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1. Generallnformation

Commercial reagents (reagent grade, >99%) were used as received without additional purification.
Solvents (cyclohexane (Cy), dichloromethane (DCM), metirtbutyl ether (MTBE), N
hydroxyethylpyrrolidone (HEP), toluene,-n2ethyltetrahydrofuran (R1eTHF), isobutylacetate (IBA),
isopropyl alcohol (IPAand deuterated N ®imethylformamide (DMFd;)) are commercially available and
were used after degassing.

IH NMR, 3C NMR and®!P NMR spectra were recorded with an Agilérechnologiesvarian INOVA 400
MHz and 100 MHz instrumentH/!®F/X 5 mm PFG ATB Broadband Probe, VT, single, double and triple
resonance,-axis pulsed field gradients, serves broadband probe and customized variable teripBnatore
Broadband probe. NMR multiplicities are abbreviated aevid: s = singlet, d = doublet, t = triplet, q =
guartet, spt = septet, m = multiplet, bs = broad signal. Coupling condtargsgiven in Hz. AltH and®*C
chemical shifts are calibrated to residual predtvents.

HPLC-UV analysis were recorded with @&gilent 1260 InfinityLab instrument. Column: ZortfagB-C18;
particle size 5 um; pore size 100 A; length 250 mm, internal diameter: 4.6 mm. Mobile pha&®, Aidbile
phase B: ACN. Gradient (Time(min), %B): 0, 30; 8, 80; 22, 80; 24, 10; 30, 10; flomI0.min‘column
temperature 30°C; injection volume: 20 pL.

NE-1010 Higher Pressure Syringe Pump used to perform-atlulition of acetylenes in the HeClassar
Sonogashira crogsoupling reactions.

Mass Spectrometry analysis were recorded on a QTRAP 32@0smastrometer in ESinode.

Spectrometer IGIOES AGILENT 5110 was used to determine the concentration of Pd in the solution. Power:
1200 W; Auxiliary gas: Argon (1.0 L mir}; nebulizer gas: nitrogen (0.7 L mify peristaltic pump speed: 12
rpm. Samples for ICROES were digested with 8 mL HNMICI (1:3) using a microwave digestion system
held at 175 °C for 10 minutes. The volume of the digests was then made up to 50 mL-imtizetd water
before analysis by IGBES. Calibration standards for thpeantification of the digested samples were prepared
in 5% HNGQ. Palladium standards from Faggnrico and 2'-Dicyclohexylphosphine,6-dimethoxy3-
sulfonatel,1-biphenyl hydrate sodiurtsSPhosjrom Chemieliva Pharmaceutical Co., Ltd



2. General Procedures

2.1. General procedure for HeckCassar crosscoupling with aryl chlorides®:

2.11.Heck-Cassar reactions with 2 mol% of catalyst

Pd(ACN),Cl, (2 mol%)
sSPhos (6 mol%)

R—clI + H———R? TMG (11 equiv) > R!——R?

HEP/water (30%)

Procedure:

Figure S1: NE-1010 Higher Pressu®yringe Pump used to perform skaddition of acetylenes

To an overdried 10 mL Schlenk purged undes &tmospherehepalladium precatalystPd(ACN).Cl. (0.02

mmol, 2 mol%, 5.2 mg), sSPhos, (0.06 mmol ,6 mol%, 30.8 mg) were dissolved in HEP and water as
solventin a 7/3 ratio The other reagents were then added in the following order: TMG (126.9 mg, 138.0 pL,

1.1 mmol, 1.lequiy) and aryl chloride (1.0 mmol, 1équiv). The reaction mixture was heated to®BDC

with an oil bath and alkyne (from 1.8% 1.5equiV) was added slowly with a syringe pump over the course of

the reaction; the conversion was evaluated through HB\/@nalysis at 210 nm considering the appropriate

RRF (seeChapter 9 for RRF calculation). At reaction completion, the mixture was extracted with an
appropriate organic solvent (3x1 mL). The collected organic phases were concentrated under reduced pressure.
The reaction crude wagurified, when necessarypy flash chromatgraphy (eluents and isolated yields

specified below ilCompound Characterization section).

A



2.1.2. Heck-Cassar reactions with 0.20.4 mol% of catalyst

Pd(ACN),Cl,, sSPhos
Cs,CO3 (1.1 equiv)
R'—cClI + H————R? > R'——R?
HEP/water (30%)

1.0-25M
1 2 3

Preparation of stock solution tife HCS catalyst:

To anovendried 10 mL Schlenk purged undes Bkmosphere, palladium poatalyst PAA&CN).Cl, (0.02
mmol, 5.2 mg) and ligand sSPhos, (0.06 mmol, 30.8 mg) were dissolved in 2 mL of HEP/water(30%) solution.
The mixture was stirred for 5 min at room temperaturgelfow-orange solution was obtained for seitpgent

HCS reactions (stock solution is stable and can be used even after one week

Procedure:

To an overdried 10 mL Schlenk purged undeg Btmosphere, 200 pL dhe stock solution (0.2 mol% of
palladium catlyst) was added along with the amount of HEP/w#B89%) solution needed to achieve the
desired concentration. The other reagents were then added in the following 0s@€k (@58 mg, 1.1 mmol,
1.1equiy) and aryl chloride (1.0 mmol, 1équiV). The reation mixture was heated to &D°C with an oil

bath and alkyne (1.05 mmol, 1.88uiv) was added slowly with a syringe pump over the course of the reaction;
the conversion was evaluated through HRIXZ analysis at 210 nm considering the appropriate RRF (see
Chapter9 for RRF calculation). At reaction completion, the mixture was extraciicaw appropriate organic
solvent (3x1 mL). The collected organic phases were concentrated under reduced pressure. The reaction crude
was purified, when necessarypy flash chromatography (eluents and isolated yields specified below in
Compound Charactezation section

2.2. General procedure for SuzukiMiyaura cross-coupling®

Preparation of stock solution tife SMcatalyst

To an overdried 10 mL Schlenk purged undeg &mosphere, palladium poatalyst PA(ACNXI; (0.04
mmol, 10.4 mg) and ligand sSPhos, (0.12 mmol, 61.6 mg) were dissolved in 4 mL of HEP/water(40%)
solution. The mixture was stirred for 5 min at room temperature. A yeallawge solution was obtained for

subeqentSM reactions (stock solution is bta and can be used even after one week)



Procedure

PA(ACN),Cl, (0.05 mol%)
sSPhos (0.15%)
HEP/water (40%), 1.0 M

RLCI + R™Z-B(OH), » R'—R2
1.0 mmol 1.05 equiv (i) Cs,CO3 (1.1 equiv), 90°, 4h
or 60° 8-14h
1 5 (ii) K,CO4 (1.1 equiv), 90°, 4h 6

conv. > 99%

To an overdried 10 mL Schlenk purged undeg &tmosphere, 50 pL dhe stock solution (0.05 mol% of
palladium catalyst) was added along with the amount of HEP/\{#®@%) solution needed to achieve the
desired concentration. The other reagents were then added in the followingamelérl mmol, 1.lequiv),

aryl chloride (1.0 mmol, 1.8quiv) and boronic acid (1.05 mmol, 1.8§uiv). The reaction mixture was heated

to the desired temperatuvath an oil bath and maintained at this temperature under stirring; the conversion
was evaluated through HPHQV analysis at 210 nm considering the appropriate RRFIsapter9 for RRF
calculation). At reaction completion, the rire was extracted with an appropriate organic solvent (3x1 mL).

