.2,
106.1, 57.3, 51.7.
HRMS (ESI+): Calculated for C41H,NQ,4, 222.0761; found, 222.0756.

Typical Procedure 4: (%)-Methyl 1-methyl-4,6-dioxo-5-phenyl-3-(5-(2,4,6-
trimethylbenzyl)furan-2-yl)octahydropyrrolo[3,4-
c]pyrrole-1-carboxylate (18)
I\ H Me To a suspension of compound 3a (77 mg, 0.20 mmol),
o \WwCO,Me in DCE/HFIP (1 mL:1.2 mL), mesitylene (0.29 mL, 2.0
HHH mmol) and NOBF, (50 pL, 1.0:102 mmol , 0.2 M in

sulfolane?) were added. The mixture was stirred at

o \ 0 80°C for 1,5 h and the solvent was evaporated under
Ph reduced pressure. The crude mixture was purified by
18 flash chromatography, (heptane:AcOEt 2:1) to afford

18 (65.3 mg, 67%, colorless oil).
TH-NMR (300 MHz, CDCI;) § 7.51 — 7.41 (m, 2H), 7.39 — 7.26 (m, 3H), 6.82 (s, 2H), 6.23
(d, J=3.1 Hz, 1H), 5.51 (d, J = 2.2 Hz, 1H), 4.82 (d, J = 9.1 Hz, 1H), 3.89 (s, 3H), 3.83
(d, J=16.7 Hz, 1H), 3.70 — 3.61 (m, 2H), 3.49 (d, J = 7.8 Hz, 1H), 2.25 (s, 3H), 2.11 (s,
6H), 1.59 (s, 3H).
3C-NMR (75 MHz, CDCI;) 6 174.8, 173.7, 172.4, 155.0, 147.3, 137.1(2C), 136.1, 132.0,
131.0, 129.1(2C), 128.9(2C), 128.8, 126.45(2C), 109.9, 106.3, 68.6, 58.5, 57.1, 53.1,
50.5, 28.4, 24.1, 21.0, 19.7(2C).
HRMS (ESI+): Calculated for CoH31N2Os, 487.2227; found, 487.2224.

(¥)-Methyl 3-(5-(4-methoxybenzyl)furan-2-yl)-1-methyl-4,6-dioxo-5-
phenyloctahydropyrrolo[3,4-c]pyrrole-1-

carboxylate (19)
H Following the typical procedure 4, the reaction of
/ \ N_Me 3a (77 mg, 0.20 mmol), anisole (0.22 mL, 2.0 mmol)

O In, ||\C02Me
H H S14
0 ()

\
Ph
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and NOBF, (50 pL, 1.0-102 mmol , 0.2 M) in DCE/HF/P (1 mL:1.2 mL) at 80°C for 1.5 h
afforded, after purification by silica gel flash chromatography (heptane-AcOEt 1:1) the
cycloadduct 19 (50.3 mg, 53%, yellow oil).

TH-NMR (300 MHz, CDCl;) § 7.40 — 7.33 (m, 3H), 7.22 - 7.15 (m, 2H), 7.05 (d, J= 8.5
Hz, 2H), 6.78 (d, J = 8.5 Hz, 2H), 6.31 (d, J = 3.2 Hz, 1H), 5.88 (d, J = 3.2 Hz, 1H), 4.82
(d, J=9.0 Hz, 1H), 3.86 (s, 3H), 3.81 (s, 2H), 3.76 (s, 3H), 3.65 (dd, J=9.0, 7.7 Hz, 1H),
3.47 (d, J = 7.7 Hz, 1H), 1.58 (s, 3H).

3C-NMR (75 MHz, CDCl;) 6 174.8, 173.8, 172.3, 158.4, 155.7, 147.9, 129.7(2C), 129.4,
129.2(2C), 128.7, 126.6, 126.5(2C), 114.0(2C), 109.8, 107.4, 68.5, 58.4, 57.1, 55.4,
53.1, 50.4, 33.6, 24.1.

HRMS (ESI+): Calculated for C;7H27N,O¢, 475.1864; found, 475.1859.

