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General Considerations

All air- and moisture-sensitive compounds were manipulated in a glovebox under nitrogen
atmosphere. Solvents for air and moisture-sensitive reactions (PhCk, PhCH, GHs) were dried
through activated alumina on a Pure Process Technology solvent purification systePhOCH and
NMR solvents(CDC4 and GDs) were dried over CaH or Na°/Ph,COand vacuum transferred before
passing through activated alumina and storing over activate@ A molecular sievesin the glovebox
GsDsBr was synthesized following a reported proceduréand passed through activated alumina before
storing over activated 3 A molecular sieves in tle glovebox.1a-SnMes, 1f-SmBus, 1g-SmBugs, 2, n-
butyllithium, B-methoxy-9-borabicyclo[3,3,1]Jnonane solution in hexanesand MesSnClsolution in
hexaneswere purchased fromMillipore -Sigma.Azobenzene was purchased from TCI Chemicals and
purified by hexane/water extraction three times. Terminal alkynes were purchased from Oakwood
Products, Inc. and MilliporeSigma.1a-BBN,2 1e-BBN;? 1g-BBN,* 1a-Cu, and [py-TiClL(NPh)].8 were
prepared following the reported procedures.

GC chromatographs were collected on Agilent 7890B GC system equipped with theFH&lumn (30
m, 0.32 mm, 0.25 um, 7 inch cage), an oxidationethanation reactor (Polyar® System, Activated
Research Company), and a FID detector for quantitative carbon detectioftH, 11B,13C{1H}, 19F1H},
119Sn{1H}, 1HZ13C andHz15N HMBC, NOESY, and NIb'H NMR were collected on Bruker Avance llI
HD NanoBay 400 MHz or Bruker Avance Il HD 500 MHz spectromete@hemical shifts are reported
with respect to residual protio -solvent impurity for *H (s, 7.26 ppm for CD@] s, 7.16 ppmfor GsDe)
and 13C (t, 77.16 ppm for CDGJ t, 128.06 ppm for GDe). 1B NMR was externally referencedo
BRtOE® in the corresponding solventas 0.0 ppm. 129Sn NMR in CDgWwas externally referenced to
MesSn in CDGlas 000 ppm. 119Sn NMR in toluene wageferenced to the chemical shifts of the
corresponding stannyl alkynes inCsDe (1a-SnMes,° 1g-Sn"Bu319) or CDC4 (1b-SnMes, 1¢c-SnMes, 1d-
SnMes). No-D H NMR wageferenced to the proton signal of the internal standard triphenylmethane
(PhsCH, s, 5.54 ppm in PhGEs, 5.34 ppm in PhC#. tH NMR of catalytic reactions in §DsBr were
referenced to the proton signal of the internal standardriphenylmethane (PhsCH, s, 5.45 ppm).



Initial Screening of Heteroatom -Substituted Alkynes (Table 1)

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

[py2TiCL(NPh)]2 (3.7 mg, 0.005 mmol, 0.05 equiv), heteroatorsubstituted 2-phenylethyne (la-M,

0.1 mmol, 1 equiv) and 0.5 mL of PhGBtock solution containing :phenyl-1-propyne (2) (11.6 mg,

0.1 mmol, 1 equiv), azobenzene (8.2 mg, 0.045 mmol, 0.45 equiv) and triphangthane (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 . No-D NMR spectra were collected before and after heating to
monitor the reaction. The reaction wa quenched with 5% HCI in methanol and extracted with
EtOAc/H,O. The organic phase was dried over Mgs@nd evaporated under vacuum. The crude
product mixture was characterized by G&olyarc®/FID to calculate theyield and selectivity.

Reaction ofla-Bpin (Table 1, Entry 1)

o)g< 0.45 equiv PANNPh

\B 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 followingProcedure A using 1a-Bpin (22.8 mg, 0.1 mmol, 1 equivjvith
the reaction being heated for 16 h. Selectivity calculated for the major regioisomesf the
heterocoupling, product 5a.
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Figure S1.No-DH NMR of the reaction ofla-Bpin at time = 0 (top), time = 16 h (bottom) in PhEs.
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Figure S2.1H NMR of the reaction ofla-Bpin in CDC4 after HCI workup.
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Figure S3. NOESY NMR spectrum of the reaction d&-Bpin in CDC} after HCI workup.
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Retention Time (min) SurfaceArea #of C Yield (%)
PhsCH 5.48 479.301 19 n.a.
3a 19.34 208.919 23 9.1
da 17.921 23 0.6
ba 14.93 560.266 23 19.3
homocoupled2 15.37,17.57, 18.47 295.586 24 9.8

Figure S4. Quantitative GCFID chromatograph of the reaction ofLa-Bpin after HCI workup.

Sample yield calculatiorbased on quantitative carbon detection
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Reaction ofla-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 followingProcedure A using 1a-BBN (29.4 mg, 0.1 mmol, 1 equivivith
the reaction being heated for 20 h. Selectivity calculated for the major regioisomer of the
heterocoupling, product 3a.
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Retention Time (min) Surface Area #of C Yield (%)
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Figure S6. Quantitative GCFID chromatograph of the reaction ofla-BBN after HCI workup.



Reaction ofla-SnMe; (Table 1, Entry 3)

S N 0.45 equiv PANNPh Th Th Th Th
mes © OB PRTCLNPIL N e b NG e e NG el Ny
// + / \ / + \ / + \ / + € \ / ¢
Ph Ph PhCF3, 115 °C, 20 h
HCl workup Ph Ph H Ph H Me Ph Ph
1a-SnMe; 2 3a 4a 5a (+regioisomers)

homocoupled 2

The reaction was performed followingProcedure A using 1la-SnMes (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 1H NMR of the reaction ofla-SnMe; at time = 0 (top), time = 20 h (bottom) in PhC#:
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Retention Time (min) Surface Area #of C Yield (%)
PhsCH 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
homocoupled2 1526, 1744, 1837 20.440 24 3.3

Figure S8. Quantitative GCGFID chromatograph of the reaction ofla-SnMe; after HCI workup.