The collected organic phases were concentrated under reduced pressure. The product was isolated without

need of purification (yields specified below@ompound Characterization sectjon

2.3. Recycling protocolfor HC S coupling*

After complete conversion of the desired reaction (monitored with HB\/Git 210 nm), the mixture was
extracted three times undes With an appropriate organic solvent, not miscible with the HEP/water solution
(Cy, MTBE, toluene, 2VieTHF, IBA and IPA). The organic layer was removed with a syringe, another portion

of base, aryl chloride aratetylene (slowly over the curse of the reactiseje added to the HEP/water phase

and another catalytic cycle was perfornrad8390°C. The conversion of the new cycle of reaction was
monitored by the previously mentioned analysis. The organic phases obtained from the different cycles were
combined, distilled to recover the organic solvent, and the regidté&ed, when necesary, by flash
chromatography (yields and recycles are reported in Table 2).

2.4. Thermomorphic protocol for HC S coupling

To an overdried 10 mL Schlenk purged undep Btmosphere, palladium poatalystPd(ACNYCI, (0.02

mmol, 2 mol%, 5.2 mg), sSPhos, (0.06 mmol ,6 mol%, 30.8 mg) were dissolved in HEP and water as co
solvent. The other reagents were then added in the following order: TMG (126.9 mg, 138.0 pL, 1.1 mmol, 1.1
equiv) and aryl chloride (1.0 mmol, 1éqjuiV). The reaction mixture was heated to 90°C with an oil bath and
phenylacetylen@a(1.7.2 mg, 115.3 pL, 1.05 mmol, 1.8§uivy) was added slowly with a syringe pump over

the course of the reaction in 0.5 mL of toluene or IBA in a HEP/water/toluene or HERIRA 7/3/5 ratio;
S6



the conversion was evaluated through HRIXZ analysis at 210 nm considering the appropriate RRF (see
Chapter9 for RRF calculation). At reaction completion, by simply cooling the reaction mixture at room
temperature, the separationtofuene (or IBA) containing the produga occurred, that was simply extracted
with a syringelt was possible to recycle the catalyst and the HEP/water solution three Tineesrganic
phases obtained from the different cycles were combined, distilleettwer the organic solvent, and the

residue purified by flash chromatograplyields and recycles are reported in Table 2).

3. Calculation of TON, PMI and PMIr

Turnover nhumber (TON):

TON can be calculated by the ratio between the yield gfrtbduct at the end of the cycle, and the percentage

of the mmol of catalyst divided from the number of the cycle.

®L QI ®VQG Q

YO 0 —— % .,
Paaca JEWwwa Q

Complete Environmental Factor (CEF)

The generaénvironmental factor for an entire API process is computed by the ratio between the total mass of
waste generated in the synthetic scheme and the mass of the isolated product. Tleagirapraentafactor

(sEF) neglects the solvents and water, andusiglly applied at the stage of initiasearch. This is the reason

why, for an industrial point of view, it is better to use the complete environmental factor (CEF), that includes

all the components utilized for the entire synthesis including solvadtwater:

“ 00 Ba®iéirdi 0'Q Baiégi@wo Qi "Guxdiiéi @i ¢ apo £V 0o
awiéi @i € apio QO wo awidi @i € apo YO wo

Process Mass Intensity (PMI)

The proces mass intensity (PMI) is defined as the ratio between the total mass of materials and the mass of

the isolated product.

5 50 Ba wiei@wo Qi Qooo(bo
0V T e T e e 2 B
GWici@i € apio QY6 wo P
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Recovery of HEP, and Pd

3.1 Recovery of HEP and Pd in the HG crosscoupling with 2 mol%

At the given time, the reaction was cooled at rt, extracted with cyclohexane and the HEP/water phase
containing the catalyst was recycled.

After the final cycle, produc was again extracted wittyclohexane and the combined organic extracts were
distilled and the product could be recovered without further purification. The reaction mixture, containing
HEP/water, conjugated TMG acid and the catalyst complex, was treated with sodium fordafatenidl,

10.0 mg) for 1h at 60°C to generate palladium black. At reaction completion, the mixture was filtered out with
the aid of charcoal (30 mg) and the palladium metal was recovered. The filtrate was distilled under reduced

pressure to recover HEP in 95#eld.

Table S1:Example of PMI calculation on the optimized H€2actionon 5 mmol scale

Single run 5 cycles andinal % of
Reagents 5 cycles (&)
(mg) recovery (gf recovery
la 563 2.8 2.8
2a 536 2.68 2.68
TMG 633 3.17 3.17
Pd(ACN)CI> 255 0.025 0.0025 90
sSPhos 154 0.154 0.154
HEP 4000 4.0 0.2 95
Water 1500 1.5 300
Sodium formate - - 0.01
Charcoal - - 0.03
Cyclohexane 11685 58.4 584 95
3 870 4.2 4.2
PMI 21
PMI after
Pd/sSPhos and
HEP/water ) 181
recycle
PMI after final
recovery of Pd, - - 3.3
HEP, Cy

3PMI calculated after 5 cycles and recycle of Pd complex and HEP/W#RlK calculated after 5 cycles and
recycle of Pd complex, HEP/water and final recovery of Pd metal, HEP and cyclolé&xenerganic phases
obtained from the different cycles were combined and distilled to recover 95% of cyclohexane. It is possible

to disfll the cyclohexane also after each cyéRroduct3aobtained without need of purification.



3.2.Recovery of HEP and Pd in the HG crosscoupling with 0.2 mol%

At the given time, the reaction was cooled at rt, extracted with cyclohexane achievingt Beoaith 93%

yield with no need of purification. The reaction mixture, containing HEP/water, conjugate@®@sid and

the catalyst complex, was treated with sodium formate (0.1 mi®6Indg) for 1h at 60°C in order to generate

palladium black. Ateaction completion, the mixture was filtered out with the aid of charcOah¢) and the

palladium metal was recovered. The filtrate was distilled under reduced pressure to recover HEP in 95% yield

Table S2:Example of PMI calculation on the direc€8reactionon 10 mmol scale

Single run | Single run and final % of
Reagents
(9) recovery (gf recovery
la 112 112
2a 1.07 1.07
C2COs 3.58 3.58
Pd(ACNXCI2 0.005 0.0006 90
sSPhos 0.03 0.03
HEP 32 0.16 95
Water 12 0.12
Sodiumformate 0.01
Charcoal 0.06
Cyclohexané 9.3 0.46 95
3a¢ 17 17
PMI2 111
PMI after
Pd/sSPhos and
HEP/water
recycle
PMI after final
recovery of Pd, 4.4
HEP, Cy

3PMI calculated considering all the reagents used without recd¥l.calculated after final recovery of Pd

metal, HEP and cyclohexan@.he organic phases obtained from the different cycles were combined and

distilled to recover 95% of cyclohexari®raduct3a obtained without need of purification.



