Electronic Supplementary Material (ESI) for Chemical Science.
This journal is © The Royal Society of Chemistry 2020

Synthesis of Pentasubstituted 2-Aryl Pyrroles from Boryl and Stannyl Alkynes via One-Pot
Sequential Ti-Catalyzed [2+2+1] Pyrrole Synthesis/Cross Coupling Reactions

Yukun Cheng, Channing K. Klein and Ian A. Tonks

Contribution from the Department of Chemistry, University of Minnesota — Twin Cities, 207 Pleasant St
SE, Minneapolis MN 55455, United States. Email: itonks@umn.edu

Supporting Information

GENETAl CONSIARTATIONS . cocvureeruierseesseessssesssesssesssses s s ss s as s R SRR R R S2
Initial Screening of Heteroatom-Substituted AIKynes (Table 1) .....reeemrereesssessssesssssssssesss S3
Optimization of Reaction CONAITIONS ....uuurerucermeerseeesseesrsesssseesssesssssssssssssssssssssssssssssssssssssssssssssssssssesssssesssssssses S10
CAtAlY ST SYNTRESIS e cuureueereeessiseesesssss s s se s s bbb bR R S14
SUDSEIAEE SYNTNESES ...cvvureeruseereseeesseeesssesssseesssseesssssessssses s ssss s ss s s AR AR R S15
Catalytic Pyrrole Syntheses: Alkynyl BBN and Alkynyl Stannanes Scopes (Table 3) .....onnrernnnens S30
L DONOT EffECE STUAY wvvureeureereeiiseeseeseessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssasssasssasssssssssssssssssssssssssssnses S50
Directing Group Strength COMPATISONS. ... ereerseesreesrsssessssssssssssssssssssssssssssssssssssssssssssssssssssssesssssesssssesees S56
0D T o o =T T (o) LT S65
Catalytic Pyrrole Syntheses: Hydrocarbon Alkyne Scopes (Table 4).....eneeeeessseens S109
REFEIEIICES ..uvuurreusresseeesseesssesessesssss st sssse s s E R R R8RSR E AR AR AR R AR R R Rt S130

S1


mailto:itonks@umn.edu

General Considerations

All air- and moisture-sensitive compounds were manipulated in a glovebox under nitrogen
atmosphere. Solvents for air- and moisture-sensitive reactions (PhCFs;, PhCH3, CsHe) were dried
through activated alumina on a Pure Process Technology solvent purification system. PhOCH3 and
NMR solvents (CDCIz and Ce¢Ds) were dried over CaH; or Na?/Ph,CO and vacuum transferred before
passing through activated alumina and storing over activated 3 A molecular sieves in the glovebox.
CeDsBr was synthesized following a reported procedure! and passed through activated alumina before
storing over activated 3 A molecular sieves in the glovebox. 1a-SnMe3, 1f-Sn"Bus, 1g-Sn”Bus, 2, n-
butyllithium, B-methoxy-9-borabicyclo[3,3,1]nonane solution in hexanes and MesSnCl solution in
hexanes were purchased from Millipore-Sigma. Azobenzene was purchased from TCI Chemicals and
purified by hexane/water extraction three times. Terminal alkynes were purchased from Oakwood
Products, Inc. and Millipore-Sigma. 1a-BBN,? 1e-BBN,3 1g-BBN,* 1a-Cu,’ and [py.TiClo(NPh)]:¢ were
prepared following the reported procedures.

GC chromatographs were collected on Agilent 7890B GC system equipped with the HP-5 column (30
m, 0.32 mm, 0.25 pm, 7 inch cage), an oxidation-methanation reactor (Polyarc® System, Activated
Research Company), and a FID detector for quantitative carbon detection.”8 1H, 11B, 13C{1H}, 19F{tH},
119Sn{1H}, tH-13C and H-15N HMBC, NOESY, and No-D 'H NMR were collected on Bruker Avance III
HD NanoBay 400 MHz or Bruker Avance III HD 500 MHz spectrometers. Chemical shifts are reported
with respect to residual protio-solvent impurity for H (s, 7.26 ppm for CDCls; s, 7.16 ppm for C¢De)
and 13C (t, 77.16 ppm for CDCl3; t, 128.06 ppm for CsDs). 11B NMR was externally referenced to
BF3-OEt; in the corresponding solvent as 0.0 ppm. 119Sn NMR in CDClz was externally referenced to
MesSn in CDCl3 as 0.00 ppm. 129Sn NMR in toluene was referenced to the chemical shifts of the
corresponding stannyl alkynes in CsDs (1a-SnMe3,° 1g-Sn"Bu3!0) or CDCI; (1b-SnMe3, 1c-SnMe3z, 1d-
SnMes). No-D 'H NMR was referenced to the proton signal of the internal standard triphenylmethane
(PhsCH, s, 5.54 ppm in PhCF3; s, 5.34 ppm in PhCH3). 1H NMR of catalytic reactions in C¢DsBr were
referenced to the proton signal of the internal standard triphenylmethane (PhsCH, s, 5.45 ppm).
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Initial Screening of Heteroatom-Substituted Alkynes (Table 1)

General Procedure for Initial Screening of Heteroatom-Substituted Alkynes as Heterocoupling
Partner (Procedure A)

[py2TiCl2(NPh)]2 (3.7 mg, 0.005 mmol, 0.05 equiv), heteroatom-substituted 2-phenylethyne (1a-M,
0.1 mmol, 1 equiv) and 0.5 mL of PhCF3 stock solution containing 1-phenyl-1-propyne (2) (11.6 mg,
0.1 mmol, 1 equiv), azobenzene (8.2 mg, 0.045 mmol, 0.45 equiv) and triphenylmethane (4.9 mg, 0.02
mmol, 0.2 equiv, internal standard) were added to an NMR tube. The reaction was then sealed and
heated in a preheated oil bath at 115 °C. No-D NMR spectra were collected before and after heating to
monitor the reaction. The reaction was quenched with 5% HCl in methanol and extracted with
EtOAc/H20. The organic phase was dried over MgSO4 and evaporated under vacuum. The crude
product mixture was characterized by GC-Polyarc®/FID to calculate the yield and selectivity.

Reaction of 1a-Bpin (Table 1, Entry 1)

o)g< 0.45 equiv PANNPh

\ Me " 504 [py,TiCIo(NPh)l,

4

/ oh PhCF3, 115 °C, 16 h
HCI workup

1a-Bpin 2 (+reg|0|somers
homocoupled 2

The reaction was performed following Procedure A using 1a-Bpin (22.8 mg, 0.1 mmol, 1 equiv) with
the reaction being heated for 16 h. Selectivity calculated for the major regioisomer of the
heterocoupling, product 5a.
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Figure S1. No-D 'H NMR of the reaction of 1a-Bpin at time = 0 (top), time = 16 h (bottom) in PhCFs.
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Figure S2. 1H NMR of the reaction of 1a-Bpin in CDCl3 after HCl workup.
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Figure S3. NOESY NMR spectrum of the reaction of 1a-Bpin in CDCl;3 after HCI workup.
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4a 17.921 23 0.6
5a 14.93 560.266 23 19.3
homocoupled 2 15.37,17.57,18.47 295.586 24 9.8

Figure S4. Quantitative GC-FID chromatograph of the reaction of 1a-Bpin after HCl workup.

Sample yield calculation based on quantitative carbon detection:

Surface Area of 3a #of C of PhsCH

Yield of 3a = X
leld of 3a t#of Cof 3a Surface Area of Ph;CH

X equiv of Ph;CH X 100%

Reaction of 1a-BBN (Table 1, Entry 2)

0.45 equiv PANNPh
Me " 5os [py,TICI,(NPh)L,

/ﬁ / PhCFy. 115 %0, 201 ﬁ ﬁ ﬁ K—T

HCI workup Ph

1a-BBN (+reg|0|somers)
homocoupled 2

The reaction was performed following Procedure A using 1a-BBN (29.4 mg, 0.1 mmol, 1 equiv) with
the reaction being heated for 20 h. Selectivity calculated for the major regioisomer of the
heterocoupling, product 3a.
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Figure S5. No-D 'H NMR of the reaction of 1a-BBN at time = 0 (top), time = 20 h (bottom) in PhCF3.
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Figure S6. Quantitative GC-FID chromatograph of the reaction of 1a-BBN after HCI workup.
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Reaction of 1a-SnMe3 (Table 1, Entry 3)

- y 0.45 equiv PhANNPh Th Th Th Th
mes ©SRIPYRTICINPIL | N e e Ny pnl N e M N M
2y D2t U2 ain sl ) s
Ph Ph PhCF3, 115 °C, 20 h
HCI workup Ph Ph H Ph H Me Ph Ph
1a-SnMe; 2 3a 4a 5a (+regioisomers)

homocoupled 2

The reaction was performed following Procedure A using 1a-SnMe3 (26.5 mg, 0.1 mmol, 1 equiv)
with the reaction being heated for 20 h. Selectivity calculated for the major regioisomer of the
heterocoupling, product 3a.
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Figure S7. No-D 'H NMR of the reaction of 1a-SnMe3 at time = 0 (top), time = 20 h (bottom) in PhCFs.
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Retention Time (min) Surface Area # of C Yield (%)
Ph3;CH 5.45 97.101 19 n.a.
3a 19.26 297.256 23 50.6
4a 7.061 23 1.2
5a 14.78 39.048 23 6.6
20.440 24 3.3

homocoupled 2

15.26,17.44,18.37

Figure $8. Quantitative GC-FID chromatograph of the reaction of 1a-SnMe3 after HCl workup.

Reaction of 1a-Cu (Table 1, Entry 4)

Cu
Ph/

1a-Cu

M
' Ph/
2

0.45 equiv PhNNPh

5% [py2TICLINPRL (|, N oo e
M 4 \ﬂ/

PhCF3, 115 °C, 16 h
HCI workup Ph Ph

e

Ph
|

3a

Ph

l?h
N

Ph

(+regioisomers)
homocoupled 2

The reaction was performed following Procedure A using 1a-Cu (16.5 mg, 0.1 mmol, 1 equiv) with
the reaction being heated for 16 h. Yield of 3a was found to be 7%. 4a and 5a were not found.

Selectivity was not determined due to the peak overlapping with homocoupled 2.
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Figure S9. No-D 'H NMR of the reaction of 1a-Cu at time = 0 (top), time = 16 h (bottom) in PhCFs.
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Figure $10. 'H NMR of the reaction of 1a-Cu after HCl workup.
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Optimization of Reaction Conditions

Attempted Optimization of Catalysis with 1a-Bpin as Heterocoupling Partner

B 10% [Ti]
pin Me
/ / 0.45 equiv PhANNPh Me Ph
Ph Phi Solvent, 115 °C, 16 h \g \q \g
HCI workup
1a-Bpin 2 (+regioisomers)

homocoupled 2

Ti catalyst (0.01 mmol, absolute quantity of titanium, 0.1 equiv), azobenzene (8.2 mg, 0.045 mmo],
0.45 equiv), 2-phenylethynyl-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (1a-Bpin) (22.8 mg, 0.1 mmol,
1 equiv), 1-phenyl-1-propyne (2) (11.6 mg. 0.1 mmol, 1 equiv), triphenylmethane (4.9 mg, 0.02 mmol,
0.2 equiv, internal standard) and 0.5 mL of solvent were added to a 4 mL scintillation vial equipped
with a stir bar in the glovebox. The vial was then sealed with a PTFE-lined Teflon screw cap, brought
out of the glovebox and heated at 115 °C on an aluminum well plate for 16 h. After cooling down to
room temperature, the reaction was quenched with 5% HCI in methanol and extracted with
EtOAc/H0. The organic phase was dried over MgS04 and evaporated to yield a mixture containing 3a,
5a and the regioisomers from the homocoupling of 2. The yields and selectivity were determined by
GC-Polyarc®/FID. The yield of 4a was lower than 1% throughout the whole optimization and was
considered negligible.

A trend can be found that the sum yield of heterocoupling (3a and 5a) as well as the yield of
homocoupling of 2 are solvent dependent. Further, the ratio of the heterocoupling product (3a/5a)
increases the catalyst ancillary halogen is changed from Cl, Br, to I, indicating that a more electron-
deficient Ti center favors 3a over 5a (Figure S11 and S12). However, none of the attempted reactions
ultimately led to high-yielding, selective outcomes.

horﬁocoupling of 2
I 3a
B 5a

)
@)

Figure S11. Scope of catalyst and solvent
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Optimization of Catalysis with 1a-BBN as Heterocoupling Partner

F
\
Bf

1a-BBN +reg|0|somers
homocoupled 2

PhNNPh
Ti catalyst

TH

Solvent, T °C, 20 h
HCI workup Ph

[py2TiCl2(NPh)]2, azobenzene, B-phenylethynyl-9-borabicyclo[3,3,1]nonane (1a-BBN, 29.4 mg, 0.1
mmol, 1 equiv), 1-phenyl-1-propyne (11.6 mg, 0.1 mmol, 1 equiv), triphenylmethane (4.9 mg, 0.02
mmol, 0.2 equiv, internal standard) and 0.5 mL solvent were added to an NMR tube. The total nitrene
equivalent was kept as 1 by adjusting the molar quantity of azobenzene according to the Ti catalyst
loading, following the relationship of:

Equivnitrene = Equiv[psziClz(NPh)]z + Equivazobenzene X2

The reaction was then sealed and heated in a preheated oil bath for 20 h. The reaction was quenched
with 5% HCI in methanol and extracted with EtOAc/H20. The organic phase was dried over MgSO.4
and evaporated under vacuum. The crude product mixture was characterized by GC-Polyarc®/FID to
determine the yield and selectivity.
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Table S1. Optimization of the catalysis using 1a-BBN as heterocoupling partner.