Reaction ofla-Cu(Table 1, Entry 4)

c " 0.45 equiv PANNPh ||’h lfh
u e o .
/ . / 5% [py,TiClo(NPh)I, H N Me | Me N Ve
Ph Ph PhCF3, 115 °C, 16 h ﬁ \g
HCl workup Ph Ph Ph Ph
1a-Cu 2 3a (+regioisomers)

homocoupled 2

The reaction was performed followingProcedure A using 1a-Cu (16.5 mg, 0.1 mmol, 1 equivvith
the reaction being heated for 16 h. Yield oBa was found to be 7%.4a and 5a were not found.
Selectivity was not determined due to the peak overlappingith homocoupled?2.
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Figure S9.No-D1H NMR of the reaction ofla-Cuat time = 0 (top), time =16 h (bottom) in PhCF.
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Optimization of Reaction Conditions

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

B 10% [Ti]
/ pin py Me .45 equiv PANNPh Me , Ph
v ﬁ ﬁ ﬁ
Phi Solvent, 115 °C, 16 h
HCI workup
1a-Bpin 2 (+regioisomers)

homocoupled 2

Ti catalyst (0.01mmol, absolute quantity of titanium, 0.1 equiy, azobenzene (8.2 mg, 0.045 mmol,
0.45 equiv),2-phenylethynyl-4,4,5 5tetramethyl-1,3,2-dioxaborolane (la-Bpin) (22.8 mg, 0.1 mmol,
1 equiv), 1-phenyl-1-propyne (2) (11.6 mg. 0.1 mmol, 1 equiv)riphenylmet hane (4.9 mg, 0.02 mmol,
0.2 equiv, internal standard) and0.5 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 PTREnhed Teflon screw cap, brought
out of the glovebox and heatd at 115 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/H.0O. The organic phase was dried over Mg%énd evaporated to yield a mixture containin@a,
5a and the regioisomers from the homocoupling of. The yields and selectivity were determined by
GCPolyarc®/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 heterocoupling3@é and 5a) as well as the yield of
homocoupling of2 are solvent dependent Further, the ratio of the heterocoupling product @a/ 5a)
increasesthe catalyst ancillary halogenis changed fromCl, Br,to I, indicating that a more electron
deficient Ti center favors3a over 5a (Figure S11 and S12). However, none of the attempted reactions
ultimately led to high-yielding, selective outcomes.

i 3a

\horﬁocoupling of 2
B 5a

)
@)

Figure S11. Scope of catalyst andolvent
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Figure S12.Yield distribution in PhCE.

Optimization of Catalysis with 1a -BBN as Heterocoupling Partner

TH PhNNPh

F
\ Ti catalyst
B i catalys'
Solvent, T °C, 20 h
HCI workup Ph
1a-BBN +reg|0|somers

homocoupled 2

[py2TiCL(NPh)]., azobenzeneB-phenylethynyl-9-borabicyclo[3,3,1]Jnonane (la-BBN, 29.4 mg, 0.1
mmol, 1 equiv), Xphenyl-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. Toil nitr ene
equivalent was kept as 1 by adjusting the molar quantity of azobenzene according to the Ti catalyst
loading, following the relationship of

Oono1Q Oono61Q Oono610Q C
The reaction was hen sealed and heated in a preheated oil batbr 20 h. The reaction was quenched
with 5% HCI in methanol and extracted with EtOAc/HO. The organic phase was dried over MgsO

and evaporated under vacuum. The crude product mixture was characterized by ®&a@yarc®/FID to
determine the yield and selectivity.
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Table S1 Optimization of the catalysis usingla-BBN as heterocoupling partner.

Entry  %][Ti] Solvent T 3a 4a 5a homocoupled Selectivitya

() © () ) 2 (%)
1 5 PhCE 115 6.6 03 <0.1 0.2 22.3:1 (12.5:1)
2 GDsBr 115 218 05 0.1 2.9 36.2:1 (6.2:1)
3 10 GDsBr 115 743 1.2 0.1 3.0 55.8:1 (17.1:1)
4 15 GDsBr 115 649 1.2 0.1 3.6 50.7:1 (13.2:1)
5 10 PhCH 115 666 20 0.1 1.3 31.5:1 (19.6:1)
6 10 PhCE 115 546 1.2 0.1 2.2 41.8:1 (15.7:1)
7 10  PhOCH 115 200 04 0.1 1.6 41.2:1 (9.6:1)
8 106 GDsBr 115 33 03 0.2 0.2 7.4:1 (4.9:1)
9 20c  GDsBr 115 32 01 01 0.2 20.1:1 (9.2:1)
10 10 GDsBr 90 452 09 0.1 3.1 48.5:1 (11.3:1)
11 10 GDsBr 145 605 1.4 0.2 1.9 38.7:1 (17.6:1)
12d 10 GDsBr 115 659 14 <01 1.5 4551 (22.7:1)

aSelectivity with respect to all heterocouplingpyrrole 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:TiBr2(NPh)]2. <Ti
catalyst = pyTil2(NPh).9Time = 0.5 h.

Catalysis with 1a -SnMes as Heterocoupling Partner

0.45 equiv PhANNPh
SnMejy

Me 504, [py, TiClo(NPh)],
/ ' /
Ph Ph Solvent, T°C, 20 h
HCI workup

1a-SnMe; 2 +reg|0|somers
homocoupled 2

[py2TiCL(NPh)]2 (3.7 mg, 0.005 mmol, 0.05 equiy)azobenzeng8.2 mg, 0.045 mmol, 0.45 equiy)
phenylethynyl trimethylstannane (1a-SnMes, 26.5 mg, 0.1 mmol, 1 equiv),-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 witl10% HCI in methanol and extracted with EtOAc/BD.
The organic phase was dried over MgS@nd evaporated under vacuumThe crude product mixture
was characterized by G@olyarc®/FID to determine the yield and seledivity.

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

Entry Solvent T Conc. 3a 4a 5a  homocoupled2 Selectivitya
() MM  ©) ®) () (%)

1 PhCR 115 0.2 50.6 12 6.6 3.3 6.4:1 (4.5:1)
2 GDsBr 115 0.2 47.5 11 33 4.4 10.7:1(5.4:1)
3 GsDsBr 60 0.2 304 07 20 0.9 11.1:1 (8.4:1)
4 PhChH 115 0.2 51.1 12 6.0 2.7 7.1:1 (5.1:1)
5b PhChH 115 0.2 462 09 46 4.2 8.3:1 (4.7:1)
PhChH 90 0.2 57.7 1.3 49 2.6 9.3:1 (6.6:1)

PhChH 75 0.2 41.4 11 33 3.6 9.3:1 (5.2:1)

8 PhCHe 90 0.2 281 09 38 0.5 6.0:1 (5.4:1)
PhChH 90 007 188 05 138 0.4 8.3:1 (7.2:1)

10 PhCH 90 0.8 66.0 18 46 2.9 10.3:1 (7.1:1)
11 PhChH 90 2.0 645 20 39 2.8 10.9:1 (7.4:1)
12d PhCH 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).210% [py2TiA2(NPh)]2.<2 equiv 1a-
SnMes.9Time =9 h.
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Catalyst Synthesis
Synthesis of [TiCl2(NPh)]