Typical Procedure 5: (+)-Methyl 1-methyl-4,6-dioxo-3-(5-(phenethoxymethyl)furan-
2-yl)-5-phenyloctahydropyrrolo[3,4-c]pyrrole-1-carboxylate (20)
To a suspension of Yb(OTf); (16.1 mg, 2.6-10-2 mmol)

Ph/\/o\/(/—\),,“ N "f'fcone and 3a (100 mg, 0.26 mmol) in anhydrous MeCN (2
o H E % H mL) under argon atmosphere, a solution of

phenylethyl alcohol (0.16 mL, 1.3 mmol) was added.

0=™y70 The resulting mixture was stirred at 80°C for 12 h. The

Ph resulting mixture was cooled and filtered over celite®

20 and the solvent was removed under reduced

pressure. The crude mixture was purified by flash
chromatography, (heptane:AcOEt 2:1) to afford 20 (60.0 mg, 47%, yellow oil).
TH-NMR (300 MHz, CDCl3) 6§ 7.47 —7.31 (m, 4H), 7.25 —-7.12 (m, 6H), 6.37 (d, J = 3.2
Hz, 1H), 6.23 (d, J = 3.2 Hz, 1H), 4.87 (d, J = 9.0 Hz, 1H), 4.35 (q, J = 13.2 Hz, 2H), 3.87
(s, 3H), 3.68 (dd, J=9.0, 7.7 Hz, 1H), 3.57 — 3.45 (m, 3H), 2.77 (t, J = 7.3 Hz, 2H), 1.61
(s, 3H).
3C-NMR (75 MHz, CDCl3) § 174.8,173.7,172.3, 152.5, 149.5, 139.0, 131.8, 129.2(2C),
129.1(2C), 128.8, 128.4(2C), 126.6(2C), 126.3, 110.4, 109.5, 70.8, 68.6, 64.8, 58.2,
56.9, 53.1, 50.3, 36.2, 24.0.
HRMS (ESI+): Calculated for CgH29N,Og, 489.2020; found, 489.2014.

Typical Procedure 6: (*)-Methyl 3-(5-(E)-3-(4-

methoxyphenyl)acryloyloxymethylfuran-2-yl)-1-methyl-4,6-dioxo-5-

phenyloctahydropyrrolo[3,4-c]pyrrole-1-carboxylate (21)

MeO. A suspension of frans-4-methoxycinnamic
acid (46.3 mg, 0.26 mmol), 3a (100 mg, 0.26
mmol), N,N-dicyclohexylcarbodiimide (60.0,

—=\-0 0.29), 4-(dimethylamino)pyridine (3.2 mg,
H 2.6:102 mmol) in DCM (3 mL) was stirred at

o\/@,,,, N “.,I‘?COZMe room temperature for 12 h. The resulting

0 H H mixture was filtered and the solvent was

removed under reduced pressure. The crude

o o mixture  was purified by  flash

Ph chromatography, (heptane:AcOEt 3:1) to

afford 21 (109.0 mg, 77%, white solid).

M.p. 134-136°C

TH-NMR (300 MHz, CDCl;) § 7.62 (d, J = 16.0 Hz, 1H), 7.44 — 7.34 (m, 2H), 7.33 - 7.27
(m, 2H), 7.25 - 7.20 (m, 2H), 7.05 (d, J = 7.7 Hz, 1H), 6.99 — 6.97 (m, 1H), 6.92 (dd, J =
7.7,2.4 Hz, 1H), 6.41 (s, 2H), 6.32 (d, J = 16.0 Hz, 1H), 5.06 (d, J = 1.6 Hz, 2H), 4.86 (d,
J=9.0 Hz, 1H), 3.87 (s, 3H), 3.80 (s, 3H), 3.69 (dd, J=9.0, 7.7 Hz, 1H), 3.49 (d, J= 7.7
Hz, 1H), 1.60 (s, 3H).

21
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3C-NMR (75 MHz, CDCl;) & 174.7, 173.7, 172.2, 166.4, 159.9, 150.3, 150.0, 145.4,
135.7, 131.8, 129.8, 129.2(2C), 128.8, 126.4(2C), 121.0, 117.8, 116.4, 113.0, 111.8,
109.8, 68.4, 58.0, 58.0, 56.8, 55.3, 53.0, 50.1, 23.9.

