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1. General Experimental Details

The solvents employed in the reactions were used without any further purification. The
model [4+2] cycloaddition reaction was carried out in vials and stirred with a magnetic

bar without inert atmosphere.

NMR spectra were acquired on a Bruker 300 spectrometer, running at 300, 75 and 282
MHz for 1H, 3C and *°F, respectively. Chemical shifts (8) are reported in ppm relative to
residual solvent signals (CDCls, 7.26 ppm for *H NMR and 77.00 ppm for 1*C NMR). 3C
NMR spectra were acquired on a broadband decoupled mode. The following
abbreviations are used to describe peak patterns when appropriate: s (singlet), d
(doublet), t (triplet), g (quartet), quint (quintet), sept (septuplet), m (multiplet), br (broad).

Analytical thin layer chromatography (TLC) was performed using pre-coated aluminium-
backed plates, with fluorescence indicator to 254 nm, and visualized by ultraviolet
irradiation and/or by treatment with potassium permanganate. Purification of reaction
products was carried out by flash chromatography (FC) using latrobeads or silica gel
(6RS-8060), indicated each case.

Optical rotations were measured on a Perkin-Elmer 241 polarimeter at room temperature
and [a]?% values are given in degecmeg'sdm; concentration c is listed in g¢(100 mL)*.
The enantiomeric excess (ee) of the products were determined by SFC using mixtures
of supercritical CO, and methanol and Chiralpak IA, I1B-3, IC, ID, 1G-3, OJ-H columns as

chiral stationary phases.

High Resolution Mass Spectra (HRMS) were acquired on an Agilent Technologies 5977B
MSD using electrospray (ESI) making use of the MassWorks software ver. 4.0.0.0.
(Cerno Bioscience) for the formula identification. MassWorks is a MS calibration
software, which calibrates for isotope profile as well as for mass accuracy allowing highly
accurate comparisons between calibrated and theoretical spectra.! Obtained data are

expressed in mass/charge (m/z) units.

Commercially available reagents and catalysts were used without further purification.
Racemic samples were prepared from a 1:1 mixture of compounds obtained using
catalyst (S) or (R), respectively. Dienals 1a,% 1c,® 1d,* 1e,® 1f,® 1g,® were synthesized
following procedures described in the literature.

BP abbreviation in the manuscript means the BODIPY core.

The UV-vis absorption and fluorescence emission spectra of final products 5 dissolved

in acetonitrile are shown in Figure 1 (Concentration: from 1-10° M to 2-10° M).

S2



2. Synthesis of BODIPY derivatives 2a and 2h-i.

o)
H S 1) Et,0fToluene (anh), S 1) POCI3, 1,2-DCE
or C|)J\C| 0 °C, 10 min, Ar ~ _ H,0, KOH @% reflux 3 h

\/—; 2) MeOH \_NH HN_/ MeOH reflux N\ _NH HN—/ 2) BF5Et,0, Et;N

; : 5 min
(2 equiv.) 1 equiv. 9
(1 equiv.) 50% 85%

cl ' (HO)B R

~ X Nal ~ X\ Pd(PPhs), KsPO,
Oy — > —
\ N%"‘ < Acetone \ N‘E/N <./ Dioxane, 60 °C, 2h

B reflux, 15 min Pt 55-72%
FF 85% FF

di(1H-pyrrol-2-yl)methanethione.®

s To a stirred solution under argon atmosphere of pyrrole (4.14 mL, 59
©)J\© mmol, 2 equiv.) in anhydrous diethyl ether (90 mL) at 0 °C, a solution
\ NH HN /  of thiophosgene (2.25 mL, 29.5 mmol, 1 equiv.) in anhydrous toluene
(78 mL) was added dropwise. The mixture was stirred at 0 °C for 10 minutes. After
completion, the reaction mixture reached rt, MeOH was added and the reaction mixture
was stirred for 30 min. Then, the solvents were evaporated under reduced pressure and
the crude was purified by flash chromatography (eluent: Cy:AcOEt 7:1). The thioketone

was obtained as a red solid with a 50% yield. Spectroscopic data are in agreement with
the published data.®

IH NMR (300 MHz, CDCl3) 8 9.78 (brs, 2H), 7.25 — 7.16 (m, 2H), 7.10 — 7.01 (m, 2H),
6.46 — 6.37 (M, 2H).

di(1H-pyrrol-2-yl)methanone.®
O To a stirred solution of the thioketone (2.6 g, 15 mmol, 1 equiv.) in 82
M mL of MeOH, KOH (3.25 g, 58 mmol, 4 equiv.) was added and the
\_NH HN—7 mixture was stirred for 5 min at 0 °C. Then, H.02 (30%, 11 mL, 67 mmol,
4.5 equiv.) was added dropwise and the reaction crude was reflux. After 5 minutes, the
reaction is cooled to room temperature and water (130 mL) is added. Finally, the crude

is again cooled to 0 °C. The solid obtained was filtered obtaining the ketone as a white

solid in 85% yield. Spectroscopic data are in agreement with the published data.®

IH NMR (300 MHz, CDCl3) 5 9.79 (s, 2H), 7.17 — 7.16 (m, 2H), 7.10 — 7.08 (m, 2H), 6.36
— 6.35 (m, 2H).
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10-chloro-5,5-difluoro-5H-44% 5% dipyrrolo[1,2-c:2',1'-f][1,3,2]diazaborinine.”

Cl To a solution of the ketone (1.2 g, 7.5 mmol, 1 equiv.) in DCE (40 mL),
<SR phosphorus(V) oxychloride (1.5 mL, 15 mmol, 2 equiv.) was added and
N\_N.E.Nx/" the reaction mixture was reflux (85 °C) for 3 hours. Then, the crude was
F F cooled to 0 °C and triethylamine (12.5 mL, 75 mmol, 10 equiv.) was
added dropwise. After stirring for 5 minutes, boron trifluoride diethyl eterate (12.5 mL,
82.5 mmol, 11 equiv.) was added and the mixture was stirred at rt for 2 hours. After
completion, the crude was dissolved in water and extracted with Et,O. The combined
organic layers were dried over magnesium sulfate and concentrated in vacuum. The
residue was purified by column chromatography on silica gel, eluting with Cy/DCM (1:1)
obtaining the final chloride product as a red solid in 60% yield. Spectroscopic data are in

agreement with the published data.’
IH NMR (300 MHz, CDCl3) & 7.88 (brs, 2H), 7.41 (d, 2H, J = 3.8 Hz), 6.58 (brs, 2H).
5,5-difluoro-10-iodo-5H-44%52%dipyrrolo[1,2-c:2',1'-f][1,3,2]diazaborinine.’

| A solution of the chloride product (1.15 g, 3.62 mmol, 1 equiv.) and
<R sodium iodide (3.05 g, 14.5 mmol, 4 equiv.) in acetone (36 mL) under
argon atmosphere was refluxed (65 °C) for 15 min. Then, the reaction

FF mixture was left to rise rt and was dissolved in water and extracted with
Et,O. The combined organic layers were dried over magnesium sulfate and concentrated
in vacuum. The residue was purified by column chromatography on silica gel, eluting
with Cy/DCM (1/1) obtaining the final iodide product as a red solid in 85% vyield.