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

1/n [TiClx(NPh)], + 2 Me3SiCl

50 °C, overnight
The synthesis of [TiG(NPh)], was modified from the synthetic procedure of pyTiBra(NTol).6 TiCls
(2.000 g, 10.5 mmo), N-phenyl-N,N-bis(trimethylsilyl)amine (2.50 0 g, 10.5 mmol), 20 mL of C¥Ch
and a stirbar were added to a 20 mL scintillation vial in the glovebox. The reaction was then sealed
with a PTFElined Teflon screw cap and heated at 50 overnight while stirring. After cooling down,
the suspension was filtered through a fine frit and wshed with CHCk until the fresh filtrate changed
from yellow to colorless. The precipitate was furtherwashed by 20 mL of pentane twicéo remove the
remaining CHCb. After drying under vacuum for 3 h, [TiICI(NPh)], was obtained asblack powder.
Yield: 1.003 g (4.78 mmol, 45%). Attempts in characterizing the compound bytH NMR failed due to
its low solubility in common organic solvents.Further addition of THF to the compound yielded
[(THF)2TiCL(NPh)]2 in 95% yield.11

s14



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 / ‘

Ph PPr,
1a-Bpin

The synthesis was performed following a reported procedure using phenylacetylen@.086 g, 40
mmol, limiting reagent) as the terminal alkyne reactané2131a-Bpin was obtained as white needld-
shaped crystals in 76% yield (6.900 g)Spectra datawas consistent with literature values!4

IHNMR (CDGh 1 nmt - (-@.%8Ldm, H),X.888.28 (m, 3H), 1.32 (s, 12H) ppm.

o oea o oEa e
HmESas &

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

Figure S13.1H NMR spectrum ofLa-Bpin in CDC4.

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

1) 1 equiv "BuLi

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

Ar THF, -78°C,2.5h

1b-d-BBN

The synthesis was performed following a modification of the reportecorocedure? Terminal aryl
alkyne (10 mmol), dry THF (15 mL)and a stir barwere added to a N-filled 50 mL Schlerk flask and
cooled at-78 . n-BuLi solution in hexanes (2.5 M, 4.0 mL, 10 mmol, 1.0 equiv) was slowly added to
the mixture and stirred for 15 min at-78 . 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 af8 . BRtOE% (1.6 mL,13 mmol,
1.3 equiv) was added after which the reaction was further stirred at-78  for 0.5 h before warming
up to room temperature. All volatiles were removed under vacuunand the mixture was dissolved in
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dry benzene (15 mL).The suspension was then filtered via cannula filtration into another Nfilled 50

mL Schlenk flask The resulting solution was concentraéd under vacuum, yielding the whitepale
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 theproduct from remaining LiBF; after filtration through a medium frit . The filtrate was
concentrated to yield theB-arylethynyl-9-BBN after drying.

THF\
B
. f

MeO

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

IHNMR (GDsh 1t mmm - ( UQ@g8.31Hz, 28,1685 (44813 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)

13G{1H} NMR (GDs, 101 MHz)} puv w8t yh poo8uxh ppws8tyh ppt8c¢mh
32.49, 26.96 (br), 25.08, 24.74 ppm.

UBNMR(GDsh pcy -(UQd 1 ¢¢8y DbDIi 8

S

L BEE
3

664
3T

cieded = =

Figure S14.1H NMR spectrum oftb-BBN in GsDe.
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Figure S15.13C[1H} NMR spectrum ofLlb-BBN in GsDe.
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Figure S16.11B NMR spectrum ofLlb-BBN in GsDe.

THF
5
7
FaC

B-(p-(trifluoromethyl)phenyl)ethynyl  -9-borabicyclo[3,3,1]Jnonane (1¢ -BBN) The crude product
was further recrystallized from the saturated pentane solution at 0 overnight. Product was
obtained as white crystalline solid after filtration and drying in 40% vyield.
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IHNMR (GDsh vt - ( U@ 8.4 Hzx2B)o7R2 (dIA B.2 Hz, 2H)3.69-3.64 (m, 4H) 2.24-
2.04 (m, 10H), 1.821.74 (m, 2H) 1.30 (s, 3H), 1.241.15 (m, 4H).

13C{1H} NMR (GDs, 101 MHz)] p 0 p 8 w Y{d) J=(.6 "z 12&.75 (q.0= 32.4 Hz),125.35 (q,J=
3.7 Hz),124.94 (g,J= 271.9 Hz) 100.92,70.72, 32.14, 25.93 (br), 25.11, 24.56 ppm.

11B NMR (G@Ds, 161 MHz): 19.4 ppm.
19H{1H} NMR (GDs, 471 MHz):) -62.31 ppm.
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Figure S18.13C{1H} NMR spectrum oflc-BBNin GsDe.
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Figure S19.11B NMR spectrum ofL.c-BBNin GsDe.
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Figure S20.19F{*H} NMR spectrum oflc-BBNin GsDe.

TH

R
B
v S K

B-(o-tolyl)ethynyl -9-borabicyclo[3,3,1]Jnonane (1d -BBN) isolated as alkynylborane: THF = 1/1.25
adduct,white powder, 46% yield.

IH NMR (GDs, 51t 1 - ( 153 ld, = 7.2, 1.8 Hz, 1H), 7.08.91 (m, 3H), 3.703.62 (m, 5H), 2.49 (s,
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3H), 2.21-2.00 (m, 10H), 1.771.67 (m, 2H), 1.43 (s, 2H), 30-1.18 (m, 5H)ppm.
BGIHINMR(GDsh pmtp -(UQd 17 pow8xth pop8wch pcw8oph pgusd
UBNMR (GDsh po@p - 7pp@d 1 ¢ ¢38

2% =9 8 Temseus
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Figure S21.1H NMR spectrum ofld-BBNin GsDs.
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Figure S22. 13C{1H} NMR spectrum ofld-BBN in CsDe.
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Figure S23.11B NMR spectrum ofld-BBN in CsDe.

Synthesis of Pyridine -Adduct of B-phenylethynyl -9-BBN (1a-BBN-py)

)

THF\ N
\
Bf pyridine B
—_—
/ benzene, r.t. 16 h /
Ph Ph
1a-BBN 1a-BBN-py

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

IH NMR (GDsh - ( 8.Z9dd,JF 5.0 Hz, 2H), 7.53 (d]= 6.9 Hz, 2H), 6.97 ()= 7.3 Hz, 2H), 6.9 (t, ,
J=7.3 Hz, 1H), 6.58 (t)= 7.6 Hz, 1H), 6.28 ()= 7.1 Hz, 2H), 3.268.06 (br, 2H), 2.442.11 (m, 5H),
2.09-1.97 (m, 2H), 1.64 (s, 2H), 1.58.41 (m, 3H)ppm.

BG{IH}NMR (GDsh - ( 14659, 188.94, 131.81, 128.59, 126.37, 125.10, 34.07, 29.89, 25.61, 25.02
ppm.

