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S1. General Considerations:

Unless otherwise indicated all manipulations were conducted under inert conditions
either using standard Schlenk techniques or in a MBraun UniLab glovebox (< 0.1
ppm H,0 / O,). 1,2-dichlorobenzene (oDCB) and DCM were dried over CaH, and
distilled prior to storage over 3 A molecular sieves. Unless otherwise stated all other
compounds were purchased from commercial sources and used as received. NMR
spectra were recorded on Bruker Avancelll-400, Bruker Avancell-500 or Bruker
Ascend-400 spectrometers. Chemical shifts are reported as dimensionless & values
and are frequency referenced relative to residual protio- impurities in the NMR
solvents for 'H and '3C{'H} respectively, while ""B{'H} and "°F{'H} shifts are
referenced relative to external BF3-Et,O and hexafluorobenzene, respectively.
Coupling constants J are given in Hertz (Hz) as positive values regardless of their

AN (P ]

real individual signs. The multiplicity of the signals are indicated as “s”, “d”, “t” “q
“‘pent”, “sept” or “m” for singlet, doublet, triplet, quartet, pentet, septet or multiplet,
respectively. Microanalysis was performed by Mr Stephen Boyer at the London
Metropolitan University elemental analysis service. Electrospray ionization (ESI)
measurements and high resolution mass spectra (HRMS) were performed by the

Mass Spectrometry Service, School of Chemistry, University of Manchester.

For compound 2-BPin not all aromatic resonances were observable, possibly due to
coincidence of some resonances. For compound 4, due to some of the resonances
being indistinguishable in the 13C{'H} spectrum even at 3072 scans, six carbons are

not reported, four bound to fluorine, and two adjacent quaternaries.

All small scale cyclisation reactions were carried out in J. Young NMR tubes to
facilitate in-situ reaction monitoring. A number of samples are analysed in-situ in
protio solvent with a capillary insert containing wet deuterated de-DMSO, which leads

to a residual H,O resonance being observed at 3.95 ppm in the '"H NMR spectra.
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$1.1 Synthesis of Reagents:

[BCI,(2DMAP)[[AICL]
1. 2DMAP cl >\'/ @[AICI?
BCls "5 Alcl, c” N :

To a 1M solution of BCIl3; (10 ml, 10 mmol in CH,Cl,), 2-dimethylaminopyridine
(2DMAP) (1.24 ml, 10 mmol) was added and then aluminium trichloride (1.33 g, 10
mmol) was added. A solid precipitated out of solution, and the solvent was removed
under reduced pressure, leaving a white solid. This was washed with cold CH,Cl, and
the titte compound was isolated as a white powder (3.03 g, 8.12 mmol, 81%)."H NMR
(400 MHz, CD,Cl,/CH,Cl,): 5 8.88 (td, 1H, 3J(H,H) =8.2, 3J(H,H) =1.5), 8.67 (d, 1H,
3J(H,H) =5.3), 8.43 (d, 1H, 3J(H,H) =8.6), 8.24 (dd, 1H, 3J(H,H) =7.8,3J(H,H) =5.8),
3.48 (s, 6H, NMe,) ppm; "B NMR (128.4 MHz, CD,ClI,/CH,Cl,): § 12.2 (s) ppm. Z7Al
NMR (104 MHz, CD,CI,/CH,Cl,): 6 103.45 (s) ppm. Elemental Analysis Calculated:
C 22.71; H2.72; N 7.57. Observed: C 22.64; H 2.89; N 7.56.
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Figure S1. "H NMR Spectrum (in a mix of CH,ClI,/CD,Cl,) of [BCl,(2DMAP)][AICI,4],
minor impurity is assigned as H-[2-DMAP][AICI4] which is significantly more soluble

than the title compound in this solvent.
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Figure S2. Left, "B NMR spectrum and right 2’Al NMR spectrum (in a mix of
CH,CI,/CD,Cly).
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$1.2 Synthesis of Diynes

