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1. General procedures

Reactions were carried out under an argon atmosphere when required. All reagent-
grade chemicals and other solvents were obtained from commercial suppliers and
were used as received. Batch reactions were performed using an Hepatochem®

PhotoRedOx Box™  photoreactor: https://hepatochem.com/photoreactors-leds-

accessories/photoredox-box/ Batch and flow reactions were performed using a
Kessil® PR160L blue LEDs lamp [456 nM]
https://kessil.com/products/science PR160L.php Analytical and preparative TLC

were performed using Merck silica gel F254 (230-400 mesh) plates and analyzed by
direct observation or UV light and by staining upon heating with vanillin solution (2 g
vanillin, 1 mL conc. H2SO4, 100 mL EtOH). Flash column chromatography employed
VWR (230—400 mesh) silica gel. Automated chromatography were performed on a
Serlabo Combiflash Ez Prep chromatography system equipped with a Buchi FlashPure
silica cartridge. The NMR spectra were recorded on a Bruker Avance-300 (300 MHz)
spectrometer and on a Bruker Avance-400 (400 MHz) spectrometer and on a Brucker
Avance-NEO (ASCEND 500 MHz) equipped with a Cryo-Prob-3mm (500 MHZz)
spectrometer. '"H NMR spectra were recorded at 300 MHz or at 400 MHz and residual
solvent peaks were used as an internal reference (chloroform-d 7.26 ppm, DMSO-ds
2.50 ppm, methanol-ds 3.31 ppm). Data are reported as follows: chemical shift in ppm,
multiplicity (s = singlet, br s = broad singlet, d = doublet, t = triplet, g = quartet, p =
pentuplet, m = multiplet or overlap of non-equivalent resonances), coupling constants,
and integration. 3C{"H} NMR spectra were recorded at 75 MHz or at 101 MHz and
residual solvent peaks were used as an internal reference (chloroform-d d 76.1 ppm,
DMSO-ds 39.5 ppm, methanol-ds 49.0 ppm) using a UDEFT sequence (Uniform Driven
Equilibrium Fourier Transform) or a JMOD sequence (J-Modulated Spin-Echo). IR
spectra were recorded with a Shimadzu IR Affinity-1S spectrometer and are reported
in frequency of absorption at the peak maximum (cm~'). HRESIMS and LC/MS (Agilent
HPLC HP1290) were run using Electrospray lonization (ESI) on an Agilent QToF 6546

spectrometer with a Sunfire® analytical C18 column (150 x 2.1 mm; 3.5 ym, Waters).
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2. Dimerization of piperine

2.1.Procedure for the dimerization of piperine (solid state)

/7~
o (o]
(o]
(o] or
O I N hv, neat H
< -~
0]
1 =0 N

b v

Cq7H19NO3 C34H35N206
MW: 285.34 g/mol MW: 570.68 g/mol dipiperamide F (4)

A solution of piperine (1) (50 mg, 0.18 mmol) in CH2Cl2 (10 mL) was evaporated in a

crystallizing dish (d = 8 cm) and then irradiated with a blue LEDs light [LEDs strip
Lights — RGB 5050 RGB — 150 LEDs — ~465 nM)] for 10 d. Purification by preparative
TLC on silica gel (eluent: CH2Cl2/MeOH, 99:1) afforded dipiperamide F (4) as a white
solid (11 mg, 22 %).

2.2.Screening of photocatalytic conditions for the dimerization of piperine

A solution of piperine (1) (30 mg, 0.105 mmol, 1.0 equiv), catalyst (0.005 mmol, 0.05
equiv) and additive (see Table S1) in solvent (1.0 mL) was prepared in a glass tube.
Solution was irradiated in an Hepatochem® PhotoRedOx Box™
equipped with a Kessil® PR160L blue LEDs lamp [456 nM]. After 16 h reaction

mixtures were analyzed by HPLC-MS analysis.

photoreactor

Table S1 : Screening of conditions for the dimerization of piperine (1)

Entry catalyst conditions Result / isolated yield
! wm?:};gglal > 10 dimers
2 b,}‘l.?:tl_:EODds 4:22%
3 C;Jg EEE)? No reaction
4 R%&?mﬁ:h SEZCL'\EQZ a1tg:1. Low conversion (<10%)
2 ng(ob/ﬁym)gflz %::ZCFES: e;tg; Low conversion (<10%)
6 il O e LEDs, o Low conversion
g gr el " vy blae LEDS, 165 Low conversion
8 R“s(f/l‘fﬁé?'z CHaC'tlL:rzLEEtgs(,zi%: ) 4 7%; 5: 26% 6: 45%
9 ng;,‘fzq)é?lz CH3CN, iP;zoE:il\éétZ.O equiv.) No conversion
10 les(ot/fm?z DMSOQ,EZEES(’Z%E‘]“W') 1: 6%; 4: 9%; 5: 15% 6: 31%
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Ru(bpy)sCl2

DMF, iPr2EtN (2.0 equiv.)

12 5%-mol blue LEDs, 16h 1:11%; 4: 10%; 5: 33% 6: 38%
. gt | HOUENEOMILONG | e s o
o || e | SR
15 Rulphen):Cla AR 4:8%; 5: 12% 6: 34%
o e Bl
" e I TR e
18 Ruépo/t: _en:()jch %Ea‘acyéggzﬁ(r)nh < 5% conversion
. B
2 I
2 sz
. e
27 RuéEXTH)SFIZ CHsCL\IIl,JgAI\_/gg: (126Equiv). No conversion

e T
.
. o st encu
31 g(s/in_pr%/)oal CH3CN, iPZCI)E:iI;étZ.O equiv.) No conversion

32 go(/’: Pn{g EEZCL'\:;’[Q a1t(r5nh. No conversion

33 gé/‘: _F:%/Z; ?)::ZCI[\IESJ ?tem No conversion

34 g&’p%g S, ’Sﬁfrﬂgg‘ﬂ(gho i) 11: 41%; 12: 19%
36 !;.5},"’;2; DMF'biI': ZE?D(SZ"(} gﬁ“i"') 11: 46%; 12: 16%
37 [Ir(dtbbsgzz/l(n;q)g?/)g]PFs glﬂ;CL'\IIE’E';\sr, e;tg;j. No conversion

38 [Ir(dtbbsp:z)_f_ggly)z]PFs %EseCFES\SIr ":tgrl No conversion

39 [Ir(dtb%’:‘)’%z(rggly)z]PFs CHaCll;lIl,ngll\_/éilljz[: 226§quiv). < 15% conversion
w | e | oo s
M [Ir(dtbbsezz(n;’])gly)z]PFe CHsCI\tILZriIEEth{Zi%EquiV.) degradation

SI-5



[Ir(dFCFsppy)2-(5,5'-

CH3CN, Ar atm.

a2 dCFsbpy)]PFe 5%-mol blue LEDs, 16h < 10% conversion
43 d[ggt:)g;ﬁg‘l):i);f-ni_)l ?)EZCII\IE S‘g 2112?1 < 10% conversion
o | pmoes, | e
| fTemor | oouscmon
46 [|F{dFCF35EZ§’r)§g|)PY)]PF6] gﬂ;cl_"é I:g a1tg;1. No conversion
47 [|F{dFCF352/F:}212<()?PY)]PF6] ?)EZCII\IE S‘g 2112?1 No conversion
0| e | eepnenge
a7 [Ir{dF CF3ppy}2(bpy)]PFe] CH3CN, 4,4-di-tbu-biphenyl No conversion

5%-mol

(2 equiv). blue LEDs, 16h
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2.3.[2+2] cycloadditions dimerization of piperine mediated by Ru(bpy)sCl2

Ru(bpy)sCly, iProEtN o
<O:©AA)L'\O CH3CN, hu OF
0 —= g
=
MW: 285.34 g/mol MW: 570.68 g/mol

(L
dipiperamide F (4) dipiperamide G (5) o nigramide R (6)

A solution of piperine (1) (30 mg, 0.105 mmol, 1.0 equiv), Ru(bpy)sCl2 (3.8 mg, 0.005
mmol, 0.05 equiv) and /Pr2EtN (37 pL, 0.212 mmol, 2.0 equiv) in CH3CN (1.0 mL) was
prepared in a glass tube. Solution was irradiated in an Hepatochem® PhotoRedOx
Box™ photoreactor with a blue LEDs light [Kessil®, PR160L, 456 nM, 50W, 100%
intensity]. After 16 h of reaction 4 batches were combined and concentrated under
reduced pressure. Purification by preparative TLC on silica gel (eluent: CH2Cl2/MeOH,
99:1) afforded nigramide R (6) as white solid (Rf = 0.39, 54 mg, 45 %), dipiperamide
G (5) as white solid (Rf = 0.26, 31 mg, 26 %) and dipiperamide F (4) as white solid (Rf
=0.19,8mg, 7 %).