1B NMR (GDsh - ( ¥3d dpm)
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Figure S24.1H NMR spectrum ofla-BBN-py in GsDs.
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Figure S25.13C{1H} NMR spectrum ofla-BBN-py in GsDe.
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Figure S26.11B NMR spectrum ofla-BBN-py in GsDs.

General Synthetic Procedure for Arylethynyl Trimethylstannane s (1b-d-SnMes)
1) 1.5 equiv "Buli
H 2y 2 equiv Messncl
/ /
Ar Et,0,-78°C,1.5h Ar
1b-d-SnMe;

SnMej

The synthesis was performed following amodification of the reported procedurel® Terminal aryl
alkyne (2.5 mmol), dry diethyl ether (5 mL) and a stir bar were added to a Nfilled 50 mL Schlenk
flask and cooled at78 . n-BulLi solution in hexanes (2.5 M1.5mL, 3.8 mmol, 1.5 equiv) was slowly
added to the mixture andstirred for 15 min at-78 . Trimethyltin chloride solution in hexanes (1.0
M, 5 mL, 5 mmol, 2.0 equivwvas addedvia 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 watAfter
drying over MgSQ and evaporation under vacuum, arylethynyl trimethylstannane was obtained as
yellow or colorless oil.

Precaution: Trialkyltin species arehighly toxic. Proper PPHs required A secondary cold trap is
recommended for evacuation of the crude reaction mixtubdl the chemical and labware waste should
be handlel separatelyfrom the normal waste streamand quenched thoroughly.

SnMej;

Z

MeO

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

IHNMR (CDGh v T 7.40 (B Hz, 2H), 6.81 (d, 8.7 Hz, 2H), 3.80 (s, 3HR4 (s, 9H)ppm.

BCH}NMR (COCh pmp - (UQd 1 puvw8uyh poosEsalh750ppmdwuvh ppo:

3



119Sn{tH} NMR (CDC}, 187 MHZ)d, -66.21 ppm.
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Figure S27.1H NMR spectrum ofLb-SnMesz in CDC4.
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Figure S28.13C{{H} NMR spectrum ofLb-SnMesz in CDC4.
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Figure S29.1195n{tH} NMR spectrum ofLb-SnMe; in CDC4.

SnMe,
Z

FiC

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

IHNMR(CDGh tnm -(UQd 1 x8vt jOh t(Qqh m8aox | Oh w(q DODI

BCEH}NMR (CDGh pmp - (UQd 1-7.56@@mB ¢ oh pgudguh

1195n{iH} NMR (CDGJ, 187 - ( U G63.29 ppm.

VF{IH}NMR (CDGh - ( B2 ppm.
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Figure S30.1H NMR spectrum ofL.c-SnMe; in CDC4.
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Figure S31.13C{{H} NMR spectrum oflc-SnMes in CDC4.
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Figure S32.1195n{tH} NMR spectrum oflc-SnMes in CDCH.
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Figure S33.19F{1H} NMR spectrum oflc-SnMez in CDC4.

SnMej

HsC //

(o-tolyl)ethynyl trimethylstannane (1d -SnMes) 40% vyield.

IHNMR (CDGh v it 7.42@@g Ha, 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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BCEH}NMR (CDGh p tp 140.52,0.82.26, 129.43, 128.17, 125.53, 123.58, 107.97, 97.47, 20.93,

-7.47 ppm
119Sn{tH} NMR (CDGJ, 187 - ( U G-65.64 ppm.
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Figure S34.1H NMR spectrum ofLld-SnMesz in CDC4.
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Figure S35. 13C{{H} NMR spectrum ofld-SnMes in CDC4.
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Figure S36. 119Sn{tH} NMR spectrum ofld-SnMe; in CDC4.
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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)

[py2TiCL(NPh)]2 (7.4 mg, 0.01 mmol, 0.1 equiy)B-alkynyl-9-BBN (0.1 mmol, 1 equiv) and 0.5 mL of
GsDsBr stock solution containing Xphenyl-1-propyne (11.6 mg, 0.1 mmol, 1 equiv), atenzene (7.3
mg, 0.04 mmol, 0.4 equiv) andriphenylmethane (4.9 mg, 0.02 mmol, 0.2 equiv, internal standard)
were added to an NMR tubelhe reaction was then sealed and heated in a preheated oil bath at 115
for 0.5 h. NMR spectra were collected before and after heating to monitor the reactiorhd reaction
was quenched with 5% HCI in methanol and extracted with EtOAcA®. The organic phase was dried
over MgSQ, evaporated and characterized by NMRhe peak assignment of pyrrole products were
performed based on the reported chemical shift$$zi8 and the yields were calculated by the
comparison of peak area integral with respect to the internal standardlhe peakarea of selectedH
NMR peaks were calculated by Gaussidrorentzian fitting to omit the influence from minor baseline
overlapping.®

CatalyticReaction ofla-BBN with 1-phenyl-1-propyne (Table 3)

0.4 equiv PhNNPh

Me " 40% [py,TICI,(NPh)], 9y
/ CeDsBr, 115 °C, 0.5 h
HCI workup
1a-BBN (+reg|o|somers
homocoupled 2
2
Time =0
PhNNPh J *
1
I
‘ l Jl ) Mv."\ pct M'Hull A”“'
Q;ﬂi [N A AN U v A

Tme=05h

|

T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 5 70 6.5 6.0 5.5 5.0 45 40 3.5 3.0 2.5 2.0 L5 10 0.5 0.0 -0.5

Figure S37.1H NMR ofthe reaction of 1a-BBN with 1-phenyl-1-propyne at time = 0 (top), time =0.5
h (bottom) in GsDsBr.
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Time =0

Time=05h

T T T T T
-10 =50 60 =70 -80 =90

Figure S38.11B NMR ofthe reaction of 1a-BBN with 1-phenyl-1-propyne at time = 0 (top), time = 0.5
h (bottom) in GDsBr.

6.35
6.36

€ 0 e e e

5.54

A

A
- IS B S z ; ' AV, “"‘L\J\__A

1.0 0.5 0.0 -0.5 -1

1 j BPBIi g Assignment #of H PeakArea Yield (%)
PhsCH 5.54 PhsCG-H 1 3363.3 n.a.
3a 6.95 Hoyrroly! 1 12234.0 72.8
4a 6.56 Hoyrrolyl 1 534.5 3.2
homocoupled2 2.16, 2.15, 2.14, Mepyrrolyl 6 3040.3 3.0
2.13,2.12,2.11, 2.0¢ (2 per molecue)

Figure S39.1H NMR ofthe reaction of 1a-BBN with 1-phenyl-1-propyne in CDC4 after HClworkup.
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Sample yield calculation based otH NMR peak area:

0 QMR B+ MNé e "GQ6 O
Ne e QF 0 Q@R @aAQS O

O QRT@+ QR 6806060 p TP

Catalytic Reaction oftb-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
|
LTS Il
\ Il )
AN e M
Time=05h
h‘ (
Il
[ %I % PhiCH | I } My
UYL W P ) - il B

Figure S40.1H NMR ofthe reaction of 1b-BBN with 1-phenyl-1-propyne at time = 0 (top), time = 0.5
h (bottom) in GsDsBr.
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Figure S41.11B NMR ofthe reaction of 1b-BBN with 1-phenyl-1-propyne at time = 0 (top), time = 0.5
h (bottom) in GDsBr.