3.3. Recovery of HEP and Pd in the SM crossoupling with 0.05 mol%

At the given time, the reaction was cooled at rt, extracted with cyclohexane achieving pecatha®k both

with 95% vyield with no need of purification. The reaction mixture, containing HEP/water, conjugeted
(K2CGQOs or CsCOs acid and the catalyst pwplex, was treated with sodium formatel(@hmol, 10.0 mg) for

1h at 60°C in order to generate palladium black. At reaction completion, the mixture was filtered out with the

aid of charcoal (60 mg) and the palladium metal was recovered. The filtrate stileddunder reduced
pressure to recover HEP in 95% yield

Table S3 Example of PMI calculation on the SM reaction of Schdméth 10 mmol scale

Single run | Single run and final % of
Reagents
(9) recovery (gf recovery
la 11 11
5a 1.2 12
C2COs 3.57 3.57 -
Pd(ACNXCI2 0.001 0.0001 90
sSPhos 0.007 0.007 -
HEP 6.8 034 95
Water 4 4
Sodium
formate ) oaL
Charcoal - 0.06
Cyclohexane 234 1.16 95
6ad 147 147
PMI2 27.2
PMI after final
recovery of Pd, - 7.7
HEP, Cy

3PMI calculated considering all the reagents used without recd¥l.calculated after final recovery of Pd
metal, HEP and cyclohexan@he organic phases obtained from the different cycles were combined and
distilled to recover 95% of cyclohexarf®roduct6a obtained without need of purification.

S10



Table S4 Example of PMI calculation on the SM reaction of Schémdéth 10 mmol scale

Single Single run and final
Reagents % of recovery
run (g) recovery (mgy
1g 1.1 1.1 -
5e 1.56 1.56 -
C=2C0s 357 3.57 -
Pd(ACNCI2 0.001 0.0001 90
sSPhos 0.007 0.007 -
HEP 6.8 0.34 95
Water 4 4 -
Sodium formate - 0.01 -
Charcoal - 0.06 -
Cyclohexane 234 1.16 95
6kd 224 224 -
PMI2 180 - -
PMI after final
recovery of Pd, - 53 -
HEP, Cy

3PMI calculated considering all the reagents used without recd¥vly.calculated after final recovery of Pd
metal, HEP and cyclohexan@he organic phases obtained from the different cycles were combined and
distilled to recover 95% of cyclohexari®raduct6k obtained without need of purification.

4. Base Screening in the SM coupling

Pd(ACN),Cl,, sSPhos
Base (1.1 equiv)
Ph—CI + Ph—B(OH), > Ph—Ph
HEP/water (40%)
1a 5a 6a

To an overdried 10 mL Schlenk purged undeps Atmospherean aliquotof the stock solution was added
along with the amount diEP/water(40%) solution needed to achieve the desired concentration. The other
reagents were then added in the following ortdeise(1.1 mmol, 1.1equiv), chlorobenzeng50.6 pL, 1.0
mmol, 1.0equiv) andphenylboronic acid(1.05 or 1.2 equiv, see thelli@mwving table). The reaction mixture

was heateét the desired temperatungth an oil bath and maintained at this temperature under stirring; the
conversion was evaluated through HRUR analysis at 210 nm considering the appropriate RRFIsapter

9 for RRF calculation).

S11



Table $b. Base screening in SM coupling

Entry Conc. Pd R-B(QH)z Base oT Time Conv.
(M)  (mmol%)  (equiv) ¢S (h) (%)
1 1.0 0.1 1.2 C=2C0Os 45 16 100
2 1.0 0.2 1.05 CeCOs 45 16 100
3 1.0 0.1 1.2 K2COs 45 16 63
4 1.0 0.2 1.05 K2COs 45 16 100
5 0.5 0.1 1.2 K2COs 45 16 100
6 1.0 0.1 1.2 NaCOs 45 16 51
7 1.0 0.2 1.05 NaCOs 45 16 100
8 0.5 0.1 1.2 NaeCOs 45 16 76
9 1.0 0.1 1.2 K3sPOu 45 16 38
10 1.0 0.2 1.05 KsPQy 45 16 100
11 0.5 0.1 1.2 KsPQy 45 16 67
12 1.0 0.05 1.05 C=2COs 60 8 100
13 1.0 0.05 1.05 K2COs 60 16 85
14 0.5 0.05 1.05 K2COs 60 16 87
15 1.0 0.05 1.05 NaCOs 60 16 83
16 0.5 0.05 1.05 NaCOs 60 16 85
17 1.0 0.05 1.05 KsPOu 60 16 76
18 0.5 0.05 1.05 K3sPOQu 60 16 79
19 1.0 0.05 1.05 C=2COs 90 4 100
20 1.0 0.05 1.05 K2COs 90 4 100
21 1.0 0.05 1.05 NaCOs 90 4 88
22 1.0 0.05 1.05 K3sPOu 90 4 84
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5. SM Scopewith Cs>CO3z and K2COs3

Pd(ACN),Cl, (0.05 mol%)
sSPhos (0.15%)
HEP/water (40%), 1.0 M

R-cI + R*—B(OH), — » R'—R?
1.0 mmol 1.05 equiv (i) Cs,CO3 (1.1 equiv), 90°, 4h
________________________________ il or 60° 8-14h
"1a R' = Ph 1k R'=py . ' Ba R2=Ph ' (i) K;CO3 (1.1 equiv), 90°, 4h 6a-j
11b R'=40,NPh 1m R'=20,NPh | | 5b R”=4MeOPh! conv. > 99% PMI~ 27
:1e R'=4MeOPh 1n R'=2COHPh! | 5¢ R?=4MePh E PMir= 7
"1f R'=4MePh 1 5d RZ=FsPh |
./‘ ./‘ MeO 6e
Cs,C0; (Y=95%) Cs,C0; (Y=90%) cSzco3 (Y 94%) cSzco3 (Y 92%) Cs,C0; (¥=92%)
K,C0; (Y=94%) K,CO, (Y=90%)* K,CO5 (Y=91%)* K,CO; (Y=90%) K,CO; (Y=90%)
/./‘ ‘/‘ /‘,/. | T
O,N =
6g 6h 6j
CSZco3 (Y=93%) Cs,CO;4 (Y=95%) Cs,CO5 (Y=94%) Cs,C0O4 (Y=95%) Cs,CO4 (Y=93%)
K,CO5 (Y=93%) K,CO; (Y=93%) K,CO5 (Y=93%) K,CO5 (Y=94%) K,CO5 (Y=91%)*

*conv. > 99% after 8h

To an overdried 10 mL Schlenk purged undeps Aimospherean aliquotof the stock solution was added

along with the amount of HEP/wat@t0%) solution needed tchievethe desired concentratiomhe other
reagents were then added in the following or@=CQO; (1.1 mmol, 357mg, 1.1equiy) or K:COz; (1.1 mmol,