HRMS (ESI+): Calculated for C3oH29N2Og, 545.1918; found, 545.1911.
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6. Stereochemical assignment of the products

The relative configuration of 3a was unequivocally established by X-ray crystal structure
analysis.

X-ray structure of 3a

H H
(0] ,}l (o)
Ph

(+) 3a
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7. HPLC chart

3a
(x)-3a
# Time Type Area Height Width Area% Symmelbry
1 2,722 MM 4021 1195.8 0.055 47,177 0,779
2 3.02 MM 4502, 1 1218.7 0.0615 52.823 0,717
(+)-3a; 95% ee
DADN 8. Sig=230.4 Ref=360,100 (3 \0A] o)
/ N\
f’
# Time Type Area Height Width Area% Symmetry
1 2,733 BB 317.3 102 0.0503 2. 37 0.963
2 3,006 BE 13046.5 2729.7 0.0758 97.626 0.589
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TADI <, 51

DADI €,

3b
(£)-3b

# Time Type Area Height Width Area% Symmetry
1 2.733 MM 311.5 92 0.0565 50.063 0.79

2 3.015 MM 310.7 36.9 0.0556 49,937 0,717

(+)-3b; 95% ee

# Time Type Area Height Width Area% Symmetry
1 2,712 MM 95.% 31.4 0.0507 2,328 0.63%

2 2,948 MM 40033 773.9 0.0856 97.672 0,649
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(£)-3c
o - ] o
# Time Type Area Height Width Area% Symmetry
1 3.055 MM 10943.5 2558.4 0.0713 45.437 0.677
2 3.321 MM 13114.9 2277 0.096 54.513 0.455
(+)-3c; 98% ee
1500 ‘/,
000 /‘ .
# Time Type Area Height Width Area% Symmetry
1 2.912 MM 1665.3 36 0.0769 1.023 0.708
2 3.366 MM 16079.9 2479.4 0.1031 93.977 0.42
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(¥)-3d

DADY B, 507230 4 Ref=2360,100 [DADATOSUALI0S 2022.02-11 12.26-43\000-phoie 2022 0211182622 0)

¥ Time Type Area Height Width Area% Symmetry
1 3.535 MM 199.6 53.3 0.0624 48.883 0.796
2 3.7 MM 208.7 44.8 0.0776 51.117 0.652
(+)-3d; 98% ee
# Time Type Area Height Width Area% Symmelry
1 3.558 MM 12.3 4.2 0.0487 0.877 0.858
2 3.78 MM 1352.3 319 0.0728 95.123 0.668
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(¥)-3e

DAD1 5, $i97230.4 Re~360, 100 (D1\DATOS UAL306 2022-03-04 10-28-0 T\eoh-phoine2022-03-0811-62-12.0)

# Time Type Area Height Width Area% Symmetry

1 3.3 MM 99.8 28,5 0.0584 49,195 0.82

2 3.539 MM 103.1 26.6 0.0646 50.805 0,706
(-)-3e; 98% ee

i Time Type Area Height Width Area% Symmetry

1 3,317 MM 96,4 28.4 0.0567 1,217 1,162

2 3.507 BB 7827.2 1820.8 0.0642 898.783 0.599
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Hoﬂ I H
o .

OBu

n\COzMe
H H
Ph
3f
(+)-3f
= TR AR T e~
“ /’/‘ \.\ .
& Time Type Area Height Width Area% Symmetry
1 5,236 MM 346.8 79.9 0.0724 50.645 0,899
2 6.4 MM 338 74.6 0.0755 49,355 0.785
(+)-3f; 99% ee
OAD1 B. Sg=230.4 Re'=360. 100 (0 \DATOSUALI0S 2022-05-11 09-24-14\ecgre0opt2022.05-1109-45-39.0)
: A ~_
i Time Typa Area Height Width Area% Symmetry
1 6,156 MM 31.2 22.3 0.0233 0.436 0.229
2 6.301 MM 7108.2 1412 0.0839 99.564 0.809
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DAD! B, Sig=230 4 Raf=360.100 {0\ DATOS UAL30S 2022.03.04 18-11-29\CC0-MET_rsc2022-03.0418.22.53 D)