2.4.[4+2] cycloadditions dimerization of piperine mediated by Ru(bpy)sCl:

Q Ru(bpy)sCly, iPr,EN
<O:©M)L,\O CH4CN (LiBF,), hv
O
C17H1gNO3 Ca4HagN,0g ) : x
MW: 285.34 g/mol MW: 570.68 g/mol | chabamide (10)

A solution of piperine (1) (30 mg, 0.105 mmol, 1.0 equiv), Ru(bpy)sCl2 (3.8 mg, 0.005
mmol, 0.05 equiv) and /Pr2EtN (37 pL, 0.212 mmol, 2.0 equiv) in CH3CN (1.0 mL) was
prepared in a glass hemolysis tube. A solution of LiBF4in CH3CN (1.0 M, 420 uL, 0.420
mmol, 4.0 equiv) was added. Solution was irradiated in an Hepatochem® PhotoRedOx
Box™ photoreactor with a blue LEDs light [Kessil®, PR160L, 456 nM, 50W, 100%

intensity]. Then, the reaction mixture was concentrated under reduced pressure.

Purification by preparative TLC on silica gel (eluent: CH2Cl2/MeOH, 199:1) afforded
chabamide (10) as a white solid (Rf = 0.37, 10 mg, 33 %) and dipiperamide F (4) as
white solid (Rf = 0.19, 5 mg, 17 %).
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2.5.Dipiperamide F (4)

Consistent with the literature description.’

e Rr=0.19 (CH2Cl2/MeOH, 99:1);

e H NMR (400 MHz, chloroform-d) &: 6.95 (dd, J = 15.2,
6.6 Hz, 1H), 6.89 (d, J = 1.5 Hz, 1H), 6.79 — 6.69 (m,
5H), 6.40 (d, J = 15.7 Hz, 1H), 6.28 (dd, J = 15.2, 1.3
Hz, 1H), 6.09 (dd, J = 15.7, 7.4 Hz, 1H), 5.95 (s, 2H),
5.93 (s, 2H), 3.66 — 3.38 (m, 7H), 3.26 (m, 1H), 3.16 (m,
1H), 3.12 (m, 1H), 3.09 (m, 1H), 2.94 (q, J = 8.6 Hz,
1H), 1.69 — 1.59 (m, 4H), 1.58 — 1.16 (m, 8H);

e 1C{'H} NMR ppm (101 MHz, chloroform-d): & 169.9, 165.1, 148.1, 147.9,
147.2, 146.4, 1451, 135.7, 131.3, 131.1, 128.4, 120.9, 120.3, 120.2, 108.33,
108.27,107.3, 105.5, 101.1, 101.0, 48.9, 48.1, 46.9, 46.6, 45.6, 45.0, 43.4 (2C),
26.9 (2C), 26.8 (2C), 24.6, 24.4;

e IR (neat) v =2919, 2852, 1651, 1606, 1504, 1489, 1443, 1250, 1038 cm"";

e HRMS(ESI): m/z calcd. for CasHasN206* [M + H]* 571.2803; found 571.28075.

dipiperamide F (4)

1 R. Muharini, Z. Liu, W. Lin, P. Proksch, Tetrahedron Lett. 2015, 56, 2521-2525.
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Table S2: Comparison of the '"H NMR and 3C NMR data of synthetic and natural dipiperamide F in chloroform-d.

synthetic natural synthetic natural
Attribution  "H 5 (ppm) 'H 5 (ppm) BC s (ppm) | BCE(ppm)  A™C
1 - - - - - 169.9 169.9 0.0
2 3.09 m 3.09 m 0.00 48.9 44.3 -4.6
3 3.12 m 3.12 m 0.00 45.0 44.8 -0.2
4 6.09 dd (J=15.7,7.4 Hz) 6.09 dd (J=15.7, 7.6 Hz) 0.00 128.4 127.8 -0.6
5 6.40 d (J=15.7 Hz) 6.40 d (J=15.7 Hz) 0.00 131.0 130.8 -0.2
Arq - - - = - 131.3 131.4 0.1
Ar; 6.89 d(J=15Hz) 6.89 d(J=1.3Hz) 0.00 105.5 105.0 -0.5
Ars - - - - - 147.9 147.6 -0.3
Ars - - - - - 146.4 146.6 0.2
Ars 6.79 — 6.69 m 6.72 d(J=8.9 Hz) - 108.3 107.9 -0.4
Arg 6.79 — 6.69 m 6.75 dd (J=8.9, 1.3 Hz) - 120.9 119.9 -1.0
[0-CH2-0] 5.93* s 591 s -0.02 101.0* 100.9 -.0.1
1 - - - - - 165.1
2’ 6.28 dd (J=15.2, 1.3 Hz) 6.29 dd (J=15.1, 1.3 Hz) 0.01 120.3 120.0 0.3
3 6.95 dd (J=15.2,6.6 Hz 6.94 dd (J=15.1,6.6 Hz -0.01 1451 144.3 -0.8
4 2.94 q(J=8.6Hz) 294 q(J=8.3Hz) 0.00 48.0 47.3 -0.7
5 3.59 m 3.59 m 0.00 456 452 -0.4
Ary’ - - = - - 135.7 135.0 -0.3
Ar? 6.79 - 6.69 m 6.78 d(J=13Hz) - 107.3 106.9 -0.4
Arz’ - - - - - 148.0 147.6 -0.4
Arg - - - - - 147.2 147.0 -0.2
Ars’ 6.79 - 6.69 m 6.72 d(J=8.2Hz) - 108.3 108.0 -0.3
Arg’ 6.79 — 6.69 m 6.75 dd (J=8.2,1.3 Hz) - 120.1 120.6 -0.5
[0-CH2-O) 5.95% s 593 s -0.02 101.1* 100.9 -0.2
Pia 3.54 -3.16 m 3.60 m - 43.3 43.1 -0.2
3.43 m -
3.22 m - 46.9 46.8 0.2
3.12 m -
Pig 1.58 - 1.16 m 1.50 m - 26.8* 25.2 -0.6
1.23 m - 25.2
Piy 1.58 -1.16 m 1.50 m - 246 24.5 0.1
Pid’ 3.54 —3.46 m 3.54 m - 43.3 42.7 -0.6
3.40 m - 46.6 46.3 -0.3
Pig’ 1.58 - 1.16 m 1.50 m - 26.9* 25.9 -0.2
Piy’ 1.67 - 1.58 m 1.60 m - 24.4 24.7 -0.3

*signals interchangeable
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2.6.Dipiperamide G (5)

Consistent with the literature description.’

Rf = 0.26 (CH2Cl2/MeOH, 99:1);
"H NMR (400 MHz, chloroform-d) &: 6.88 (d, J = 1.5
Hz, 1H), 6.80 (s, 1H), 6.76 — 6.67 (m, 4H), 6.39 — 6.28
(m, 2H), 6.20 (dd, J = 15.0, 8.2 Hz, 1H), 6.04 (dt, J =
14.9, 7.5 Hz, 1H), 5.93 (d, J = 1.1 Hz, 2H), 5.91 (q, J =
1.4 Hz, 2H), 4.21 (m, 1H), 3.91 (m, 1H), 3.81 — 3.33
(m, 9H), 3.23 (m, 1H), 1.70 — 1.40 (m, 12H);

dipiperamide G (5)

BC{'H} NMR ppm (101 MHz, chloroform-d): & 171.0, 169.0, 148.0, 147.9,
1471, 147.0, 133.2, 131.6, 131.5, 131.4, 127.1, 124.9, 120.8, 120.7, 108.2
(2C), 105.8, 105.6, 101.0, 100.9, 46.9, 45.9, 44.7, 43.3, 42.7 (2C), 41.5, 40.9,

26.9, 26.2, 25.7, 25.6, 24.6, 24 4;

IR (neat) v = 2923, 2855, 1630, 1504, 1489, 1443, 1251, 1039 cm'";
HRMS(ESI): m/z calcd. for C3aH39N206" [M + H]* 571.2803; found 571.2806.
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Table S3: Comparison of the '"H NMR and 3C NMR data of synthetic and natural dipiperamide G in chloroform-d.