General Procedure

R R R?
upr
+ // - 4
R Br = NEts, THF R A
= reflux, 18h R! R2

R'=HorF R?= Phenyl, p-tolyl, p-anisyl,

p-fluorophenyl,3-thienyl,
An ampoule fitted with a J. Young’s valve was charged with tetrakis-
(triphenylphosphine)palladium(0) (0.02 eq.) and copper(l) bromide (0.04 eq.).
Tetrahydrofuran was added and the suspension was stirred for five minutes, followed
by the addition of the aryl bromide (1 eq.) and triethylamine. After five minutes, the
alkyne (2.2 eq.) was added and the solution was stirred and heated at 95°C in the
sealed vessel for 12 h. The solution was cooled to room temperature, filtered through
a layer of Celite™ on top of silica and eluted with diethyl ether (3 x 10 mL). The solvent
was removed in vacuo and the crude material was purified via column chromatography
to yield the corresponding alkyne. NMR data for each alkyne was consistent with that

previously reported.!

1,2-bis(thiophen-3-ylethynyl)benzene 1f

Prepared according to the general procedure. 1,2-dibromobenzene
(1.01 mL, 8.47 mmol, 1 eq.), 3-ethynylthiophene (1.84 mL, 18.65 mmol,
2.2 eq.), Pd(PPh3)4 (195 mg, 0.169 mmol, 0.02 eq.), copper(l) bromide
(49 mg, 0.338 mmol, 0.04 eq.), triethylamine (10 mL) and THF (20 mL).
1t Column chromatography eluent: 10% DCM in 40-60 petroleum ether.

1f (500 mg, 20%) was obtained as a yellow solid.

"H NMR (400 MHz, CDCl3): § 7.24 (2H, d, J = 4.8 Hz, Ar-H); 7.30-7.35 (4H, m, Ar-H);
7.53-7.59 (4H, m, Ar-H); 3C{"H} NMR (100.6 MHz, CDCl5): 6 87.8, 88.7, 122.4, 125.5,
125.8, 128.0, 128.8, 129.9, 131.7; [GC-MS] m/z calculated for C1gH1¢S,, 290.0; found
290.0. GC-MS retention times of analytes: 18.51 minutes: 1,2-bis(thiophen-3-
ylethynyl)benzene.
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Figure S4. 3C{'H} NMR Spectrum (CDClI3) of 1f
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1,7-bis(4-methoxyphenyl)hepta-1,6-diyne, 12
Cul, PPh3
CLO/ N _

An ampoule fitted with a J. Young'’s value was charged with 1-iodo-4-methoxybenzene
(3.51 g, 15.00 mmol), copper(l) iodide (0.191 g, 1.00 mmol), triphenylphosphine (0.185
g, 0.71 mmol) and bis(triphenylphosphine)palladium(ll) dichloride (0.210 g, 0.30

mmol). Triethylamine was added and the suspension was stirred for 10 minutes, then
1,6-heptadiyne (0.450 mL, 3.93 mmol) was added and the solution was stirred for 16
hrs at room temperature. The solution was filtered through a layer of Celite™ on top
of silica and eluted with ethyl acetate (3 x 20 mL). The solvent was removed in vacuo
and the crude material was purified on silica via column chromatography with the ethyl
acetate : hexane = 1 : 20 mixed solvents as the eluent. 1,7-bis(4-
methoxyphenyl)hepta-1,6-diyne (1.2 g, 67%) was obtained as a pale yellow solid. 'H

NMR data of the obtained compound is in accordance with the literature data.?

1,8-bis((4-methoxyphenyl)ethynyl)naphthalene, 14

1 1
= Pd(PPhy), o
Oy =Oow
—_—
\O NEt;, r.t. Q — D OMe
14

An ampoule fitted with a J. Young'’s valve was charged with 1,8-diiodonapthalene (0.99
g, 3.2 mmol), copper(l) iodide (0.06 g, 0.32 mmol), triphenylphosphine (0.084 g,
0.32mmol) and Tetrakis(triphenylphosphine)palladium(0) (0.111 g, 0.096 mmol).
Triethylamine was added and the suspension was stirred for ten minutes, then 4-
ethynanisol (1.16 mL, 8.97 mmol) was added and the solution was stirred for 16 hours
at room temperature. The solution was filtered through a layer of Celite™ on top of
silica and eluted with diethyl ether (3 x 20 mL). The solvent was removed in vacuo and
the crude material was purified on silica via column chromatography with a ethyl
acetate : hexane = 1 : 15 mixed solvents as the eluent. 1,8-bis((4-
methoxyphenyl)ethynyl)naphthalene (0.52 g, 42%) was obtained as a pale peach