1 2 3 4 L3 L} 7 min
# Time Type Area Height Width Area% Symmetry
i1 3245 Imm | 30114 ] 773 [ oose [ 9302 ] o616 |
2 [ 35 [mm | 30916 | 598 | ooss2 [ soess [ o.528 |

(+)-3g; 88% ee

DAD1 B, 59=230,4 Ra=360,100 (- DATOSUAL305 2022.03.04 18-11-29\CCOMET_OPT2022.0304184651.0)

1 2 3 4 L] L] T min.
# Time Type Area Height Width Area% S etry
[1 ] 322 Jmm [ 155 ] 4.4 | o055 | 5924 | 0.731 |
2| 3534 [mm | 18334 | 3736 | 0.0818 | 94076 | 0.581 |
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SBn

H
HO\/A/_O—\)":. NJwco,Me

H H
Ph
3h
(+)-3h

DADH A Sig=210 4 Rul360,100 [ DATOSUALI05 F0723-04-38 1705 15icrg-imepsaci073 0415 180231 1)

s /

# Time Type Area Height Width Area% Symmetry

1 5.243 MM 4672.9 1132.1 0.0638 50.770 0.692

2 5.654 MM 4531.2 348.7 0,089 49,230 0.572

(+)-3h; 86% ee

# Timeg Type Arca Height Width Arca% Symmetry
1 2.317 MM 73 23.08 0.0551 6,810 0,976
2 5.744 MM 1067.9 200.3 00,0839 93,190 0,622
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(£)-3i

J g °
] &

f
] e &
: &t
3 e i e e

S26

o-
e 18 "0 me
u Time Arca Height Width  Area® Symimnelry
1 10.693 43699 106.3 0.7667 §3.072 0,555
2 16.416 4323.9 38.7 1.6514 46,923 0,462
(+)-3i; >99% ee
maL | - ..}P"?
s0-
507
o
zo—:
20-
o — e
4 e 3 10 12 “a 1o 3 20 me
# Time Area Height Width  Area®  Symmelry
v | 1753 | msozs | 6.2 | 0569 | 100000 | 0592 |



o .\\COZMe
H H
(o) ,;l (o]
Ph
3j
(£)-3j
DAD1 D, Sig=230,4 Ref=off (ejlemp 2023-02-24 10-50- 0.D)
# Time Area Height Width Area% Symmetry
1 9.239 3184.5 116.8 0.3062 49,932 0.468
2 12,955 3193.2 125.9 0.3329 50.008 0.683
(+)-3j
DAD1 D, Sig=230.4 Ref=off (ejemploiest 2023-02-24 12-08-09'cogfurmeopt. D)
:E g S’ﬁg)
‘7’5 o P A Li'fz
# Time Area Height Width Area% Symmetry
1 9.183 54.9 2.2 0.4135 1.910 0.862
2 12,455 2818.2 118.9 0,395 98.090 0.763
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T|Pso\/@,
o "

ZTI

\\\COZMe
H H
o l;l (o]
Ph
3k
(+)-3k
DAD1 A, Sig=250.4 Ref=off (ejemplo\test 2023-02-22 14-51-27\ccgtipsibn. D)
p I .
# Time Area Height Width Area% Symmetry
1 7,095 1063,9 03.8 0,2277 43,651 0,597
2 8.4982 1082.7 06.9 0,2319 50,319 0,699
(+)-3k
DAD1 A, Sig=250,4 Ref=off [ejemplo'test 2023-02-22 14-51-27\ccgtipsopt.D)
1n—§ 2 __-@@
# Time Area Height Width Area% Symmetry
1 7.088 10.9 7.9E-1 0,2287 1.545 0,464
2 8,322 8916 44.9 0,2225 98.455 0,752
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MOMO\/@/M

DAD1 D, Sig=230,4 Ref=off (sjemploitest 2023-02-22 14-51-2T\cogomomibn2.0)

ZT

(o)
H
N
Ph
3l
(£)-3I

| wCO,Me

T

e 530

S29

# Time Area Height Width Area% Symmetry
1 14,4996 1506 46.4 0.3809 50.403 0.695
2 18,538 1431.9 39.3 0.94475 49,597 0.763
(+)-3I
DAD1 D, Sig=230.4 Ref=off (elemplo\test 20230223 09-30-37'omomopt.0)