synthetic natural synthetic natural
Attribution  "H 5 (ppm) 'H 5 (ppm) BC s (ppm) | BCE(ppm)  A™C
1 - - - - - 171.0 1711 0.1
2 4.21 m 4.18 t(J=8.7 Hz) -0.03 40.9 40.7 -0.2
3 3.44 m 3.44 m 0.00 43.3 434 0.01
4 6.04 dt (J=14.9, 7.5 Hz) 6.04 q(J=15.5, 8.5 Hz) 0.00 1271 126.9 -0.2
5 6.35-6.28 m 6.31 d(J=15.5Hz) 131.6 131.0 -0.6
Arq - - - - - 131.4 131.7 0.3
Ar: 6.80 s 6.81 s 0.01 105.6 105.4 -0.2
Ars - - - - - 147.0* 146.9 -0.1
Arg - - - - - 147.9* 147.3 -0.6
Ars 6.74 — 6.67 6.68 overlapped - 108.0
Arg 6.76 — 6.67 6.72 overlapped - 120.6
[0-CH2-0] 5.93 d(J=1.1Hz) 5.93 m 0.00 101.1 101.0 -0.1
1 - - - - - 169.0 168.8 -0.2
2 3.91 m 3.88 t(J=8.7 Hz) -0.03 41.5 41.2 -0.3
3 3.50-3.43 m 3.46 m - 447 44 .4 -0.3
Y 6.20 dd (J = 15.0, 8.2 Hz) 6.20 dd (J = 15.5, 10.1 Hz) 0.00 124.9 124.7 0.2
5 6.35-6.27 - 6.29 d(J=15.5Hz) - 133.2 133.0 -0.2
Ary’ = = = - - 131.4
Ar? 6.88 d(J=1.5Hz) 6.88 d(J=13Hz) 0.00 105.8 105.6 -0.2
Arz’ - - - - - 147.1* 146.9 -0.2
Ary - - - - - 148.0* 147.3 -0.7
Ars’ 6.74 — 6.67 6.68 overlapped - 108.0
Are’ 6.76 — 6.67 6.72 overlapped - 120.6
[0-CH2-O) 5.91 q(J=1.4Hz) 5.89 m -0.02 101.0 101.0 0.0
Pia 3.36 - 3.21 m 3.30 m - 45.9 457 -0.2
3.24 m -
3.52 -3.39 m 3.68 m - 42.6 431 0.5
3.37 m -
Pig 1.58 - 1.30 m 1.46 m - 26.9° 26.4 -0.5
1.58 - 1.30 m 1.46 m - 25.7% 25.6 -0.1
Piy 1.65-1.45 m 1.54 m - 24.4 244 0.0
Pid’ 3.52 - 3.39 m 3.42 m - 42.6 43.0 -0.4
3.66 — 3.46 m 3.62 m - 46.9 46.6 -0.3
3.48 m -
Pig’ 1.58 - 1.30 m 1.46 m - 26.2° 26.4 0.2
1.58 - 1.30 m 1.54 m - 25.6% 25.6 0.0
Piy’ 1.65-1.45 m 1.62 m - 24.6 247 0.1

*#38 signals interchangeable
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2.7.Nigramide R (6)

Consistent with the literature description.?

e Rfr=0.39 (CH2Cl2/MeOH, 99:1);

e 'H NMR (400 MHz, chloroform-d) &: 6.87 (d, J = 1.6
Hz, 2H), 6.75 (dd, J = 8.0, 1.6 Hz, 2H), 6.72 (d, J =
8.0 Hz, 2H), 6.36 (d, J = 15.7 Hz, 2H), 6.11 (ddd, J =
15.6, 6.0, 2.3 Hz, 2H), 5.93 (s, 4H), 3.75 — 3.62 (m,
2H), 3.66 (m, 2H), 3.56 — 3.46 (m, 2H), 3.46 — 3.34
(m, 2H), 2.99 (tt, J= 5.6, 2.6 Hz, 2H), 1.68 — 1.47 (m,
8H), 1.48 — 1.37 (m, 4H); L0 nigramide R (6)

e 13C{'H} NMR ppm (101 MHz, chloroform-d): & 170.4, 148.0, 147.1, 131.4,
131.1,128.6, 120.9, 108.3, 105.6, 101.0,46.7,46.2,43.3,42.1, 26.8, 25.7, 24.5;

e IR (neat) v =2936, 2853, 1630, 1504, 1489, 1443, 1250, 1039 cm™;

e HRMS(ESI): m/z calcd. for CasH39N206" [M + H]" 571.2803; found 571.2807.

2 K. Wei, W. Li, K. Koike, Y. Chen, T. Nikaido, J. Org. Chem. 2005, 70, 1164—-1176.
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Table S4: Comparison of the '"H NMR and 3C NMR data of synthetic and natural nigramide R in chloroform-d.

synthetic natural synthetic natural
Attribution  'H & (ppm) m, J (Hz) "H 3 (ppm) 3C 5 (ppm) | ™3C 5 (ppm) A13C
1 - - - - - 170.4 170.4 0.0
2 3.66 m 3.66 m 0.00 421 421 0.0
3 2.99 tt(J=5.6—-2.6 Hz) 2.99 m 0.00 46.2 46.3 0.1
4 6.11 ddd (J= 15.6, 6.0, 2.3 Hz) 6.11 ddd (J=15.6, 8.3, 2.3 Hz) 0.00 128.6 128.7 0.1
5 6.36 d (J=15.7 Hz) 6.36 d(J=15.8 Hz) 0.00 131.1 131.1 0.0
Arq - - - - - 1314 1314 0.0
Ar; 6.87 d(J=1.6Hz) 6.87 d(J=1.6 Hz) 0.00 105.6 105.6 0.0
Arz - - - - - 148.0 148.0 0.0
Arg - - - - - 1471 147.2 0.1
Ars 6.72 d (J=8.0 Hz) 6.72 d (J=8.0Hz) 0.00 108.3 108.3 0.0
Are 6.75 dd (J=8.0, 1.6 Hz) 6.75 dd (J=8.0, 1.6 Hz) 0.00 120.9 120.9 0.0
[0-CH2-0] 5.93 s 593 s 0.00 101.0 101.1 0.0
Piq 3.54-3.35 m 3.51 ddd (J=13.5,6.7, 3.9 Hz) 47.6 46.7 -0.9
3.40 m
3.72-364 m 3.68 ddd (J=13.1,6.2, 4.2 Hz) 433 43.3 0.0
3.44-3.34 m 3.40 m

Pig 1.53 147 m 1.53 m 26.8 26.9 0.1
1.47 - 1.36 m 1.44 m 257 257 0.0
Piy 1.65-1.52 m 1.59 245 24.9 0.4
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2.8.Chabamide (10)

Consistent with the literature description.3

e R¢=0.37 (CH2Cl2/MeOH, 99:1);

« 'H NMR (400 MHz, chloroform-d) &: 6.83 (s, 1H), 6.81
(s, 2H), 6.69 (d, J = 7.8 Hz, 1H), 6.66 — 6.61 (m, 2H),
6.33 (d, J = 15.7 Hz, 1H), 5.99 (d, J = 1.5 Hz, 1H), 5.96
(d, J=1.5Hz, 1H), 5.92 (s, 2H), 5.86 (ddd, J = 9.9, 4.9,
2.6 Hz, 1H), 5.75 (d, J= 9.9 Hz, 1H), 5.21 (dd, J = 15.6,
10.1 Hz, 1H), 4.18 (dd, J = 9.6, 2.5 Hz, 1H), 3.67 (dd,

chabamide (10) "

J=11.8,9.5 Hz, 1H), 3.57 (t, J = 5.5 Hz, 4H), 3.48 (t, J = 4.5 Hz, 1H), 3.43 —
3.23 (m, 4H), 2.97 (td, J = 10.9, 5.7 Hz, 1H), 1.73 — 1.38 (m, 12H);

e 1C{'H} NMR ppm (101 MHz, chloroform-d): & 172.4, 171.1, 147.8, 147.5,
146.8, 146.5, 133.6, 132.0, 131.2, 130.3, 128.0, 125.5, 123.5, 120.8, 110.8,
108.2, 107.9, 105.4, 101.0, 100.9, 47.1, 47.1, 46.0, 45.3, 43.4, 43.0, 42.9, 37.8,

26.7,26.4, 25.8, 25.6, 24.6, 24.5;

e IR (neat) v =2919, 2852, 1633, 1504, 1488, 1443, 1251, 1039 cm™;
e HRMS(ESI): m/z calcd. for C3sH39N206" [M + H]" 571.2803; found 571.2805.