152.1mg, 1.1equiv), aryl chloridela-1n (1.0 mmol, 1.Gequiv) andaryl boronic acidba-5d (1.05mmol, 1.05

equiv). The reaction mixture was heatatithe desired temperatungth an oil bath and maintained at this
temperature under stirring; the conversion was evaluated through-dWRLa&halysis at 210 nm considering

the apprpriate RRF (se€hapter9 for RRF calculation)At reaction completion, the mixture was extracted

with an appropriate organic solvent (3x1 mL). The collected organic phases were concentrated under reduced
pressure. The product was isolated without neegusffication (yields specified below i€ompound

Characterization sectign
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6. Selectivity Studies

6.1. One-pot HCS-HCS crosscoupling reactions

HCS HCS
OH
Pd(ACN),Cl; (2 mol%) _ TMG (1.1 equiv) P OH
sSPhos (6%) = - . =
| OH TMG (1.1 equiv) ——Ph (1.05 equwl
+ //
HEP/water (30%) HEP/water (30%)
1.0 M, 60°C, 2h 1.0 M, 90°C, 3h
7 2b 8
(1.05 equiv) Ph

To an overdried 10 mL Schlenk purged undee B(tmosphere, palladium poatalystPd(ACN)YCI; (0.02

mmol, 2 mol%, 5.2 mg), sSPhos, (0.06 mmol ,6 mol%, 30.4 mg) were dissolved in HEP and water as co
solvent. The other reagents were then added in the following order: TMG (126.7 mg, 138.0 uL, 1.1 mmol, 1.1
equiv), 1-chloro-3-iodobenzen& (238.4 mg, 23.8 uL, 1.0 mmol, 1.@quiv) and alkyne2b (92.5 mg, 106.6

pL, 1.1 mmol, 1,1equiV). The reaction mixture was heatedo@’C with an oil bath and the conversion was
evaluated through HPLOV analysis at 210 nm. After 2h, intermedi@evas achieved with aomplete
conversion and a selectivity >99%. The mixture was then heated to 90°C, TMggh)Iwas directly added

and phenylacetylenza was added slowly in 4h with a syringe pump in order to achieve pr&duith 95%

of conversion. The mixture was extted with IBA (3x5 mL). The collected organic phases were concentrated
under reduced pressure. The reaction crude was purified by flash chromatography (eluents and isolated yields
specified below irCompound Characterization sectjon

6.2. One-pot HCS-SM cross-coupling reactions

HCS SM
PA(ACN),Cl, (2 mol% OH
2Cl2 (2 mol%) OH Cs,CO0;3 (1.1 equiv)
I OH sSPhos (6%) = ] Z
TMG (1.1 equiv) = Ph—B(OH), (1.05 equiv)
+ // > >
HEP/water (30%) HEP/water (40%)
cl 1.0 M, 60°C, 2h 1.0 M, 90°C, 1h Ph
Cl
7 2b 8 10
(1.05 equiv)

To an overdried 10 mL Schlenk purged undep Btmosphere, palladium poatalystPd(ACNYCI, (0.02

mmol, 2 mol%, 5.2 mg), sSPhos, (@.8mol, 6 mol%, 30.4mg) were dissolved in HEP and water as co
solvent. The other reagents were then added in the following order: TMG (126.7 mg, 138.0 pL, 1.1 mmol, 1.1
equiy), 1-chloro-3-iodobenzen& (238.4 mg, 123.8 uL, 1.0 mmol, 1€@uiv) and alkyne2b (92.5 mg, 106.6

pL, 1.1 mmol, 1,1equiV). The reaction mixture was heateds@C with an oil bath and the conversion was
evaluated through HPL-OV analysis at 210 nm. After 2h, intermedid®avas achieved with a complete
conversion and a selectivity >99%. The mixture e heated to 90°C, €30; (358.4 mg, 1.1 mmol, 1.1

equiv) and phenyl boronic acteh (128.0 mg, 1.05 mmol, 1.G5quiv) were directly added to the solution. The

reaction was complete ith giving productlO with a complete conversion. The mixture was &stied with

S14



IBA (3x5 mL). The collected organic phases were concentrated under reduced pressure in order to achieve

compound 10 without need of purification.

7. PdClx(sSPhosyReduction

To an overdried 20 mL Schlenk purged under nitroggmosphere, the piatalyst PAGIACN) (3.37 mg,

0.013 mmol, 10 equiv), the ligand sSPhos (13.32 mg, 0.026 mmol,eg0iv) and CsCO; (21.18 mg, 0.065
mmol, 5.0equiV) weredissolved in DMFd; (0.4 mL) and HEP/KD (ratio 7:3, 0.2 mL). The reaction was
stirred at 60°C and after 10 minutes e NMR spectum wascollected (A). Chlorobenzene (6.6 pL, 0.026
mmol, 5 equiv) was added and the reaction stirred at 60°C for 30 minutes (B). The chemical shift of
ArPd(sSPhos)Cl at 44.81 ppm and the shape ofiginalss in line with the chemical shift of ArPd(SPhos)CI

in toluene reported bgarderet al® The disappearance of the signals at 64.24 ppm and at 63.02 ppm confirmed

that the reduction process occurred.

A) B)
Cs,CO3 (5 eq) + Ar-Cl
PdCI,(ACN), + sSPhos (2eq) ——— = Pd”(sSPhos) R
DMF/HEP/H,O 60°C, 30 min
60°C, 10 min
A)
&g N g =
TT T7T i
sSPhos
|
0O=sSPhos
Pd°(sSPhos) [
. I I —
7‘0 6’5 6’0 S‘S 5’0 4’5 4‘0 3’5 30 2‘5 2’0 1’5 1‘0 S' l’) —‘5 - 1I o
f1 (ppm)
B) 28 % g
| |
0=sSPhos
Pd—Cl h
! SSPh/OS SSP 0s
1 JJ i 1
7‘0 6‘5 6‘0 5‘5 5‘0 4‘5 4‘0 35 30 2‘ 5 ZID 1‘5 1‘0 é CI) - I5 - iO
f1 (ppm)

Figure S2 3P NMR specta of the reduction of Pd@lsSPhos)in DMF-d.//HEP/H,O with CsCO; 5 equivat
60°C (A) and after the addition of A2l (5 equiy) (B).
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To further demonstrate that HpRiysa fundamental role in the Pd(Il) reduction process, the previous reaction
was repead in only DMFd; as solvent. To an ovedried 20 mL Schlenk purged under nitrogen atmosphere,
the precatalyst PAGIACN); (3.37 mg, 0.013 mmol, 1.€quiV), the ligand sSPhos (13.32 mg, 0.026 mmol,
2.0equiv) and CsCO;(21.18 mg, 0.065 mmol, 5dyjuiv) were dissolveih DMF-d; (0.6 mL)and the reaction
was stirred at 60°QAfter 10 minutes thé'P NMR spectra was collected.

Cs,C05 (5 eq)
PdCI,(ACN), + sSPhos (2eq) ———
DMF, 60°C
10 min
g 53 E
T 07 i
PdCl,(sSPhos),
O=sSPhos
sSPhos
1 1

1

A l
7‘0 éS Gb 5’5 SID 4‘5 4‘0 3‘5 2’5 2ID 1‘5 l‘D % Cr) -r5 - J:O

30
f1 (ppm)

Figure S3 3P NMR spectrum of the reduction of PaEBEPhos)in DMF-d; with CCOs; 5 equivat 60°C.