15:2 )

10—; 2 (\:ﬂib‘

x 14
# Time Area Height Width Area% Symmetry
1 15,669 24.3 3.6E-1 0.4714 1,712 1,035
2 19.91 1397.7 32.4 0.5049 93,288 0,752




H
HO\/@":, N wCO,Me

O

MeO,C  'CO,Me

9
(£)-9
DAD1 D, Sig=230.4 Rnf:aff(aﬁmb‘»\nsl?ﬂﬂoe.}n16-26-17?94891!!:1\3)
'.ﬂll}r //
# Time Area Height Width Area% Symmetry
1 6.065 5045.1 500.8 0.1679 51.948 0.87
7.009 4666.6 385.8 0.2016 43,052 0.689
(+)-9; 93% ee
?:?:1 - ‘f”/ : \ﬁ—/\‘— E?‘z;' — -
# Time Area Height Width Area% Symmetry
1 g.11 BEEE E62.6 0.1678 06,572 0,762
2 7.116 308.3 31.8 0.1614 3.428 0.326
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X

Me
Ho\/@u,, NJ.nCO,Me

MeO,C  'CO,Me

10

(¥)-10

DAD1 D, Sig=230,4 Ref=off 2022-11-2213-59 D)

/3%\ S

oy a o
e00= & &
g / ?‘\ /_;'\\
&

N
00

: /N /N

200-= AN /

100= // \\\——»-—//

# Time Area Height Width Area% Symmetry
1 3.533 9191.8 13 0.2134 50.502 0.303
2 9,111 a00&.9 573.7 0.2617 49,493 0.632

(+)-10; 79% ee

DAD1 D, Sig=230.4 Ref=off (ejemploifest 2022-11-22 13-55-30\c0gsls0pt.D)

250 Y

f:: // .\\

/ .

f‘ — \“—«ﬁ'———// - e ‘
# Time Area Height Width Area% Symmetry
1 932 46.26.9 311.1 0,247 89,705 0.832
2 9,995 531 33 0.2685 10,295 0.8

H
Ho [ ) 0
o n, N ..\COZMe

MeO,C  CO,Me

1
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DAD1 D, 5ig=230,4 Ref=off (sjlempla‘test 2022-10-05 11-52-25\0nline Editad7.D)

(¥)-11

S32

# Time Area Height Width Area% Symmetry
1 8.866 1993.9 115.9 0.2597 50,330 0.706
12,277 19727 85,2 0.3497 48,670 0.763
(+)-11; 83% ee
DAD1 D, Sig=230 4 Ref=off (ejemploitest 2022-10-05 11-52-25\CCGMALECPT D)
EaE
407 § t;é’@\
o v
- e
w—; ggf
ué“-—-—/_k\‘—‘/_‘“
# Time Area Height Width Area% Symmetry
1 9.059 58.7 3.7 0.267 8.452 1.006
2 12,497 5635.6 27.1 0.3912 91,548 0.852



(o)
Me0,C
12
(¥)-12
_ =230.4 Ref=off (ejemplo\test 20220907 12- 3101\00[,436—1:”7:7) : SJQ‘:"
# Time Area Height Width Area% Symmetry

1 5.54 3681.7 427.6 0.1435 50.213 0.763
0,593 J030.3 352.3 0.1727 45,787 0.773

(+)-12; 88 % ee

DAD1 D. 5i5=230.4 Ref-off (elemplotiest 2022-10-10 16-64-26'0niine Edred63.0)