3 T. Rukachaisirikul, S. Prabpai, P. Champung, A. Suksamrarn, Planta Med. 2002, 68, 853—855.
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Table S5: Comparison of the '"H NMR and 3C NMR data of synthetic and natural chabamide in chloroform-d.

synthetic natural synthetic natural
Attribution "H & (ppm) m, J (Hz) int. "H & (ppm) 8C & (ppm) | 'C & (ppm)
1 - - - - - - 172.4 172.2 -0.2
2 3.67 dd (J=11.8,9.5 Hz) 1 3.64 dd (J=11.8,9.6 Hz) -0.03 37.8 37.7 -0.1
3 297 td (J=10.9, 5.7 Hz) 1 291 ddd (J = 11.8,10.2, 5.7 Hz) -0.06 453 454 0.1
4 5.21 dd (J = 15.6, 10.1 Hz) 1 5.19 dd (J = 15.6, 10.2 Hz) -0.02 128.0 128.1 0.01
5 6.33 d(J=15.7 Hz) 1 6.29 d(J=15.9 Hz) -0.04 131.2 131.0 -0.2
Arq - - - - - - 132.0 131.9 -0.1
Ar: 6.66 — 6.61 m 1 6.60 d(J=1.6 Hz) - 105.4 105.3 -0.1
Ars - - - - - - 147.8 147.8 0.0
Ary - - - - - - 146.8 146.7 -0.1
Ars 6.69 d(J=7.8Hz) 1 6.67 d(J=6.9 Hz) -0.02 108.2 108.2 0.0
Ars 6.66 — 6.64 m 1 6.63 dd (J=6.9, 1.6 Hz) - 120.8 120.7 -0.1
[0-CH2-0] 5.92 s 2 5.92 s 0.00 100.9 100.89 0.1
1 - - - - - - 1711 1711 0.0
2 4.18 dd (J=9.6, 2.5 Hz) 1 412 ddt (J=9.6, 2.3, 2.3 Hz) -0.06 42.9 42.9 0.0
3 5.75 d(J=9.9 Hz) 1 5.73 ddd (J=10.0, 2.3, 2.3 Hz) -0.02 125.5 125.5 0.02
4 5.86 ddd (J=9.9,4.9, 2.6 Hz) 1 5.84 ddd (J=10.0, 5.0, 2.3 Hz) -0.02 130.3 130.3 0.0
5 3.48 t(J=4.5Hz) 1 3.45 m -0.03 46.0 459 -0.1
Ary - - - - - - 133.6 133.6 0.0
Ar 6.83 s 1 6.79 s -0.04 100.8 100.8 0.0
Ary - - - - - - 147.5 147.5
Ary - - - - - - 146.5 146.4 -0.1
Ars’ 6.81 s 1 6.80 d(J=11.4Hz) -0.01 108.0 107.9 -0.1
Are’ 6.81 s 1 6.80 d(J=11.4 Hz) 123.5 123.5 0.0
[0O-CH2-0) 5.99 d(J=15Hz) 1 5.96 d(J=15Hz) -0.03 101.0 100.92 0.1
5.96 d(J=1.5Hz) 1 5.94 d(J=15Hz) -0.02
Pia 3.59 —3.52 m 2 3.33 m - 47.0 46.9 -0.1
3.42-3.24 m 2 3.26 m - 43.0 42.8 -0.2
m -
Pig 1.70-1.10 m 4 1.12 m - 26.4 26.4 0.0
1.43 m -
1.25 m - 256 25.6 0.0
Piy 1.50 - 1.35 m 2 1.43 m - 245 245 0.0
1.34 m -
Pid’ 3.59 - 3.52 m 2 3.54 m - 471 471 0.0
3.42-3.24 m 2 43.4 43.3 -0.1
Pig’ 1.70-1.10 m 4 1.58 m - 26.7 26.7 0.0
1.51 m - 258 25.8 0.0
Piy’ 1.70 - 1.60 m 2 1.63 m - 24.6 24.6 0.0
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2.9.[4+2] cycloadditions dimerization of piperine mediated by Ir(ppy)3

oo

Ir(ppy)s, iProEtN

OSSP S,

<O H/O 0> @
—\ —\

W H N

C17H1gNO3 CasHagN20g © m
MW: 285.34 g/mol MW: 570.68 g/mol Z-chabamide (11) Z-nigramide B (12)
A solution of piperine (1) (33 mg, 0.11 mmol, 1.0 equiv), Ir(ppy)s (3.3 mg, 0.005 mmol,
0.05 equiv) and iPr2EtN (37 pL, 0.212 mmol, 2.0 equiv) in CH3CN (1.0 mL) was
prepared in a glass tube. Solution was irradiated in an Hepatochem® PhotoRedOx

Box™ photoreactor with a blue LEDs light [465 nM]. After 16 h of reaction 4 batches

were combined and concentrated under reduced pressure. Purification by flash

chromatography on silica gel (gradient of elution: CH2CIl2/EtOH = 99:1 then 98:2) and
further preparative (TLC CH2CI2/EtOH = 99:1) afforded Z-chabamide (11) as a white
solid (Rf = 0.43, 70 mg, 53%) and then Z-nigramide B (12) as a white solid (Rf = 0.43,
16 mg, 12%).

2.10. Z-chabamide (11)

e Ri=0.43 (CH2Cl/MeOH, 99:1);

e 'H NMR (400 MHz, chloroform-d) 5: 6.94 (d, J = 1.6
Hz, 1H), 6.88 — 6.84 (m, 2H), 6.81 (s, 1H), 6.80 (d,
J=6.0 Hz, 1H), 6.79 (d, J = 7.9 Hz, 1H), 6.29 (d, J
=11.7 Hz, 1H), 5.96 (d, J = 1.5 Hz, 1H), 5.95 (d, J =
1.5 Hz, 1H), 5.94 — 5.92 (m, 2H), 5.81 (ddd, J = 9.9,
5.0, 2.7 Hz, 1H), 5.69 (dt, J = 10.0, 1.8 Hz, 1H), 4.67 |_Zchabamide 1fy = *
(dd, J = 11.7, 10.8 Hz, 1H), 4.09 (dq, J = 9.4, 2.4 Hz, 1H), 3.62 (dd, J = 11.5,
9.4 Hz, 1H), 3.58 — 3.46 (m, 6H), 3.45 — 3.26 (m, 4H), 1.71 — 1.60 (m, 2H), 1.60
_1.44 (m, 12H), 1.44 — 1.37 (m, 2H).

e C{'H} NMR ppm (101 MHz, chloroform-d): & 172.4, 171.5, 147.6, 147.4,
146.5, 146.4, 133.5, 131.8, 131.5, 130.1, 125.8, 123.6, 122.5, 111.3, 109.2,
108.4, 108.0, 101.0, 100.9, 47.3, 47.3, 45.4, 43.5, 43.2, 42.9, 39.2, 37.4, 27.0,
26.6, 26.0, 26.0, 24.8 (2C).

o IR (neat) v = 2933, 2856, 1629, 1487, 1438, 1234, 1037 cm"";

e HRMS(ESI): m/z calcd. for CasHasN206* [M + H]* 571.2803; found 571.2808.
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Table S6: '"H NMR and ¥C NMR data of Z-chabamide in chloroform-d.

"H & (ppm)

1 5 1724

2 362 dd 115-9.4 Hz 39.2

3 353346 m 374

4 467 dd 11.7 = 10.8 Hz 131.8

5 6.29 d 11.7 Hz 130.1

Ary - 1315
Ar, 6.94 d 1.6 Hz 109.2
Ars - 147.6
Ars - 146.5
Ars 6.79 d 7.9Hz 108.4
Are 6.88 — 6.84 m 122.5

1 - 1715

2 4.09 dq 9.4-24Hz 429

3 569 dt 10.0 - 1.8 Hz 125.8

r 5.81 ddd 9.9-50-27Hz 131.8

5 337-332 m 454
Ary - 1335
Ary? 6.81 s 112.3
Arg - 147.4
Ary - 146.5
Ars’ 6.80 d 6.0 Hz 108.0
Arg’ 6.88 — 6.84 m 1236

[O-CH2-O]’ 5.96 d 1.5 Hz 101.0 or 100.9
5.95 d 1.5 Hz
[0-CH2-0] 594 -592 m 101.0 or 100.9