As reference, théollowing spectra show the chemical shifts of the-gatalyst PdG(sSPhos) the ligand
sSPhos and OsSPhos:

DMF/HEP/H,O
PdCI2(ACN); + $SPhos (2 eq) =—= PdCly(sSPhos);
rt
AN 3
PdCl,(sSPhos),

0=sSPhos sSPhos

J " L .i..
7!0 6’5 6‘0 5‘5 5‘0 4‘5 4’0 3Y5 30 2‘5 2‘0 1‘5 1’0 ; 6 fIS - 1‘ (o]

f1 (ppm)

Figure S4 3P NMR spectrum of PdgkSPhos)in DMF-d/HEP/HO. PdC}ACN). (3.37 mg, 0.013 mmol,
1 equiy) and sSPhos (13.32 mg, 0.026 mmaqRiv) were dissolved in DMel; (0.4 mL) and HEP/ED (ratio
7:3, 0.2 mL).
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—414

sSPhos

A SO A AN o

T T T T T T T T
70 65 60 55 50 45 40 35

T T T T T T T T
30 25 20 15 10 5 o -5 -10
f1 (ppm)

Figure S5 3P NMR spectrum of sSPhos in DMFHEP/HO.

—5054
—4747

0=sSPhos

T T T T T T T T
70 65 60 55 50 45 40 35

T T T T T T T T
30 25 20 15 10 s o -5 -10
f1 (ppm)

Figure S6 *'P NMR spectrum of OsSPhos in DMFHEP/HO. The spectrum shows amkmown peak

present also in the previous spectra.

S17



8. Compound Characterization

Yields of the HG reactions reported considering the single run of the entries in Jable

1,2-diphenylacetylene&a

The producBais prepared by general procedure for H&@ssar crossoupling Chapter2.1).
White solid 3% yield), extraction solvent: Cy

'H NMR (400 MHz, CDG) G ( p7b8ii )7.56 (m, 4H), 7.39 7.36 (m, 6H).

13C NMR (100 MHz, CDG) U ( plplLy,128.00, 127.91, 122.94, 89.04.

Anal. Calcd. for GHi0: C, 94.33; H, 5.67; found: C, 94.62; H, 5.69.

1-nitro-4-(phenylethynyl)benzengbh
o=

The producBb is prepared by general procedure for He€assar crossoupling(Chapter2.1).

Yellow solid (%% vyield), extraction solventBuOAc

'H NMR (400 MHz, CDC) G ( p p 817 (n8 2H), 9.64 7.62 (m, 2H), 7.56 7.53 (m, 2H), 7.38
7.36 (m, 3H).

13C NMR (100 MHz, CDGJ)
87.59.

Anal. Calcd. for @GHgNO2: C, 75.33; H, 4.06; N, 6.27; found: C, 75.26; H, 4.06; N, 6.27.

(g

(ppm) 146. 95, 129.38212857,,123.58 122.19,494.751 3 0 .

1-nitro-3-(phenylethynyl)benzengg

(O—=

O,N

The producBcis prepared by general procedure for H&assar crossoupling(Chapter2.1).

Yellow solid (%% yield), extraction solventBuOAc

IH NMR (400 MHz, CDG)) i ( p8i86ii 8.35 (m, 1H), 8.17 8,15 (d, 1H, J = 8.2 Hz), 7.827.80 (d, 1H,
J=7.7Hz), 781 7.49 (m, 3H), 7.40 7.38 (m, 3H).

13C NMR (100 MHz, CDG) i ( plgp8m), 137.19, 131.77, 129.35, 129.06, 128.53, 126.28, 125.10, 122.84,
122.19, 91.92, 86.91.

Anal. Calcd. for @HNO>: C, 75.33; H, 4.06; N, 6.27; found: C, 75.14; H, 4.06; N, 6.26.
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4-(phenylethynyl)benzonitril&d
o=

The producBd is prepared by general procedure for He€assar crossoupling(Chapter2.1).

Yellow solid (8% vyield); extraction solventBuOAc

'H NMR (400 MHz, CDGJ) i ( p7B@inY.61 (m, 4H), 7.57 7.55 (m, 2H), 7.40 7.38 (m, 3H).

13C NMR (100 MHz, CDGJ) U ppm)132.05, 132.02, 131.77, 129.10, 128.49, 128.23, 122.21, 118.50, 111.45,
93.76, 87.70.

Anal. Calcd. for GHgN: C, 88.64; H, 4.46; N, 6.89; found C, 88.69; H, 4.38; N, 6.92.

1-methoxy4-(phenylethynyl)benzenge
wo- (Y=

The producBeis prepared by general procedure for H&assar crossoupling(Chapter2.1).

White solid (9% yield), extraction solventBuOAc

H NMR (400 MHz,CDClL) i ( p7(5%ii )7.49 (m, 4H), 7.37 7.33 (m,3H), 6.91i 6.89 (m, 2H), 3.84 (s,

3H).

13C NMR (100 MHz, CDGJ) i ( plpom60, 133.02, 131.42, 128.28, 127.90, 123.58, 115.36, 113.98, 89.35,
88.05, 55.26.

Anal. Calcd. for GsH120: C, 86.51; H, 5.81; found: C, 86.72; H, 5.81.

1-methy#4-(phenylethynybenzene3f

The producBf is prepared by general procedure for H&assar crossoupling(Chapter2.1).

White solid (9% vyield), extraction solvent: Cy

'H NMR (400 MHz, CDC)) U ( p7pfny.54 (m, 2H), 7.47 7.45 (dJ = 8.1 Hz, 2H), 7.38 7.34 (m, 3H),
7.197 7.17 (d,J = 7.9 Hz, 2H), 2.40 (s, 3H).

13C NMR (100 MHz, CDG) U ( plp8mf, 131.53, 131.48, 129.09, 128.29, 128.04, 89.55, 88.71, 21.49.
Anal. Calcd. for GsH12: C, 93.79; H, 6.21; found: C, 93.57, H: 6.23.
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2-methyt4-phenylbut3-yn-2-ol, 3g
O-=o

The producBgis prepared by general procedure for H&@ssar crossoupling(Chapter2.1).

Yellow oil (90% vyield), extraction solventBuOAc and purification by flash chromatography (Cy/EtOAc =
95/5).

'H NMR (400 MHz,CDCl) 4 ( p7@\4ii )7.42 (m, 2H), 7.31 7.29 (m, 3H), 2.53 (s, OH), 1.64 (s, 6H).
13C NMR (100 MHz,CDGQ)U (ppm) 131.23, 127.83, 127.81, 122.
Anal. Calcd. for ¢H1,0: C, 82.46; H, 7.55; found: C, 82.78; H, 7.54.

N,N-dimethyt3-phenylprop2-yn-1-amine,3h

: NMe,

The producBhis prepared by general procedure for He€assar crossoupling(Chapter2.1).

Colourless liguid (2% vyield), extraction solvent:BuOAc and prification by flash chromatography
(Cy/EtOAC = 95/5).