689
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554

4

3

2

|

GG

L

- .,_Jl J‘Aidﬂ m;uku"v"vKM, B

T
1.0

1 j PPIi g Assignment #ofH PeakArea Yield (%)
PhsCH 5.54 PhsCG-H 1 3296.7 n.a.
3b 6.89 Hoyrrolyl 1 9824.6 59.6
4b 6.47 Hoyrrolyl 1 1560.1 9.5
homocoupled2 2.14,2.13, 2.12, Mepyrrolyl 6 2025.7 2.1
2.11, 2.09 (2 per molecue)

Figure S42.1H NMR ofthe reaction of 1b-BBN with 1-phenyl-1-propyne in CDC} after HCI workup.
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Catalytic Reaction ofL.c-BBN with 1-phenyl-1-propyne (Table 3)

0.4 equiv PhANNPh

Me

/Me 10% [py,TiClo(NPh)l,
// CgDsBr, 115 °C, 0.5 h
HCI workup
1c-BBN (+reg|0|somers)

homocoupled 2

F3C

Time=0

PhNNPh A}‘J h
| J_ J’r" . PhicH N N JJLU’\JLA:,\U“JKJF\_A

Time=05h

| l‘ Ph:CH I
|\ "H JU\,, \ A A

T T T T T T T T T T T T T T T T T T T T 1
9.0 8.5 8.0 15 7.0 6.5 6.0 5.5 5.0 1.5 1.0 35 3.0 2.5 2.0 L5 Lo 0.5 0.0 0.5 -1
£l (ppm)

Figure S43.1H NMR ofthe reaction of 1c-BBN with 1-phenyl-1-propyne at time = 0 (top), time = 0.5
h (bottom) in GsDsBr.

Time =0
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£l (ppm)
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Figure S44.11B NMR ofthe reaction of 1c-BBN with 1-phenyl-1-propyne at time = 0 (top), time =0.5
h (bottom) in GDsBr.

Tme =0

Time=05h

Figure S45.19F{tH} NMR ofthe reaction of 1c-BBN with 1-phenyl-1-propyne at time = 0 (top), time =
0.5 h (bottom) in CsDsBr.
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,,M“ jw J _J i
1 j BPIi g Assignment #ofH PeakArea Yield (%)
PhsCH 5.54 PhsGH 1 3643.1 n.a.
30 699 prrrolyl 1 118435 650
4C 664 prrrolyl 1 6059 33
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homocoupled2 ‘ 2.14,2.13, 2.12, Mepyrrolyl 6 2869.3 2.6

2.11, 2.09 (2 per molecule)

Figure S46.1H NMR ofthe reaction of 1c-BBN with 1-phenyl-1-propyne in CDC} after HCI workup.

Catalytic Reaction ofld-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|o|somers)
homocoupled 2

2
Time=0

PhNNPh
I J PhCH : ‘I\ g
A Moo 4‘ vi f‘}\* 1 . /\ R ‘»J\J\ \ [

NVIm B

Time=05h

llv‘\“‘“ PhJ‘CH \ I L /“ ‘\;‘_ yl

T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 1 1.0
f1 (pp:

Figure S47.1H NMR ofthe reaction of 1d-BBN with 1-phenyl-1-propyne at time = 0O (top), time = 0.5
h (bottom) in GsDsBr.

S36



Time =0

Time=05h
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Figure S48.11B NMR ofthe reaction of 1d-BBNwith 1-phenyl-1-propyne at time = 0 (top), time = 0.5
h (bottom) in GsDsBr.
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9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 L5 1.0 3.5 3.0 2.5 20 5 L0 0.5 0.0 -0.5 -1

1 j BPIi g Assignment #ofH PeakArea Yield (%)
PhsCH 5.54 PhsCG-H 1 3098.0 n.a.
3d 6.78 Hoyrroly! 1 10013.2 64.6
4d 6.39 Hoyrrolyi 1 1831.5 11.8
homocoupled2 2.14,2.13, 2.12, Mepyrrolyl 6 30115 3.2
2.11,2.09 (2 per molecule)

Figure S49.1H NMR ofthe reaction of 1d-BBN with 1-phenyl-1-propyne in CDC4 after HCI workup.
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Catalytic Reaction ofle-BBN with 1-phenyl-1-propyne (Table 3)

i Ph Ph Ph
R Me 1(())5/4 equ¥'g|h:\‘NNPPr3] I ' '
B / o [py2TiCl 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 '
PhCH f M J|\ ;"1 ’
wh_ L N ARV
Time=05h
A Phy,CH )
o - - WA - 7/.‘"-\7 Y A
EICI é‘a S,r(] 4',‘.3 '(‘D 6‘.: G‘D a':u J‘D 4.5 4.0 0 o 1 10 CIIJ 0.0 0. 1
£1 (ppm)

Figure S50.1H NMR ofthe reaction of 1le-BBN with 1-phenyl-1-propyne at time = 0 (top), time = 0.5
h (bottom) in GDsBr.

Time =0

Time=05h
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Figure S51. 1B NMR ofthe reaction of 1e-BBN with 1-phenyl-1-propyne at time = 0 (top), time =0.5
h (bottom) in GDsBr.

664

616

5.54
15
2

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

1 | BPIi Q Assignment #ofH Peak Area Yield (%)
PhsCH 5.54 PheCGH 1 3527.4 n.a.
3e 6.64 Hoyrrolyl 1 10587.6 60.0
4e 6.16 Hoyrrolyl 1 587.4 3.3
homocoupled2 | 2.15, 2.12, 2.12, 2.0¢ Mepyrrolyl 6 6246.3 5.9
(2 per molecule)

Figure S52.1H NMR ofthe reaction of 1e-BBN with 1-phenyl-1-propyne in CDC} after HCI workup.