# Time Area Height Width Area% Symmetry
1 0,222 326.2 4.4 0.1573 0,110 1.077
7231 50128 423.7 0.1949 943,890 0.74a
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H
Ho_{ 3
/ o\ m, NS wCO,Me
OHC Et
13
(+)-13
- DAD1 D. Sig=230.4 Ref=off (ejemplo‘test 2022-09-08 08-54-30'CnlineEdited22. D)
: o
# Time Area Height Width Area% Symmetry
1 4,758 1452.5 215.5 0,1123 50.911 0.88
2 7.731 1400.5 125.4 0.1861 43,059 0.98
(+)-13; 91% ee
&
%ﬁs
# Time Area Height Width Area% Symmetry
1 5.307 3167 3774 0.1399 95.591 0.86
7.4962 146.1 14 0.1791 4,409 0.744
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0= 'ph
Ph
14
(£)-14
i DAD1 D, Sig=230,4 Ref=off (ejemplo\test 2022-09-08 09-54-30'c0g-497f4-ibnchal D)
mé g &
. =
# Time Area Height Width Area% Symmetry
1 5.07 4354.8 478.6 0.1527 51,292 0.749
11.189 4153.9 203.7 0.3406 48.708 0.828
(-)-14; 80% ee
DAD1 D, Sig=230.4 Ref=off (ejemplo‘test 2022-10-10 16-54-26'OnlineEdited52.0)
0= §v‘f.
i S A N
# Time Area Height Width Area% Symmetry
1 5.528 273.2 227 0.201 10,012 0.62
12,882 2455.6 91.6 0.4469 89,988 0.834
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Hoﬂ un H e
o .

.WCO,Me
O,N'
OMe
15
(¥)-15
DAD1 D, Sig=230,4 Ref=off (zjemplo'test 2022-11-07 19-21-42\NO2RACALA D)
# Time Area Height Width Area% Symmetry
1 7,490 399.9 21.1 0,202 49,907 0,72
2 9.850 Jel.2 18.3 0.2315 50,093 0.904
(-)-15; 95% ee
DAD1 D, Sig=230 4 Ref=off (ejemploitest 2022-11-08 18-24-08\NC20PT.D)
-
# Time Area Height Width Area% Symmetry
1 7.260 317.6 24.3 0.2175 2,335 1.245
2 9.397 13285.7 725.1 0.2773 97.665 0.786
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8. NMR Spectra collection

Methyl (S)-2-(5-(hydroxymethyl)furan-2-yl)methyleneaminopropanoate (1a)
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Methyl (S)-2-(5-(hydroxymethyl)furan-2-yl)methyleneaminobutanoate (1b)
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Methyl (S)-2-(5-(hydroxymethyl)furan-2-yl)methyleneamino)-4-methylpentanoate
(1c)

cch-40.1.fid
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Ethyl (S)-2-(5-(hydroxymethyl)furan-2-yl)methyleneamino-3-phenylpropanoate
(1d)
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Methyl (S)-2-(5-(hydroxymethyl)furan-2-yl)methyleneamino-2-phenylacetate (1e)
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Methyl (S)-3-(tert-butoxy)-2-(5-(hydroxymethyl)furan-2-
yl)methyleneaminopropanoate (1f)

In

7.92
6.67
6.66

<.

ol
NN
dfls

4.00
3.98
3.95

R RRRANRE g 3400

a5t

3200
3000
HO\/A/—B\//N\./COZWIe [ 2600
(0] L 2600

tB uO L 2400

{2200

ANTY
—
—
—

crude 1f
2000

L 1800
L 1600
L 1400
t 1200
L 1000
| 800
L 600
L 400

ﬁ i ,‘/J\‘ J"L\ L 200

e L Y Lo

—

F-200

1.00-]
0911
o8l
L1z
B
6r
9.27.=

T T T T T T T T T T T T T T T T T T T T T
1.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0

5.5
f1 (ppm)

S39



Methyl (S)-2-(5-(hydroxymethyl)furan-2-yl)methyleneamino-4-
(methylthio)butanoate (1g)

ccg576bis. 1.fid
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Methyl (R)-3-(benzylthio)-2-(5-(hydroxymethyl)furan-2-
yl)methyleneaminopropanoate (1h)
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Methyl 2-(5-(hydroxymethyl)furan-2-yl)methyleneaminoacetate (1i)

cch-25.1.fid
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Methyl (S)-2-((5-methylfuran-2-yl)methyleneamino)propanoate (1j)

cch70iminametilo. 1.fid
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Methyl