solid. 'TH NMR data for the aforementioned is in accordance with the literature.2
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S2. Cyclisation of Diynes

Ry Condition A/B/C/D Ry
=Z /
DCM, 20°C Cm
()= - U
Pinacol, NEt.
R 3

Bpin Bpin

Ri A=BCl3(1.1eq.)

B =BCl; (2.2 eq.), TBP (1 eq.)

C = [CI,B(2-DMAP)][AICl4] (1 eq.)

D = [CI,B(2,6-lutidine)][AICI4] (1 eq.)

R1 = Phenyl, 4-tolyl, 4-anisyl,
4-fluoro, 3-thienyl

Experimental Considerations

BCl; ratios used experimentally were typically between 1.1-1.3 equivalents in order to
ensure > 1 eq. was added to counter any deviation in concentration in the “1M” solution
of BCl; in DCM. Additionally, due to the products’ nature to degrade on silica, ratios of
the two products were determined prior to chromatography using two easily identifiable
characteristic '"H NMR peaks which correspond to each product and the ratios are
further supported by GC-MS.

General Procedure A: A vessel fitted with a J. Young's valve was charged with the
diyne (1 eq.) and DCM. BCl; (1.1-1.3 eq. 1M in BCl3) was added and the mixture was

stirred for 5 minutes at room temperature (one exception, tetrafluorinated alkyne 1b,

required stirring for 48 hours at room temperature or heating at 60°C for 12 hours).
After this time, triethylamine (=15 eq.) was added, followed by pinacol (1.1 eq.),
leading to esterification. The solvent was removed in vacuo, and the compound was
extracted into pentane (3 x 20 mL). This was washed with 6M aqueous HCI (3 x 20
mL), and distilled water (2 x 20 mL) and the organic layer was dried over MgSQO, then

evaporated in vacuo to give a predominantly a mixture of two cyclised compounds.

General Procedure B: A vessel fitted with a J. Young’s valve was charged with the
diyne (1 eq.), 2,4,6-tri-tert-butylpyridine (TBP) (1 eq.) and DCM. BCl; (2.1-2.4 eq.) was

added and the mixture was stirred for 5 minutes at room temperature. After this time,

triethylamine (=15 eq.) was added, followed by pinacol (2.1 eq.), leading to
esterification. The solvent was removed in vacuo, and the compound was extracted
into pentane (3 x 20 mL). This was washed with 6M aqueous HCI (3 x 20 mL), and
distiled water (2 x 20 mL) and the organic layer was dried over MgSO, then

evaporated in vacuo to give a mixture of the two cyclised compounds.

S8



General Procedure C : A vessel fitted with a J. Young'’s valve was charged with the
diyne (1 eq.) and DCM. [CI,B(2-DMAP)][AICI,] (1 eq.) was added and the mixture was

stirred for 5 minutes at room temperature. After this time, triethylamine (=15 eq.) was

added, followed by pinacol (2.1 eq.), leading to esterification. The solvent was
removed in vacuo, and the compound was extracted into pentane (3 x 20 mL). This
was washed with 6M aqueous HCI (3 x 20 mL), and distilled water (2 x 20 mL) and the
organic layer was dried over MgSO, then evaporated in vacuo to give a mixture of the

two compounds.