Entry  %[Ti] Solvent T 3a 4a 5a homocoupled Selectivity®
C) (%) (%) (%) 2 (%)

1 5 PhCF3 115 6.6 0.3 <0.1 0.2 22.3:1(12.5:1)
2 5 CeDsBr 115 21.8 0.5 0.1 29 36.2:1 (6.2:1)
3 10 CeDsBr 115 74.3 1.2 0.1 3.0 55.8:1 (17.1:1)
4 15 CeDsBr 115  64.9 1.2 0.1 3.6 50.7:1 (13.2:1)
5 10 PhCHj3 115 66.6 2.0 0.1 1.3 31.5:1 (19.6:1)
6 10 PhCF3 115 54.6 1.2 0.1 2.2 41.8:1 (15.7:1)
7 10 PhOCH; 115 20.0 0.4 0.1 1.6 41.2:1 (9.6:1)

8 1006 CeDsBr 115 3.3 0.3 0.2 0.2 7.4:1 (4.9:1)
9 20¢ CeDsBr 115 3.2 0.1 0.1 0.2 20.1:1 (9.2:1)
10 10 CeDsBr 90 45.2 0.9 0.1 31 48.5:1 (11.3:1)
11 10 CeDsBr 145  60.5 1.4 0.2 1.9 38.7:1 (17.6:1)
124 10 CeDsBr 115  65.9 1.4 <0.1 1.5 45.5:1 (22.7:1)

aSelectivity with respect to all heterocoupling pyrrole regioisomer products. Selectivity = 3a/(4a+5a). In parenthesis: selectivity with
respect to all possible pyrrole products. Selectivity in parenthesis = 3a/(4a+5a+homocoupled 2). /'Ti catalyst = [py.TiBrz(NPh)]2. <Ti
catalyst = pysTilz(NPh). “Time = 0.5 h.

Catalysis with 1a-SnMe3 as Heterocoupling Partner

0.45 equiv PhANNPh

SnMes Me " 59 [py,TiCI,(NPh),
/ ' /
Ph Ph Solvent, T°C, 20 h
HCI workup
1a-SnMe; 2 +reg|0|somers

homocoupled 2

[py2TiClz(NPh)]2 (3.7 mg, 0.005 mmol, 0.05 equiv), azobenzene (8.2 mg, 0.045 mmol, 0.45 equiv),
phenylethynyl trimethylstannane (1a-SnMes, 26.5 mg, 0.1 mmol, 1 equiv), 1-phenyl-1-propyne (11.6
mg, 0.1 mmol, 1 equiv), triphenylmethane (4.9 mg, 0.02 mmol, 0.2 equiv, internal standard) and 0.5
mL solvent were added to an NMR tube. The reaction was then sealed and heated in a preheated oil
bath for 20 h. The reaction was quenched with 10% HCI in methanol and extracted with EtOAc/H-0.
The organic phase was dried over MgS04 and evaporated under vacuum. The crude product mixture
was characterized by GC-Polyarc®/FID to determine the yield and selectivity.

Precaution: Trialkyltin species are highly toxic. Proper PPE is required. All the chemical and labware
waste should be handled separately from the normal waste stream and quenched thoroughly.
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Table S2. Optimization of the catalysis using 1a-SnMej3 as heterocoupling partner.

Entry Solvent T Conc. 3a 4a 5a  homocoupled 2 Selectivitya
A o™ (%R (%) (%) (%)
1 PhCF3 115 0.2 50.6 1.2 6.6 3.3 6.4:1 (4.5:1)
2 CeDsBr 115 0.2 47.5 1.1 3.3 4.4 10.7:1 (5.4:1)
3 CeDsBr 60 0.2 30.4 0.7 2.0 0.9 11.1:1 (8.4:1)
4 PhCHj3 115 0.2 51.1 1.2 6.0 2.7 7.1:1 (5.1:1)
5b PhCHj3 115 0.2 46.2 0.9 4.6 4.2 8.3:1 (4.7:1)
6 PhCHj3 90 0.2 57.7 1.3 4.9 2.6 9.3:1 (6.6:1)
7 PhCH3 75 0.2 41.4 1.1 3.3 3.6 9.3:1 (5.2:1)
8 PhCH3¢ 90 0.2 28.1 0.9 3.8 0.5 6.0:1 (5.4:1)
9 PhCH3 90 0.07 18.8 0.5 1.8 0.4 8.3:1(7.2:1)
10 PhCH3 90 0.8 66.0 1.8 4.6 2.9 10.3:1 (7.1:1)
11 PhCHs 90 2.0 64.5 2.0 3.9 2.8 10.9:1 (7.4:1)
124 PhCHj3 90 0.8 68.5 2.1 4.5 1.5 10.4:1 (8.4:1)

aSelectivity with respect to all heterocoupling pyrrole regioisomer products. Selectivity = 3a/(4a+5a). In parenthesis: selectivity with
respect to all possible pyrrole products. Selectivity in parenthesis = 3a/(4a+5a+homocoupled 2).710% [py:TiCl2(NPh)].. <2 equiv 1a-
SnMes. “Time = 9 h.
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Catalyst Synthesis
Synthesis of [TiClz(NPh)].

CH,Cl,
TiCl, +  PhN(SiMes),

1/n [TiClx(NPh)], + 2 Me3SiCl
50 °C, overnight

The synthesis of [TiClz(NPh)], was modified from the synthetic procedure of py3TiBr2(NTol).6 TiCls
(2.000 g, 10.5 mmol), N-phenyl-N,N-bis(trimethylsilyl)amine (2.500 g, 10.5 mmol), 20 mL of CH2Cl;
and a stirbar were added to a 20 mL scintillation vial in the glovebox. The reaction was then sealed
with a PTFE-lined Teflon screw cap and heated at 50 °C overnight while stirring. After cooling down,
the suspension was filtered through a fine frit and washed with CH»Cl; until the fresh filtrate changed
from yellow to colorless. The precipitate was further washed by 20 mL of pentane twice to remove the
remaining CHCl,. After drying under vacuum for 3 h, [TiClo(NPh)], was obtained as black powder.
Yield: 1.003 g (4.78 mmol, 45%). Attempts in characterizing the compound by 'H NMR failed due to
its low solubility in common organic solvents. Further addition of THF to the compound yielded
[(THF):TiClz(NPh)]2 in 95% yield.1
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Substrate Syntheses

Synthesis of 2-phenylethynyl-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (1a-Bpin)

P'Pry
" H
o/B\o 0.025% [Ir] ? ‘
/ + - - B—g [l = N—lr—@
Ph H PhCHa, 60 °C, 16 h / ‘

PPr,
1a-Bpin

The synthesis was performed following a reported procedure using phenylacetylene (4.086 g, 40
mmol, limiting reagent) as the terminal alkyne reactant.1213 1a-Bpin was obtained as white needled-
shaped crystals in 76% yield (6.900 g). Spectra data was consistent with literature values.1*

1H NMR (CDCl3, 400 MHz): § 7.54-7.51 (m, 2H), 7.38-7.28 (m, 3H), 1.32 (s, 12H) ppm.

132

........................................

Figure S13. 'H NMR spectrum of 1a-Bpin in CDCls.

General Synthetic Procedure for B-Arylethynyl-9-Borabicyclo[3,3,1]nonanes (1b-d-BBN)

1) 1 equiv "BuLi

THF
2) 1 equiv B-(OMe)-9-BBN \
/H 3) 1.3 equiv BF5-OEt, /B
Ar

THF, -78°C,2.5h

1b-d-BBN

The synthesis was performed following a modification of the reported procedure.? Terminal aryl
alkyne (10 mmol), dry THF (15 mL) and a stir bar were added to a Nz-filled 50 mL Schlenk flask and
cooled at -78 °C. n-Buli solution in hexanes (2.5 M, 4.0 mL, 10 mmo], 1.0 equiv) was slowly added to
the mixture and stirred for 15 min at -78 °C. B-methoxy-9-BBN solution in hexanes (1.0 M, 10 mL, 10
mmol, 1.0 equiv) was added and the mixture was stirred for 1.5 h at-78 °C. BF3-OEt; (1.6 mL, 13 mmol,
1.3 equiv) was added, after which the reaction was further stirred at -78 °C for 0.5 h before warming
up to room temperature. All volatiles were removed under vacuum, and the mixture was dissolved in

S15



dry benzene (15 mL). The suspension was then filtered via cannula filtration into another N-filled 50
mL Schlenk flask. The resulting solution was concentrated under vacuum, yielding the white-pale
yellow crude product. The Schlenk flask was then transferred into the glovebox, and the crude product
was washed sequentially with pentane (3 x 10 mL). Redissolving the white solid in 30 mL of benzene
separated the product from remaining LiBF4 after filtration through a medium frit. The filtrate was
concentrated to yield the B-arylethynyl-9-BBN after drying.

THF\
B
s
MeO

B-(p-methoxyphenyl)ethynyl-9-borabicyclo[3,3,1]nonane (1b-BBN) off-white powder, 43%
yield.

1H NMR (C4De, 400 MHz): § 7.49 (d, ] = 8.3 Hz, 2H), 6.65 (d, ] = 8.3 Hz, 2H), 3.75-3.72 (br, 4H), 3.20 (s,
3H), 2.25-2.02 (m, 10H), 1.83-1.69 (m, 2H), 1.40 (s, 3H), 1.29-1.17 (br, 4H)

13C{1H} NMR (CeDs, 101 MHz): § 159.48, 133.57, 118.48, 114.20, 104.44, 102.05 (br), 70.21, 54.75,
32.49, 26.96 (br), 25.08, 24.74 ppm.

11B NMR (C¢Ds, 128 MHz): § 22.8 ppm.

3= &8
: e
S

"5

el = =T

~-B64

---------------------------------------

Figure S14.1H NMR spectrum of 1b-BBN in C¢Ds.
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Figure S15. 13C{tH} NMR spectrum of 1b-BBN in C¢De.
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Figure $S16. 1B NMR spectrum of 1b-BBN in CeDs.

THF
5
Q/
FaC

B-(p-(trifluoromethyl)phenyl)ethynyl-9-borabicyclo[3,3,1]Jnonane (1c-BBN) The crude product
was further recrystallized from the saturated pentane solution at 0 °C overnight. Product was
obtained as white crystalline solid after filtration and drying in 40% yield.
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1H NMR (CeDe, 500 MHz): § 7.30 (d, ] = 8.1 Hz, 2H), 7.22 (d, ] = 8.2 Hz, 2H), 3.69-3.64 (m, 4H), 2.24-
2.04 (m, 10H), 1.82-1.74 (m, 2H), 1.30 (s, 3H), 1.21-1.15 (m, 4H).

13C{1H} NMR (CeDs, 101 MHz): § 131.98, 130.07 (q, ] = 1.5 Hz), 128.75 (q, ] = 32.4 Hz), 125.35 (q,] =
3.7 Hz), 124.94 (q,] = 271.9 Hz), 100.92, 70.72, 32.14, 25.93 (br), 25.11, 24.56 ppm.

11B NMR (C¢Ds, 161 MHz): & 19.4 ppm.

19F{1H} NMR (C¢De, 471 MHz): & -62.31 ppm.
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Figure S17.1H NMR spectrum of 1c-BBN in CsDes.
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Figure S18. 13C{1H} NMR spectrum of 1c-BBN in CsDs.
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Figure $19. 11B NMR spectrum of 1c-BBN in CeDe.

6231

Figure S20. 19F{1H} NMR spectrum of 1¢c-BBN in CeDs.

THE
B
v S K

B-(o-tolyl)ethynyl-9-borabicyclo[3,3,1]nonane (1d-BBN) isolated as alkynylborane:THF = 1/1.25

adduct, white powder, 46% yield.

1H NMR (CDs, 500 MHz): § 7.54 (dd, ] = 7.2, 1.8 Hz, 1H), 7.04-6.91 (m, 3H), 3.70-3.62 (m, 5H), 2.49 (s,
S19



3H), 2.21-2.00 (m, 10H), 1.77-1.67 (m, 2H), 1.43 (s, 2H), 1.30-1.18 (m, 5H) ppm.
13C{1H} NMR (C¢Ds, 101 MHz): § 139.74, 131.92, 129.31, 125.44, 69.24, 32.22, 24.62, 24.58, 20.89 ppm.

11B NMR (CeDs, 161 MHz): 6 26.7 ppm.
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Figure S21. 'H NMR spectrum of 1d-BBN in CsDs.
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Figure S22. 13C{1H} NMR spectrum of 1d-BBN in CsDs.
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Figure S23. 11B NMR spectrum of 1d-BBN in CsDes.

Synthesis of Pyridine-Adduct of B-phenylethynyl-9-BBN (1a-BBN-py)
)
THF\ N\
B pyridine B
// f enzene, r.t. //
Ph/ b t. 16 h Ph/
1a-BBN 1a-BBN-py

The synthesis of 1a-BBN-py was adopted from the reported procedure for the synthesis of pyridine-
adduct of B-(1-propynyl)-9-BBN, using 1a-BBN instead as the B-alkynyl-9-BBN reactant and benzene
as solvent. 1a-BBN-py was obtained in quantitative yield.

1H NMR (C¢Ds, MHz): 6 8.29 (d, ] = 5.0 Hz, 2H), 7.53 (d, ] = 6.9 Hz, 2H), 6.97 (t, ] = 7.3 Hz, 2H), 6.90 (t,,
J=7.3 Hz, 1H), 6.58 (t, ] = 7.6 Hz, 1H), 6.28 (t, ] = 7.1 Hz, 2H), 3.20-3.06 (br, 2H), 2.44-2.11 (m, 5H),
2.09-1.97 (m, 2H), 1.64 (s, 2H), 1.55-1.41 (m, 3H) ppm.

13C{1H} NMR (CeD¢, MHz): 6 145.59, 138.94,131.81, 128.59, 126.37,125.10, 34.07, 29.89, 25.61, 25.02
ppm.

11B NMR (CeDs, MHZ): & -3.2 ppm.
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Figure S24. 1H NMR spectrum of 1a-BBN-py in Ce¢De.
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Figure S25. 13C{1H} NMR spectrum of 1a-BBN-py in CsDs.
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Figure $26. 11B NMR spectrum of 1a-BBN-py in CeDe.