Spectroscopic data are in agreement with the published data.’
!H NMR (300 MHz, CDCls) & 7.98 (brs, 2H), 7.29 (d, 2H, J = 3.8 Hz), 6.53 (brs, 2H).
General procedure A for the synthesis of 2a and 2h-I by a Suzuki coupling reaction.’

A two-neck round bottom flask equipped with a magnetic stir bar and a reflux condenser,
under argon atmosphere, was charged with the corresponding boronic acid (2 equiv.),
the iodide compound (1 equiv.) and anhydrous dioxane (24 mL). To this solution,
tetrakis(triphenylphosphine)palladium(0) (0.05 equiv.) and K3PO4 (3 equiv.) were added,
and the mixture was heated at 60 °C for 2 hours. After completion, the solvent was
concentrated in vacuum and the residue was purified by column chromatography on

silica gel, eluting with Cy/AcOEt (9:1) obtaining the final products indicated each case.
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(E)-5,5-difluoro-10-styryl-5H-42% 5A*-dipyrrolo[1,2-c:2',1'-f][1,3,2]diazaborinine (2a)

Ph
=
EESTN

\_N >

@ N\
B®

F F
2a

From trans-2-phenylvinylboronic acid (493 mg, 3.34 mmol, 2 equiv.),
iodide compound (530 mg, 1.67 mmol, 1 equiv.),
tetrakis(triphenylphosphine)palladium(0) (96.3 mg, 0.08 mmol, 0.05
equiv.) and KsPO4 (1.061 g, 5.00 mmol, 3 equiv.), following general
procedure A, compound 2a was obtained in 60% yield as a purple solid.

Spectroscopic data are in agreement with the published data.®

IH NMR (300 MHz, CDCls) & 7.89 (brs, 2H), 7.65 — 6.59 (m, 2H), 7.50 — 7.32 (m, 7H),

6.56 (brs, 2H).

(E)-5,5-difluoro-10-(4-(trifluoromethyl)styryl)-5H-44* 5A*-dipyrrolo[1,2-c:2',1'-f]
[1,3,2]diazaborinine (2h)

CF;

/
N
us)
» A2 7\

From trans-2-[4-(Trifluoromethyl)phenyl]vinylboronic acid (271.7 mg,
1.26 mmol, 2 equiv.), iodide compound (200.0 mg, 0.63 mmol, 1
equiv.), tetrakis(triphenylphosphine)palladium(0) (36.4 mg, 0.03 mmol,
0.05 equiv.) and K3PO. (400.6 mg, 1.89 mmol, 3 equiv.), following
general procedure A, compound 2h was obtained in 72% vyield as a red

solid. Spectroscopic data are in agreement with the published.®

H NMR (300 MHz, CDClI3) & 7.92 (brs, 2H), 7.72 (brs, 4H), 7.48 (brs,
2H), 7.35 (d, J = 4.3 Hz, 2H) 6.58 (d, J = 3.7 Hz, 2H).

(E)-10-(4-chlorostyryl)-5,5-difluoro-5H-44452%dipyrrolo[1,2-c:2',1'-f][1,3,2]

diazaborinine (2i)

Cl

From trans-2-(4-Chlorophenyl)vinylboronic acid (229.8 mg, 1.26 mmol,
2 equiv.), iodide compound (200.0 mg, 0.63 mmol, 1 equiv.),
tetrakis(triphenylphosphine)palladium(0) (36.4 mg, 0.03 mmol, 0.05
equiv.) and KsPO4 (400.6 mg, 1.89 mmol, 3 equiv.) following general
procedure A, compound 2i was obtained in 55% yield as a red solid.

Spectroscopic data are in agreement with the published.®

IH NMR (300 MHz, CDCls) & 7.88 (brs, 2H), 7.64 — 7.57 (m, 2H), 7.49

—7.40 (m, 4H), 7.34 (d, J = 4.3 Hz, 2H), 6.57 — 6.51 (m, 2H).
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3. Synthesis of BODIPY derivatives 2j-2k.

) © < Et;N s~ "7 B(0m),

H H " S H s Pdy(dba)z
N /2y 77 ) pem,1h N N‘S/N@ THF. 55°C. 1n
F/ \F R

(E)-2-((methylthio)(1H-pyrrol-2-yl)methylene)-2H-pyrrol-1-ium iodide.°

5 g To a stirred solution of the thioketone (2.60 g, 14.86 mmol, 1 equiv.) in
m anhydrous DCM (50 mL), Mel (4.8 mL, 74.3 mmol, 5.8 equiv.) was
\_NH HN=~/ added and the mixture was stirred at room temperature for 24h. Then,

® the solvent and the Mel in excess were removed under reduced
pressure obtaining the iodide thioether as a black solid (4.73 g) in quantitative yield.

Spectroscopic data are in agreement with the published data'® and the product was used

without further purification.

IH NMR (300 MHz, CDCls) & 12.0 (brs, 2H), 7.91 — 89 (m, 2H), 7.29 — 7.26 (m, 2H), 6.68
—6.66 (M, 2H), 2.91 (s, 3H).

5,5-difluoro-10-(methylthio)-5H-44% 5A%dipyrrolo[1,2-c:2',1'-f][1,3,2]

diazaborinine.1®

~g To a stirred solution under argon atmosphere of the iodide thioether
N (450 mg, 1.4 mmol, 1 equiv.) in anhydrous DCM (11 mL), triethylamine

~I
\ N.O N \\ (0.35 mL, 4.76 mmol, 3.5 equiv.) was added and the mixture was stirred
F/B\F@ at room temperature for 30 minutes. Then, the solution was cooled to 0

°C and BF3-Et,O (0.9 mL, 7.3 mmol, 5 equiv.) was added dropwise. The reaction mixture
was led to reach room temperature and was stirred for an additional 30 minutes. The
solvent was removed under reduced pressure and the crude was purified by column
chromatography on silica gel, eluting with Cy/AcOEt (3:1) obtaining the final product as
a red solid (85 mg, 25% yield). Spectroscopic data are in agreement with the published

data.'®

IH NMR (300 MHz, CDCl3) & 7.80 (brs, 2H), 7.43 — 7.41 (m, 2H), 6.54 — 6.52 (m, 2H),
2.92 (s, 3H).