General Procedure D: In a vessel fitted with a J. Young'’s valve, BCI; (1 eq.) and 2,6-

lutidine (1 eq.) were dissolved in DCM and stirred for 10 minutes to ensure formation
of the BCls.lutidine adduct. The vessel was then charged with AICI; (1 eq.) and the
mixture was stirred for a further 15 minutes to ensure formation of the borenium salt
(1 eq.). A separate vessel fitted with a J. Young'’s valve was charged with the diyne (1
eq.) and DCM. This solution was transferred via cannula to the vessel containing the
dissolved borenium salt and the mixture was stirred for 5 minutes at room temperature.
After this time, triethylamine (= 15 eq.) was added, followed by pinacol (2.1 eq.),
leading to esterification. The solvent was removed in vacuo, and the compound was
extracted into pentane (3 x 20 mL). This was washed with 6M aqueous HCI (3 x 20
mL), and distilled water (2 x 20 mL) and the organic layer was dried over MgSQO, then

evaporated in vacuo to give a mixture of the two compounds.
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Compound 2-BPin

OMe MeO
P O cl O OMe O
Z i
Condition A ! OMe

) powe v ST

X Pinacol, NEt, O’

O Bpin
OMe Bpin

1a 2-BPin 3-BPin

(major) (minor)

Using general procedure A. Diyne 1a (46 mg, 0.136 mmol, 1 eq.), DCM (0.4 mL), BCI; (0.18
mL, 0.176 mmol, 1.3 eq.), NEt; (0.3 mL) and pinacol (25 mg, 0.212 mmol, 1.6 eq.) afforded
2-BPin in an 85% yield (43 mg).

'"H NMR (400 MHz, CDCl;) of 2-BPin § 1.21 (12H, s, Bpin); 3.69 (6H, s, 2 x OMe); 6.40-6.45
(4H, m, Ar-H); 6.80 (2H, dt, J = 8.8 Hz, 2.5 Hz, Ar-H); 7.02 (2H, dt, J = 8.8 Hz, 2.5 Hz, Ar-H);
7.24 (1H, td, J = 7.6 Hz, 1.4 Hz, Ar-H); 7.31 (1H, td, J = 7.6 Hz, 1.1 Hz, Ar-H); 7.61 (1H, d, J
= 7.3 Hz, Ar-H); 8.49 (1H, d, J = 7.8 Hz, Ar-H); "B NMR (128.6 MHz, CDCl;); 5 30.5 (s);
BC{'H} NMR (100.6 MHz, CDCly): 6 24.7,55.2, 83.4, 112.3, 112.7, 122.0, 125.1, 125.4,
128.2, 130.0, 131.2, 131.5, 132.2, 137.0, 138.0, 140.8, 145.6, 151.3, 157.8, 159.9; [Acc.
Mass] Calculated [M]*: 500.1926, Observed: [M]* 500.1932.

Spectra of Isolated 2-BPin
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Figure S5. 'H NMR spectrum (CDCI;) of 2-BPin
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Figure S6. "B NMR spectrum (CDCI;) of 2-BPin
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Figure S7. 3C{'"H} NMR spectrum (CDCI;) of 2-BPin.
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Analysis of the crude reaction mixture of the pinacol boronate ester derived from 1a by GC-
MS revealed two borylated products, one major consistent with 2-BPin and one very minor

product assigned as 3-BPin:

GC-MS retention times of analytes: 24.83 minutes: (E)-2-(1-(chloro(4-
methoxyphenyl)methylene)-2-(4-methoxyphenyl)-1H-inden-3-yl)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane;. [GC-MS] m/z calculated for C3,H3;,BCIO, 2-BPin, 500.2; found 500.3.

[GC-MS] m/z calculated for C3yH,0BO,4 3-BPin, 464.2; found 464.2. GC-MS retention times
of analytes: 38.49 minutes: 2-(10-(4-methoxyphenyl)-2-methylindeno[2,1-a]inden-5-yl)-
4.,4,5,5-tetramethyl-1,3,2-dioxaborolane