General Synthetic Procedure for Arylethynyl Trimethylstannanes (1b-d-SnMej3)

1) 1.5 equiv "Buli
/H 2) 2 equiv Me3SnCI /SnM83
Ar Et,0,-78°C,1.5h Ar
1b-d-SnMe;

The synthesis was performed following a modification of the reported procedure.!> Terminal aryl
alkyne (2.5 mmol), dry diethyl ether (5 mL) and a stir bar were added to a N»-filled 50 mL Schlenk
flask and cooled at -78 °C. n-BulLi solution in hexanes (2.5 M, 1.5 mL, 3.8 mmol, 1.5 equiv) was slowly
added to the mixture and stirred for 15 min at -78 °C. Trimethyltin chloride solution in hexanes (1.0
M, 5 mL, 5 mmol, 2.0 equiv) was added via syringe. The resulting white suspension was stirred for an
hour at room temperature. All volatiles were carefully removed under vacuum. Pentane (5 mL) was
added to the white mixture, and the resulting suspension was washed by 3 x 10 mL of water. After
drying over MgS04 and evaporation under vacuum, arylethynyl trimethylstannane was obtained as
yellow or colorless oil.

Precaution: Trialkyltin species are highly toxic. Proper PPE is required. A secondary cold trap is
recommended for evacuation of the crude reaction mixture. All the chemical and labware waste should
be handled separately from the normal waste stream and quenched thoroughly.

SnMe;
7

MeO

(p-methoxyphenyl)ethynyl trimethylstannane (1b-SnMe3) 55% yield.

'H NMR (CDClI3, 500 MHz): 6 7.40 (d, 8.7 Hz, 2H), 6.81 (d, 8.7 Hz, 2H), 3.80 (s, 3H), 0.34 (s, 9H) ppm.

13C{1H} NMR (CDCls, 101 MHz): 6 159.58, 133.54, 115.95,113.92, 109.11, 91.54, 55.40, -7.50 ppm.
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119Sn{1H} NMR (CDCls, 187 MHz): § -66.21 ppm.
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Figure S27.1H NMR spectrum of 1b-SnMes3 in CDCls.
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Figure S28. 13C{1H} NMR spectrum of 1b-SnMej3 in CDCls.
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Figure $29. 119Sn{'H} NMR spectrum of 1b-SnMe3 in CDCls.

SnMes
Z

FsC

(p-(trifluoromethyl)phenyl)ethynyl trimethylstannane (1c-SnMe3) 59% yield.

1H NMR (CDCl3, 400 MHz): § 7.54 (s, 4H), 0.37 (s, 9H) ppm.

13C{1H} NMR (CDCl3, 101 MHz): 6 132.26, 125.25, -7.55 ppm.

1195n{1H} NMR (CDCls, 187 MHz): § -63.29 ppm.

19F{1H} NMR (CDCl3, MHz): 6 -62.79 ppm.
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Figure $S30. 'H NMR spectrum of 1c-SnMe3 in CDCls.
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Figure S31. 13C{1H} NMR spectrum of 1c-SnMe3 in CDCls.
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Figure $32. 119Sn{'H} NMR spectrum of 1c-SnMe3 in CDCls.
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Figure S33. 19F{1H} NMR spectrum of 1¢c-SnMe3z in CDCls.

SnMej

HsC //

(o-tolyl)ethynyl trimethylstannane (1d-SnMe3) 40% yield.

1H NMR (CDCl3, 500 MHz): 6 7.42 (d, 7.5 Hz, 1H), 7.20-7.14 (m, 2H), 7.13-7.07 (m, 1H), 2.44 (s, 3H),
0.36 (s, 9H) ppm.
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13C{1H} NMR (CDCl3, 101 MHz): 6 140.52,132.26,129.43,128.17,125.53,123.58,107.97,97.47,20.93,

-7.47 ppm.
119Sn{1H} NMR (CDCls, 187 MHz): 6 -65.64 ppm.
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Figure S34. 'H NMR spectrum of 1d-SnMes3 in CDCls.
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Figure S35. 13C{1H} NMR spectrum of 1d-SnMej3 in CDCls.
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Figure $36. 119Sn{'H} NMR spectrum of 1d-SnMej3 in CDCls.
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Catalytic Pyrrole Syntheses: Alkynyl BBN and Alkynyl Stannanes Scopes (Table 3)

General Procedure for Catalysis with B-alkynyl-9-BBN as Substrate (Procedure B)

[py2TiCl2(NPh)]2 (7.4 mg, 0.01 mmol, 0.1 equiv), B-alkynyl-9-BBN (0.1 mmol, 1 equiv) and 0.5 mL of
CeDsBr stock solution containing 1-phenyl-1-propyne (11.6 mg, 0.1 mmol, 1 equiv), azobenzene (7.3
mg, 0.04 mmol, 0.4 equiv) and triphenylmethane (4.9 mg, 0.02 mmol, 0.2 equiv, internal standard)
were added to an NMR tube. The reaction was then sealed and heated in a preheated oil bath at 115 °C
for 0.5 h. NMR spectra were collected before and after heating to monitor the reaction. The reaction
was quenched with 5% HCI in methanol and extracted with EtOAc/H0. The organic phase was dried
over MgS04, evaporated and characterized by NMR. The peak assignment of pyrrole products were
performed based on the reported chemical shifts,16-18 and the yields were calculated by the
comparison of peak area integral with respect to the internal standard. The peak area of selected 1H
NMR peaks were calculated by Gaussian-Lorentzian fitting to omit the influence from minor baseline

overlapping.1?

Catalytic Reaction of 1a-BBN with 1-phenyl-1-propyne (Table 3)

/f /e

1a-BBN

Time =0

PhNNPh J *

W

(Y

R

Tme=05h

)

0.4 equiv PhNNPh
10% [py,TiCl(NPh)], H

ﬁﬁ

CgDsBr, 115 °C, 0.5 h
HCI workup

PhcH bl
M\ulu‘. AV .
/ VT

XJ

(+reg|0|somers
homocoupled 2

A PNVANS A J v N

T T T T
9.0 8.5 8.0 .5 70

T
6.5

Figure S37.1H NMR of the reaction of 1a-BBN with 1-phenyl-1-propyne at time = 0 (top), time = 0.5

h (bottom) in Ce¢DsBr.
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Figure S$38. 11B NMR of the reaction of 1a-BBN with 1-phenyl-1-propyne at time = 0 (top), time = 0.5
h (bottom) in C¢DsBr.

693
636
5.94

W e —

€ 0 e e e

CLGbEL
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6 (ppm) Assignment #ofH PeakArea Yield (%)
Ph3CH 5.54 Ph3;C-H 1 3363.3 n.a.
3a 6.95 Hpyrrolyl 1 12234.0 72.8
4-3 6.56 prrroly] 1 534’.5 3.2
homocoupled 2 2.16,2.15, 2.14, Mepyrrolyl 6 3040.3 3.0
2.13,2.12,2.11,2.09 (2 per molecule)

Figure S39. 1H NMR of the reaction of 1a-BBN with 1-phenyl-1-propyne in CDCl3 after HCl workup.
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Sample yield calculation based on 'H NMR peak area:

Peak Area of 3a 9 #of Hof PhyCH
#of Hof 3a Peak Area of Ph;CH

Yield of 3a = X equiv of Ph;CH X 100%

Catalytic Reaction of 1b-BBN with 1-phenyl-1-propyne (Table 3)

0.4 equiv PhANNPh

""e 10% [py,TICLNPR),
// CeDsBr, 115 °C, 0.5 h
HCI workup
1b-BBN (+reg|0|somers)
homocoupled 2
2
Time =0
PhNNPh ‘k
|
Ph,CH A
\ N
_ _J_ _J u"f ﬁwh—,\—q.;_/‘w Y AL VAT
Time=05h

Figure S40. 'H NMR of the reaction of 1b-BBN with 1-phenyl-1-propyne at time = 0 (top), time = 0.5

h (bottom) in Ce¢DsBr.
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Figure S41. 11B NMR of the reaction of 1b-BBN with 1-phenyl-1-propyne at time = 0 (top), time = 0.5
h (bottom) in C¢DsBr.

T3
GG

689
—647
554

I

I

I

I

- J_Jl J‘%idﬂ Jnuku"v-"v\_\ |

_ M
6 (ppm) Assignment #ofH PeakArea Yield (%)
Ph3CH 5.54 Ph3;C-H 1 3296.7 n.a.
3b 6.89 Hpyrrolyl 1 9824.6 59.6
4b 6.47 Hpyrroly 1 1560.1 9.5
homocoupled 2 2.14,2.13,2.12, Mepyrrolyl 6 2025.7 2.1
2.11, 2.09 (2 per molecule)

Figure S42. 1H NMR of the reaction of 1b-BBN with 1-phenyl-1-propyne in CDCl; after HCI workup.
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Catalytic Reaction of 1c-BBN with 1-phenyl-1-propyne (Table 3)

iy 0.4 equiv PhANNPh
e
10% TiClo(NPh
/ 6 [PY2TiClo(NPh)], Me
// CgDsBr, 115 °C, 0.5 h ﬁ
HCI workup Ph Ph
1c-BBN (+regioisomers)
homocoupled 2

2
Time=0
PhNNPh h
J J’r‘ PhiCH \ \
1 i J‘}u |
JL B |- (. i N N \ﬂ‘ W
Time=05h
|
I
PhsCH I\
W\ . [‘\ |
. ,Jl‘ 1IJ ] J\, A B A R ;JLJ R B
T T T T T T T T T T T T T
5 9.0 8.5 8.0 5 0 6.5 6.0 5.5 5.0 1,_51‘ 1) 3 3. 0 5 0 L5 Lo 0.5 0.0 0. 5 1
1 (ppm

Figure S43. 'H NMR of the reaction of 1c-BBN with 1-phenyl-1-propyne at time = 0 (top), time = 0.5
h (bottom) in C¢DsBr.
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Figure S44. 11B NMR of the reaction of 1c-BBN with 1-phenyl-1-propyne at time = 0 (top), time = 0.5
h (bottom) in Ce¢DsBr.

Tme =0

Time=05h

Figure S$45. 19F{1H} NMR of the reaction of 1c-BBN with 1-phenyl-1-propyne at time = 0 (top), time =
0.5 h (bottom) in C¢DsBr.
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6 (ppm) Assignment #ofH PeakArea Yield (%)
Ph3;CH 5.54 Ph3C-H 1 3643.1 n.a.
3c 6.99 Hpyrroly! 1 11843.5 65.0
4c 6.64 Hpyrroly! 1 605.9 3.3
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homocoupled 2 2.14,2.13,2.12, Mepyrrolyl 6 2869.3 2.6
2.11, 2.09 (2 per molecule)

Figure S46. 1H NMR of the reaction of 1c-BBN with 1-phenyl-1-propyne in CDCl3 after HCl workup.

Catalytic Reaction of 1d-BBN with 1-phenyl-1-propyne (Table 3)

0.4 equiv PANNPh
/Me 10% [py,TiClo(NPh)],
HaC // CeDsBr, 115 °C, 0.5 h HiC \S—Z/
HCI workup

1d-BBN +reg|0|somers)
homocoupled 2

Time=0

|
i
- »Lv VTN

PhNNPh ‘J'
PhCH ,
) <IL = JJ}! f}\* Jt ) \

Time=05h

| I
Ph,CH . |

T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 1.5 1.0 3.5 3.0 2.5 2.0 L5 L0 0.5 0.0

Figure S47.'H NMR of the reaction of 1d-BBN with 1-phenyl-1-propyne at time = 0 (top), time = 0.5
h (bottom) in Ce¢DsBr.
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Figure $48. 11B NMR of the reaction of 1d-BBN with 1-phenyl-1-propyne at time = 0 (top), time = 0.5
h (bottom) in C¢DsBr.
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6 (ppm) Assignment #ofH PeakArea Yield (%)
Ph3CH 5.54 Ph3;C-H 1 3098.0 n.a.
3d 6.78 Hpyrroly! 1 10013.2 64.6
4d 6.39 Hpyrrolyl 1 1831.5 11.8
homocoupled 2 2.14,2.13,2.12, Mepyrrolyl 6 3011.5 3.2
2.11,2.09 (2 per molecule)

Figure S49. 1H NMR of the reaction of 1d-BBN with 1-phenyl-1-propyne in CDCI; after HCl workup.
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Catalytic Reaction of 1e-BBN with 1-phenyl-1-propyne (Table 3)

i Ph Ph Ph
R Me 1(())5/4 F qu¥ig|h:\‘NNPPhr;] I ' '
B / o [Py2 11412 2 H N Me "Bu N Me Me N Me
y v 7 WY A
74 eh CgDsBr, 115 °C, 0.5 h
By HCI workup "By Ph H Ph Ph Ph
1e-BBN 2 3e 4e (+regioisomers)
homocoupled 2
2
Time =0
PhNNPh '
PhiCH ‘ M |\ ;"1 '
™ ) A “J*Qh \
Time=05h
PhyCH )
o - N - AR o N o 7/.‘".\7 A - /.‘-L_i
‘a EI(] a‘a SrG 5 'w"D 6‘.3 G‘D a':u :I‘D 4,‘.7 4ID 3.5 B‘U 2,‘3 TIG l‘a lIG Gla D,‘G *ﬂ‘,a *L‘
£1 (ppm)

Figure S50. 'H NMR of the reaction of 1e-BBN with 1-phenyl-1-propyne at time = 0 (top), time = 0.5
h (bottom) in C¢DsBr.
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Figure S51. 11B NMR of the reaction of 1e-BBN with 1-phenyl-1-propyne at time = 0 (top), time = 0.5
h (bottom) in Ce¢DsBr.
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S (ppm) Assignment #ofH PeakArea Yield (%)
Ph3;CH 5.54 PhsC-H 1 3527.4 n.a.
3e 6.64 Hpyrrolyl 1 10587.6 60.0
4e 6.16 Hpyrrolyl 1 587.4 33
homocoupled 2 | 2.15,2.12,2.12, 2.09 Mepyrrolyl 6 6246.3 5.9
(2 per molecule)

Figure S52. 'H NMR of the reaction of 1e-BBN with 1-phenyl-1-propyne in CDCl;3 after HCI workup.