General procedure B for the synthesis of 2j-k by a Liebeskind-Srogl coupling reaction.®

A two-neck round bottom flask equipped with a magnetic stir bar and a reflux condenser,

under argon atmosphere, was charged with the corresponding boronic acid (3 equiv.)
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and thioether compound (1 equiv.) in anhydrous THF (10 mL). To this solution, copper
thiophene-2-carboxylate (3 equiv.), Pdz(dba)s (0.025 equiv.) and tri(2-furyl)phosphine
(0.075 equiv.) were added and the mixture was heated at 55 °C for 24 hours. After
completion, the solvent was concentrated in vacuum and the residue was purified by

column chromatography on silica gel, eluent indicated each case.

(E)-5,5-difluoro-10-(4-methoxystyryl)-5H-42%,52%dipyrrolo[1,2-c:2',1'-f][1,3,2]

diazaborinine (2j)

OMe  From trans-2-(4-methoxyphenyl)vinylboronic acid (326 mg, 1.83 mmol,

3 equiv.), thioether compound (145 mg, 0.61 mmol, 1 equiv.), copper
thiophene-2-carboxylate (349 mg, 1.83 mmol, 3 equiv.), Pd.(dba)s

= (13.7 mg, 0.015 mmol, 0.025 equiv.) and tri(2-furyl)phosphine (10.7 mg,
N 0.046 mmol, 0.075 equiv.), following general procedure B, compound

= A\
N\_N_© Nx 2j was obtained in 40% vyield as a red solid. The crude product was
B
FF purified by flash column chromatography (gradient Cy/AcOEt from 9:1
2j

to 5:1). Spectroscopic data are in agreement with the published data.®

IH NMR (300 MHz, CDCls) & 7.87 (brs, 2H), 7.61 — 7.49 (m, 3H), 7.38 — 7.31 (m, 3H),
7.02 — 6.94 (m, 2H), 6.57 — 6.52 (m, 2H), 3.89 (s, 3H).

(E)-5,5-difluoro-10-(oct-1-en-1-yl)-5H-42%52*dipyrrolo[1,2-c:2',1'-f][1,3,2]
diazaborinine (2k)

From trans-1-octenylboronic acid (98.3 mg, 0.63 mmol, 3 equiv.),
thioether compound (50.0 mg, 0.21 mmol, 1 equiv.), copper
thiophene-2-carboxylate (120.2 mg, 0.63 mmol, 3 equiv.), Pdz(dba)s
(4.8 mg, 0.005 mmol, 0.025 equiv.) and tri(2-furyl)phosphine (3.7

r mg, 0.016 mmol, 0.075 equiv.), following general procedure B,
\\N\G:N \\ compound 2k was obtained in 90% vyield as a red oil. The crude
F’B\F product was purified by flash column chromatography (gradient

2k pentane/AcOEt from 9:1 to 5:1).

IH NMR (300 MHz, CDCls) & 7.85 (brs, 2H), 7.25 (d, J = 4.1 Hz, 2H), 6.85 — 6.61 (m,
2H), 6.59 — 6.50 (M, 2H), 2.39 (td, J = 7.3, 5.9 Hz, 2H), 1.66 — 1.51 (m, 2H), 1.48 — 1.18
(m, 6H), 0.98 — 0.81 (m, 3H). 13C NMR (75 MHz, CDCls): & 149.4, 144.3, 142.9, 133.7,
128.5, 123.2, 117.7, 34.3, 31.6, 28.9, 28.6, 22.6, 14.1. 1°F NMR (282 MHz, CDCls) & -
145.95 (dd, J = 57.2, 28.6 Hz, 2F). HRMS (ESI*) calculated for Ci7HzsNoBF2 [M+H]*:
303.1953, found: 303.1930.
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4. General procedure C for the organocatalytic [4+2] cycloaddition reaction.

A dry vial equipped with a magnetic stir bar was charged with the corresponding
aminocatalyst 3 (0.01 mmol, 0.1 equiv.), PhCOOH (0.01 mmol, 0.1 equiv.) and the
corresponding dienal (0.25 mmol, 2.5 equiv.). p-Xylene (1 mL) was added to dissolve
the compounds, there upon the corresponding BODIPY (0.1 mmol, 1 equiv.) was added
to the mixture. The reaction mixture was stirred at 45 °C for the time indicated in each
case. After completion, full conversion was determined by *H NMR, p-xylene (1 mL) and
(methoxycarbonylmethylene)triphenylphosphorane (0.25 mmol, 2.5 equiv.) were added
to derivatize to the final products 5. The crude product was purified by flash column

chromatography on silica gel (eluent indicated in each case).

Methyl (E)-4-((1S,2S,3R)-2-(5,5-difluoro-5H-44%5A*dipyrrolo[1,2-c:2',1'-f][1,3,2]
diazaborinin-10-yl)-5-methyl-1,2,3,6-tetrahydro-[1,1'-biphenyl]-3-yl)but-2-enoate
(5a)

From 1a (27.5 mg, 0.25 mmol) and BODIPY 2a (29.4 mg, 0.1 mmol),

| following the general procedure C (45 °C, 18h), compound 5a (35.9

| oMe mg, 0.078 mmol) was obtained in 78% vyield as a red solid. The crude
product was purified by flash column chromatography (gradient
Cy/AcOEt from 9:1 to 5:1). The ee was determined by SFC using
Ph Chiralpak IC column [CO2/MeOH (90:10), 120 bar, 40 °C)]; 3.0

mL/min. Tmay = 6.994 min, Tmin = 7.535 min, ee= 96%. [a]*% = +945 (c

\BP

5a

0.031, CH.Cly).

H NMR (300 MHz, CDCl3) &6 7.72 (brs, 2H), 7.53 (brd, J = 4.4 Hz, 1H), 7.21 — 7.17 (m,
1H), 7.10 - 6.78 (m, 6H), 6.56 (brd, J = 4.2 Hz, 1H), 6.40 (brd, J = 4.4 Hz, 1H), 5.70 (d,
J =15.5 Hz, 1H), 5.48 (brs, 1H), 3.73 (s, 3H), 3.61 — 3.47 (m, 1H), 3.22 — 3.13 (m, 2H),
2.53 — 2.27 (m, 3H), 2.17 — 2.02 (m, 1H), 1.82 (s, 3H). *C NMR (75 MHz, CDCls) d
166.6, 152.3, 145.6, 144.6, 141.8, 141.7, 137.3, 135.6, 133.0, 129.6, 128.4, 128.2 (2C),
127.4 (2C), 126.9, 123.6, 123.1, 117.9, 117.6, 51.5, 50.5, 48.8, 43.8, 39.7, 37.1, 23.3.
1F NMR (282 MHz, CDCl3) 5 -145.09 (ddd, J = 105.7, 58.4, 29.4 Hz, 1F), -147.68 (ddd,
J = 105.1, 56.0, 27.7 Hz, 1F). HRMS (ESI*) calculated for Cz7H31:N302BF, [M+NH.]*:
478.2586, found: 478.2566.
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Methyl (E)-4-((1S,2S,3R)-2-(5,5-difluoro-5H-44%52*-dipyrrolo[1,2-c:2',1'-f][1,3,2]
diazaborinin-10-yl)-1,2,3,6-tetrahydro-[1,1'-biphenyl]-3-yl)but-2-enoate (5b).