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

[py2TiCL(NPh)]2 (14.7 mg, 0.@ mmol, 0.05 equiv), alkynyl trialkylstannane (04 mmol, 1 equiv) and
0.5 mL of toluene stock solution containing dphenyl-1-propyne (46.5 mg, 04 mmol, 1 equiv),
azobenzene 82.8 mg, 018 mmol, 0.45 equiv) and triphenylmethane 9.5 mg, 0.8 mmol, 0.2 equv,
internal standard) were added to an NMR tube. The reaction was then sealed and heated in a
preheated oil bath at90  for 9 h. No-D NMR spectra were collected before and after heating to
monitor the reaction. The reaction was quenched witil0% HCI in methanol and extracted with
EtOAc/HO. The organic phase was dried over Mga(vaporated and characterized by NMR. The
peak assignment dpyrrole products were performed based on the reported chemical shift&z18,20z22
and the yields were calculated by the comparison of peak area integral with respect to the internal
standard. The pealarea of selectedH NMR peaks were calculated by Gaussidmrentzian fitting to
omit the influence from minor baseline overlappingt®

Precaution: Trialkyltin species are highly toxi Proper PPE is required. All the chemical and labware
waste should be handteseparatelyfrom the normal waste streamand quenched thoroughly.
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Catalytic Reaction ofla-SnMes with 1-phenyl-1-propyne (Table 3)

0.45 equiv PANNPh

/S"""e3 M 5% [py,TiCI,(NPh)L,
Ph PhCH3,90°C, 9 h
HCI workup
1a-SnMe; +reg|0|somers)
homocoupled 2
1a-SnMe;
Tme =0
2
PhNNPh ‘
Ph:CH |
. ﬁ“ \ J il
| | | UV ) N Y s S
Time=9h
‘ 1a-SnMes
-I’ ‘ 2
M PhyCH | { |
- AN o B W1 LI P
|Il) «:IS h‘(l T.I’\ ."() ?\.‘F\ ?\.‘\I .‘.IT F\II) \I.‘ 1.':\ .{.I’\ IE‘() "\ .“\I I_IT IIE\ (II.= ().Ic\ —E\I ] -1

Figure S53. No-D *H NMR ofthe reaction of 1a-SnMe; with 1-phenyl-1-propyne at time = 0 (top),
time =9 h (bottom) in PhCH.
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Tme=9h
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1 (ppm)

Figure S54. 119S5n{tH} NMR ofthe reaction of 1a-SnMe; with 1-phenyl-1-propyne at time = 0 (top),
time =9 h (bottom) in PhCH.
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1 | BPIi Q Assignment #ofH Peak Area Yield (%)
PhsCH 5.54 PheCGH 1 5049.3 n.a.
3a 6.95 Hoyrrolyl 1 13354.3 52.9
4a 6.56 Hoyrrolyl 1 125.2 0.5
5a 6.29 Hoyrrolyl 1 1185.1 4.7
homocoupled2 | 2.16,2.15, 2.142.13 Mepyrrolyl 6 7087.7 4.7
2.12,2.09 (2 per molecule)

Figure S55.1H NMR ofthe reaction of 1a-SnMes with 1-phenyl-1-propyne in CDC4 after HCI workup.

Catalytic Reaction oflb-SnMe; 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 PhC}-ci:3, 90°C,9h 'I’h MeO Fl’h
HCI workup N
1b-SnMe; 2 . Me \ / Me . \ / Ph
MeO
Ph Ph H Me
(+regioisomers) 5b

homocoupled 2

HAl



1b-SnMes
Tme =0
1b-SnMe; 9
PhNNPh
| L PhyCH
bl | B v
Time=9h
1b-SnMes
1b-Snhle;
\
|| | 2
il e | |
7_»“-- o N T YAV I Al..J-_)LL M
s0 75 70 635 60 55 &0 15 40 &5 40 25 20 15 Lo 05 00 05 -l

Figure S56. No-D H NMRof the reaction of 1b-SnMe; with 1-phenyl-1-propyne at time = 0 (top),
time =9 h (bottom) in PhCH.
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Figure S57. 119Sn{tH} NMR ofthe reaction of 1b-SnMe; with 1-phenyl-1-propyne at time = 0 (top),
time =9 h (bottom) in PhCH.

HA2



688

o 00 e —

€0 o e e e e

— 647
—624
5.54

L
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1 | BPIi Q Assignment #ofH Peak Area Yield (%)
PhsCH 5.54 PheCGH 1 3542.0 n.a.
3b 6.89 Hoyrrolyl 1 9469.0 53.5
4b 6.47 Hoyrrolyl 1 158.8 09
5b 6.24 Hoyrrolyl 1 980.0 5.5
homocoupled2 2.14,2.14,2.13, Mepyrrolyl 6 3861.5 3.6
2.13,2.12,2.11, 2.0€ (2 per molecule)

Figure S58.1H NMR ofthe reaction of 1b-SnMe; with 1-phenyl-1-propyne in CDC4 after HCI workup.

Catalytic Reaction ofL.c-SnMe; with 1-phenyl-1-propyne (Table 3)

Ph Ph
| CFs3 |
Ha NN Ve N Me
\ \
Ph H Ph
0.45 equiv PANNPh 3c 4c
SnMes Me " 5% [py,TiCI,(NPh)];
// ' / o CFs Ph Ph
Ph PhCH3,90°C,9h | CF4 |
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
2
PhNNPh
m‘ PhyCH |
I \
JL L J;‘L
Time=9h
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‘ (E:
i PhCH I ‘
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Figure S59.No-DH NMR ofthe reaction of 1.c-SnMes with 1-phenyl-1-propyne at time = 0 (top), time
=9 h (bottom) in PhCH.
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Figure S60. 1195n{tH} NMR ofthe reaction of 1¢c-SnMes with 1-phenyl-1-propyne at time = 0 (top),
time =9 h (bottom) in PhCH.
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-39.0 -59.5 -60.0 -60.5 610 -61.5 62,0 -62.5 -63.0 -63.5 -61.0 .5
f1 (ppm)

Figure S61.19F{*H} NMR ofthe reaction of 1c-SnMes with 1-phenyl-1-propyne at time = 0 (top), time
=9 h (bottom) in PhCH.