General Procedure for Catalysis with Alkynyl Trialkylstannane as Substrate (Procedure C)
(Table 3)

[py2TiCl2(NPh)]2 (14.7 mg, 0.02 mmol, 0.05 equiv), alkynyl trialkylstannane (0.4 mmol, 1 equiv) and
0.5 mL of toluene stock solution containing 1-phenyl-1-propyne (46.5 mg, 0.4 mmol, 1 equiv),
azobenzene (32.8 mg, 0.18 mmol, 0.45 equiv) and triphenylmethane (19.5 mg, 0.08 mmol, 0.2 equiv,
internal standard) were added to an NMR tube. The reaction was then sealed and heated in a
preheated oil bath at 90 °C for 9 h. No-D NMR spectra were collected before and after heating to
monitor the reaction. The reaction was quenched with 10% HCI in methanol and extracted with
EtOAc/H20. The organic phase was dried over MgS04, evaporated and characterized by NMR. The
peak assignment of pyrrole products were performed based on the reported chemical shifts,16-1820-22
and the yields were calculated by the comparison of peak area integral with respect to the internal
standard. The peak area of selected 'H NMR peaks were calculated by Gaussian-Lorentzian fitting to
omit the influence from minor baseline overlapping.1?

Precaution: Trialkyltin species are highly toxic. Proper PPE is required. All the chemical and labware
waste should be handled separately from the normal waste stream and quenched thoroughly.
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Catalytic Reaction of 1a-SnMe3 with 1-phenyl-1-propyne (Table 3)

0.45 equiv PANNPh
SnMej Me

5% [py,TiClo(NPh)],
/ Ly
Ph Ph PhCH3,90°C, 9 h
HCI workup
1a-SnMe; 2 +reg|0|somers)
homocoupled 2
1a-SrMe:
Time =0
2
PhNNPh ‘
Ph:CH |
| “ |
JL Aﬂut/" A, N V) W S _AJ‘J I
Time=9h
‘ 1a-SnMes
-I’ -
I PhiCH | L |
o LN Y ‘\Lil R N, WY |
‘lll) 4'.‘ h‘(l I.I’\ ."() ?\.‘F\ ?'\.‘\I .‘.IT F\Il) \IF 1."\ .{.I’\ IE‘() "\ .“\I I.IT IIE\ (IIF ().Iﬂ\ *EJI i -1

Figure S53. No-D 'H NMR of the reaction of 1a-SnMez with 1-phenyl-1-propyne at time = 0 (top),
time = 9 h (bottom) in PhCHs.
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Figure S54. 119Sn{'H} NMR of the reaction of 1a-SnMe3 with 1-phenyl-1-propyne at time = 0 (top),
time = 9 h (bottom) in PhCHs.
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S (ppm) Assignment #ofH PeakArea Yield (%)

Ph3;CH 5.54 PhsC-H 1 5049.3 n.a.

3a 6.95 Hpyrrolyl 1 13354.3 52.9

4a 6.56 Hpyrrolyl 1 125.2 0.5

5a 6.29 Hpyrrolyl 1 1185.1 4.7
homocoupled 2 | 2.16, 2.15, 2.14, 2.13 Mepyrrolyl 6 7087.7 4.7

2.12,2.09 (2 per molecule)

Figure S55. 'H NMR of the reaction of 1a-SnMe3 with 1-phenyl-1-propyne in CDCl3 after HCI workup.

Catalytic Reaction of 1b-SnMejz with 1-phenyl-1-propyne (Table 3)

P meo fn
Ha NN Ve | N_Me
\ /) \ /)
Ph H Ph
0.45 equiv PhNNPh 3b 4b
y SnMes Me 59 [py,TiCI,(NPh)L,
+ —_—
7 MeG
PHi PhCi—(i;, 90°C,9h 'I’h MeO Fl’h
HCI workup N N
1b-SnMe; 2 . Me \ / Me . \ / Ph
MeO
Ph Ph H Me
(+regioisomers) 5b

homocoupled 2
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1b-SnMes
Tme =0
1b-SnMes 9
PhNNPh
| L Ph:CH
bl L B v
Time=9h
1b-SnMes
1b-SnMes
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.l,,‘" PhyCH I
.»“-- ‘-ﬁ‘l,_.. I T TN 7L77 ,ALJ._M M
s0 75 70 635 60 55 &0 15 40 &5 40 25 20 15 Lo 05 00 05 -l

Figure S$56. No-D 'H NMR of the reaction of 1b-SnMe3 with 1-phenyl-1-propyne at time = 0 (top),
time = 9 h (bottom) in PhCHs.

Time =0
1b-SnMe;
L |
Time=9h 1b-SnMes
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Figure S57. 119Sn{'H} NMR of the reaction of 1b-SnMe3z with 1-phenyl-1-propyne at time = 0 (top),
time = 9 h (bottom) in PhCHa.
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6.83
—B47
—624

5.94

4
4
3
3
2
|

o wTL l M@ R e
S (ppm) Assignment #of H PeakArea Yield (%)
Ph3;CH 5.54 PhsC-H 1 3542.0 n.a.
3b 6.89 Hpyrrolyl 1 9469.0 53.5
4b 6.47 Hpyrrolyl 1 158.8 0.9
5b 6.24 Hpyrrolyl 1 980.0 5.5
homocoupled 2 2.14,2.14,2.13, Mepyrrolyl 6 3861.5 3.6
2.13,2.12,2.11,2.09 (2 per molecule)

Figure S58. 'H NMR of the reaction of 1b-SnMe3z with 1-phenyl-1-propyne in CDCl3 after HCl workup.

Catalytic Reaction of 1c-SnMe3 with 1-phenyl-1-propyne (Table 3)

Ph Ph
| CF3 |
He N\ Me . N Me
\ \
Ph H Ph
0.45 equiv PANNPh 3c 4c
SnMes Me " 504 [py,TICIo(NPh)l,
// : / o CFs Ph Ph
- PhCH3, 90 °C, 9 h | CF, |
HCI workup N N
1c-SnMe; 2 . Me \ / Me . \ / Ph
CF3
Ph Ph H Me

(+regioisomers) 5¢
homocoupled 2
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1c-SnMe;

Time =0
PhNNPh
m‘ Ph:CH
\
| I \ |
Time=9h
1¢c-SnMe;
‘I
i Ph:CH | |
- A . YA N I ! P
% a0 55 50 ) 70 6.0 5.5 5o 5 10 5 ) 5 15 1o 0o -0s 1
£1 (ppa)

Figure S59. No-D 'H NMR of the reaction of 1c-SnMe3z with 1-phenyl-1-propyne at time = 0 (top), time

=9 h (bottom) in PhCHs.

Time =0
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Time=9h
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Figure S60. 119Sn{'H} NMR of the reaction of 1c-SnMe3 with 1-phenyl-1-propyne at time = 0 (top),

time = 9 h (bottom) in PhCHa.
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1c-SnMes
Time =0

Time=9h
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-50.0 -59.5 -60.0 -60.5 -6L0 61,5 62,0 -62.5 -63.0 -63.5 -61.0 615 i
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Figure S61. 1°F{1H} NMR of the reaction of 1c-SnMe3 with 1-phenyl-1-propyne at time = 0 (top), time
=9 h (bottom) in PhCHs.

T e —

—554

_ MJ.- i

6 (ppm) Assignment #ofH PeakArea Yield (%)
Ph3CH 5.54 Ph3;C-H 1 5789.5 n.a.
3c 6.99 Hpyrrolyl 1 17397.6 60.1
4c 6.64 Hpyrrolyl 1 324.5 1.1
5¢c 6.30 Hpyrrolyl 1 1437.4 5.0
homocoupled 2 2.14,2.14,2.13, Mepyrrolyl 6 3061.2 1.8
2.13,2.12,2.11,2.09 (2 per molecule)

Figure S62.1H NMR of the reaction of 1c-SnMes with 1-phenyl-1-propyne in CDCls after HCl workup.
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Catalytic Reaction of 1d-SnMe3z with 1-phenyl-1-propyne (Table 3)

SaM u 0.45 equiv PANNPh
nvies € 5% [py,TiCl(NPh)],
Ph
HsC // + / +Me
oh PhCH3,90°C, 9h HaC

HCI workup
1d-SnMe; 2 (+reg|0|somers)

homocoupled 2

1d-SnMe;
Tme=0
1d-SnMe;) 2
PhNNPh
PhyCH |
™ B O )
Time=9h
1d-SnMe;
1d SnMeJ‘
| 2
.|“ Ph.CH } i
o ﬂ«».l»"‘ . . 1 SPA . o ,JL. L

Figure S63. No-D 'H NMR of the reaction of 1d-SnMe3 with 1-phenyl-1-propyne at time = 0 (top),
time = 9 h (bottom) in PhCHs.

1d-SnMey
Time =0
N
Time=9h
1d-SnMes

-60
£l (ppm)

Figure S64. 119Sn{'H} NMR of the reaction of 1d-SnMe3 with 1-phenyl-1-propyne at time = 0 (top),
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time = 9 h (bottom) in PhCHs.

B g8 3 538358
N "|LM. ] | ; lmru'iL J ALLF_,_
S (ppm) Assignment #of H PeakArea Yield (%)

Ph3;CH 5.54 Ph3C-H 1 5252.4 n.a.

3d 6.78 Hpyrrolyl 1 17946.9 68.3

4d 6.39 Hpyrrolyl 1 113.0 0.4

5d 6.10 Hpyrrolyl 1 662.8 2.5
homocoupled 2 2.14,2.14,2.13, Meypyrrolyl 6 4672.7 3.0

2.12,2.11, 2.09 (2 per molecule)

Figure S65. 'H NMR of the reaction of 1d-SnMe3 with 1-phenyl-1-propyne in CDCl3 after HCl workup.

Catalytic Reaction of 1f-Sn"Buz with 1-phenyl-1-propyne (Table 3)

Ph P
N

I h Ii’h
Ha NN Ve | Me Me , Me— N\ _Ph
\ / \
n 0.45 equiv PANNPh
Sn"Bug Me Ph H Me
5f

5% [py,TiCl,(NPh)l, ~ Me Ph H
/ + / 3f af
PhCH3, 90°C, 9 h P Ph

Me Ph |
HCI workup H N Me Ve N Ve
1f-Sn"Bug 2 + \S—T + W
Mé H Ph Ph
2,4-homocoupled (+regioisomers)
1f-Sn"Buy homocoupled 2
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PhNNPh
I H M l Ph:CH I
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Time=9h
‘ 2 1fSnBus
w /

|
UL ‘W -

;l[ Ph.CH

Figure S66. No-D 1H NMR of the reaction of 1f-Sn"Bu3 with 1-phenyl-1-propyne at time = 0 (top),
time = 9 h (bottom) in PhCHs.

1-SnBus
Time =0

Tme=9h

1f-SnBu;

| .
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1 (ppm)

Figure S67. 119Sn{'H} NMR of the reaction of 1f-Sn"Bu3z with 1-phenyl-1-propyne at time = 0 (top),
time = 9 h (bottom) in PhCHs.
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,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

6 (ppm) Assignment #ofH PeakArea Yield (%)

Ph3;CH 5.54 PhsC-H 1 3941.1 n.a.

3f 6.65 prrrolyl 1 8607.3 43.7

4’f 6.15 prrrolyl 1 98.0 0.5

5f 5.98 prrrolyl 1 282.9 1.4‘

2,4-homocoupled 6.54, 5.89 Hpyrrolyl 2 4117.4 10.4
1f-Sn"Bus (2 per molecule)

homocoupled 2 overlap?® Mepyrrolyl 6 n.d. n.d.
(2 per molecule)

aPeaks overlapped with the Mepyrrolyl peaks of 4f, 4f and 2,4-homocoupled of 1f-Sn"Bus.

Figure S68. 'H NMR of the reaction of 1f-Sn"Bus with 1-phenyl-1-propyne in CDCl; after HCl workup.
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L Donor Effect Study
Reaction with No Pyridine (Figure 3A)

0.4 equiv PhANNPh
20/n% [TiCl(NPh)],

B
CgDsBr, 115 °C,0.5h
HCI workup

P
(+regioisomers)
homocoupled 2

1a-BBN
The reaction was performed following Procedure B using [TiCl;(NPh)]. (4.2 mg, 0.02 mmol, absolute

quantity of titanium, 0.2 equiv) as catalyst instead of [py.TiClo(NPh)]:

Time =0
PANNPh 4 \“ f\‘ A {\J l\
r r ‘ I Ph.CH I I\ ‘ I \'
/ \)‘ i . o4 BRI
Time=05h
2
| | :
J ‘ PhiCH '
SRV I M
Jhl r ‘ % . u,.Lk”’ 1

Figure S69. 'H NMR of the reaction using [TiClz(NPh)], at time = 0 (top), time = 0.5 h (bottom) in

CeDsBI‘.
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90 80 70 60 50 10 30 20 10 0 -10 =20 -30 -10 50 60 =70 -80 =90
11 (ppm)

Figure S70. 1B NMR of the reaction using [TiClz(NPh)], at time = 0 (top), time = 0.5 h (bottom) in
CeDsBr.

—B36
—662
5.94

J_J i KJ, Ja VY, I

W i i
6 (ppm) Assignment #ofH PeakArea Yield (%)
Ph3CH 5.54 Ph3;C-H 1 2708.9 n.a.
3a 6.96 Hpyrrolyl 1 4589.7 339
4a 6.62 Hpyrrolyl 1 1765.2 13.0
homocoupled 2 2.16,2.15,2.12, Mepyrroiyl 6 3603.2 4.4
2.11,2.09 (2 per molecule)

Figure S71. 1H NMR of the reaction using [TiClz(NPh)], in CDCl3 after HCl workup.
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Reaction with Excess B-phenylethynyl-9-BBN as Pyridine Scavenger (Figure 3B)

14/f

1a-BBN

0.4 equiv PANNPh
10% [py,TiClo(NPh)],
0.6 equiv THF

CeDsBr, 115 °C, 0.5 h
HCI workup

The reaction was performed following Procedure B with higher 1a-BBN (41.2 mg, 0.14 mmol, 1.4
equiv) loading and THF (4.3 mg, 0.06 mmo], 0.6 equiv) as additive.

Time =0

\ %‘;‘J’uﬁ W

Ph:CH

— \ '

Time=05h

PhGH

Figure S72. 'H NMR of the reaction with excess 1a-BBN at time = 0 (top), time = 0.5 h (bottom) in

CeDsBr.
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Time =0

Time=05h

T T T T T T T T T T T T
90 80 70 60 50 10 30 20 10 0 -10 =20 -30 -10 50
11 (ppm)

Figure S73. 11B NMR of the reaction with excess 1a-BBN at time = 0 (top), time = 0.5 h (bottom) in
CeDsBr.