Pis & Pio’ 358 -3.26 m 474
473

435

432

Pigs Pig’ 1.60 — 1.4 m 27.0
26.6

26.0

25.9

Piy & Piy’ 1.60 - 1.44 m 248

1.44-1.37 m
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211. Z-nigramide B (12)

e Rf=0.40 (CH2Cl2/MeOH, 99:1);

e 'HNMR (400 MHz, chloroform-d) &: 6.82 —6.75 (m,
4H), 6.75 — 6.69 (m, 2H), 6.55 (d, J=11.4 Hz, 1H),
594 (d, J = 1.4 Hz, 1H), 5.93 (d, J = 1.4 Hz, 1H)
592 (d, J=1.4 Hz, 1H), 5.90 (d, J = 1.4 Hz, 1H)
5.87 —5.76 (m, 3H), 4.20 (dq, J=10.0, 2.1 Hz, 1H)
3.80 -3.57 (m, 3H), 3.54 (dd, J=10.0, 3.0 Hz, 1H),
3.55 — 3.44 (m, 1H), 3.38 (m, 1H), 3.36 — 3.32 (m, 1H), 3.21 — 3.12 (m, 1H),
3.05 (d, J = 11.2 Hz, 1H), 2.65 (ddd, J = 12.0, 8.3, 3.5 Hz, 1H), 2.53 (ddd, J =
13.4,6.7,3.5Hz, 1H), 1.84 - 1.72 (m, 1H), 1.70 — 1.23 (m, 8H), 1.21 - 1.11 (m,
2H), 0.85-0.70 (m, 1H).

e "3C{'H} NMR ppm (101 MHz, chloroform-d): & 171.2, 171.1, 147.9, 147.7,
146.5, 146.4, 136.6, 131.8, 131.5, 130.9, 128.0, 127.0, 122.1, 121.8, 109.2,
109.1, 108.3, 108.2, 101.2, 101.1,47.1, 47.0, 45.8, 43.8, 42.8, 40.8, 38.0, 37.2,
26.9, 25.8, 25.8, 25.3, 24.9, 24 6.

e IR (neat) v =2933, 2856, 1637, 1487, 1438, 1247, 1037 cm™";

e HRMS(ESI): m/z calcd. for C3sH39N206* [M + H]" 571.2803; found 571.2807.

Z-nigramide B (12)
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Table S7: '"H NMR and '*C NMR data of Z-nigramide B in chloroform-d.

Attribution 'H & (ppm)
1 - 1711 0r171.2
2 4.20 dq 10.0-2.1 Hz 38.0
3 3.54 dd 10.0-3.0 Hz 37.2
4 5.84 -5.77 m 131.5
5 6.55 d 11.4 Hz 130.9
Arq - 131.8
Ar2 6.72 -6.70 m 109.2
Ar; - 147.7 or 147.9
Arg = 146.5 or 146.6
Ars 6.80 - 6.77 m 108.3
Ars 6.72 — 6.69 m 1221
1 - 171.10r171.2
2 3.05 d 11.2 Hz 40.8
3 5.85-5.78 m 128.0
4 5.87 - 5.83 m 127.0
5 3.38 m 47.0
Ary’ - 136.6
Ary’ 6.80 — 6.78 m 109.1
Ars’ - 147.7 or 147.9
Ars - 146.5 or 146.6
Ars’ 6.75 - 6.80 m 108.2
Are’ 6.76 — 8.82 m 121.8
[0O-CH2-0T 5.94 d 1.4 Hz 101.1 and 101.2
5.93 d 1.4 Hz
5.92 d 1.4 Hz
5.90 d 1.4 Hz
Piq & Pis’ 3.77 - 3.61 m 471
2.65 ddd 12.0-83-35Hz 458
2.53 ddd 134-6.7-3.5Hz
3.73-3.60 m 43.8
3.55-3.44 m
3.36 —3.32 m 42.8
3.21-3.12 m
Pig & Pig’ 1.84 -1.72 m 26.9
1.67 — 1.58 m
1.65 - 1.40 m 25.8 and 25.7
1.21-1.11 m
1.21-1.11 m 253
0.85-0.70 m
Piy & Piy’ 1.70 - 1.29 m 24.9 and 24.6
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3. Synthesis of ilepcimide and piperettine

3.1.1-(Chloracetyl)-piperidine (si-1)

0]
(0]
HN EtsN, CH,Cl a
+

si-1
C,H,CIL,0 CsHyyN C7H4,CINO
MW: 112.94 g/mol MW: 85.15 g/mol MW: 161.63 g/mol

Prepared by adapting the literature procedure.* To a solution of piperidine (2.35 mL,
23.8 mmol, 1.0 equiv) and EtsN (9.25 mL, 66.4 mmol, 2.8 equiv) in CH2Cl2 (60 mL),

chloracetyl chloride (2.10 mL, 26.5 mmol, 1.1 equiv) was added dropwise. After 90 min

of stirring, the reaction mixture was quenched with HCI (2M, 50 mL). The organic layer

was separated, washed with an aqueous solution of K2COs3 (5%, 2 x 40 mL) and then

H20 (50 mL), dried over Na2SO4 and concentrated under reduced pressure to afford
si-1 as a brown oil (1.85 g, 48%).

Rs = 0.18 (CH2Cl2);

"H NMR (300 MHz, chloroform-d) &: 4.05 (s, 2H), 3.55 (t, J = 5.5 Hz, 2H), 3.43
(t, J = 5.0 Hz, 2H), 1.73 — 1.51 (m, 8H);

3C{'H} NMR ppm (75 MHz, chloroform-d): 5 161.2, 47.6, 43.5, 41.3, 26.5, 25.5,
24 4;

IR (neat) v = 2940, 1641, 1444, 1280, 1250, 1224 1135, 1120, 1024 cm™";
HRMS(ESI): m/z calcd. for C7H12NO2%°CINa* [M + Na]* 184.0500; found
184.0473.

3.2.Diethyl (2-oxo0-2-(piperidin-1-yl)-ethyl)-phosphonate (15)

y J  d L
O O

+ I!, EtO
/\o/ \o/\
si-1 15
C7H4,CINO CgH1503P C11HoNO4P
MW: 161.63 g/mol MW: 166.16 g/mol MW: 263.27 g/mol

Prepared by adapting the literature procedure.® A mixture of chloracetyl piperidine
si-1 (1.85 g, 11.5 mmol, 1.0 equiv) and P(OEt)s (2.5 mL, 14.6 mmol, 1.3 equiv) was

4 A. Ohta, Y. Tomomura, J. Sawaki, H. Akkike, M. Ikuta, M. Shimazaki, Heterocycles. 1991, 32, 965-973.
5 J. K. Mannisto, A. Sahari, K. Lagerblom, T. Niemi, M. Nieger, G. Sztand, T. Repo, Chem. — Eur. J. 2019, 25, 10284—10289.
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heated to 150°C for 2.5 h. After cooling, purification by flash chromatography on
silica gel (gradient of elution: CH2CI2/Et20 = 199:1 then 98:2) afforded 15 as a pale-
yellow oil (2.35 g, 79%).

Rf = 0.15 (CH2Cl2);

"H NMR (300 MHz, chloroform-d) &: 4.16 (tt app, J = 8.2, 6.5 Hz, 4H), 3.52 (s br,
4H), 3.06 (d, J = 22.0, 2H), 1.74 — 1.50 (m, 6H), 1.47 — 1.17 (m, 5H);

13C{'H} NMR ppm (75 MHz, chloroform-d): 3 163.2, 62.7, 62.7, 48.2, 43.3, 33.5
(d, J=133.3 Hz), 26.5, 25.7, 24.5, 16.5, 16.4;

IR (neat) v = 3400 large, 298, 2939, 2858, 1622, 1444, 1274, 1054, 974 cm™";
HRMS(ESI): m/z calcd. for C11H22NO4PNa* [M + Na]* 286.1179; found
286.1165.

3.3.llepcimide (2)

0
< o Eté)t(—)P\)L O NaH, CHCl, <OI>/VL,O
© 2

CgHgO3 C11H22NO4P C15H17NO3
MW: 150.13 g/mol MW: 263.27 g/mol MW: 259.30 g/mol

To a solution of piperonal (300 mg, 2.0 mmol, 1.0 equiv) and 15 (600 mg, 2.3 mmol,
1.14 equiv) in CH2Cl2 (20 mL), NaH (60%, 160 mg, 4.0 mmol, 2.0 equiv) was added.

After 12 h of stirrings, the reaction mixture was quenched with H20 (5 mL). The organic

layer was separated, dried over Na2SO4 and concentrated under reduced pressure.

Purification by flash chromatography on silica gel (eluent: CH2Cl2/Et20 = 99:1) afforded

2 as an off-white solid (500 mg, 96%). Consistent with the literature description.®

Rf = 0.15 (CH2Cl2);

Aniseed scent

"H NMR (300 MHz, chloroform-d) &: 7.55 (d, J = 15.4 Hz, 1H), 7.02 (s, 1H), 6.98
(d, J=7.7Hz, 1H),6.78 (d, J = 7.7 Hz, 1H), 6.72 (d, J = 15.4 Hz, 1H), 5.97 (s,
1H), 5.97 (s, 1H), 3.60 (t, J = 5.3 Hz, 4H), 1.77 — 1.51 (m, 6H);

13C{'H} NMR ppm (75 MHz, chloroform-d): 5 165.6, 149.0, 148.3, 142.1, 130.1,
123.7, 115.8, 108.6, 106.5, 101.5, 45.3 (2C), 26.3 (2C), 24.8;

6 X. Xia, P. H. Toy, Synlett 2015, 26, 1737-1743.
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e IR (neat) v = 2937, 2854, 1642, 1606, 1504, 1489, 1444, 1354, 1248, 1215,
1140, 1122, 1101, 1037 cm™;
e HRMS(ESI): m/z calcd. for C1sH1eNOs* [M + H]* 260.1282; found 260.1293.