'H NMR (400 MHz, CDC§) U  7.46p 1B (m, 2H), 7.30 7.28 (m, 3H), 3.47 (s, 2H), 2.37 (s, 6H).
13C NMR (100 MHz,CDGQ)u (ppm) 131.27, 127.82, 127.59, 122.
Anal. Calcd. for GH1aN: C, 82.97; H, 8.23; N, 8.80; found; 82.99; H, 8.22; N, 8.77.

3-(4-nitrophenyl)prop2-yn-1-ol, 3i

02N~©%\
OH

The producBi is prepared by general procedure for H&assar crossoupling(Chapter2.1).

Yellow oil (90% vyield), extraction solventBuOAc and purification by flash chromatography (Cy/EtOAc =
95/5).

'H NMR (400 MHz, CDC}) U  8.plp 8108 (dd, J = 8.0, 4.0 Hz, 2H), 7.6(/.57 (dd, J = 8.0, 4.0 Hz,
2H), 4.55 (s, 2H).

13C NMR (100 MHz, CDGJ) U (47.p5m)B82.39, 129.41, 123.57, 92.46, 83.81, 51.49.

Anal. Calcd. for GH/NOs: C, 61.02; H, 3.98; N, 7.91; O, 27.09; found: C, 61.11; H, 3.95; N, 7.87; O, 28.1.

c
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1-(heptl-yn-1-yl)-4-nitrobenzene3j

OZNAQ%\_\;

The producBj is prepared by general procedure for H&assar crossoupling(Chapter2.1).

Yellow oil (90% yield), extraction solvent: Cy arfdurification by flash chromatography (Cy 100%).

'H NMR (400 MHz, CDC)) 4 ( p8pl@ii)8.14 (dd, J = 8.0, 4.8z, 2H), 7.52 7.50 (dd, J = 8.0, 4.0 Hz,
2H), 2.46i1 2.43 (t,J=12.0 Hz, 2H), 1.66 1.60 (m, 2H), 1.48 1.34 (m, 4H), 0.9% 0.91 (t,J = 12.0 Hz,

3H).

BCNMR (100 MHz, CDG) U (4p.p3niB2.19, 131.20, 123.43, 96.79, 79.25, 31.08, 28.08, 29.56,
13.93.

Anal. Calcd. for GsH1sNOz: C, 71.87; H, 6.96; N, 6.45; O, 14.73; found: C, 71.93; H, 6.92; N, 6.50; O, 14.69.

1-(2-(phenylethynyl)phenyl)ethalzoneg 3k

The producsk is prepared by general procedure for H€assar crossoupling Chapter2.1).

Yellow oil (94% vyield); extraction solventBuOAc and purification by flash chromatograpHZy/EtOAc =
95/5).

IH NMR (400 MHz, CDCk) U ( p7pTii)7.75(d, J = 8.0Hz, 1H), 7641 7.62(d, J = 8.0 Hz1H), 7.56i

7.55(m, 2H), 7.491 7.47(t, J =4.0 Hz, 1H), 7.42i 7.37(m, 4H), 2.80(s, 3H).

BCNMR (100 MHz, CDG) U ROP.p5140.76, 133.91, 131.54, 131.34, 128818.73,128.49,128.31,
122.91, 121.71, 95.06, 88.53, 30.01.

Anal. Calcd. forCi6H120: C, 87.25; H, 5.49; O, 7.26oundC, 87.8; H, 552, O, 7.2

1,2,3,4,5pentafluore6-(phenylethynyl)benzend,
F F

H =\
F F

The produc8l is prepared by general procedure for H&&ssar crossoupling Chapter2.1).

White solid(92% vyield); extraction solvent: Cy andugfication by flash chromatography (Qp%).
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H NMR (400 MHz, CDC}) G ppm)7.591 7.57(m, 2H), 7427 7.38(m, 3H).

13C NMR (100 MHz, CDG)) U  @40.p (o, 3c= 250 Hz), 141.4 (dm3= 250 Hz), 137.6 (dme3=
250 Hz), 131.0, 129.61, 128.%, 12155, 101.% (m), 100.3, 7304 (m).

Anal. Calcd. forCi4HsFs: C, 62.70; H, 1.88; F, 35.42; found C, 62.71; H, 1.31; F, 35.40

methyl 5(phenylethynyl)thiopher2-carboxylate 3m
[ =

MeO S

The producBmi s prepared by general procedureHimck-CassaiSonogashirarosscoupling Chapter 2.3).
Yellow solid (8% vyield); Extraction solventBuOAc; Purification by flash chromatography (Cy/EtOAc =
90/10).

H NMR (400 MHz, CDGJ) i ( p7@@n(d, 1H, J = 3.9 Hz), 7.557.53 (m, 2H), 7.38 (m, 3H), 7.23 (d, 1H,

J =3.9 Hz), 3.91 (s, 3H).

13C NMR (100MHz, CDCk) i ( plp2rB3, 133.79, 133.32, 132.14, 131.62, 130.05, 129.06, 128.49, 122.20,
95.62, 91.99, 52.34.

Anal. Calcd. forC14H100:S: C, 69.40; H, 4.16; O, 13.21; S, 13.23nd: C,68.87 H, 4.QL; O, 13.29; S, 13.40.

7-chloro-4-(phenylethynyl)gimoline, 3n

The producBnis prepared by general procedure for H&dssaiSonogashira crossoupling Chapter 2.13).

White solid (906 yield); Extraction solventBuOAc; Purification by flashchromatography (Cy/EtOAc =
95/5).

IHNMR (400MHz,CDC)) & (ppm) U 8.90 (d, J = 4.5 Hz, 1H),
1H), 7.71i 7.63 (m, 2H), 7.61 7.54 (m, 2H), 7.44 (dd, J = 5.1, 1.9 Hz, 3H).

13C NMR (100 MHz, CDGJ)) 160.85, 148.50, 135.87, 132.00, 129.88, 129.58, 128.81, 128.65, 128.19,
127.43, 126.18, 123.64, 121.98, 99.20, 84.60.

Anal. Calcd. forCi7H10CIN: C, 77.42; H, 3.82; ClI, 13.44; N, 5.31; found: C, 77.54; H, 3.76; Cl, 13.63; N, 5.22
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2-(phenylethynyl)pyridine3o
Q=0
=N

The producBois prepared by general procedure for H&assatSonogashira crossoupling Chapter 2.1).
Yellow oil (91% yield); Extraction solventBuOAc; Purification by flasikchromatography (Cy/EtOAc = 95/5).
'HNMR (400 MHz, CDC) U ( p pinv)67 (in, 1RA), 776@ (m, 2H), 7.54 (d, J = 8.1 Hz, 1H), 7.38, (m,
3H), 7.26i 7.23 (m, 1H).

BBCNMR (100MHz,CDG)u 150. 09, 143.50, 136. 17, 113229,89725, 1238.
88.62.

Anal. Calcd. forCi3H9N: C, 87.12; H, 5.06; N, 7.82; found: C, 87.09; H, 5.09; N, 7.87.

2-methyit4-(perfluorophenyl)buB-yn-2-ol, 3p

The producBpis prepared by general procedure for H&@ssatiSonogashira crossoupling Chapter 2.1).
Yellow solid (924 yield); Extraction solventBuOAc; Purification by flash chromatography (Cy/EtOAc =
80/20).