From 1b (28 uL, 0.25 mmol) and BODIPY 2a (29.4 mg, 0.1 mmaol),
following the general procedure C (45 °C, 48h), compound 5b (32.1 mg,
0.072 mmol) was obtained in 72% vyield as a red solid. The crude
product was purified by flash column chromatography (gradient
Cy/AcOEt from 9:1 to 5:1). The ee was determined by SFC using
Chiralpak IA column [CO2/MeOH (90:10), 120 bar, 40 °C]; 3.0 mL/min.
Tmay = 9.547 min, Tmin = 9.088 min, ee=92% [a]*’p = -47.6 (c 0.043,

CH.Cly).

H NMR (300 MHz, CDCl3) 8 7.71 (s, 2H), 7.53 (d, J = 4.3 Hz, 1H), 7.19 (d, J = 4.4 Hz,
1H), 7.06 — 6.99 (m, 3H), 6.92 — 6.79 (m, 3H), 6.59 — 6.52 (m, 1H), 6.42 — 6.35 (m, 1H),
6.04 — 6.00 (m, 1H), 5.78 (d, J = 10.4 Hz, 1H), 5.71 (d, J = 15.7 Hz, 1H), 3.71 (s, 3H),
3.59 — 3.43 (m, 1H), 3.28 — 3.21 (m, 2H), 2.50 — 2.46 (m, 2H), 2.40 — 2.32 (m, 1H), 2.17
—2.06 (m, 1H). C NMR (75 MHz, CDClI3) & 166.4, 151.9, 145.2, 144.7, 141.9, 141.6,
137.3, 133.0, 129.6, 128.8, 128.4, 128.2 (2C), 128.0, 127.5 (2C), 126.9, 123.8, 118.0,
117.7,51.5, 50.5, 48.3, 43.6, 36.7, 34.6. °F NMR (282 MHz, CDCl3) 6 -145.07 (ddd, J =
105.4, 58.3, 29.1 Hz, 1F), -147.70 (ddd, J = 105.5, 56.0, 28.0 Hz, 1F). HRMS (ESI")
calculated for CzsH29BF2N302 [M + NH4*] = 464.2430, found: 464.2451.

Methyl (E)-4-((2'S,3'R,4'S)-3'-(5,5-difluoro-5H-44%52*-dipyrrolo[1,2-c:2',1'-f][1,3,2]
diazaborinin-10-yl)-2',3',4',5'-tetrahydro-[1,1":4',1"-terphenyl]-2'-yl)but-2-enoate
(5¢).

From 1c (43 mg, 0.25 mmol) and BODIPY 2a (29.4 mg, 0.1 mmaol),
OMe following the general procedure C (45 °C, 18h), compound 5c (40.7

mg, 0.078 mmol) was obtained in 78% vyield as a red solid. The
BP crude product was purified by flash column chromatography
(gradient Cy/AcOEt from 9:1 to 5:1). The ee was determined by
SFC using Chiralpak IC column [CO2/MeOH (90:10), 120 bar, 40
°C)]; 3.0 mL/min. Tmay = 8.794 min, Tmin = 11.848 min, ee=95% [a]*°p
= +1096 (c 0.031, CHCly).

IH NMR (300 MHz, CDCls) 8 7.76 (s, 1H), 7.72 (s, 1H), 7.63 (d, J = 4.3 Hz, 1H), 7.41 —
7.20 (m, 6H), 7.11 — 6.98 (m, 4H), 6.96 — 6.89 (m, 2H), 6.76 (ddd, J = 15.1, 8.9, 5.7 Hz,
1H), 6.63 (dd, J = 4.3, 1.9 Hz, 1H), 6.35 (dd, J = 4.4, 1.8 Hz, 1H), 6.31 (m, 1H), 5.56 (d,
J = 15.5 Hz, 1H), 3.92 — 3.80 (m, 1H), 3.72 (s, 3H), 3.60 — 3.46 (m, 1H), 3.40 (dd, J =
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11.9, 8.9 Hz, 1H), 2.67 — 2.57 (m, 2H), 2.44 — 2.31 (m, 1H), 2.29 — 2.15 (m, 1H). C
NMR (75 MHz, CDCl3) 6 166.4, 152.5, 145.3, 144.2, 141.6, 141.5, 140.6, 139.6, 137.0,
133.0, 130.0, 128.7 (2C), 128.33, 128.29 (2C), 127.9, 127.4, 127.3 (2C), 127.0, 126.3
(2C), 124.3,118.1, 117.7, 51.5, 50.5, 48.8, 44.7, 34.3, 33.7. °F NMR (282 MHz, CDCls)
0 -144.44 (ddd, J = 105.1, 58.5, 29.1 Hz, 1F), -148.03 (ddd, J = 105.1, 55.6, 27.7 Hz,
1F). HRMS (ESI*) calculated for C32H29N202BF2 [M+NH4]*: 540.2743, found: 540.2692.

Methyl  (E)-4-((1'S,5'R,6'S)-6'-(5,5-difluoro-5H-42%52%dipyrrolo[1,2-c:2',1'-f][1,3,2]
diazaborinin-10-yl)-1',2',5',6'-tetrahydro-[1,1:3",1"-terphenyl]-5'-yl)but-2-enoate
(5d)

From 1d (21.5 mg, 0.12 mmol) and BODIPY 2a (14 mg, 0.048
mmol), following the general procedure C (45 °C, 18h), compound
5d (20.0 mg, 0.038 mmol) was obtained in 80% yield as a red solid.
The crude product was purified by flash column chromatography
(gradient Cy/AcOEt from 9:1 to 5:1). The ee was determined by
SFC using Chiralpak 1B-3 column [CO2/MeOH (90:10), 120 bar, 40
°C)]; 2.0 mL/min. Tmay = 5.816 min, Tmin = 6.623 min, ee= 95 %. [a]*°>
=-10.3 (c 0.205, CH.Cl,).