@ o - .
o o el ToON =0

T T T T T T T T T T T T T T T T
1.0 8.5 8.0 .5 7.0 6.5 6.0 5.5 5.0 L5 1.0 3.5 3.0 25 2.0 L5 1.0 0.5 0.0 0.5 1
11 (ppu)

1 j BPIi g Assignment #ofH PeakArea Yield (%)
PhsCH 5.54 PhsCG-H 1 5789.5 n.a.
3c 6.99 Hoyrroly! 1 17397.6 60.1
4Ac 6.64 Hoyrrolyi 1 324.5 1.1
5¢c 6.30 Hoyrroly! 1 1437.4 5.0
homocoupled2 2.14,2.14,2.13, Mepyrrolyi 6 3061.2 1.8
2.13,2.12,2.11, 2.0¢ (2 per molecule)

Figure S62.1H NMR ofthe reaction of 1c-SnMes; with 1-phenyl-1-propyne in CDC} after HCI workup.
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Catalytic Reaction ofld-SnMes 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-Srivie;
Tme=0
1d-SnMe;) 2
PhNNPh
| PhCH |
|
Ll * Y W
Time=9h
1d-SnMe
1d-SnMej‘
i )
;"L PhyCH } Il
JETW VAN f B VA N R 1 o

8.0 7.5 7.0 6.5 6.0 5.5 5.0 1.5 1.0 3.5 3.0 2.6 .0 1.5 Lo 0.5 0.0 -0.5 -1
p)

Figure S63. No-D H NMR ofthe reaction of 1d-SnMe; with 1-phenyl-1-propyne at time = 0 (top),
time =9 h (bottom) in PhCH.

1d-SnMey
Time =0
.
Time=9h
1d-SnMes
T T T T T T T T T T T T
30 =35 —10 15 -50 -55 60 -65 -70 -5 80 -85

1 (ppm)

Figure S64. 1195n{{H} NMR ofthe reaction of 1d-SnMesz with 1-phenyl-1-propyne at time = 0 (top),
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time =9 h (bottom) in PhCH.

£
\

—639
—EBI0
554

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

1 | BPIi Q Assignment #of H Peak Area Yield (%)
PhsCH 5.54 PheCGH 1 5252.4 n.a.
3d 6.78 Hoyrrolyl 1 17946.9 68.3
4d 6.39 Hoyrroly! 1 113.0 0.4
5d 6.10 Hoyrroly! 1 662.8 2.5
homocoupled2 2.14,2.14, 2.13, Mepyrralyi 6 4672.7 3.0
2.12,2.11,2.09 (2 per molecule)

Figure S65.1H NMR ofthe reaction of 1d-SnMes with 1-phenyl-1-propyne in CDC4 after HCI workup.

Catalytic Reaction oflf-SmBus with 1-phenyl-1-propyne (Table 3)

P Ph Ph
|
H N Me  Me N Me Me N Ph
\ * \ / * \
n 0.45 equiv PANNPh
SnBls Ve 5% [pyTicl(NPR),  Me Ph H bn W e
/ * / 3f 4f 5f
Ph Ph
Me Ph PhCH3,90°C,9h | |
HCI workup H N Me Ve N Ve
1f-Sn"Bujs 2 + \S—T . W
Mé H PH Ph
2,4-homocoupled (+regioisomers)
1f-Sn"Buy homocoupled 2

SAT7



Time =0 1-SnBus

PhNNPh
I H M l PhsCH i
| IINAN | A L i Y (VO L
Time=9h
‘ 2 1£snBus
[ /

\ i, |

Figure S66. No-D H NMR ofthe reaction of 1f-SmBus with 1-phenyl-1-propyne at time = 0 (top),
time =9 h (bottom) in PhCH.

1-SnBus

Time =0
U

Tme=9h

1f-SnBu;

1 LL
T T T T T T T T T T
-35 —10 -5 -50 -55 ; 60 -65 -70 -5 80 -85

Figure S67. 119Sn{tH} NMR ofthe reaction of 1f-SnBus with 1-phenyl-1-propyne at time = 0 (top),
time =9 h (bottom) in PhCH.
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B wiHBH

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

1 j BDBI ( Assignment #0of H Peak Area Yield (%)

PhsCH 5.54 PhCGH 1 39411 n.a.

3f 665 prrrolyl l 86073 437

4f 615 prrrolyl l 980 05

5f 598 prrrolyl l 2829 14

24-homocoupled 6.54, 5.89 Hoyrrolyl 2 4117.4 104
1f-SnmBu3 (2 per molecule)

homocoupled2 overlapa Mepyrrolyl 6 n.d. n.d.
(2 per molecule)

aPeaks overlapped with the Mgrmoy peaks ofaf, 1 A&Bd 2,4homocoupled of1f-SBus.

Figure S68.1H NMR otfthe reaction of 1f-SmBus with 1-phenyl-1-propyne in CDC4 after HCI workup.
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L Donor Effect Study

Reaction with No Pyridine (Figure 3A)

0.4 equiv PhANNPh
/ B 20/n% [TiCl(NPh)],
b CgDsBr, 115 °C,0.5h
HCI workup Ph
1a-BBN 2 (+regioisomers)

homocoupled 2

The reaction was performed followingProcedure B using [TiCk(NPh)]» (4.2 mg, 0.02 mmol, absolute
quantity of titanium, 0.2 equiv) as catalyst instead of [pyTiCl(NPh)]..

Time =0

2
ﬂ |
PHNNPh !‘ﬂ “" p\ A {\J ,\ ;
o .
L b . S L 7%
Time=05h
2 |
I
N ¥
PANNPh M\N | | 3““ | M
Ry R A B g L, & s o

T T T T T T T T T T T T T T
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 Lo 0.5 0.0

Figure S69. *H NMRof the reaction using [TiCk(NPh)], at time = O (top), time = 0.5 h (bottom)in
GsDsBr.
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Time =0

Time=05h

Figure S70. 1B NMRof the reaction using [TiCk(NPh)], at time = 0 (top), time = 0.5 h (bottom)in
GsDsBr.

5.54

—B36
—662

1 | | JML “J’A U"AJJ j\f\'ﬂ'\t |

T T T T
8.0 7.5 70 6.5

T T
6.0 5.5 5.0 4.5 1.0 3.5 3.0

1 j BPIi g Assignment #ofH PeakArea Yield (%)
PhsCH 5.54 PhsCG-H 1 2708.9 n.a.
3a 6.96 Hpyrrolyt 1 4589.7 33.9
4a 6.62 Hoyrrolyi 1 1765.2 13.0
homocoupled2 2.16, 2.15, 2.12, Mepyrrolyi 6 3603.2 4.4
2.11,2.09 (2 per molecule)

Figure S71.1H NMRof the reaction using [TICb(NPh)], in CDC} after HCI workup.
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Reaction with Excess B-phenyleth ynyl -9-BBN as Pyridine Scavenger (Figure 3B)
0.4 equiv PANNPh

10% [py,TiClo(NPh)],
0.6 equiv THF
14 /

CeDsBr, 115 °C, 0.5 h
HCI workup Ph

1a-BBN (+regioisomers)
homocoupled 2

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

Time =0

PHNNPh A' |
\ ”uﬁ e "" N ‘
L VW . N LY “\J

Time=05h

Figure S72. H NMRof the reaction with excessla-BBN at time = 0 (top), time = 0.5 h (bottom)in
GsDsBr.
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Time =0

Time=05h
i
I
[
|
,_wwwaaf’“ﬁ\\\~_-”ﬁ‘w—'ﬂ,aﬂ*“—mmﬂdpygg// J
T T
i B 0 60 10 {i] 0 10 0 1 0

T T T T T
-10 -2 -30 -10 50 60 =70 -80 =90
11 (ppm)

Figure S73. 1B NMRof the reaction with excessla-BBN at time = 0 (top), time = 0.5 h (bottom)in
GsDsBr.