HNMR (400MHz,CDG)) U (ppm) U 1.65 (s, 6H).

13C NMR (151 MHz, CDCJ) 14i7.11i 145.33 (dm, Jc= 168,0 Hz), 141.2P 139.60 (dm, dc = 173,0 Hz),
137.40i 135.76 (dm, dc= 164,0 Hz), 105.35, 98.61, 65.41, 64.78, 30.01.

Anal. Calcd. for @H-FsO: C, 52.81; H, 2.82; F, 37.97; O, 6.40; found: C, 82H, 2.98; F, 37.90; O, 6.54

4-(3-aminophenyh2-methylbut3-yn-2-ol, 3q

=

H,N

The producBqis prepared by general procedure for H&dssatiSonogashira crossoupling Chapter 2.1).
Pale yellow solid (8%); Extraction solventBuOAc; Purification by flash chromatography (Cy/EtOAc =
90/10)

'HNMR (400 MHz,CDC)) U ( pp m) Wz, TH3 6.83t(d, J =J.6 Hz, TH), B75 (s, 1H), 6.64 (d, J
= 8.0 Hz, 1H), 3.67 (s, Nji 2.21 (s, OH), 1.61 (s, 6H).

S23



13C NMR (100 MHz, CDG)) U4 (ppm) 146.13, 129.15, 123.38, 122

31.47.
Anal. Calcd for GH12NO: C,75.40; H, 7.48; N, 7.99; found: C, 75.50; H, 7.43; N, 7.95;

Yields of theSM reactions reported consideri8gheme 4

1,1-biphenyl,6a

The producbais prepared by general procedure for SuaMKiaura crosscoupling(Chapter2.2).
White solid (%% yield); extraction solvent: Cy

'H NMR (400 MHz, CDCGJ)) U ( p7B9ii )7.66 (m, 4H), 7.54 7.49 (m, 4H), 7.44 7.40 (m, 2H).
13C NMR (100 MHz, CDG) U (44.p8n1R8.80, 127.29, 127.21.

Anal. Calcd. for @Hio: C, 93.46; H, 6.54; found: C, 93.37; H, 6.62.

4-methoxyl,1-biphenyl,6b-6e

The product$b-6eare prepared by general procedure for Subiigaura cros-coupling(Chapter2.2).

White solid (® and 9% yield), extraction solvenfBuOAc

'H NMR (400 MHz, CDG) G ( p7fb&i)7.52 (m, 4H), 7.45 7.41 (m, 2H), 7.33 7.29 (m, 1H), 7.00

6.98 (m, 2H), 3.87 (s, 3H).

13C NMR (100 MHz, CDGJ) U 15%.1d4,m20.81, 133.76, 128.68, 128.12, 126.71, 126.62, 114.17, 55.32.
Anal. Calcd. for GsH120: C, 84.75; H, 6.57; O, 8.68; found: C, 84.77; H, 6.51; O, 8.70.

4-methytl,1-biphenyl,6¢-6f

The product$c-6f are prepared by general procedure for Sukligaura crosscoupling(Chapter2.2).
White solid (2 and 9%0 yield), extraction solvent: Cy

IH NMR (400 MHz, CDC)) ti  ( p7B®i)7.66 (m, 2H), 7.60 7.58 (m, 2H), 7.53 7.49 (m, 2H), 7.43
7.39 (m,1H), 7.35i 7.33 (d, J = 7.8 Hz, 2H).

13C NMR (100 MHz, CDGJ)) U (40.p2mi)38.44, 137.06, 129.57, 128.79, 127.04, 127.02, 21.14.

Anal. Calcd. for GHio: C, 92.81; H, 7.19; found: C, 92.75; H, 7.23.
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3,4,5trifluoro-1,1-biphenyl,6d

o

F

The producéd is prepared by general procedure for SudMkiaura crosscoupling(Chapter2.2).

White solid (2% vyield); extraction solvent: Cy

'H NMR (400 MHz, CDG) U ( p7b3ii )7.42 (m, 5H), 7.22 7.18 (m, 2H).

3C NMR (100MHz, CDCk) U  (158.p2m1)52.58 (dd,dr= 9.9, 4.2 Hz), 150.26150.11 (ddJcr= 10.1,
4.4 Hz), 140.63 140.32 (tJce=15.1 Hz), 138.1¥ 137.43 (m), 137.45 137.25 (m), 129.06, 128.37, 126.81,
111.107 110.88 (ddJc.r= 16.1, 6.0 Hz).

Anal. Calcd. for @H-F3s: C, 69.23; H, 3.39; F, 27.38; found: C, 69.20; H, 3.45; F, 27.44.

2-nitro-1,1-biphenyl,6g

NO,

The producégis prepared by general procedure for SuaMKiaura crosscoupling(Chapter2.2).

Yellow oil (95% yield), extraction solventBuOAc

'H NMR (400 MHz, CDG)) i ( p7@89n7.87 (dd, J=8.0, 1.3 Hz, 1H), 7.65.61 (td, J = 7.6, 1.3 Hz, 1H),
7.521 7.44 (m, 5H), 7.38 7.35 (m, 2H).

B3CNMR (100 MHz,CDG)) U (14p.p2miB7.42,13623132.31, 131.97, 128.70, 128.24, 128.20, 127.91,
124.06.

Anal. Calcd. for @HgNO:: C, 72.35; H, 4.55; N, 7.03; O, 16.06; found: C, 72.39; H, 4.52; N, 7.01; O, 16.09.

4-nitro-1,1-biphenyl,6h

The producéh is prepared by general procedure for Sudkiaura crosscoupling(Chapter2.2).

Yellow solid (94% yield); extraction solventBuOAc

'H NMR (400 MHz, CDGJ) G ( p8iB2ii )8.30 (m, 2H), 7.76 7.74 (m, 2H), 7.65 (m, 2H), 7.547.46 (m,
3H).

13C NMR (100 MHz, CDC}) U  (4@.plnly7.07, 138.75, 129.16, 128.89, 127.80, 127.36, 124.08.
Anal. Calcd. for @His: C, 72.35; H, 4.55; N, 7.03; O, 16.06; found: C, 72.25; H, 4.61; N, 7.07; O, 15.9.
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[1,1'-biphenyl}2-carbaldehyde6i

o

The producti is prepared by general procedure for Sudkiaura crosscoupling Chapter2.2).

Colorless 0il(95% vyield), extractions solventBuOAc

IH NMR (400 MHz, CDC)) i ( poB®(s, 1H), 7947 7.92 (J=8.0 Hz, d, 1H), 7.547.52(m, 1H), 7.4 i
7.33(m, 5H), 7.287.27 (m, 2H).

13C NMR (100 MHz, CDGJ) 0 (19242m35.97, 137.77, 133.74, 133.57, 130.79, 130.12, 128.45, 128.14,
127.79, 127.58

Anal. Calcd. forCi3H100, C, 85.69; H, 5.53; O, 8.78und85.70; H, 5.51; O, 8.76

2-phenylpyridine§j

-N

The productj is prepared by general procedure for SuaMkiaura crosscoupling Chapter 2.1).

Colourless oil (9% yield). Extraction solventBuOAc.