IH NMR (300 MHz, CDCl3) & 7.74 (s, 2H), 7.58 (d, J = 4.3 Hz, 1H), 7.46 — 7.39 (m, 2H),
7.40 — 7.27 (m, 3H), 7.24 (d, J = 4.5 Hz, 1H), 7.13 — 7.02 (m, 3H), 7.02 — 6.95 (m, 2H),
6.89 (ddd, J = 15.1, 8.9, 5.6 Hz, 1H), 6.58 (dd, J = 4.3, 1.9 Hz, 1H), 6.42 (dd, J = 4.4, 1.8
Hz, 1H), 6.18 — 6.11 (m, 1H), 5.75 (d, J = 15.7, 1H), 3.72 (s, 3H), 3.76 — 3.62 (m, 1H),
3.46 — 3.28 (m, 2H), 2.97 — 2.83 (m, 2H), 2.55 — 2.39 (m, 1H), 2.30 — 2.13 (m, 1H) *C
NMR (75 MHz, CDCls) & 166.4, 151.8, 145.2, 144.8, 142.0, 141.4, 140.5, 138.2, 137.4,
132.9, 129.6, 128.5, 128.4, 128.3, 127.7, 127.5, 127.1, 125.5, 125.3, 124.0, 118.1, 117.7,
51.5, 50.2, 48.8, 44.4, 37.3, 37.1. 1%F NMR (282 MHz, CDCls) & -145.00 (ddd, J = 105.3,
58.1, 28.9 Hz, 1F), -147.62 (ddd, J = 105.3, 56.0, 28.0 Hz, 1F). HRMS (ESI*) calculated
for CaHauNsO2BF» [M+NH.]*: 540.2743, found: 540.2680.
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Methyl (E)-4-((2'S,3'S,4'S,5'R)-3'-(5,5-difluoro-5H-44* 51*dipyrrolo[1,2-c:2',1'-f]
[1,3,2]diazaborinin-10-yl)-5'-methyl-2',3',4',5'-tetrahydro-[1,1:4',1"-terphenyl]-2'-
yhbut-2-enoate (5e).
0 From 1e (46.5 mg, 0.25 mmol) and BODIPY 2a (29.4 mg, 0.1 mmol),
| | ome following the general procedure C (45 °C, 48h), compound 5e (49.4
mg, 0.092 mmol) was obtained in 92% yield as a red solid. The
Ph WBP crude product was purified by flash column chromatography
(gradient Cy/AcOEt from 9:1 to 5:1). The ee was determined by SFC
using Chiralpak IB-3 column [CO2/MeOH (90:10), 120 bar, 40 °C];
ve 2.0 mL/min. Tmay = 2.007 min, Tmin = 3.194 min, ee=98% [a]*% = -
282 (c 0.023, CH:CL,).

Ph

IH NMR (300 MHz, CDCls) 5 7.82 (s, 1H), 7.68 (s, 1H), 7.61 (d, J = 4.3 Hz, 1H), 7.47 (d,
J=4.3Hz, 1H), 7.40 — 7.28 (m, 6H), 7.11 — 7.04 (m, 3H), 7.04 — 6.93 (m, 2H), 6.80 (ddd,
J=15.6, 8.9, 5.5 Hz, 1H), 6.60 — 6.52 (m, 2H), 6.32 (dd, J = 6.3, 1.6 Hz, 1H), 5.60 (dt, J
= 15.8, 1.5 Hz, 1H), 3.91 — 3.82 (m, 2H), 3.74 (s, 3H), 2.72 — 2.59 (m, 1H), 2.44 — 2.30
(m, 1H), 2.30 — 2.16 (M, 1H), 1.07 (d, J = 7.1 Hz, 3H). 3C NMR (75 MHz, CDCl3) & 166.3,
152.8, 144.8, 144.4, 142.0, 140.7, 139.6, 138.2, 137.5, 135.0, 133.5, 129.5, 129.0 (2C),
128.7 (2C), 128.3, 127.9 (2C), 127.4, 126.8, 126.5 (2C), 124.2, 118.3, 118.0, 51.52,
51.49, 45.6, 42.0, 37.2, 33.5, 15.3. SF NMR (282 MHz, CDCls) & -144.64 (ddd, J = 105.6,
58.5, 29.2 Hz, 1F), -147.64 (ddd, J = 105.7, 55.7, 27.9 Hz, 1F). HRMS (ESI*) calculated
for CasHasNsO2BF» [M+NH.]*: 554.2899, found: 554.2894.

Methyl (E)-4-((1S,2S,3S,6R)-2-(5,5-difluoro-5H-44%52%dipyrrolo[1,2-c:2',1'-f][1,3,2]
diazaborinin-10-yl)-4,6-dimethyl-1,2,3,6-tetrahydro-[1,1'-biphenyl]-3-yl)but-2-

enoate (5f).

From 1f (31 mg, 0.25 mmol) and BODIPY 2a (29.4 mg, 0.1 mmol),
following the general procedure C (45 °C, 48h), compound 5f (37.0
mg, 0.078 mmol) was obtained in 78% yield as a red solid. The crude
product was purified by flash column chromatography (gradient
Cy/AcOEt from 9:1 to 5:1). The ee was determined by SFC using
Chiralpak IA column [CO./MeOH (95:5), 120 bar, 40 °C]; 3.0 mL/min.
Tmay = 8.013 min, Tmin = 6.898 min, ee=93% [a]*°> = -221 (c 0.019,

CH.Clo).

IH NMR (300 MHz, CDCl3) & 7.80 (s, 1H), 7.63 (s, 1H), 7.44 (dd, J = 14.9, 4.4 Hz, 2H),
7.08 — 6.98 (m, 4H), 6.98 — 6.90 (M, 2H), 6.90 — 6.80 (m, 1H), 6.58 — 6.52 (m, 1H), 6.51
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—6.44 (m, 1H), 5.92 (d, J = 6.0 Hz, 1H), 5.89 — 5.75 (m, 1H), 3.77 (s, 3H), 3.76 — 3.70
(m, 2H), 3.07 (brs, 1H), 2.59 (dtd, J = 16.2, 5.0, 2.3 Hz, 1H), 2.49 — 2.36 (m, 1H), 2.28
(ddd, J=16.4, 8.5, 3.2 Hz, 1H), 1.80 (s, 3H), 0.93 (d, J = 7.1 Hz, 3H). 1*C NMR (75 MHz,
CDCIs) & 166.4, 153.0, 144.4 (2C), 141.9, 139.9, 137.6, 133.3, 132.4, 132.1, 129.4,
129.0, 128.6, 127.8, 126.5, 124.5, 118.1, 117.7, 51.8, 51.6, 47.6, 42.0, 37.0, 32.2, 21.4,
15.5. %F NMR (282 MHz, CDCl3) 5 -144.61 (ddd, J = 105.3, 58.2, 29.3 Hz, 1F), -147.78
(ddd, J = 106.5, 55.0, 27.9 Hz, 1F). HRMS (ESI*) calculated for CzsH33sN3BF20;
[M+NH.]*: 492.2743, found: 492.2767.

tert-Butyl (2S,3R,4S)-3-(5,5-difluoro-5H-44% 5A%dipyrrolo[1,2-c:2',1'-f][1,3,2]
diazaborinin-10-yl)-4-((E)-4-methoxy-4-oxobut-2-en-1-yl)-2-phenyl-1,2,3,4-
tetrahydro-9H-carbazole-9-carboxylate (59).