3.4. Methyl piperate (13)

1) KOH, EtOH
s & 2) 2M-HCI N Q
<O:©/\/\)L,\O 3) H,SO4, MeOH <O:©/\/\)I\OM6
(®) e}
1 13
C47H19NO3 C13H1204
MW: 285.34 g/mol MW: 232.23 g/mol

Prepared by adapting literature procedure.” A solution of piperine (1) (3.0 g, 10.5 mmol,
1.0 equiv) and KOH (6.8 g, 119.3 mmol, 11.4 equiv) in EtOH (25 mL) was heated to
reflux for 16h. After cooling, the precipitate was collected by filtration and then
dissolved in H20 (20 mL). The solution was acidified with HCI (2M, pH = 2-3).
Precipitate was collected by filtration and washed with H20 (2 x 5 mL) to afford crude
piperic acid. To crude piperic acid suspended in MeOH (40.0 mL) conc-H2S04 (5
drops) was added. The reaction mixture was heated to reflux for 16 h. After cooling,
the reaction mixture was concentrated under reduced pressure. Crude product was
dissolved in CH2Cl2 (40 mL), washed with a saturated aqueous solution of NaHCOz3 (2
x 20 mL), dried over Na2SO4 and concentrated under reduced pressure. Purification
by flash chromatography on silica gel (eluent: CH2Cl2) afforded 13 as a yellow solid
(1.29 g, 53%).

e Rf=0.78 (CH2Cl);

e '"H NMR (300 MHz, chloroform-d) &: 7.42 (dd, J = 15.2, 10.4 Hz, 1H), 6.99 (d, J
=1.7 Hz, 1H), 6.91 (dd, J = 8.0, 1.7 Hz, 1H), 6.86 — 6.64 (m, 3H), 5.98 (s, 3H),
5.94 (d, J = 15.0 Hz, 1H), 3.76 (s, 3H);

e 13C{'H} NMR ppm (101 MHz, chloroform-d): & 167.7, 148.7, 148.5, 145.1,
140.4,130.7, 124.7, 123.1, 120.1, 108.7, 106.1, 101.5, 51.6;

e IR (neat) v = 2949, 2918, 2849, 1707, 1620, 1606, 1505, 1493, 1452, 1436,
1331, 1311, 1265, 1241, 1141, 1039, 1001 cm™";

e HRMS(ESI): m/z calcd. for C13H1304* [M + H]* 233.0808; found 233.0819.

7 H. Qu, X. Yu, X. Zhi, M. Lv, H. Xu, Bioorg. Med. Chem. Lett. 2013, 23, 5552-5557.
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3.5.(E,E)-5-(1,2-methylenedioxy-benzen-4-yl)-penta-2,4-dien-1-ol (si-2)

(0]
NN Dibal-H, CH,CI NG S
<ODA/\)LOMG 212 <OD/\N\OH
e} O
13 si-2
C13H1204 C12H1203
MW: 232.23 g/mol MW: 204.22 g/mol

Prepared by adapting literature procedure.” To a solution of 13 (410 mg, 1.76 mmol,
1.0 equiv) in CH2Cl2 (25 mL) a solution of Dibal-H (1.1 M, 6.0 mL, 6.60 mmol, 3.75

equiv) in cyclohexane was added. After 4h of stirring at 0°C, the reaction mixture was

quenched with H20 (15 mL). The organic layer was separated, washed with H20 (5

mL), dried over Na2SO4 and concentrated under reduced pressure. Purification by

flash chromatography on silica gel (gradient of elution: CH2CIl2/EtOH = 99:2 then 95:5)

afforded si-2 as a pale yellow solid (320 mg, 88%).

Rf = 0.20 (CH2Cl2);

"H NMR (300 MHz, chloroform-d) &: 6.94 (s, 1H), 6.83 (d, J = 7.9 Hz, 1H), 6.75
(d, J = 8.0 Hz, 1H), 6.62 (dd, J = 15.5, 10.3 Hz, 1H), 6.46 (d, J = 15.6 Hz, 1H),
6.39 (m, 1H), 5.95 (s, 2H), 5.90 (dt, J = 9.6, 6.2 Hz, 1H), 4.23 (d, J = 5.9 Hz,
2H);

13C{'H} NMR ppm (75 MHz, chloroform-d): & 148.1, 147.3, 146.5, 132.5, 131.8,
131.7, 126.5, 121.3, 108.4, 105.5, 101.1, 63.5;

IR (neat) v = 3340 large, 2921, 2851, 1503, 1488, 1446, 1355, 1250, 1192,
1094, 1038, 985 cm"*;

HRMS(ESI): m/z calcd. for C12H1303* [M - H20 + H]* 187.0754; found
187.0754.

3.6.(E,E)-5-(1,2-methylenedioxy-benzen-4-yl)-penta-2,4-dienal (14)

__AA MnO, CH,CI AN
<O:©/\/\/\OH », Yl <O:©/\/\/§o
0] (0]

si-2 14
C12H1203 C12H1003
MW: 204.22 g/mol MW: 202.21 g/mol

Prepared by adapting literature procedure.” To a solution of si-2 (320 mg, 1.56 mmol,
1.0 equiv) in CH2Cl2 (20 mL), 8 batches of MnO2 (500 mg, 5.75 mmol, 8 x 3.7 equiv)

were added every 30 min. 30 after the addition of the last batch, the reaction mixture
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was filtered through a silica plug (CH2Cl2 washes). The filtrate was concentrated under

reduced pressure to afford 14 as yellow solid (300 mg, 94%).

e Rf=0.39 (CH2Cl);

e 'HNMR (300 MHz, chloroform-d) &: 9.59 (d, J = 7.9 Hz, 1H), 7.23 (dd, J = 15.2,
10.2 Hz, 1H), 7.03 (d, J = 1.7 Hz, 1H), 6.99 — 6.93 (m, 1H), 6.92 — 6.86 (m, 1H),
6.86 —6.77 (m, 2H), 6.23 (dd, J = 15.0, 7.9 Hz, 1H), 6.00 (s, 2H);

e 13C{'H} NMR ppm (75 MHz, chloroform-d): 8 193.5, 152.3, 149.2, 148.5, 142.3,
131.0, 130.3, 124.6, 123.7, 108.7, 106.2, 101.6;

e IR (neat) v = 2850, 1672, 1617, 1597, 1503, 1487, 1447, 1360, 1250, 1194,
1156, 1132, 1111, 1036, 1010, 984,929 cm™";

e HRMS(ESI): m/z calcd. for C12H1103* [M + H]* 203.0703; found 203.0723.

3.7.Piperettine (3)

O — an, LhaLI
O
O 3

14 15
C12H1003 C11H22NO4P C19H21NO3
MW: 202.21 g/mol MW: 263.27 g/mol MW: 311.37 g/mol

To a solution of 14 (300 mg, 1.49 mmol, 1.0 equiv) and 15 (560 mg, 2.13 mmol, 1.4
equiv) in CH2Cl2 (20.0 mL), NaH (60%, 160 mg, 4.0 mmol, 2.7 equiv) was added. After
18 h of stirring, the reaction mixture is quenched with H20 (15 mL). The organic layer
was separated, dried over Na2SO4 and concentrated under reduced pressure.
Purification by flash chromatography on silica gel (eluent: CH2Cl2/MeOH, 99:1)

afforded 3 as a yellow solid (220 mg, 48%). Consistent with the literature description.8

¢ Rf=0.49 (CH2Cl2/MeOH, 99:1);

e Aniseed scent

e "H NMR (300 MHz, chloroform-d) &: 7.35 (dd, J = 14.7, 11.2 Hz, 1H), 6.96 (d, J
= 1.7 Hz, 1H), 6.86 (dd, J = 8.1, 1.7 Hz, 1H), 6.76 (d, J = 8.0 Hz, 1H), 6.71 —
6.55 (m, 3H), 6.47 — 6.33 (m, 2H), 5.96 (s, 2H), 3.56 (m, 4H), 1.83 — 1.51 (m,
6H);

8 N. Nandakumar, S. Muthuraman, P. Gopinath, P. Nithya, J.Gopas, R. S. Kumar, Eur. J. Med. Chem. 2017, 125, 1076—1087.
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e BC{'H} NMR ppm (75 MHz, chloroform-d): 5 165.6, 148.4, 147.9, 142.4,139.2,
135.4,131.7,130.6, 126.9, 122.1, 120.3, 108.6, 105.7, 101.4, 47.1, 43.4, 26.88,
25.9, 24 .8;

¢ IR (neat) v = 2935, 2854, 1634, 1575, 1504, 1488, 1434, 1251, 1136, 1118,
1038, 1033, 929 cm™;

e HRMS(ESI): m/z calcd. for C19H22NO3* [M + H]* 312.1595; found 312.1602.