—63%6
—E62
5.54

Lol M i

20 L3 L0 0.5 0.0 -0.5 -1

6 (ppm) Assignment #ofH PeakArea Yield (%)
Ph3CH 5.54 Ph3;C-H 1 1342.0 n.a.
3a 6.96 Hpyrroly! 1 3910.8 58.3
4a 6.62 Hpyrrolyl 1 444.7 6.6
homocoupled 2 not found Mepyrrolyl 6 n.a. n.d.
(2 per molecule)

Figure S74. 'H NMR of the reaction with excess 1a-BBN in CDCls after HCl workup.
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Reaction with Pyridine-Adduct of B-phenylethynyl-9-BBN (Figure 3C)

—
\
N
\ 0.4 equiv PhANNPh
B Me " 10% [py,TiCIo(NPh)l,
/ i /
o oh CeDsBr, 115 °C, 0.5 h

HCI workup

1a-BBN-py 2 (+regioisomers)
homocoupled 2

The reaction was performed following Procedure B using 1a-BBN-py (30.1 mg, 0.1 mmol, 1 equiv)
as heterocoupling partner instead of 1a-BBN.

2
Time=0
PhNNPh [I “ll
|
1
! u 1l '\,L[ Ph.CH A "‘ T
‘” | A | 1\ AP “
el = | e = a \ M\ \ WA, N
Time=05h
2
|| \1
PANNPH | W\, \
(- ‘Wv Y PhicH N M
L \ I\ NN
S /| - \\_,/ A%N A Vi S , -
. : . y . r ; : . - . . . . . : . ,
9.5 ). 0 8. 8.0 7.5 7.0 6.5 6.0 5.5 5. 0 L5 1.0 3.5 3.0 2.5 2.0 1 Lo 0.5 0.0 -0

Figure S75. 'H NMR of the reaction of 1a-BBN-py at time = 0 (top), time = 0.5 h (bottom) in CsDsBr.
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Time =0

Time=05h

6.56

-
&

GG e

|
R .

1.5 . 3.5 5.0 25 20 L5 1.0 0.5 0.0 -0.5 -1
£1 (ppm)

6 (ppm) Assignment #ofH PeakArea Yield (%)
Ph3CH 5.54 Ph3;C-H 1 2978.9 n.a.
3a 6.96 Hpyrrolyl 1 1654.2 111
4a not found Hpyrrolyl 1 n.a. n.d.
homocoupled 2 2.15,2.15, 2.14, Mepyrrolyl 6 2281.8 2.6
2.12,2.11,2.10 (2 per molecule)

Figure S77.1H NMR of the reaction of 1a-BBN-py in CDCl; after HCl workup.
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Directing Group Strength Comparisons
Comparison Between TMS and 9-BBN (Figure 5, Top)

(THF)BBN  Me 0.4 equiv PhNNPh 'Th 'Th
o 1
20/n% [TiClo(NPh)], Ve TMS— N e
- | T
Ph BBN Ph

N
| — \
TMS  Ph ™S

CgDsBr, 115 °C, 0.5 h
1g-BBN 2 3g-BBN 4g-BBN
10% 25%

BBN

The reaction of 1g-BBN was performed following Procedure B using [TiClz(NPh)]. as catalyst (4.2
mg, 0.02 mmol, absolute quantity of titanium, 0.2 equiv) as catalyst instead of [py.TiClo(NPh)]., and
the reaction was not quenched by the HCl workup. Instead the NMR tube was transferred into the
glovebox after heating and taking t = 0.5 h NMR spectra. CsDs (0.5 mL) was added to the reaction
mixture, and the NMR tube was re-sealed and taken out of the glovebox. The reaction mixture was
then characterized by 'H NMR, 1H-15N HMBC and NOESY. 4g-BBN was found to be the major product.

1g-BBN

Time =0

PhNNPh PhCH . | I [

i | ]
VLV . L U

Time=05h

PhCH

T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 1.5 L0 3.5 3.0 2.5 2.0 L5 Lo 0.5 0.0

Figure S78.H NMR in C¢DsBr of the reaction of 1g-BBN at time = 0 (top), time = 0.5 h (bottom).
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Time =0

Time=05h

T T
=70 -80 =90

Figure S79. 11B NMR in C¢DsBr of the reaction of 1g-BBN at time = 0 (top), time = 0.5 h (bottom).

540

—025
—008

| | . H | |
'h f ¥ | il il
WAV L AW SRR N N WV A VU
6 (ppm) Assignment #ofH PeakArea Yield (%)
Ph3CH 5.40 Ph3;C-H 1 2637.0 n.a.
3g'BBN 025 TMSpyrrolyl 9 11494.0 9.7
4g'BBN 0.08 TMSpyrrolyl 9 301594 254’

Figure S80. 'H NMR of the reaction product mixture of 1g-BBN in C¢DsBr/CsDs (1:1, v/v). Chemical

ppm).

shifts were referenced to the proton signal of the internal standard triphenylmethane (PhsCH, s, 5.40
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Figure $S81. NOESY (top) and 'H-15N HMBC (bottom) NMR spectra of the reaction product mixture of
1g-BBN in C¢DsBr/CsDs (1:1, v/v).

Comparison Between TMS and Sn"Bus (Figure 5, Bottom)

Sn"Buy Me  0.45 equiv PANNPh }T‘h F‘-’h
5% TiClo(NPh
‘ ‘ . ‘ ‘ o [py2TiCl2(NPh)I "BusSn N Ve, TMS N Ve
PhCH3,90°C, 9 h / \ /
™S Ph T™MS Ph "Bu,;Sn Ph
1g-Sn"Bu; 2 3g-Sn"Bug 4g-Sn"Bu,
6% 12%

The reaction of 1g-Sn”"Buz was performed following Procedure C without being quenched by the HCI
workup. Instead the NMR tube was transferred into the glovebox after heating and taking t = 0.5 h
NMR spectra. The reaction was diluted with toluene, filtered and evaporated under vacuum. The crude
mixture was dissolved in CD2Cl; and characterized by 'H NMR and NOESY. The solution was then was
extracted by EtOAc/H20, during which the Sn"Buz moiety was hydrolyzed while the TMS moiety
remained. The organic phase was then dried by MgS04, evaporated, redissoved in CDCl; and
characterized by 'H NMR, 1H-13C and 1H-15N HMBC and NOESY. 4g-Sn"Bu3 was found to be the major
product.
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Time =0
1g-SnBws
2
PhNNPh L‘ ‘ PhsCH | ) L l‘
I
S T A . Y, W . e
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Figure S82. No-D 1H NMR of the reaction of 1g-Sn"Busz at time = 0 (top), time = 9 h (bottom) in PhCHs.

1g-Sn'Be
Time =0
e
Time=9h
1g-Sn'Bus
T T T T T T T T T T T
-35 -10 -15 -50 55 B0 —65 =70 -5 -80 -85

1 (ppm)

Figure $83.119Sn{1H} NMR of the reaction of 1g-Sn"Bus at time = 0 (top), time = 9 h (bottom) in PhCH3.
Two new 119Sn{1H} signals observed
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Figure $84. 1H NMR of the reaction of 1g-Sn"Bus in CD2Cl..
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Figure S85. 1H-15N HMBC of the reaction of 1g-Sn"Bus in CD,Cl..
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Figure S86. NOESY NMR spectrum of the reaction of 1g-Sn"Bus in CD,Cl.

&8 o & - e 82
& o o e =S
I N N

V.V ; ) J_lUL_,J(_

8.5 5.0 7.5 7.0 6.5 6.0 5.5 5.0 1.5 L0 3.5 2.0 2.5 2.0 L35 1.0 0.5 0.0 -0.5 -1
£1 (ppm)

Figure S87.1H NMR of the reaction of 1g-Sn"Busz in CDCl3 after extraction.
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Figure $88. 119Sn{'H} NMR of the reaction of 1g-Sn"Bus in CDCl3 after extraction.
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Figure $89. 1H-15N HMBC of the reaction of 1g-Sn"Bus in CDCl; after extraction.
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Figure S91. 1H-13C HMBC of the reaction of 1g-Sn”Bus in CDCI; after extraction.

Figure S90. NOESY NMR spectrum of the reaction of 1g-Sn"Bus in CDCl; after extraction.
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All possible heterocoupling products:

NOESY

Excluded due to missing the
Hpyrrotyi-Mepyrrolyt NOESY correlation
and the Hyyrroyi-N HMBC correlation

NOESY

Excluded due to missing the
TMSpyrrolyi-Mepyrrolyt NOESY correlation
and the Hpyrroiyi-N HMBC correlation

HZ N e N 7 T™S Ph H_N<__ph
9 GIRG & Y | iy
™S N Me T™S Me
C "NHMBC N A NOESY A Noesy
39
'H-"°C HMBC /15 bonds away § H 7.45 ppm
N, . . N . " N
’\§—‘w 3 bonds away é e § / e ate \&f
2 bonds away \ E 0.02 ppm TMS
3 bonds away ‘/(’@ E 7.46 ppm H ’@
4g 3g 49
6 (ppm) Assignment #of H PeakArea Yield (%)
Ph3;CH 5.40 Phs;C-H 1 8903.9 n.a.
3g 661 prrrolyl 1 25882 58
4g 2.12 Mepyrrolyl 3 15998.7 12-0

Figure S92. Determination of regioisomers and yields.
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One-Pot Reactions
One-Pot Pyrrole Synthesis/Arylation in p-Fluoroiodobenzene

one-pot reaction

1.) 0.4 equiv PANNPh N N

10% [py,TiClo(NPh)] Me , H Me
6 [Py, TiCly 2
6a (solvent) m/ M
115°C 0.5h Ph Ph Ph Ph
/ 7aa 3a
/ ) 10% Pd(PPh3), Fh Fn Ph

2. 5 equiv NaO'Bu Ph N N N

Me Ph Ph Me Me
1a-BBN 6a (solvent) \M + M + \ﬂ/
115°C,20 h
H Ph H Me Ph Ph
6a = 4a 5a (+regioisomers)

homocoupled 2

[py2TiClz(NPh)]2 (7.4 mg, 0.01 mmol, 0.1 equiv), B-alkynyl-9-BBN (0.1 mmol, 1 equiv), 1-phenyl-1-
propyne (11.6 mg, 0.1 mmol, 1 equiv), azobenzene (7.3 mg, 0.04 mmol, 0.4 equiv) and
triphenylmethane (2.7 mg, 0.011 mmol, 0.11 equiv, internal standard) and 0.5 mL of p-
fluoroiodobenzene (6a) were added to an NMR tube. The reaction was then sealed and heated in a
preheated oil bath at 115 °C for 0.5 h. NMR spectra were collected before and after heating to monitor
the reaction. The NMR tube was then transferred into the glovebox. Pd(PPhs)s (11.6 mg, 0.01 mmol],
0.1 equiv) and NaO*Bu (24.0 mg, 0.25 mmol, 2.5 equiv) were added to the reaction, the NMR tube was
re-sealed and heated in a preheated oil bath at 115 °C for 20 h. NMR spectra were collected before and
after the reaction. The reaction was then quenched with 5% HCI in methanol and extracted with
EtOAc/H20. The organic phase was dried over MgS0O4 and evaporated under vacuum. The crude
product mixture was characterized by NMR and GC-Polyarc®/FID to calculate the yield and selectivity.
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Pyrrole synthesis time =0 ‘

PP || I

N il N M
i J‘L ,.N'ﬁ UIJ L(‘u-v“ “\J\, PhoH: S J“L_ J\—J{ N \‘Juﬂ' \_J"A
Pyrrole synthesis time =20 h
|
‘ L\
| !;l' | 2 )
A, |
0 PhCH; 1] AN
—— ) —
Suzuki reaction time = 0 I ‘ |
I
I |
{ |
| 1
il
, | PhCH; N
E— _ _— B ~— A G N A -
Suzuki reactiontime =20 h ‘ ‘ ‘
| \L‘ ‘ ]
| | | \
I
/ MJW\ a ‘ ||J
o \ f
Y N } AWV
r.EI 9.‘5 BJEI E.‘E B.IEI 7.6 7.‘EI E.‘E E.‘[I E.‘E E.‘EI 4.r5 4.‘EI 3.‘5 3.‘[I 2.‘5 2.'[I 1.‘5 l.‘EI [I.‘E [I.‘[I -0
1 (ppm)

Figure S93. No-D H NMR of the one-pot pyrrole synthesis/arylation of 1a-BBN and 6a at time = 0,
time = 20 h of pyrrole synthesis, time = 0 and time = 20 h of Suzuki reaction in p-fluoroiodobenzene.
Chemical shifts were referenced to the proton signal of the internal standard triphenylmethane
(PhsCH, s, 5.40 ppm).
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Figure S94. 11B NMR of the one-pot pyrrole synthesis/arylation of 1a-BBN and 6a at time = 0, time =
20 h of pyrrole synthesis, time = 0 and time = 20 h of Suzuki reaction in p-fluoroiodobenzene.
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Figure S95. 1°F NMR of the one-pot pyrrole synthesis/arylation of 1a-BBN and 6a at time = 0, time =
20 h of pyrrole synthesis, time = 0 and time = 20 h of Suzuki reaction in p-fluoroiodobenzene.
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NP UJJ\ML_ N j—

] 1
S (ppm) Assignment #of H PeakArea Yield (%)
Ph3;CH 5.54 PhsC-H 1 1945.8 n.a.
7aa 2.17 Mepyrrolyl 3 21284.0 40.1
3a 2.21 Mepyrrolyl 3 12903.9 24.3
4a 2.24 Mepyrrolyl 3 700.8 1.3
5a not found Hpyrrolyl 1 n.a. n.d.
homocoupled 2 2.14,2.14,2.12, Mepyrrolyl 6 2941.0 2.8
2.10, 2.09 (2 per molecule)

Figure S96. 'H NMR of the one-pot pyrrole synthesis/arylation of 1a-BBN and 6a in CDCl3 after HCI
workup.