From 1g (71.3 mg, 0.25 mmol) and BODIPY 2a (29.4 mg, 0.1
mmol), following the general procedure C (45 °C, 18h), compound
5g (42.6 mg, 0.067 mmol) was obtained in 67% vyield as a red
solid. The crude product was purified by flash column
chromatography (gradient Cy/AcOEt from 9:1 to 5:1). The ee was
determined by SFC using Chiralpak ID column [CO./MeOH
gradient (from 5% to 40% of MeOH), 120 bar, 40 °C], 2.0 mL/min
Tmay = 3.652 min, Tmin = 3.384, ee=82%. [a]*°> = +280 (c 0.051,

CH.Cl)

IH NMR (300 MHz, CDCls) & 8.20 (d, J = 8.3 Hz, 1H), 7.74 (s, 2H), 7.49 (d, J = 7.4 Hz,
1H), 7.46 (d, J = 4.2 Hz, 1H), 7.37 — 7.30 (m, 2H), 7.29 — 7.22 (m, 2H), 7.13 (d, J = 4.4
Hz, 1H), 7.11 — 7.02 (m, 3H), 7.00 — 6.92 (m, 2H), 6.64 (ddd, J = 15.6, 9.1, 5.3 Hz, 1H),
6.54 (dd, J = 4.3, 1.9 Hz, 1H), 6.40 (dd, J = 4.4, 1.9 Hz, 1H), 5.67 (d, J = 15.9 Hz, 1H),
4.18 — 4.07 (m, 1H), 3.67 (s, 3H), 3.71 — 3.45 (m, 3H), 3.36 (ddd, J = 18.8, 11.9, 2.4 Hz,
1H), 3.09 (dtd, J = 15.5, 5.4, 2.0 Hz, 1H), 2.69 — 2.56 (m, 1H), 1.68 (s, 9H). 3C NMR (75
MHz, CDCls) & 166.3, 151.7, 150.3, 145.2, 143.8, 141.7, 140.8, 137.2, 136.5, 136.3,
133.0, 130.1, 128.2 (2C), 127.8, 127.5 (2C), 127.1, 124.7, 124.0, 122.8, 118.6, 118.1,
117.6, 116.0, 115.8, 84.3, 51.5, 50.5, 49.6, 40.8, 34.9, 34.1, 28.2. °F NMR (282 MHz,
CDCls) & -144.81 (ddd, J = 104.8, 58.4, 29.2 Hz, 1F), -147.75 (ddd, J = 105.1, 55.7, 27.7
Hz, 1F). HRMS (ESI*) calculated for Ca7HsBF2N4Os [M + NH4*] = 653.3220, found:
653.3278.
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Methyl (E)-4-((1S,2S,3R)-2-(5,5-difluoro-5H-44%52*-dipyrrolo[1,2-c:2',1'-f][1,3,2]
diazaborinin-10-yl)-5-methyl-4'-(trifluoromethyl)-1,2,3,6-tetrahydro-[1,1'-biphenyl]-
3-yl)but-2-enoate (5h)

From 1a (27.5 mg, 0.25 mmol) and BODIPY 2h (36.2 mg, 0.1
mmol), following the general procedure C (45 °C, 18h),
compound 5h (40.2 mg, 0.076 mmol) was obtained in 76% yield
as a red solid. The crude product was purified by flash column
chromatography (gradient Cy/AcOEt from 9:1 to 5:1). The ee
was determined by SFC using Chiralpak OJ-H column
[CO2/MeCOH (90:10), 120 bar, 40 °C)]; 3.0 mL/min. Tmay = 2.432
Min, Tmin = 2.195 min, ee= 94 %. [a]?% = +5722 (c 0.005, CH:Cl,).

CFj3

IH NMR (300 MHz, CDCls) & 7.73 (d, J = 5.6 Hz, 2H), 7.51 (d, J = 4.2 Hz, 1H), 7.31 (d,
J=8.1Hz, 2H), 7.19 (d, J = 4.3 Hz, 1H), 7.04 (d, J = 8.0 Hz, 2H), 6.83 (ddd, J = 14.9,
8.9, 5.7 Hz, 1H), 6.56 (dd, J = 4.5, 2.0 Hz, 1H), 6.42 (dd, J = 4.6, 2.0 Hz, 1H), 5.70 (d, J
= 15.7 Hz, 1H), 5.50 (s, 1H), 3.71 (s, 3H), 3.68 — 3.51 (m, 1H), 3.26 — 3.11 (m, 2H), 2.50
—2.23 (M, 3H), 2.16 — 2.02 (m, 1H), 1.81 (s, 3H). *C NMR (75 MHz, CDCls) & 166.5,
151.3, 145.9 (q, Jo.r = 1.1 Hz), 145.3, 145.1, 142.2, 137.2, 135.2, 132.8, 129.4, 129.1 (q,
Jer = 325 Hz), 128.2, 127.8 (2C), 125.2 (0, Jer = 3.7 Hz), 123.9 (q, Jer = 272.0 Hz),
123.8, 123.3, 118.3, 117.8, 51.5, 49.9, 48.5, 43.7, 39.7, 36.9, 23.3. 1°F NMR (282 MHz,
CDCls) & -62.6 (s, CF3), -144.95 (ddd, J = 104.9, 58.2, 29.0 Hz, 1F), -147.79 (ddd, J =
104.9, 55.6, 27.9 Hz, 1F). HRMS (ESI*) calculated for CasHz0BFsNzO2 [M + NH4*] =
546.2460, found: 546.2411.

Methyl (E)-4-((1S,2S,3R)-4'-chloro-2-(5,5-difluoro-5H-42%,52%dipyrrolo[1,2-c:2',1'-f]
[1,3,2]diazaborinin-10-yl)-5-methyl-1,2,3,6-tetrahydro-[1,1'-biphenyl]-3-yl)but-2-

enoate (5i).