3.8.Compound 16

(0]
0 X N N Ru(bpy)gClz |Pr2EtN
{ I\O CH4CN. hu

e 3

N v

MW: 311.37 g/mol 5

C3gH42N206 ; : \
Pig’ Pic. N

7\

16 Pi, Pig pi

A solution of piperettine (3) (35 mg, 0.11 mmol, 1.0 equiv), Ru(bpy)sCl2 (3.8 mg, 0.005
mmol, 0.05 equiv) or Ir(ppy)s (3.3 mg, 0.005 mmol, 0.05 equiv) and iPr2EtN (37 uL,
0.212 mmol, 2.0 equiv) in CH3CN (1.0 mL) was prepared in a glass tube. Solution was
irradiated in an Hepatochem® PhotoRedOx Box™ photoreactor with a blue LEDs light
[465 nM]. After 16 h of reaction mixture was concentrated under reduced pressure.
Alternative, reaction can also be performed with Ru(phen)sCl2 (3.6 mg, 0.005 mmaol,
0.05 equiv) (without /Pr2EtN) under an argon atmosphere for 4 days. Purification by
preparative (TLC CH2CIl2/EtOH = 99:1) afforded B (16) as a white solid. Conditions with
Ru(bpy)sCl2: 5 mg, 15%; conditions with Ir(ppy)s: 3.5 mg, 15%; conditions with
Ru(phen)sCl2: 5 mg, 15%.

e R¢=0.35 (CH2Cl2/MeOH, 99:1);

e 'H NMR (400 MHz, chloroform-d) &: 6.97 (d, J = 1.7 Hz, 1H), 6.89 (d, J = 1.7
Hz, 1H), 6.84 (dd, J = 8.0, 1.7 Hz, 1H), 6.81 — 6.70 (m, 3H), 6.50 (dd, J = 15.7,
10.1 Hz, 1H), 6.42 — 6.34 (m, 2H), 6.23 (dd, J = 15.0, 10.2 Hz, 1H), 6.06 (m,
1H), 5.96 (s, 2H), 5.93 (d, 5.3 Hz, 2H), 5.78 (ddd, J = 10.0, 5.1, 2.8 Hz, 1H),
5.63 (dt, J = 10.0, 1.6 Hz, 1H), 5.56 (dd, J = 15.0, 10.0 Hz, 1H), 4.08 (dq, J =
7.4, 2.4 Hz, 1H), 3.63 (dd, J = 10.8, 9.6 Hz, 1H), 3.58 — 3.44 (m, 7H), 3.37 (m,
1H), 3.05 (d, J = 10.0 Hz, 1H), 2.84 (td, J = 10.8, 5.2 Hz, 1H), 1.74 — 1.44 (m,
12H).
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3C{'H} NMR ppm (101 MHz, chloroform-d): & 172.4, 171.1, 148.2, 148.2,
147.3, 147.2, 133.3, 132.9, 132.8, 132.2, 132.1, 131.5, 130.6, 127.4, 127 .4,
125.3, 121.3, 121.1, 108.5, 108.4, 106.0, 105.5, 101.2 (2C), 47.2, 47.2, 45.3,
43.6,43.6, 43.5,43.1, 38.6, 26.9, 26.6, 25.9, 25.9, 24.8 (2C);

IR (neat) v = 2953, 2934, 2557, 1708, 1618, 1489, 1445, 1355, 1252 cm™’;
HRMS(ESI): m/z calcd. for C3sH43N206" [M + H]" 623.3116; found 623.3123.
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Table S8: '"H NMR and '*C NMR data of compound 16 in chloroform-d.

Attribution 'H & (ppm) 3C & (ppm)
1 - 172.4
2 3.66 dd 11.8-9.6Hz 38.6
3 2.84 td 10.8-5.2 Hz 45.3
4 5.56 dd 15.0-10.0 Hz 133.3
5 6.23 dd 15.0 - 10.2 Hz 132.9
6 6.50 dd 15.7 - 10.1 Hz 127.4
7 6.38 m 131.5
Arq - 132.2
Ar2 6.89 d 1.7 Hz 105.5
Ars - 148.2
Ars - 147.3
Ars 6.73 m 108.5
Ars 6.77 m 121.3
[O-CH2-0] 5.93 d 5.3 Hz 101.2
1’ - 1711
2 4.08 dq 74-24Hz 43.6
3 5.78 ddd 10.0-5.1-28Hz 125.3
4 5.63 dt 10.0-1.6 Hz 130.6
5 3.05 d 10.0 Hz 43.6
6’ 6.06 m 127.4
v 6.39 m 132.8
Ary - 132.1
Ary 6.97 d 1.7 Hz 106.0
Ary - 148.2
Ary - 147.2
Ars’ 6.75 m 108.4
Are’ 6.84 dd 8.0-1.7Hz 121.1
[0O-CH2-0T 5.96 s 101.2
Pia & Pis’ 3.58 -3.34 m 47.2
47.2
43.5
3.58 - 3.34 m 431

3.37 m

Pig & Pig’ 1.74 -1.44 m 26.6
26.6
259
25.9
Piy & Piy’ 1.74 -1.44 m 24.8

SI-27



4. Assemblies performed in 3D printed continuous-flow
system

4.1. Continuous flow reactor

/ {@D N, flow Inlet \

/ salvant flow

® 3D printed PP reactor

A @ sample loading

® mixing chip

— @ flow confrol

[ @ Kessil lamp

HKessil lamp
spacer

® sample collaction
\, 3D printed

. ®tam perature PP reactor

manltoring

t
®

air conling

Figure S1 : 3D printed nitrogen (or air) driven continuous-flow system.

A: Nitrogen (or compress air) flow inlet; B: Solvent flow from the solvent bottle; C: Flow
control; D: Sample loading (6 port injection loop); E: 3D printed polypropylene mixing
chip; F: 3D printed polypropylene reactor (1 chamber way = 1.0 mL, 2 chamber way =
2.0 mL); G: Reactor compress cooling air; H: Digital temperature monitoring; I: Kessil®

lamp spacer; J: Kessil® lamp; K: Sample collection.
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4.2.Continuous flow assembly of piperine (1)

(0] .
Ru(bpy);Cly, iPrEtN 0
<OJ©A/§)L,O CH3CN,LiBF 4 hv o’~
CORAROR R
m“l\ N
Cy7H1gNO3 Ca4HagN20s N7\
 f=

dipiperamide F (4) dipiperamide G (5)

Lo

nigramide R (6)

A solution of piperine (1) (34 mg, 0.12 mmol, 1.0 equiv.), Ru(bpy)sCl2.6H20 (4.5 mg,
0.006 mmol, 0.05 equiv.) and iPr2EtN (42 pL, 0.24 mmol, 2.0 equiv) and in CH3CN (1.0
mL) was prepared. A solution of LiBF4 in CH3CN (1.0 M, 420 pL, 0.42 mmol, 4.0 equiv)
was added. The reaction mixture was injected into the 3D printed continuous-flow
system (25 min total duration). The solvent flow is maintained at 0.1 mL/min using N2
flow. The flow reactor (2 mL, 20 min residence time) was irradiated with a blue LEDs
light [Kessil®, PR160L, 456 nM, 50W, 100% intensity]. The reaction mixture was
collected in a round bottom flask and concentrated under vacuum. Three batches were
combined and purified by preparative TLC on silica gel (eluent: CH2Cl2/MeOH, 99:1)
to afford nigramide R (6) as white solid (Rf = 0.39, 51 mg, 50 %), dipiperamide G (5)
as white solid (Rf = 0.26, 13 mg, 13 %) and dipiperamide F (4) as white solid (Rf =
0.19, 17 mg, 17 %).