S67



6a

) g b

lg =l B s T dp -ibo by -1z oz -104 -1bs 108 107 -1bs -1bg -1lo 111 -1z 13 -11¢ -115 -1 <117 -118 -l -120 -1 -122 -17 -124
1 (ppm)

Figure S97. 19F{tH} NMR of the one-pot pyrrole synthesis/arylation of 1a-BBN and 6a in CDClz after
HCl workup.
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Figure S98. 1H-15N HMBC (top) and NOESY (bottom) NMR spectra of the one-pot pyrrole
synthesis/arylation of 1a-BBN and 6a in CDCl3 after HCl workup.
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Retention Time (min) Surface Area # of C Yield (%)
Ph3CH 5.45 281.717 19 n.a.
7aa 23.27 1508.02 29 38.6
3a 19.31 736.615 23 23.8
4a 11.991 23 0.4
5a 14.82 1.801 23 0.1
homocoupled 2 15.27,17.42,18.35 116.179 24 3.6

Figure S99. Quantitative GC-FID chromatograph of the one-pot pyrrole synthesis/arylation of 1a-
BBN and 6a after HCl workup.

General Procedure for One-Pot Pyrrole Synthesis/Arylation in Toluene (Procedure D) (Table
4)

[py2TiCl2(NPh)]2 (7.4 mg, 0.01 mmol, 0.1 equiv), B-alkynyl-9-BBN (0.1 mmol, 1 equiv) and 0.5 mL of
PhCH3 stock solution containing 1-phenyl-1-propyne (11.6 mg, 0.1 mmol, 1 equiv), azobenzene (7.3
mg, 0.04 mmol, 0.4 equiv) and triphenylmethane (4.9 mg, 0.02 mmol, 0.2 equiv, internal standard)
were added to an NMR tube. The reaction was then sealed and heated in a preheated oil bath at 115 °C
for 20 h. NMR spectra were collected before and after heating to monitor the reaction. The NMR tube
was then transferred into the glovebox. Pd(PPh3s)4 (11.6 mg, 0.01 mmol, 0.1 equiv), aryl iodide (0.2
mmol, 2 equiv), NaO‘Bu (24.0 mg, 0.25 mmol, 2.5 equiv) and 0.2 mL of PhCH3z were added to the
reaction, the NMR tube was re-sealed and heated in a preheated oil bath at 115 °C for 20 h. NMR
spectra were collected before and after the reaction. The reaction was then quenched with 5% HCl in
methanol and extracted with EtOAc/H:0. The organic phase was dried over MgSO4 and evaporated
under vacuum. The crude product mixture was characterized by NMR and GC-Polyarc®/FID to
calculate the yield and selectivity.

S69



One-Pot Pyrrole Synthesis/Arylation for 1a-BBN and p-Fluoroiodobenzene

one-pot reaction

1.) 0.4 equiv PANNPh
10% [py,TiClo(NPh)],

Me PhCH3 115 °C, 20 h
// / 2.) 2 equiv 6a

10% PA(PPhg)s
2.5 equiv NaO'Bu
PhCHj3, 115 °C, 20 h

1a-BBN

N Ph
“\: % N Me . H Me
O
Ph Ph
7aa 3a
Th Ph
Ph N\ Me  Ph Ph , Me Me
H Ph H Me Ph
4a (+regioisomers)

homocoupled 2

The reaction was performed following Procedure D using 1a-BBN (29.4 mg, 0.1 mmol, 1 equiv) as
alkynylborane and p-fluoroiodobenzene (6a, 44.4 mg, 0.2 mmol, 2 equiv) as aryl iodide.

Pyrrole synthesis time =0

2

PhNNPh \
ﬁl PhCH;
R N ‘
Pyrrole synthesis time = 20 h
111/
jil PhCHs
- LY. B .
Suzuki reaction time =0
L
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‘a. PhCH;
N~ e __\ S
Suzuki reactiontime=20h
] i H PhCH; ‘
R Vs WU ) kL“ JUUUL
's E‘D E“;v E‘D .T‘I "D En.IE E-‘D 5"5 5“0 4"5 :l“D S"E a.‘D 2.'*- ZrD l"D D“;v D“D *DI

1 (ppm)

Figure S100. No-D 'H NMR of the one-pot pyrrole synthesis/arylation of 1a-BBN and 6a at time = 0,

time = 20 h of pyrrole synthesis, time = 0 and time = 20 h of Suzuki reaction in PhCH3.
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Figure S101. 11B NMR of the one-pot pyrrole synthesis/arylation of 1a-BBN and 6a at time = 0, time
=20 h of pyrrole synthesis, time = 0 and time = 20 h of Suzuki reaction in PhCHs.
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Figure $102. 1°F NMR of the one-pot pyrrole synthesis/arylation of 1a-BBN and 6a at time = 0 and

time = 20 h of Suzuki reaction in PhCHs.
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N R S - |
S (ppm) Assignment #ofH PeakArea Yield (%)

Ph3;CH 5.54 PhsC-H 1 1745.7 n.a.

7aa 2.17 Mepyrrolyl 3 15242.5 58.2

3a 2.20 Mepyrrolyl 3 2800.3 10.7

4a not found Hpyrrolyl 1 n.a. n.d.

5a not found Hpyrrolyl 1 n.a. n.d.
homocoupled 2 | 2.14, 2.12,2.12, 2.09 Mepyrrolyl 6 4165.5 8.0

(2 per molecule)

Figure $103. 'H NMR of the one-pot pyrrole synthesis/arylation of 1a-BBN and 6a in CDCl;3 after HCI

workup.
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Figure S104. 1°F{1H} NMR of the one-pot pyrrole synthesis/arylation of 1a-BBN and 6a in CDCl; after
HCl workup.

: B A -
; TR DR SO NS R R tontmene e 010819195 20205 21 L8 22 228 20 8 24 4
Retention Time (min) Surface Area # of C Yield (%)

Ph3;CH 5.46 394.879 19 n.a.
7aa 23.28 1732.741 29 57.5
3a 19.26 258.055 23 10.8
4a 18.85 1.164 23 <0.1
5a 14.99 0.022 23 <0.1
homocoupled 2 15.29,17.44,18.36 109.487 24 4.4

Figure $105. Quantitative GC-FID chromatograph of the one-pot pyrrole synthesis/arylation of 1a-
BBN and 6a after HCl workup.
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One-Pot Pyrrole Synthesis/Arylation for 1b-BBN and p-Fluoroiodobenzene

Ph Ph Ph
one-pot reaction N Me H N Me Me N Me
\W/ ’ \ /) * \ /)
1.) 0.4 equiv PhANNPh oh oh or on
o )
THF\ Me 1% [py2T|CI§(NPh)]2 7ba 3b (+regioisomers)
B / PhCH3, 115 °C, 20 h homocoupled 2
v 7
// h 2.) 2 equiv 6a MeO MeO Ph Ph
10% Pd(PPhs), MeO | MeO |
1b-BBN 2 2.5 equiv NaO'Bu . N __Me . N__ph
PhCHj, 115 °C, 20 h \ / \ /)
MeO
6a= H Ph H Me
4b 5b

The reaction was performed following Procedure D using 1b-BBN (32.4 mg, 0.1 mmol, 1 equiv) as

alkynylborane and p-fluoroiodobenzene (6a, 44.4 mg, 0.2 mmol, 2 equiv) as aryl iodide.

2
Pyrrole synthesis time =0
PhNNPh I ‘
| PRCH: il
- ﬂ. _L#. \4«_“ l / "‘l_) M
Pyrrale synthesis time = 20 h
\ \
| A
__J' d | ) A h % LT .
Suzuki reaction time = 0
\
mn J‘ PhCH, il L |
B | |\ a o ML A
Suzuki reactiontime =20 h ‘
#J I PhCH; J | i g_L
nt - Al N
oo 85 so s o &5 &0 a5 8o 4s 4o s w0 25 2o 15 1o o5 oo =0

2
£l (ppm)

Figure S106. No-D 'H NMR of the one-pot pyrrole synthesis/arylation of 1b-BBN and 6a at time = 0,

time = 20 h of pyrrole synthesis, time = 0 and time = 20 h of Suzuki reaction in PhCH3.
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Figure $107. 11B NMR of the one-pot pyrrole synthesis/arylation of 1b-BBN and 6a at time = 0, time

= 20 h of pyrrole synthesis, time = 0 and time = 20 h of Suzuki reaction in PhCHa.
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Figure $108. 1°F NMR of the one-pot pyrrole synthesis/arylation of 1b-BBN and 6a at time = 0 and

time = 20 h of Suzuki reaction in PhCHs.
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3b 2.20 Mepyrroly 3 6711.6 229

4b 6.48 Hpyrrolyt 1 80.5 0.8

5b not found Hpyrroly! 1 n.a. n.d.
homocoupled 2 | 2.14,2.13, 2.12, 2.09 Meypyrrolyl 6 1959.8 3.3

(2 per molecule)

Figure $109. 'H NMR of the one-pot pyrrole synthesis/arylation of 1b-BBN and 6a in CDCl3 after HCI
workup.
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Figure $110. °F{1H} NMR of the one-pot pyrrole synthesis/arylation of 1b-BBN and 6a in CDCl; after

HCl workup.
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Figure S111. 'H-15N HMBC of the one-pot pyrrole synthesis/arylation of 1b-BBN and 6a in CDCl3

after HCl workup.

Sr7



x102
34
32
3 § B
25| 2 i
286 ¥
24
22
E 2
FRE: g
E"— 16 5
= 14
12
1
03
e |
02 h‘—-%—'\w—f\‘,;&_i_m}\_,ﬁ.—-]
5 7 g 9 10 ihl 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
Retention time [min]
Retention Time (min) Surface Area # of C Yield (%)
PhsCH 5.51 603.790 19 n.a.
7ba 25.47 1336.157 30 28.0
3b 23.00 598.320 24 15.7

Figure S112. Quantitative GC-FID chromatograph of the one-pot pyrrole synthesis/arylation of 1b-
BBN and 6a after HCl workup.

One-Pot Pyrrole Synthesis/Arylation for 1c-BBN and p-Fluoroiodobenzene

F\/f \ ll’h Ii’h Fl’h
one-pot reaction \\ % N Me . H N Me . Me N Me
<) L/ V
1.) 0.4 equiv PhANNPh
Ph Ph Ph Ph

10% [py2TiClo(NPh)l, 7ca 3c (+regioisomers)

Me " PhCHg, 115 °C, 20 h homocoupled 2

THF\
B . //
y ) FsC FoC
74 P 2.) 2 equiv 6a Ph Ph
10% Pd(PPhs), FsC | FsC |
1c-BBN 2 2.5 equiv NaO'Bu N Me N Ph

PhCHs, 115 °C, 20 * \ / * \ /

F3C \
6a = I—\ )—F H Ph H Me

The reaction was performed following Procedure D using 1c-BBN (36.2 mg, 0.1 mmol, 1 equiv) as
alkynylborane and p-fluoroiodobenzene (6a, 44.4 mg, 0.2 mmol, 2 equiv) as aryl iodide.
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Figure $113. No-D 'H NMR of the one-pot pyrrole synthesis/arylation of 1c-BBN and 6a at time = 0,
time = 20 h of pyrrole synthesis, time = 0 and time = 20 h of Suzuki reaction in PhCHs.
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Figure S114. 11B NMR of the one-pot pyrrole synthesis/arylation of 1c-BBN and 6a at time = 0, time
=20 h of pyrrole synthesis, time = 0 and time = 20 h of Suzuki reaction in PhCHs.
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Figure S115. 19F NMR of the one-pot pyrrole synthesis/arylation of 1c-BBN and 6a at time = 0, time

= 20 h of pyrrole synthesis, time = 0 and time = 20 h of Suzuki reaction in PhCHa.
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Figure $116. 'H NMR of the one-pot pyrrole synthesis/arylation of 1c-BBN and 6a in CDCl;3 after HCI

workup.
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Figure S117. 19F{1H} NMR of the one-pot pyrrole synthesis/arylation of 1c-BBN and 6a in CDCl3 after
HCl workup.
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Figure S118. 'H-15N HMBC of the one-pot pyrrole synthesis/arylation of 1c-BBN and 6a in CDCl3
after HCI workup.
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Figure $119. Quantitative GC-FID chromatograph of the one-pot pyrrole synthesis/arylation of 1c-

BBN and 6a after HCl workup.

One-Pot Pyrrole Synthesis/Arylation for 1d-BBN and p-Fluoroiodobenzene

one-pot reaction

1.) 0.4 equiv PhANNPh

10% [py2TiClo(NPh)],

Me  phCH,, 115 °C, 20 h
/ 2.) 2 equiv 6a
10% Pd(PPhg)s

2.5 equiv NaO'Bu
PhCH3, 115 °C, 20 h

1d-BBN

6a =

S o
%

+reg|0|somers)
homocoupled 2

The reaction was performed following Procedure D using 1d-BBN (30.8 mg, 0.1 mmol, 1 equiv) as
alkynylborane and p-fluoroiodobenzene (6a, 44.4 mg, 0.2 mmol, 2 equiv) as aryl iodide.
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Figure $120. No-D 'H NMR of the one-pot pyrrole synthesis/arylation of 1d-BBN and 6a at time = 0,
time = 20 h of pyrrole synthesis, time = 0 and time = 20 h of Suzuki reaction in PhCHs.
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Figure S121. 11B NMR of the one-pot pyrrole synthesis/arylation of 1d-BBN and 6a at time = 0, time
=20 h of pyrrole synthesis, time = 0 and time = 20 h of Suzuki reaction in PhCHs.
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Figure $122. 19F NMR of the one-pot pyrrole synthesis/arylation of 1d-BBN and 6a at time = 0 and

time = 20 h of Suzuki reaction in PhCHs.
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Figure $S123. 'H NMR of the one-pot pyrrole synthesis/arylation of 1d-BBN and 6a in CDCl3 after HCI

workup.
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Figure S124. 1°F{1H} NMR of the one-pot pyrrole synthesis/arylation of 1d-BBN and 6a in CDCl; after
HCl workup.
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Figure S125. 1H-15N HMBC of the one-pot pyrrole synthesis/arylation of 1d-BBN and 6a in CDCl3
after HCl workup.

S87



x102
34
32
3
28 ;3
28 z
24 S
22 3
T 2 b
E 1.8 E
lc% 16 %
g
1.4
12
1
0.3
s
02 —-._.JLA_\_“_A% A
& T g 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Retention time [min]
Retention Time (min) Surface Area # of C Yield (%)
Phs;CH 5.42 555.761 19 n.a.
7da 23.08 710.741 30 16.2
3d 18.77 1403.187 24 40.0

Figure S126. Quantitative GC-FID chromatograph of the one-pot pyrrole synthesis/arylation of 1d-

BBN and 6a after HCl workup.