(S)-2-((5-(triisopropylsilyloxymethyl)furan-2-

yl)methyleneamino)propanoate (1k)
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Methyl (S)-2-(5-((methoxymethoxymethyl)furan-2-yl)methyleneamino)propanoate
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Methyl (1S,3R,3aS,6aR)-3-(5-(hydroxymethyl)furan-2-yl)-1-methyl-4,6-dioxo-5-
phenyloctahydropyrrolo[3,4-c]pyrrole-1-carboxylate (3a)
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Methyl (1S,3R,3aS, 6aR)-1-ethyl-3-(5-(hydroxymethyl)furan-2-yl)-4,6-dioxo-5-
phenyloctahydropyrrolo[3,4-c]pyrrole-1-carboxylate (3b)
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Methyl (1S,3R,3aS,6aR)-3-(5-(hydroxymethyl)furan-2-yl)-1-isobutyl-4,6-dioxo-5-
phenyloctahydropyrrolo[3,4-c]pyrrole-1-carboxylate (3c-endo+ 12% 3c-exo)
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Ethyl (1S,3R,3aS,6aR)-1-benzyl-3-(5-(hydroxymethyl)furan-2-yl)-4,6-dioxo-5-

phenyloctahydropyrrolo[3,4-c]pyrrole-1-carboxylate

cch-20proton.1.fid
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Methyl (1R,3R,3aS,6aR)-3-(5-(hydroxymethyl)furan-2-yl)-4,6-dioxo-1,5-
diphenyloctahydropyrrolo[3,4-c]pyrrole-1-carboxylate (3e)
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Methyl (1R,3R,3aS,6aR)-1-tert-butoxymethyl-3-(5-(hydroxymethyl)furan-2-yl)-4,6-
dioxo-5-phenyloctahydropyrrolo[3,4-c]pyrrole-1-carboxylate (3f-endo+ 13% 3f-
exo)

CCG-TBUOSERPROTON. 1.fid
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Methyl (1S,3R,3aS,6aR)-3-(5-(hydroxymethyl)furan-2-yl)-1-(2-methylthioethyl)-4,6-
dioxo-5-phenyloctahydropyrrolo[3,4-c]pyrrole-1-carboxylate (3g)

ccgmetioninaproton. 1.fid
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Methyl (1S,3R,3aS,6aR)-1-benzylthiomethyl-3-(5-(hydroxymethyl)furan-2-yl)-4,6-
dioxo-5-phenyloctahydropyrrolo[3,4-c]pyrrole-1-carboxylate (3h)

ccgbenzcisprotyon.1.fid
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Methyl (1S,3R,3aS,6aR)-3-(5-(hydroxymethyl)furan-2-yl)-4,6-dioxo-5-
phenyloctahydropyrrolo[3,4-c]pyrrole-1-carboxylate (3i)
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(1S,3R,3aS,6aR)-3-(5-methylfuran-2-yl)-4,6-dioxo-5-

phenyloctahydropyrrolo[3,4-c]pyrrole-1-carboxylate (3j)
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Methyl (1S,3R,3aS,6aR)-4,6-dioxo-5-phenyl-3-(5-(triisopropylsilyloxymethyl)furan-
2-yl)octahydropyrrolo[3,4-c]pyrrole-1-carboxylate

cch72f3proton.1.fid
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Methyl (1S,3R,3aS,6aR)-3-(5-((methoxymethoxy)methyl)furan-2-yl)-4,6-dioxo-5-
phenyloctahydropyrrolo[3,4-c]pyrrole-1-carboxylate (3I)
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Trimethyl (2S,3S,4S,5R)-5-(5-(hydroxymethyl)furan-2-yl)pyrrolidine-2,3,4-
tricarboxylate (9)
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Trimethyl (2S,3S,4S,5R)-5-(5-(hydroxymethyl)furan-2-yl)-2-methylpyrrolidine-
2,3,4-tricarboxylate (10-endo+10% 10-ex0)

400-2432-ccg574f1.1.fid
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Trimethyl (2S,3R,4S,5R)-5-(5-(hydroxymethyl)furan-2-yl)pyrrolidine-2,3,4-
tricarboxylate (11-endo+20% 11-exo)
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ccg-498H 75000

[VANPSSESREUEAEL RIS | 70000

6
6.
6
_-5.19
517

65000

{60000

I[( o

{50000

—
-

N

~
-
-

H H 45000
Ho\/(_\)' (Ny coMm Ho\/[_\)' ;Nz co,M
o un W Vle . 0 un W oiVle L 40000
Me02C¢ "COZMe MeO,C CO,Me 35000