HNMR (400 MHz,CDCG}) & (ppm) U 8.71 (d, J = 3.5 Hz, ilH),
7.42 (m, 3H), 7.23 (m, 1H).

BC NMR (100 MHz, CDGQ)ii 156. 44, 148. 63, 138. 37, 135..70, 127
Anal. Calcd. forCi1HgN: C, 85.13; H, 5.85N, 9.03; found: C, 85.16; H, 5.89; N, 9.01

4'-chloro-2-nitro-1,1-biphenyl,6k

O~

NO,

The producek is prepared by general procedure for Sudkiaura crosscoupling(Chapter2.2).

Yellow solid (%% vyield); extractions solventBuOAc

'H NMR (400 MHz, CDC) G ( p7@®i)7.87 (dd, J = 8.1, 1.3 Hz, 1H), 7.65.61 (td, J = 7.6, 1.3 Hz,
1H), 7.53i 7.49 (m, 1H), 7.43 7.39 (m, 3H), 7.27 7.25 (m, 2H).
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13C NMR (100 MHz, CDG)) U  (14p.p3p1B5.95, 135.15, 134.41, 132.55, 131.85, 129.30, 128.89, 128.61,
124.25.

Anal. Calcd. for @HsCINO.: C, 61.69; H, 3.45; Cl, 15.17; N, 5.99; O, 13.69; found6C74; H, 3.38; ClI,
15.13; N, 6.04; O, 13.74.

3',4",5xtrifluoro-2-nitro-1,1-biphenyl,6l

Q-

NO, F

The productl is prepared by general procedure Suavkiaura crosscoupling(Chapter2.2).

Yellow solid (97% yield); extractions solvent: {C

'H NMR (400 MHz, CDC)) G ( p7@@1)7.93 (dd, J = 8.1, 1.3 Hz, 1H), 7.697.65 (td, J = 7.5, 1.3 Hz,
1H), 7.60i 7.55 (dt,J=7.8, 1.5 Hz, 1H), 7.417.39 (dd, J = 7.6, 1.5 Hz, 1H), 6.86.94 (m, 2H).

13C NMR (100 MHz,CDG)) U ( p p m)52.2r &d@, 9=41Q.3, 4.2 Hz), 149.92 149.77 (dd, 9= 10.1,

4.4 Hz), 148.68, 141.19140.89 (t, 3= 15.1 Hz), 138.68 138.38 (t, 3= 15.1 Hz), 133.51 133.46 (M),
132.79, 131.63, 129.37, 124.49, 112(6R12.46 (dd,J= 16.1, 6.0 Hz)

Anal. Calcd. for G:HsFsNO2: C, 56.93; H, 2.39; F, 22.51; N, 5.53; O, 12.64; found: C, 56.98; H, 2.35; F,
22.46; N 5.61; O, 12.60.

2-methyt4-(3-(phenylethynyl)phenyl)bt8-yn-2-ol, 9

OH

The producB is prepared by onpot HeckCassar crossoupling(Chapter4.1).

Yellow oil (92% yield); extractions solventBuOAc

'H NMR (400MHz, CDCEB) i ( pp m) 7. 61i37.58 (:, 2H)1 4P 7.47m, BHy, 7.40 7.30 (m,
5H), 1.65 (s, 6H).

BCNMR (100 MHz,CDG) G (ppm) 134.68, 131.62, 131.29, 128.
89.94, 88.47, 81.35, 65.58, 31.43.

Anal. Calcd. for GgH160: C, 87.66; H, 6.20; O, 6.15; found: C, 87.61; H, 6.29; O, 6.14.
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4-([1,1'-biphenyl}3-yl)-2-methylbut3-yn-2-ol, 10
OH
Z

The productlOis prepared by a oAgot HeckCassar and Suzukiliyaura crosscoupling(Chapter4.2).

Yellow oil (96% yield); extractions solventBuOAc

'H NMR (400 MHz, CDG) G ( p p nii)7.55Am, 4HD), 7.49 7.38 (m, 5H), 1.70 (s, 6H).

13C NMR (100 MHz, CDGJ))  ppm)(@141.34, 140.32, 130.45, 128.89, 128.79, 127.66, 127.11, 123.30, 94.13,
82.21, 65.70, 31.57.

Anal. Calcd. for ¢H160: C, 86.40; H, 6.82; O, 6.77; found: C, 86.44; H, 6.74; O, 6.81.
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9. Calculation of Relative Response Factor (RRF)

In HPLC with UV-DAD, the response of the detector is the absorbance of the compound at a fixed wavelength.

Exploiting the LamberBeer law, it is possible to evaluate the RRF.
6 adbO-

Where:

U is the molar attenuation coefficient or absorpt
c is expressed in molarity (mol/L).

The response factor, in analytical chemistry, is defined as the ratio between the molar concentration of a
compaind being analyzed and the response of the detector to that compound. In this way, the calculation of
RRF is described below:

0 QDD QN
OEEMQEOD MO QE ¢

YQi 1 €@ D ¥ D

Thus, considering two substances in ebhone is the product (B) and the second is the reagent (A), the RRF

is:

RV G‘Qd)TQ(lji'Qd)~ e R A R NS A T N e~z N

YO 0 & w0e O "‘Qgg@@oL\onuE WwQe ol wo 0Q¢ ¢

YO L’)'Qd)'Qé‘l"'Qd‘) . "6"('2,(1),?‘26 TR® Qe 01 OO QE ¢
0€EewWwQeol wo Q¢ ¢

YO
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Table S6: Calculation ofRRF between chlorobenzehaand diphenylacetylenga at several concentrations

Concentration (M)  Chlorobenzene area (mAu) Diphenylacetylene area (mAu) RRF SRRF
0,0025 2142.2 5633.3 2.63
0,0005 438.7 1126.4 2.57 2.59
0,00025 256.0 658.6 2.57
mAU o
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Figure S7: HPLC-UV spectrum okqumolarmixture ofchlorobenzenéaand diphenylacetylergaat 0.0025
M concentration

Table S7: Calculation oRRF between chlorobenzehaand biphenyba at several concentrations

Concentration (M)  Chlorobenzene area (mAu) Biphenyl area (mAu) RRF SRRF
0,0025 1923.8 4230.5 2.19
0,0005 496.3 1124.2 2.26 2.23
0,00025 351.0 790.1 2.25
mAU %
2000 ﬁ
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Figure S8 HPLC-UV spectrum ofequiwimolar mixture of chlorobenzeriea and biphenyba at 0.0025 M
concentration

S30



Table S8: Calculation ofRRF between diphenylacetyleBaand 1,4diphenytl-buten3-yneda

at several concentrations.

Concentration (M) Diphenylacetylene area (mAu) 1,4-diphenyl-1-buten-3-yne area (mAu) RRF a&grr

0,0025 75423.4 59859.8 1.26
0,0005 17645.2 13573.2 1.30
0,00025 7982.4 6597.0 121 124
0,000025 3426.5 2879.4 1.19

Figure S9: HPLC-UV spectrum ofequiwimolar mixture of diphenylacetyleréa and 1,4diphenytl-buten
3-yne4 at 0.0005 M concentration.
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