One-Pot Pyrrole Synthesis/Arylation for 1e-BBN and p-Fluoroiodobenzene

one-pot reaction Ph Ph
_ Me H-_ N\ Me
1.) 0.4 equiv PhNNPh \ / + \ /
THF 10% [py2TiClo(NPh)]
\ Me " phCH,, 115 °C, 20 h "By Ph "By Ph
B + // 7ea 3e
// 2.) 2 equiv 6a e e b
Ph )2eq | | |
"Bu

10% Pd(PPh3), "By N Me "Bu N Ph Me N Me
1e-BBN 2 2.5 equiv NaO'Bu \M * \M * M
PhCHj3, 115 °C, 20 h
H Ph H Me Ph Ph
6a = 4e 5e (+regioisomers)

homocoupled 2

The reaction was performed following Procedure D using 1e-BBN (27.4 mg, 0.1 mmol, 1 equiv) as

alkynylborane and p-fluoroiodobenzene (6a, 44.4 mg, 0.2 mmol, 2 equiv) as aryl iodide.
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Figure $127. No-D 'H NMR of the one-pot pyrrole synthesis/arylation of 1e-BBN and 6a at time = 0,
time = 20 h of pyrrole synthesis, time = 0 and time = 20 h of Suzuki reaction in PhCHs.

Pyrrole synthesis time =0 1e-BBN-py
16 BBN |

|

D U

Pyrrole synthesis time = 20 h

3e-BBN

Suzuki reaction time = 0

B-0'Bu-9-BBN
Suzuki reaction time = 20 h ||

T T T T T T T T T T T T T T T T T T
% 0 0 60 50 0 kil 20 10 0 -10 -20 -30 -40 ~50 -60 -70 80 ~60
fl (ppm)

Figure S128. 11B NMR of the one-pot pyrrole synthesis/arylation of 1e-BBN and 6a at time = 0, time
=20 h of pyrrole synthesis, time = 0 and time = 20 h of Suzuki reaction in PhCHs.
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Figure $129. 19F NMR of the one-pot pyrrole synthesis/arylation of 1e-BBN and 6a at time = 0 and

time = 20 h of Suzuki reaction in PhCHs.
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Figure $130. 'H NMR of the one-pot pyrrole synthesis/arylation of 1e-BBN and 6a in CDCl3 after HCI
workup.
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Figure S131. 1°F{1H} NMR of the one-pot pyrrole synthesis/arylation of 1e-BBN and 6a in CDCl3 after
HCl workup.
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Figure S132. 1H-15N HMBC of the one-pot pyrrole synthesis/arylation of 1e-BBN and 6a in CDCl3
after HCI workup.
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Figure S133. Quantitative GC-FID chromatograph of the one-pot pyrrole synthesis/arylation of 1e-
BBN and 6a after HCl workup.

One-Pot Pyrrole Synthesis/Arylation for 1a-BBN and p-lodoanisole

one-pot reaction Th ﬁm
i N Me H N Me
1.) 0.4 equiv PhANNPh \ / + \ /
THF 10% [py,TiClz(NPh)l,
\ Me  PhcHs, 115 °C, 20 h PH oh P -
® * // 7ab 3a
/ i Ph Ph Ph
/ Ph 2.) 2 equiv 6b

| | |
Ph 10% Pd(PPhals  pr N me  PheN\__Ph  Me— N Me
1a-BBN 2 2.5 equiv NaO'Bu \ﬂ/ + M + \5_2/
PhCH3, 115 °C, 20 h
H Ph H Me PH Ph
6b = 4a 5a (+regioisomers)

homocoupled 2

The reaction was performed following Procedure D using 1a-BBN (29.4 mg, 0.1 mmol, 1 equiv) as
alkynylborane and p-iodoanisole (6b, 46.8 mg, 0.2 mmol, 2 equiv) as aryl iodide. The extraction was
performed with CH2Cl/H>0.
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Figure S134. No-D 'H NMR of the one-pot pyrrole synthesis/arylation of 1a-BBN and 6b at time = 0,

time = 20 h of pyrrole synthesis, time
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Pyrrole synthesis time = 20 h
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W
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Figure S135. 11B NMR of the one-pot
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pyrrole synthesis/arylation of 1a-BBN and 6b at time = 0, time

=20 h of pyrrole synthesis, time = 0 and time = 20 h of Suzuki reaction in PhCHs.
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5a not found Hpyrroly! 1 n.a. n.d.
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2.12,2.09 (2 per molecule)

Figure S136. 'H NMR of the one-pot pyrrole synthesis/arylation of 1a-BBN and 6b in CDCl3 after HCI

workup.
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Figure S137. 1H-15N HMBC of the one-pot pyrrole synthesis/arylation of 1a-BBN and 6b in CDCl3
after HCI workup.
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Retention Time (min) Surface Area # of C Yield (%)
Ph3CH 5.49 127.128 19 n.a.
7ab 25.68 306.060 30 30.5
3a 19.26 96.947 23 12.6
4a 18.76 1.783 23 0.2
5a 15.14 1.131 23 0.1
homocoupled 2 15.31,17.46,18.38 17.406 24 2.2

Figure $138. Quantitative GC-FID chromatograph of the one-pot pyrrole synthesis/arylation of 1a-
BBN and 6b after HCl workup.
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One-Pot Pyrrole Synthesis/Arylation for 1a-BBN and o-lodotoluene

one-pot reaction

1.) 0.4 equiv PANNPh
10% [py,TiClo(NPh)],

Me PhCHg 115 °C, 20 h
// / ) 2 equiv 6¢

Fl’h
10% Pd(PPhs)s o N e Pha N\ Ph Me— N Me
1a-BBN 2.5 equiv NaO'Bu M + M/ * M
PhCH3, 115 °C, 20 h
/—\ H Ph H Me Ph Ph
6c = \f&\\\\ /:i) 4a 5a (+regioisomers)

homocoupled 2

The reaction was performed following Procedure D using 1a-BBN (29.4 mg, 0.1 mmol, 1 equiv) as
alkynylborane and o-iodotoluene (6c¢, 43.6 mg, 0.2 mmol, 2 equiv) as aryl iodide.
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Figure S139. No-D 'H NMR of the one-pot pyrrole synthesis/arylation of 1a-BBN and 6c at time = 0,
time = 20 h of pyrrole synthesis, time = 0 and time = 20 h of Suzuki reaction in PhCH3.
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Figure $140. 11B NMR of the one-pot pyrrole synthesis/arylation of 1a-BBN and 6c at time = 0, time
= 20 h of pyrrole synthesis, time = 0 and time = 20 h of Suzuki reaction in PhCHa.
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Figure S141. 'H NMR of the one-pot pyrrole synthesis/arylation of 1a-BBN and 6c in CDCl;3 after HCI

workup.
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Figure S142. 'H-15N HMBC of the one-pot pyrrole synthesis/arylation of 1a-BBN and 6¢ in CDCls
after HCl workup.
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Figure S143. Quantitative GC-FID chromatograph of the one-pot pyrrole synthesis/arylation of 1a-
BBN and 6c¢ after HCl workup.
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One-Pot Pyrrole Synthesis/Arylation for 1a-BBN and Methyl p-lodobenzoate

. MeOOC
one-pot reaction

1.) 0.4 equiv PhNNPh
THF

10% [py,TiClo(NPh)],
\B Me " phCH,, 115 °C, 20 h 7ad 3a
f* / - = trace
/ Ph 2.) 2 equiv 6d
Ph 10% Pd(PPhg),
1a-BBN 2 2.5 equiv NaO'Bu
PhCH3 115°c 20 h \S—Z/ \S—Z/ \S—Z/
6d= |—

—coom«s 4a

+reg|0|somers)
homocoupled 2

The reaction was performed following Procedure D using 1a-BBN (29.4 mg, 0.1 mmol, 1 equiv) as
alkynylborane and methyl p-iodobenzoate (6d, 52.4 mg, 0.2 mmol, 2 equiv) as aryl iodide
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Figure S144. No-D 'H NMR of the one-pot pyrrole synthesis/arylation of 1a-BBN and 6d at time = 0
time = 20 h of pyrrole synthesis, time = 0 and time = 20 h of Suzuki reaction in PhCH3
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Figure S145. 11B NMR of the one-pot pyrrole synthesis/arylation of 1a-BBN and 6d at time = 0, time
= 20 h of pyrrole synthesis, time = 0 and time = 20 h of Suzuki reaction in PhCHa.
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(2 per molecule)

Figure $146. 'H NMR of the one-pot pyrrole synthesis/arylation of 1a-BBN and 6d in CDCl3 after HCI

workup.
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Figure S147. 1H-15N HMBC of the one-pot pyrrole synthesis/arylation of 1a-BBN and 6d in CDCl3

after HCl workup.
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Ph3CH 5.43 596.253 19 n.a.
7ad 28.38 171.625 31 3.5
3a 19.36 1666.566 23 46.2
4a 18.74 42.820 23 1.2
5a 15.07 0.184 23 <0.1
homocoupled 2 17.41,18.36 59.168 24 1.6

Figure $148. Quantitative GC-FID chromatograph of the one-pot pyrrole synthesis/arylation of 1a-

BBN and 6d after HCl workup.
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one-pot reaction

One-Pot Pyrrole Synthesis/Arylation for 1a-BBN and p-lodonitrobenzene
1.) 0.4 equiv PhANNPh

10% [py2 TiClx(NPh)], \S_Z/ \S_Z/
Me PhCH3 115 °C, 20 h
/ Tae
trace
2.) 2 equiv 6e
10% Pd(PPh3),

2.5 equiv NaO'Bu
PhCH3, 115 °C, 20 h

+reg|0|somers)
homocoupled 2

1a-BBN

6e =

The reaction was performed following Procedure D using 1a-BBN (29.4 mg, 0.1 mmol, 1 equiv) as
alkynylborane and p-iodonitrobenzene (6e, 49.8 mg, 0.2 mmol, 2 equiv) as aryl iodide. The extraction

was performed with CH2Cl>/H>O0.
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Figure $149. No-D 'H NMR of the one-pot pyrrole synthesis/arylation of 1a-BBN and 6e at time = 0,
time = 20 h of pyrrole synthesis, time = 0 and time = 20 h of Suzuki reaction in PhCHs.
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Figure S150. 11B NMR of the one-pot pyrrole synthesis/arylation of 1a-BBN and 6e at time = 0, time
=20 h of pyrrole synthesis, time = 0 and time = 20 h of Suzuki reaction in PhCHs.
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Ph3;CH 5.54 Ph3C-H 1 3084.0 n.a.
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3a 2.20 Mepyrrolyl 3 28226.0 61.0
4a 6.56 Hpyrrolyl 1 111.6 0.7
5a not found Hpyrroly! 1 n.a. n.d.
homocoupled 2 2.14,2.13,2.12, Meypyrrolyl 6 2539.1 2.7
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Figure S151. 'H NMR of the one-pot pyrrole synthesis/arylation of 1a-BBN and 6e in CDCl3 after HCI

workup.
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Figure S152. 1H-15N HMBC of the one-pot pyrrole synthesis/arylation of 1a-BBN and 6e in CDCl3
after HCl workup.

%102

L [ b

Response [pA]

F.—(I 29,304 *

| ———— Il Il I I

L_‘_‘l :

Retention Time (min) Surface Area # of C Yield (%)
Ph3;CH 5.43 336.796 19 n.a.
7ae 29.30 148.209 29 5.8
3a 19.38 1396.794 23 68.5
4a 18.74 27.707 23 1.4
5a 15.12 0.107 23 <0.1
homocoupled 2 17.41,18.34 48.556 24 2.3

Figure S153. Quantitative GC-FID chromatograph of the one-pot pyrrole synthesis/arylation of 1a-
BBN and 6e after HCl workup.
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Catalytic Pyrrole Syntheses: Hydrocarbon Alkyne Scopes (Table 4)

Catalytic reaction of 1a-BBN with 2-butyne (Table 4)

0.4 equiv PANNPh
Me 0%[py2T|C|2NPh)]2 ;

THF
B .
/ f Me/ CgDsBr, 115 °C, 1 h \S—Z/ \S_Z/ \S_Z/
Ph

HCI workup
1a-BBN 2g homocouMeng

The reaction was performed following Procedure B using 1a-BBN (29.4 mg, 0.1 mmol, 1 equiv) and
2-butyne (2g, 5.4 mg, 0.1 mmol, 1 equiv) with the reaction being heated for 1 h.

29
Time=0
PhNNPh
|
“MM PhyCH b
4J\_JI4J‘ R W, N N W i
Time=1h
||‘ Ii
\
“uﬁ' by PhCH LAl
oo &8s o 13 T es  eo &3 5o 45 4o s 3o 2z 2o 15 1o os oo 05 -

18 (ppm)

Figure S154. 'H NMR of the reaction of 1a-BBN with 2g at time = 0 (top), time = 1 h (bottom) in
CeDsBr.
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Figure S155. 1B NMR of the reaction of 1a-BBN with 2g at time = 0 (top), time = 1 h (bottom) in

C6DsBI‘.
'y
_ JJ IJLJ | A J\_Lf I_.__ | o J.-JU-'A\J W‘JL_L N |
S (ppm) Assignment #ofH PeakArea Yield (%)
Ph3CH 5.54 Ph3C-H 1 5760.5 n.a.
3g 6.86 prrroly] 1 15151.4’ 52.6
4‘g 6.25 prrroly] 1 597.5 2.1
homocoupled 2g 2.00,1.95 Mepyrrolyl 12 2685.6 0.8
(4 per molecule)

Figure S156. 'H NMR of the reaction of 1a-BBN with 2g in CDCl3 after HCI workup.
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Catalytic reaction of 1a-BBN with 3-hexyne (Table 4)

THE ¢, 0:4equiv PANNPh Fh n gh
\ 0 i
B y 10% [py2TICLINPRL -y N g phe N Bt B N
y 7 \ N\
74 Et CgDsBr, 115 °C, 1 h
Ph HCl workup Ph Et H Et Et Et
1a-BBN 2h 3h 4h homocoupled 2h

The reaction was performed following Procedure B using 1a-BBN (29.4 mg, 0.1 mmol, 1 equiv) and
3-hexyne (2h, 8.2 mg, 0.1 mmol, 1 equiv) with the reaction being heated for 1 h.