From 1a (27.5 mg, 0.25 mmol) and BODIPY 2i (32.9 mg, 0.1
mmol), following the general procedure C (45 °C, 48h), compound
5i (30.7 mg, 0.062 mmol) was obtained in 62% yield as a red solid.
The crude product was purified by flash column chromatography
(gradient Cy/AcOEt from 9:1 to 5:1). The ee was determined by
SFC using Chiralpak OJ-H column [CO2/MeOH (95:5), 120 bar, 40
°C)]; 3.0 mL/min. Tmay = 8.685 min, Tmin = 6.575 min, ee= 95 %.
[a]?% = +1170 (c 0.025, CHCl,).

Cl
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IH NMR (300 MHz, CDCl3) & 7.74 (d, J = 8.7 Hz, 2H), 7.50 (d, J = 4.3 Hz, 1H), 7.18 (d,
J = 4.5 Hz, 1H), 7.02 and 6.85 (AA'BB’ system, 4H), 6.89 — 6.76 (m, 1H), 6.55 (dd, J =
4.3, 2.0 Hz, 1H), 6.42 (dd, J = 4.4, 1.9 Hz, 1H), 5.69 (d, J = 15.7, 1H), 5.48 (s, 1H), 3.72
(s, 3H), 3.58 — 3.44 (m, 1H), 3.22 — 3.06 (m, 2H), 2.48 — 2.22 (m, 3H), 2.14 — 1.95 (m,
1H), 1.80 (s, 3H). 3C NMR (75 MHz, CDCls) & 166.5, 151.7, 145.4, 145.0, 142.1, 140.3,
137.2,135.4, 132.8, 132.5, 129.4, 128.7, 128.4, 128.3, 123.7, 123.3, 118.2, 117.7, 51.5,
50.2, 48.1, 43.8, 39.8, 37.0, 23.3. 1%F NMR (282 MHz, CDCls) & -144.80 (ddd, J = 104.3,
58.8, 29.3 Hz, 1F), -147.72 (ddd, J = 104.8, 55.2, 27.5 Hz, 1F). HRMS (ESI*) calculated
for C27H30BF2N3O,Cl [M + NH,4*] = 512.2197, found: 512.2175.

Methyl (E)-4-((1S,2S,3R)-2-(5,5-difluoro-5H-44%5A*dipyrrolo[1,2-c:2',1'-f][1,3,2]
diazaborinin-10-yl)-4'-methoxy-5-methyl-1,2,3,6-tetrahydro-[1,1'-biphenyl]-3-yl)
but-2-enoate (5j)

From 1a (27.5 mg, 0.25 mmol) and BODIPY 2j (32.4 mg, 0.1

mmol), following the general procedure C (45 °C, 18h),

compound 5j (39.2 mg, 0.08 mmol) was obtained in 80% vyield

as a red solid. The crude product was purified by flash column

chromatography (gradient Cy/AcOEt from 9:1 to 5:1). The ee

was determined by SFC using a Chiralpak OJ-H column
OMe [CO./MeOH (95:5), 120 bar, 40 °C)]; 3.0 mL/min. Tmay = 8.714
miN, Tmin = 6.591 Min, ee= 95 %. [a]?*°> = +1437 (c 0.021, CH:Cl,)

'H NMR (300 MHz, CDCls) & 7.72 (s, 2H), 7.52 (d, J = 4.0 Hz, 1H), 7.18 (d, J = 4.2 Hz,
1H), 6.89 — 6.76 (m, 3H), 6.65 — 6.49 (m, 3H), 6.40 (d, J = 3.9 Hz, 1H), 5.68 (d, J = 15.7
Hz, 1H), 5.46 (s, 1H), 3.72 (s, 3H), 3.64 (s, 3H), 3.60 — 3.39 (m, 1H), 3.21 — 3.07 (m, 2H),
2.50 — 2.21 (m, 3H), 2.15 — 1.97 (m, 1H), 1.80 (s, 3H). 3C NMR (75 MHz, CDCls) &
166.6, 158.2, 152.7, 145.7, 144.6, 141.7, 137.4, 135.7, 133.8, 133.0, 129.6, 128.3 (3C),
123.6,123.1, 118.0, 117.5, 113.7, 55.1, 51.5, 50.7, 47.9, 43.9, 40.0, 37.1, 23.3. I°F NMR
(282 MHz, CDCls) & -144.66 (ddd, J = 105.7, 58.7, 29.2 Hz, 1F), -147.83 (ddd, J = 105.7,
55.7, 27.8 Hz, 1F). HRMS (ESI*) calculated for C2gH33BF2N303 [M + NH4*] = 508.2692,
found: 508.2563.
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Methyl (E)-4-((1R,5S,6R)-6-(5,5-difluoro-5H-44%5A*dipyrrolo[1,2-c:2',1'-f][1,3,2]
diazaborinin-10-yl)-5-hexyl-3-methylcyclohex-2-en-1-yl)but-2-enoate (5k)

From la (27.5 mg, 0.25 mmol) and BODIPY 2k (30.2 mg, 0.1

0]
lOM mmol), following the general procedure C (45 °C, 15h),
e
| compound 5k (35.3 mg, 0.075 mmol) was obtained in 75%
BP yield as a red solid. The crude product was purified by flash

column chromatography (gradient Cy/AcOEt from 9:1 to 5:1).

The ee was determined by SFC using Chiralpak IA column

[CO2/MeCOH (95:5), 120 bar, 40 °C)]; 3.0 mL/min. Tmay = 8.017
Min, Tmin = 7.121 min, ee= 88 %. [a]*% = -182.5 (c 0.079, CH,CL.).

5k

IH NMR (300 MHz, CDCls) & 7.92 (s, 1H), 7.82 (s, 1H), 7.39 (d, J = 4.3 Hz, 1H), 7.27 (d,
J = 4.3 Hz, 1H), 6.76 (ddd, J = 15.1, 9.0, 5.6 Hz, 1H), 6.56 — 6.48 (m, 2H), 5.64 (d, J =
15.7 Hz, 1H), 5.36 (s, 1H), 3.70 (s, 3H), 3.04 — 2.88 (m, 1H), 2.66 (t, J = 10.9 Hz, 1H),
2.40 — 2.12 (m, 3H), 2.06 — 1.87 (m, 1H), 1.76 (s, 3H), 1.39 — 0.90 (m, 11H), 0.79 (t, J =
7.0 Hz, 3H). 3C NMR (75 MHz, CDCls) & 166.6, 154.2, 145.9, 144.6, 142.2, 137.5, 135.1,
132.7, 129.3, 128.3, 123.3, 123.2, 118.1, 117.7, 51.4, 50.5, 43.8, 40.8, 37.0, 36.9, 34.2,
31.6, 28.8, 26.3, 23.5, 22.5, 14.0. *°F NMR (282 MHz, CDCl3) & -145.08 (ddd, J = 106.1,
57.9, 28.8 Hz, 1F), -146.39 (ddd, J = 106.3, 56.8, 28.2 Hz, 1F). HRMS (ESI*) calculated
for Ca7HaoNsO2BF» [M+NH.]*: 486.3212, found: 486.3100.