Table S9 : Screening of conditions for the dimerization of piperine (1) with the 3D printed continuous-flow system

Entry Catalyst Conditions Result
(ZPt’)a::i’:\) Rlé%fn)é?'z CHsCN, iPr2EtN (2.0 equiv.) <5 % conversion*
1 Rt CHLON, IPrEN (2.0 equiv. 60 % conversion®

2 Ruz(ot/:f)r;)é?lz CH3CN, iPrzEtN (2.0 equiv.) 50 % conversion*

Full conversion, dipiperamides F

Ru(bpy)sCl, . . . (4): 17 %; dipiperamides G (5):
3 5%-mol CH3CN, iPrzEtN (2.0 equiv.), LiBF,4 13 %; nigramide R (6): 50%
(isolated yields).
Batch Ir(bpy)s . . -
(20 min) 2 5%-mol CH3CN, iPrEtN (2.0 equiv.) <5 % conversion

Ir(bpy) Full conversion, Z-chabamide
3 2 5%-m30I CH3CN, iPr,EtN (2.0 equiv.) (11): 44 %; Z-nigramide B (11):
) 15 %; (isolated yields).
* Determined by NMR of the crude reaction mixture
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Ir(ppy)s, iProEtN
o I CH4CN, ho
< ) —
O
1
C47H19NO3
MW: 285.34 g/mol

A solution of piperine (1) (34 mg, 0.12 mmol, 1.0 equiv.), Ir(ppy)s (2.0 mg, 0.003 mmol,
0.025 equiv.) and iPr2EtN (42 uL, 0.24 mmol, 2.0 equiv) and in CH3CN (1.0 mL) was

prepared. The reaction mixture was injected into the 3D printed continuous-flow

Z-chabamide (11) Z-nigramide B (12)

system (40 min total duration). The solvent flow is maintained at 0.1 mL/min using air
flow. The flow reactor (2 mL, 20 min residence time) was irradiated with a blue LEDs
light [Kessil®, PR160L, 456 nM, 50W, 100% intensity]. The reaction mixture was
collected in a round bottom flask and concentrated under vacuum. The crude product
was purified by preparative TLC on silica gel (eluent: CH2Cl2/MeOH, 99:1) to afford Z-
chabamide (11) as white solid (Rf = 0.43, 15 mg, 44 %) and Z-nigramide B (12) as
white solid (Rf = 0.40, 5 mg, 15 %).

5. Electrochemical analysis

5.1.General procedures for electrochemical analysis

Electrochemical potentials of starting materials were determined by measuring half-
wave potentials (E12). The electrochemical measurements were recorded at room
temperature with an AUTOLAB potentiostat/galvanostat (model: PGSTAT302N) using
an undivided three-electrodes cell fitted with glassy carbon working electrode (9 =
2mm), a platinum wire counter electrode and a saturated calomel electrode (SCE) as
reference. Scan rate: 100 mV.s™'. A 0.1 M solution of nBusNPFe in CH3CN was used

as supporting electrolyte.
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5.2.Cyclic voltammetry of piperine (1) [oxidation potential]

0,00009
0,00008
0,00007
0,00006
0,00005
0,00004
0,00003
0,00002

Current Intensity: [A/cm?]

0,00001

0
0 0,2 0,4 0,6 0,8 1 1,2 1,4 1,6

-0,00001 . .
Potential applied: E [V]

Figure 2: Cyclic voltammogram of piperine (1); 0.1 mM in a 0.1 M solution of nBusNPFs in CH3CN]; scan rate = 100
mV.s™; 0.0 mV — 1.4 mV — 0.0 mV; glassy carbon working electrode (& = 2mm)- Pt counter electrode — reference:
saturated calomel electrode (SCE).

0,00018
0,00016
0,00014
0,00012

0,0001
0,00008

0,00006

Current Intensity: [A/cm?]

0,00004

0,00002

0

|

0 0,5 1 1,5 2 2,5 3

-0,00002 . .
Potential applied: E [V]

Figure 3: Cyclic voltammogram of piperine (1); 0.1 mM in a 0.1 M solution of nBusNPFs in CH3CN]; scan rate = 100
mV.s™; 0.0 mV — 2.5 mV — 0.0 mV; glassy carbon working electrode (& = 2mm)- Pt counter electrode — reference:
saturated calomel electrode (SCE).
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5.3.Cyclic voltammetry of piperine (1) [reduction potential]

= -0,00002

-0,00004

-0,00006

-0,00008

Current Intensity: [A/cm

-0,0001

-0,00012
-2,5 -2 -1,5 -1 -0,5 0
Potential applied: E [V]

Figure 4: Cyclic voltammogram of piperine (1); 0.1 mM in a 0.1 M solution of nBusNPFs in CH3CN]; scan rate = 100
mV.s'; 0.0 mV — -2.1 mV — 0.0 mV; glassy carbon working electrode (& = 2mm) — Pt counter electrode —
reference: saturated calomel electrode (SCE).
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6, "H NMR (Chloroform-d, 400 MHz)

ml023f1.16.fid — ML023-F1 : CDCI3 5 mm — post analyse
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mI023f1.15.fid — MLO23-F1 : CDCI3 5 mm 6, "*C{"H} NMR (Chloroform-d, 101 MHz)
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4, "H NMR (Chloroform-d, 400 MHz)

ml023f3.16.fid — ML023-F3 : CDCI3 5 mm — post analyse
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4, 3C{"H} NMR (Chloroform-d, 101 MHz)

ml023f3.15.fid — ML023-F3 : CDCI3 5 mm
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5, "H NMR (Chloroform-d, 400 MHz)
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5, *C{"H} NMR (Chloroform-d, 101 MHz)

lev-1048-f2 : CDCI3 5 mm

lev1048.2.15.fid

EX74
m.¢~/.
£L'ST
6'SC
v.wm.\
0°/L¢

oY

dipiperamide G

10T —

8'50T
0'90T
+'801~"

6°0¢CT
01T
Tsar—
€L —

9TET
EQW.
gTET

€EET

TPt
€LPT
8T
(4!

69T —
T

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

20



10, 'H NMR (Chloroform-d, 400 MHz)

PH15 A22 : CDCI3 5 mm
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10, "*C{"H} NMR (Chloroform-d, 101 MHz)

lev-1046-f1 : CDCI3 5 mm
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11, "H NMR (Chloroform-d, 400 MHz)

ml029f3.16.fid — ML029-F3 : CDCI3 5 mm — post analyse
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11, 3C{"H} NMR (Chloroform-d, 101 MHz)

ml029f3.15.fid — ML029-F3 : CDCI3 5 mm
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12, 'H NMR (Chloroform-d, 400 MHz)

ml029f2.16.fid — ML029-F2 : CDCI3 5 mm — post analyse
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12, *C{"H} NMR (Chloroform-d, 101 MHz)

ml029f2.15.fid — ML029-F2 : CDCI3 5 mm
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lev-1055.1.fid — lev-1055

si-1, '"H NMR (Chloroform-d, 300 MHz)
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lev-1055.2.1.1r — lev-1055 si-1, *C{'H} NMR (Chloroform-d, 75 MHz)
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2020-01-10.80.fid — lev-1057-f2 — PROTON CDCI3 E:\\ gnosie 7 15, "H NMR (Chloroform-d, 300 MHz)
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131
2020-01-10.81.fid — lev-1057-f2 — IMOD CDCI3 E:\\ gnosie 7 15, “C{"H} NMR (Chloroform-d, 75 MHz)
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1

2020-05-19.10.fid — lev-1065 — PROTON CDCI3 E:\\ gnosie 3 2, 'HNMR (Chloroform-d, 300 MHz)
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2, BC{"H} NMR (Chloroform-d, 75 MHz)

0
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13, 'H NMR (Chloroform-d, 300 MHz)
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131
2020-01-14.41.fid — lev-1058 — JMOD CDCI3 E:\\ gnosie 11 13, “C{"H} NMR (Chloroform-d, 75 MHz)
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14, "H NMR (Chloroform-d, 300 MHz)

2023-02-24-3-nuit.10.fid — ph09 — Proton.4 CDCI3 E:\\ gnosie 3
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131
2023-02-24-3-nuit.11.fid — ph09 — udeft CDCI3 E:\\ gnosie 3 14, “C{"H} NMR (Chloroform-d, 75 MHz)
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3, "H NMR (Chloroform-d, 300 MHz)

PH 11-2.1.fid — PH 11-2
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2023-03-27-4-nuit.10.fid — PH11-2 — udeft CDCI3 E:\\ gnosie 4
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3, C{"H} NMR (Chloroform-d, 75 MHz)
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16, 'H NMR (Chloroform-d, 400 MHz)

ph12a2.10.fid — PH12 A2 : CDCI3 3 mm
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16, "*C{"H} NMR (Chloroform-d, 101 MHz)

ph12a2.15.fid — PH12 A2 : CDCI3 3 mm
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