2
Time=0
2h
PANNPh ‘

I Jm\lwu Pt I "M" Jl"w m|| T
AAAAAAJLAAJL,JJ A ) ,KAJLA,___JKﬁ__J“ jwﬁk}ﬂﬂ_
Time=1h

|

|

| |
PhNNPh \l‘l‘ll\ \ | 1. \
A i ".I\ PhaCH f i F,I“ :‘r"- P w'u“"‘\‘”\‘_‘,‘ | '|

[
i

| /
A L | AN A~ IS AN

r T T T T T T T T T T T T T T T T T T T T d
.6 9.0 8.5 8.0 7.5 7.0 A5 6.0 6.5 6.0 4.5 4.0 3.6 3.0 2.5 2.0 16 1.0 0.6 0.0 -0.6 -1
1H (ppm)

Figure S157. 'H NMR of the reaction of 1a-BBN with 2h at time = 0 (top), time = 1 h (bottom) in
CeDsBI‘.
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Figure S158. 11B NMR of the reaction of 1a-BBN with 2h at time = 0 (top), time = 1 h (bottom) in
C6D5BI‘.

ik
6.30
—504
25l
749
747
245

. M F[
u‘ o A *A.,LJA LV ""J‘v’ Uhe Il

T T T T T T T T T T T T T T T T
0 8.5 80 5 7.0 8.5 8.0 N a0 4.3 4.0 kN 3.0 ) .0 LE 1.0 0.5 0.0 -0.5 -1

6 (ppm) Assignment #ofH PeakArea Yield (%)
Ph3;CH 5.54 Ph3C-H 1 4143.2 n.a.
3h 6.77 Hpyrrolyl 1 7107.0 343
4h 6.30 Hpyrrolyl 1 348.0 1.7
homocoupled 2h 2.51, 2.49, 2.47, 3,4-CH,CH3 4 904.8 1.1
2.45 (2 per molecule)

Figure $159. 1H NMR of the reaction of 1a-BBN with 2h in CDCl; after HCI workup.

Catalytic reaction of 1a-BBN with 4-octyne (Table 4)

THR . 0.4 equiv PhANNPh Fl’h Th ITh
. !
b y 10% [py2TiCIo(NPh)l; N pr  ph N e npy N mpr
y e o\
74 npr CeDsBr, 115 °C, 1 h
Ph HCI workup Ph npr H npy npy npp
1a-BBN 2i 3i 4i homocoupled 2i

The reaction was performed following Procedure B using 1a-BBN (29.4 mg, 0.1 mmol, 1 equiv) and
4-octyne (2i, 11.0 mg, 0.1 mmol, 1 equiv) with the reaction being heated for 1 h.
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Figure $160.1H NMR of the reaction of 1a-BBN with 2i at time = 0 (top), time = 1 h (bottom) in C¢DsBr.
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Figure S161. 1B NMR of the reaction of 1a-BBN with 2i at time = 0 (top), time = 1 h (bottom) in

CstBI‘.
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6 (ppm) Assignment #of H PeakArea Yield (%)
Ph3CH 5.54 Ph3C-H 1 4788.6 n.a.
3i 6.76 Hpyrrolyl 1 10643.2 44.5
4i 6.28 Hpyrrolyl 1 808.8 3.4
homocoupled 2i 2.30,2.29, 2.27 2,5-CH2CH3 4 948.7 1.0
(2 per molecule)

Figure $162. 'H NMR of the reaction of 1a-BBN with 2i in CDCl3 after HCI workup.

Catalytic reaction of 1a-BBN with diphenylacetylene (Table 4)

0.4 equiv PANNPh
10% [py2TiCI2(NPh)l; |,

/ ﬁ CeDsBr, 115 °C, 1h
HCI workup
1a-BBN homocoupled 2]

The reaction was performed following Procedure B using 1a-BBN (29.4 mg, 0.1 mmol, 1 equiv) and
diphenylacetylene (2j, 17.8 mg, 0.1 mmol, 1 equiv) with the reaction being heated for 1 h. Yields were
determined by GC due to peak overlapping in 'H NMR spectrum after HCl workup.
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Figure $163.1H NMR of the reaction of 1a-BBN with 2j at time = 0 (top), time = 1 h (bottom) in C¢DsBr.
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Figure S164. 1B NMR of the reaction of 1a-BBN with 2j at time = 0 (top), time = 1 h (bottom) in
C6D5Br.
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g 1.4
& 1.2
1
0.8
0.4 :E
0.2 _‘_/;;;
: 13 135 14 145 15 155 16 165 17 175 18 185 1% 1885 20 205 21 215 22 225
Retention time [min]
Retention Time (min) Surface Area # of C Yield (%)
Ph3CH 13.620 434.769 19 n.a.
3j 19.239 791.935 28 24.7
4j not found n.a. 28 n.d.
homocoupled 2j 21.771 10.684 34 0.3

Figure S165. Quantitative GC-FID chromatograph of the reaction of 1a-BBN with 2j after HCl workup.

Catalytic reaction of 1a-BBN with 1-hexyne (Table 4)

0.4 equiv PhANNPh

0% 10% yTICI(NPhl “Bu
HCI workup "Bu : ;
1a-BBN ' homocoupled 2k |

The reaction was performed following Procedure B using 1a-BBN (29.4 mg, 0.1 mmol], 1 equiv) and
1-hexyne (2K, 8.2 mg, 0.1 mmol, 1 equiv) with the reaction being heated for 1 h.
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Figure $166. 'H NMR of the reaction of 1a-BBN with 2k at time = 0 (top), time = 1 h (bottom) in
C6DsBI‘.
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Figure $S167. 11B NMR of the reaction of 1a-BBN with 2Kk at time = 0 (top), time = 1 h (bottom) in
CstBI‘.
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Figure $168. 'H NMR of the reaction of 1a-BBN with 2k in CDCl; after HCI workup.
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Figure $169. 'H-15N HMBC of the reaction of 1a-BBN with 2k in CDCl3 after HCl workup.
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Figure $170. GC-FID chromatograph of the reaction of 1a-BBN with 2k after HCl workup.

Catalytic reaction of 1a-SnMe3z with 2-butyne (Table 4)

0.45 equiv PhANNPh

/S”'V'e3 5% [py,TICI,(NPh)L,
PhCHjs, 90 °C, 20 h
HCI workup
1a-SnMe; 2g homocoupled 29

The reaction was performed following Procedure B using 1a-SnMe3 (26.5 mg, 0.1 mmol, 1 equiv) and

2-butyne (2g, 5.4 mg, 0.1 mmol, 1 equiv) with the reaction being heated for 20 h.

1a-SnMe;
Tme=0 29
PhNNPh
‘ ‘ Ph,CH
B . S 1l
Time=20h
1a-SnMe;
I l.
A PhyCH Il \
_ PR YN B S Wl
T T T T T T T T T T T
%0 & 8.0 0 & 60 & 45 4 3 0 2 2.0 1 Lo o 0.0 - -1
1H (ppm)

Figure S171. No-D 'H NMR of the reaction of 1a-SnMe3 with 2g at time = 0 (top), time = 20 h (bottom)

in PhCHs.
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Figure S172.119Sn{'H} NMR of the reaction of 1a-SnMe3z with 2g at time = 0 (top), time = 20 h (bottom)
in PhCHs.

586
B8
554

L2

1S

L i _L N .JUJL_LJL il l—
S (ppm) Assignment #ofH PeakArea Yield (%)
Ph3;CH 5.54 PhsC-H 1 10245.3 n.a.
3g 6.86 Hpyrrolyl 1 10562.7 20.6
4g 6.25 Hpyrrolyl 1 401.1 0.8
homocoupled 2g 2.00,1.95 Mepyrrolyl 12 7329.5 1.2
(4 per molecule)

Figure S173.'H NMR of the reaction of 1a-SnMes with 2g in CDCl3 after HCl workup.
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Catalytic reaction of 1a-SnMe3z with 3-hexyne (Table 4)

0.45 equiv PhANNPh
SnMej;

5% [py,TiClo(NPh)],
ya /
PH PhCHg, 90 °C,20h

HCI workup Ph

1a-SnMe; homocoupled 2h

The reaction was performed following Procedure B using 1a-SnMe3 (26.5 mg, 0.1 mmol, 1 equiv) and
3-hexyne (2h, 8.2 mg, 0.1 mmol, 1 equiv) with the reaction being heated for 20 h.

1a-SnMes
Time =0
2h
2h
PhNNPh ‘ | PhaCH l
[ 9! A
Time=20h
1a-SnMe;
\ [2n 2
,Il . PhsCH Il 1 [
- B VN AL aM NI TSN -~
2.0 8. g0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 40 a5 o0 2.5 z.0 L5 Lo 0.5 0.0 0.5 -1
1H (ppm)

Figure S174. No-D 'H NMR of the reaction of 1a-SnMes with 2h at time = 0 (top), time = 20 h (bottom)
in PhCHs.
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Time=20h
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Figure $175. 119Sn{'H} NMR of the reaction of 1a-SnMe3 with 2h at time = 0 (top), time = 20 h (bottom)
in PhCH3.
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6 (ppm) Assignment #ofH PeakArea Yield (%)
Ph3;CH 5.54 Ph3C-H 1 8048.1 n.a.
3h 6.77 Hpyrrolyl 1 6337.5 15.7
4h 6.30 Hpyrroly1 1 240.8 0.6
homocoupled 2h 2.49, 2.47, 2.45, 3,4-CH,CH3 4 4087.2 2.5
2.43 (2 per molecule)

Figure $176. 'H NMR of the reaction of 1a-SnMe3 with 2h in CDCl3 after HCl workup.

Catalytic reaction of 1a-SnMejz with 4-octyne (Table 4)

0.45 equiv PANNPh

np
y Snhes . 5% [py,TiCIo(NPh)], . P o
% pia iy
P npr PhCHj, 90 °C, 20 h
HCI workup pr npy npr
1a-SnMe; 2i homocoupled 2i

The reaction was performed following Procedure B using 1a-SnMe3 (26.5 mg, 0.1 mmol, 1 equiv) and
4-octyne (2i, 11.0 mg, 0.1 mmol, 1 equiv) with the reaction being heated for 20 h.
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Figure S177.No-D 'H NMR of the reaction of 1a-SnMes3 with 2i at time = 0 (top), time = 20 h (bottom)
in PhCHs.
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Figure $178.119Sn{1H} NMR of the reaction of 1a-SnMe3 with 2i at time = 0 (top), time = 20 h (bottom)
in PhCH3.
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6 (ppm) Assignment #of H PeakArea Yield (%)
Ph3CH 5.54 Ph3C-H 1 12272.0 n.a.
3i 6.76 Hpyrrolyl 1 3508.8 5.7
4i 6.29 Hpyrrolyl 1 81.5 0.1
homocoupled 2i 2.40, 2.38, 2.36 3,4-CH;CH3 4 621.2 0.3
(2 per molecule)

Figure $179. 1H NMR of the reaction of 1a-SnMe3 with 2i in CDClz after HCl workup.

Catalytic reaction of 1a-SnMe3z with diphenylacetylene (Table 4)

0.45 equiv PANNPh

SnMes PR 59 [py,TiCl,(NPh)l,
/ ' /
- oh PhCHj, 90 °C, 20 h
HCI workup Ph
1a-SnMe; 2j homocoupled 2]

The reaction was performed following Procedure B using 1a-SnMe3 (26.5 mg, 0.1 mmol, 1 equiv) and
diphenylacetylene (2j, 17.8 mg, 0.1 mmol, 1 equiv) with the reaction being heated for 20 h. Yields were
determined by GC due to peak overlapping in H NMR spectrum after HCl workup.
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Figure $180. No-D 'H NMR of the reaction of 1a-SnMej3 with 2j at time = 0 (top), time = 20 h (bottom)

in PhCHs.
Time=0 1a-SnMe:
Time=20h
1a-SnMe;
b 35 I &5 ) ] ; &5 En ER ) &5 {

-60
11950 {ppm)

Figure $181.119Sn{*H} NMR of the reaction of 1a-SnMe3s with 2j at time = 0 (top), time = 20 h (bottom)

in PhCHs.
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Response[pd]

<]19.273 *

13 135 14 145 15 55

F'etentlon tlme [mln

Retention Time (min) Surface Area # of C Yield (%)
Ph3;CH 13.644 2087.757 19 n.a.
3j 19.273 2196.968 28 14.3
4j not found n.a. 28 n.d.
homocoupled 2j 21.775 25.834 34 0.1

Figure S182. Quantitative GC-FID chromatograph of the reaction of 1a-SnMe3z with 2j after HCI
workup.

Catalytic reaction of 1a-SnMe3z with 1-hexyne (Table 4)

”””””””””” ,?J[ob’sér’vé&"""""""""‘
"Bu
0.45 equiv PANNPh
SnMej;

/ / 5% [PY2T|C|2(NPh)]2 nBu
P PhCH3, 90 °C, 20 h \S—Z/ \S—Z/ \Q/
HCI workup g "Bu "By :
1a-SnMe; homocoupled 2k !

The reaction was performed following Procedure B using 1a-SnMes3 (26.5 mg, 0.1 mmol, 1 equiv) and
1-hexyne (2K, 8.2 mg, 0.1 mmol, 1 equiv) with the reaction being heated for 20 h.
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Figure S183. No-D 'H NMR of the reaction of 1a-SnMe3z with 2Kk at time = 0 (top), time = 20 h (bottom)
in PhCHs.
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Figure S184. 119Sn{'H} NMR of the reaction of 1a-SnMe3 with 2k at time = 0 (top), time = 20 h (bottom)
in PhCHa.
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Figure $185. 'H NMR of the reaction of 1a-SnMe3z with 2k in CDCl; after HCl workup.
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Figure S186. 'H-15N HMBC of the reaction of 1a-SnMe3 with 2k in CDCl;3 after HCI workup.
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Figure S187. GC-FID chromatograph of the reaction of 1a-SnMe3 with 2k after HCl workup.
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