11-endo-85% 11-ex0-15% - 30000

{25000
{20000
‘ |
t 15000
t 10000

I {5000

~-5000

T T T T T T T T T T T T T T T T T T T
10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

maleatq [d13.[1{fi {34000
ccg498
] 8GHRE
k&G
L

11248
57.37
ST.9%
515
5111
50.58

N o 32000

1-170.94
- 170.59
e
Uteo.84
— 1533
150
10852 ——
0836
o
/- 58.65
52
5230
)

30000

{28000

{26000

{24000

{22000

{20000

18000

16000

F- 14000

12000

{10000

8000

{6000

{4000

LiNEl} 1 (P

{-2000

190 180 17} 16 50| 140 13 12} 1 100 90 60 0 40 0 20 10 0

S57



Dimethyl (2S,4S,5R)-5-(5-(hydroxymethyl)furan-2-yl)pyrrolidine-2,4-dicarboxylate
(12)

ccg-acrilato-H. 1.fid
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Methyl (2S,4S,5R)-4-ethyl-4-formyl-5-(5-(hydroxymethyl)furan-2-yl)pyrrolidine-2-
carboxylate (13)

ccg595f2tet. 1.fid
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Methyl (2S,3R,4R,5R)-5-(5-(hydroxymethyl)furan-2-yl)-3-(4-methoxyphenyl)-2-
methyl-4-nitropyrrolidine-2-carboxylate (15)
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7.22
7.19
7.16
7.13
5.90
6.87
6.84
7.
41
33
32
29
28
23
2
60
58
55
551
%
02
99
88
85
62
57
55
43
40
3.84
3.81
3.79
219

700

@
<
W {n
¢

_-114

650

/
600
)]
/ a0 7/ ‘/ j L 500

- i e 450
”°\/@nn;"7.nc02Me o {3, N nCONe

{400

O,N # oN'
Q k350

OMe OMe

S

15-ex0-85% 15-endo-15% 300

t 250

{200

150

100

| ! £50

f%
-
[L
1>
L

-50

2.08
0.407
NS
0.18%
1.31
1317
025
100
017/
3.21-
AN
0.60/

o 1 0.2

9.5 9.0 8.5 8.0 7.5 7.0|

ccg-no2¢13bi 1.fiff

| 22000V
g 210000

(200000

58.63
57.53
554

23.87

A
\53:11

175.79
159.42
— 154.74
149.84
4
— 11405
109
92.58
— 6815

t 190000

t- 180000

t 170000

160000

150000

t- 140000

t 130000

120000

f 110000

100000

{90000

80000

{70000

{60000

50000

{40000

30000

{20000

[
{10000

Lo

t-10000

{-20000

@4
-
.
—
=
ey
=

T
200

T
150 1 4iﬂ BO| 0 1o| |[[z00 q0 8| 7o 60 0 4 3 o 10 0
(ppm

-

Sé61



Methyl 5-(5-(hydroxymethyl)furan-2-yl)-1H-pyrrole-2-carboxylate (17)
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(*)-Methyl 1-methyl-4,6-dioxo-5-phenyl-3-(5-(2,4,6-trimethylbenzyl)furan-2-
yl)octahydropyrrolo[3,4-c]pyrrole-1-carboxylate (18)

ccg-fchmfproton. 1.fid
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(¥)-Methyl 3-(5-(4-methoxybenzyl)furan-2-yl)-1-methyl-4,6-dioxo-5-
phenyloctahydropyrrolo[3,4-c]pyrrole-1-carboxylate (19)
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(¥)-Methyl 1-methyl-4,6-dioxo-3-(5-(phenethoxymethyl)furan-2-yl)-5-

phenyloctahydropyrrolo[3,4-c]pyrrole-1-carboxylate (20)
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(*)-Methyl 3-(5-(E)-3-(4-methoxyphenyl)acryloyloxymethylfuran-2-yl)-1-methyl-
4,6-dioxo-5-phenyloctahydropyrrolo[3,4-c]pyrrole-1-carboxylate (21)
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