5. Synthesis of compound 8.

A dry vial equipped with a magnetic stir bar was charged with the aminocatalyst 3a (3.3
mg, 0.01 mmol, 0.1 equiv.), PhCOOH (1.2mg, 0.01 mmol, 0.1 equiv.) and dienal la
(29.4mg, 0.25 mmol, 2.5 equiv.). p-Xylene (1 mL) was added to dissolve the compounds,
then the BODIPY 2a (27.4mg, 0.1 mmol, 1 equiv.) was added to the mixture. The reaction
mixture was stirred at 45 °C for 18h affording the crude with the product 4a. After that,
the reaction crude was added dropwise over a solution of ylide, prepared by reaction of
CBrs (248.7 mg, 0.75 mmol, 3 equiv.) and PPh3(393.5 mg, 1.5 mmol, 6 equiv.) in DCM
at -5 °C following the procedure described in the literature.!* The mixture was stirred at
-5 °C during 10 minutes (full conversion was determined by TLC). The crude product
was purified by flash column chromatography (gradient of Cy/AcOEt from 9:1 to 4:1)
achieving the desired product 8 (32.9mg, 0.05mmol) in 50% vyield.
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!H NMR (300 MHz, CDCls) & 8.03 (d, J = 4.3 Hz, 1H), 7.79 (s,
1H), 7.69 (s, 1H), 7.14 - 6.97 (m, 4H), 6.96 — 6.86 (m, 2H), 6.64
(dd, J=4.3, 1.9 Hz, 1H), 6.33 (dd, J = 4.4, 1.9 Hz, 1H), 6.24 (dd,
J=8.5,6.4 Hz, 1H), 3.88 (td, J = 11.6, 3.4 Hz, 1H), 3.10 - 2.94
(m, 1H), 2.88 (t, J = 11.4 Hz, 1H), 2.49 — 2.35 (m, 2H), 2.01 (s,
3H), 2.14 — 1.83 (m, 3H), 1.49 (dd, J = 14.7, 11.3 Hz, 1H). BC
NMR (75 MHz, CDCl3) & 150.9, 144.7, 142.4, 140.8, 136.97,
136.9, 134.9, 132.8, 129.1, 128.8, 128.5 (2C), 127.3 (2C), 127.2, 118.0, 91.4, 68.9, 53.3,
49.5, 48.6, 47.9, 40.8, 37.5, 35.4. °F NMR (282 MHz, CDCl3) 8 -144.90 (ddd, J = 105.1,
58.0, 29.0 Hz), -147.53 (ddd, J = 105.2, 56.2, 28.1 Hz). HRMS (ESI*) calculated for
Ca2sH2sN2BBrsF, [M+H]*: 638,9623, found: 638,9640.

8

6. X-Ray structure of compound 8

7. UV-VIS absorption and fluorescence emission spectra of products 5
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Figure S1: UV-vis absorption and fluorescence emission spectra of final products 5 dissolved
in acetonitrile.
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10. Computational details

All the calculations were performed using M06-2X Minnesota functional that is
specially designed to account for dispersive interactions and broadly used for
mechanistic studies.!>'®* For geometry optimizations, orbital energies, harmonic
frequency calculations, thermodynamic corrections and intrinsic reaction coordinate
(IRC) calculations we used Pople’s double-§ basis set: 6-31G(d, p) which includes
polarization functions. Harmonic vibrational frequencies were computed to characterize
minima and transition states (TS) and IRCs to verify connectivity between TSs and

adjacent minima.

More accurate values for the final energies were computed by means of single
point calculations over the geometries previously optimized. A larger basis set was used
for this calculations: 6-31+G(d, p) adding a set of diffuse functions for heavy atoms. The
effect of the solvent (p-xylene) was also taken into account using the SMD continuum

solvation model.**

All the above calculations were performed with the Gaussian09 suite of

programs.®
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11. Intrinsic reaction coordinate plots
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Figure S2: Intrinsic reaction coordinate curve starting from TS_1: first C-C bond formation. The
crosses are the IRC pints and the black dots correspond to the energy of the last point of the IRC
(forward and reverse) and the energy of the optimized structure of this point, that corresponds to
the PAC (left hand side) and int1 (right hand side).
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Figure S3: Intrinsic reaction coordinate curve starting from TS_2: second C-C bond formation.
The crosses are the IRC pints and the black dots correspond to the energy of the last point of the
IRC (forward and reverse) and the energy of the optimized structure of this point, that corresponds
to the intl (left hand side) and product (right hand side).
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12. Frontier molecular orbitals

The frontier molecular orbital (FMO) theory is a widely used model to describe
chemical reactivity, specially for pericyclic reactions.® The frontier molecular orbitals are
the highest occupied and lowest unoccupied molecular orbitals (HOMO and LUMO)
respectively. The electrons coming from or moving to these orbitals are the most prone
to participate in a reaction. Therefore, analyzing the energies, shapes and localizations

of these orbitals it is possible to explain and predict reactivity and selectivity.

For this reaction the relevant orbitals are the HOMO of the nucleophile
(trienamine 1b), and the LUMO of the electrophile, the double bond with the BODIPY as
EWG (2), that is the orbital receiving electron density from the nucleophile. Trienamines
are good as nucleophiles since the energy of their HOMOs is relatively high, however,
simple alkenes have relatively high-energy LUMOs and therefore they are not good
reactants on these kind of reactions. By conjugating the double bond with an electron-
withdrawing group (the BODIPY) the LUMO energy is lowered favoring the interaction
with the trienamine HOMO. This HOMO-LUMO interaction results in an energetically
favorable bond formation. Thus, the closest the LUMO energy to the trienamine HOMO

energy the more favorable the reaction.

Table S1: HOMO energy for trienamine 1b and BODIPYs 2a. The energies for LUMO orbitals of

nitrostyrene 9, styrene, and alkene are also shown for comparison.

Frontier Orbitals Energies [eV]
Reactant HOMO LUMO GAP
Trienamine 1b -5.49
Bodipy 2a -2.30 3.19
Nitrostyrene 9 -1.58 3.91
Styrene 0.15 5.64
Alkene 1.70 7.19
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Figure S4: Orbitals and orbital energies for trienamine 1b HOMO and BODIPYs 2a LUMO. The

energies for LUMO orbitals of nitrostyrene 9, styrene, and alkene are also shown for comparison.
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