—b9%
—BB2
5.54

| LJ N M W,

6.0 5.5 5.0 L5 1.0 3.5 3.0 2.5 20 L3 L0 0.5 0.0 -0.5 -1
£1 (ppm)

1 j BPIi g Assignment #ofH PeakArea Yield (%)
PhsCH 5.54 PhsCGH 1 1342.0 n.a.
3a 6.96 Hoyrrolyl 1 3910.8 58.3
4a 6.62 Hoyrroly! 1 444.7 6.6
homocoupled2 not found Mepyrrolyl 6 n.a. nd.
(2 per molecule)

Figure S74.1H NMRof the reaction with excessla-BBNin CDC4 after HCI workup.
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Reaction with Pyridine -Adduct of B-phenylethynyl -9-BBN (Figure 3C)
0.4 equiv PhANNPh

@
N
B Me " 10% [py,TiClo(NPh)l,
o on CeDsBr, 115 °C, 0.5 h

HCI workup

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

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

2
Time=0
PhNNPh [I “ll
|
1
! u 1l '\,u Ph.CH R
L ~ 1 Wl
e 7,‘ o = a \ Jy" A \ -
Time=05h
2
|| \1
PANNPH | W\, \
[ T L PhicH NLm
I\ I J \ N\ INAY PN
ST\ (S| A%N A Vi , -
; . , y . . . . . . r , . , , ’ y ,
9.5 ). 0 8. 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 1 Lo 0.5 0.0 -0

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

Time=05h

T T T T T 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 60 =70 -80 =90

6.56

-
& wmuomEolo o
I GG e

'
| ‘I ) UM

I__j} J ML.-J\«'M

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 1.5 1.0 3.5 5.0 25 20 L35 L0 0.5 0.0 0.5 -1
(ppm)

1 j BPIi g Assignment #ofH PeakArea Yield (%)
PhsCH 5.54 PhsCGH 1 2978.9 n.a.
3a 6.96 Hoyrrolyl 1 1654.2 11.1
4a not found Hpyrrolyl 1 n.a n.d.
homocoupled2 2.15, 2.15, 2.14, Mepyrrolyl 6 2281.8 2.6
2.12,2.11,2.10 (2 per molecule)

Figure S77.1H NMRof thereaction of 1a-BBN-py in CDC4 after HCI 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 "’h
o T
‘ ‘ . ‘ ‘ 20in% [TiCIZ(NPh)n g N e RIE N e
CeDsBr, 115 °C, 0.5 h " W
T™S  Ph ™S Ph BBN Ph
1g-BBN 2 3g-BBN 4g-BBN
10% 25%

The reaction of1g-BBN was performed following Procedure B using [TiCk(NPh)]. as catalyst (4.2
mg, 0.02 mmol, absolute quantity of titanium, 0.2 equiv) as catalyst instead of ICl(NPh)]2, and
the reaction was notquenched by the HCI workup. Insted the NMR tube was transferred into the
glovebox after heating and taking t = 0.5 NMR spectra. §Ds (0.5 mL) was added to the reaction
mixture, and the NMR tube was resealed and taken out of the glovebox. The reaction mixture was
then characterized by!H NMR 1Hz15N HMBC and NOES¥g-BBN was found to be the major product.

1g-BBN

Time =0

PhNNPh PhCH | |l |

o M . L S,V G W U

Time=05h

PhCH

T T T T T T T T T T T T T T T
9.0 8.5 8.0 ] 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
(ppm)

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

Time=05h

T T
80 =90

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

540

—025
—008

1 j BPIi g Assignment #ofH PeakArea Yield (%)
PhsCH 5.40 PheGH 1 2637.0 n.a.
3g-BBN 0.25 TMShyrroly 9 11494.0 9.7
4g-BBN 0.08 TMSpyrroly 9 301594 254

Figure S80.1H NMR ofthe reaction product mixture of 1g-BBNin GsDsBr/CsDs (1:1, v/v) . Chemical
shifts were referenced to the proton signal of the internal standard triphenylmethane (PiCH, s, 5.@

ppm).
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Figure S81. NOESYtop) and tHz5N HMBC(bottom) NMR spectraof the reaction product mixture of
19-BBNin GsDsBr/CsDs (1:1, V/v).

Comparison Between TMS and SnnBus (Figure 5, Bottom)

Sn"Buy Me  0.45 equiv PANNPh }T‘h F‘-’h
5% TiClo(NPh
‘ ‘ . ‘ ‘ o [py2TiCly( )2 "BusSn N Me , TMS N Ve
PhCH3,90°C, 9 h \ /
™S Ph T™S Ph "BugSn Ph
1g-Sn"Bu; 2 3g-Sn"Bug 4g-Sn"Bu,
6% 12%

The reaction oflg-SnmBus was performed following Procedure Cwithout beingquenched 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 CRCkL and characterized by*H NMR and NOESY. The solution was theas
extracted by EtOAc/HO, during which the SmBus moiety was hydrolyzed while the TMS moiety
remained. The organic phase was then dried by MgfQevaporated, redissoved in CDgland
characterized byH NMR tHz13C and!Hz15N HMBC and NOESXg-SnBus was found to be the major
product.
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Figure S82.No-D'H NMR ofthe reaction of 1g-SnBus at time = 0 (top), time =9 h (bottom) in PhCH.

1g-Sn'Be
Time =0
e
Time=9h
1g-Sn'Bus
) R N _
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-35 -10 15 -50 55 60 —65 =70 -5 -80 -85
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Figure S83.1195n{H} NMR ofthe reaction of 1g-Sn"Bus at time = 0 (top), time =9 h (bottom) in PhCH.
Two new 119Sn{tH} signals observed
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Figure S84.1H NMR ofthe reaction of 1g-Sn"Bus in CD:Cb.
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Figure S85.1Hz15N HMBC of the reaction ofg-SmBus in CD:Cb.
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Figure S86. NOESY NMR spectrum dfie reaction of 1g-SmBusz in CD:Ch.
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Figure S87.1H NMR ofthe reaction of 1g-SnmBus in CDC4 after extraction.
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Figure S88.1195n{tH} NMR ofthe reaction of 1g-Sn"Bus in CDC4 after extraction.

Figure S89.1Hz15N HMBC othe reaction of 1g-SmBus in CDCY after extraction.
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