H (CDCl,)
3-Bpin
3-Bpin l
I MLJ
q [\
8.05 8.47 0.95 1.0017.00
IIIII '.'....... I| '..'.‘...... ..'.'..‘.'... e
8‘5 8!0 7?5 7ID 6!5 5?0
Chemical Shift (ppm)
2-BPin 2-BPin
H,0
2-BPin
2-BPin
2-Bpin
2-BPin 2-BPin
I l.n 3-BI L—&
S )
AN - - —
8|'O|6 8.I4|1 0.‘&‘941](')0 1?196 49"51 5.613 98"57
R N
9 8 7 6 3 2 1 0

5 4
Chemical Shift (ppm)

Figure S8. Crude '"H NMR spectrum of a mixture of 2-BPin and 3-BPin
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Compound 4

: OMe
o gz i
F Z Condition A F
A
F A Pinacol, NEts O’
F
F

Bpin

1b

Using an adaption of general procedure A. Diyne 1b (20 mg, 0.054 mmol, 1 eq.), DCM
(0.4 mL), BCl3 (0.07 mL, 0.07 mmol, 1.2 eq.). The reaction was heated to 60 °C for 12
hours, then cooled to room temperature before adding NEt; (0.3 mL) and pinacol (8

mg, 0.068 mmol, 1.2 eq.). Compound 4 was obtained in a 92% yield (17 mgs).

"H NMR (400 MHz, CDCl;): 6 1.42 (12H, s, Bpin); 6.88 (1H, d, J = 7.1 Hz, Ar-H); 6.94
(1H, td, d = 7.5 Hz, 1.0 Hz, Ar-H); 6.99 (1H, td, J = 7.6 Hz, 1.1 Hz, Ar-H); 7.42-7.49
(5H, m, Ar-H); 7.66 (1H, d, J = 7.1 Hz, Ar-H); "B NMR (128.6 MHz, CDCI3); 5 29.6
(s); "°*F{'"H} NMR (376.5 MHz, CDCl3); & -158.85 (1F, dd, J = 21.5 Hz, 17.4 Hz, Ar-F);
-157.49-157.34 (1F, m, Ar-F); -139.18 (1F, dd, J = 20.8 Hz, 13.6 Hz, Ar-F); -130.67
(1F, ddd, J = 21.8 Hz, 14.0 Hz, 1.7 Hz, Ar-F); "3C{'H} NMR (100.6 MHz, CDCl3): (CsF4
unit omitted) 24.9, 84.6, 123.5, 124.4, 127.9, 128.8, 128.95, 128.98, 129.1, 1294,
132.8, 135.1, 146.6, 150.1, 159.5; [GC-MS] m/z calculated for C,sH»1BF40,, 476.2;
found 476.2. GC-MS retention times of analytes: 19.08 minutes: 4,4,5,5-tetramethyl-
2-(6,7,8,9-tetrafluoro-10-phenylindeno[2,1-alinden-5-yl)-1,3,2-dioxaborolane;  [Acc.
Mass] Calculated [M+H]*: 477.1643 gmol-', Observed: [M]* 477.1643 gmol-’
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Compound 5

9y
1.2.2 BCls, 3 [N"Bu,][BCI,] Cl O F

2,4 6-Tri-tert-butylpyridine

7 /
O o 2. Pinacol, NEt O’ O E
h O bCM Bpin
F

5

A Schlenk fitted with a J Young’s valve was charged with "Bus;NBCl,; (150 mg, 0.380 mmol, 3
eq), 1,2-bis((2-p-fluorophenyl)ethynyl) benzene (40 mg, 0.127 mmol, 1 eq.) and 2,4,6-
tritertbutyl pyridine (31.8 mg, 0.129 mmol, 1 eq). DCM (1 mL) was added and the solution was
stirred for 5 minutes. A solution of BCl; in DCM (0.3 mL, 1M, 0.3 mmol, 2.8 eq) was added
and stirred for five minutes. A solution of pinacol in triethylamine (1.1 mL, 1M, 1.1 mmol) was
added and stirred for 5 minutes. The volatiles were removed in vacuo and the residues were
extracted into pentane and washed with HCl,q, (6M, 3 x 20 mL), then distilled water (3 x 20
mL). The organic layer was dried over MgSQ,, the suspension was filtered and the volatiles
removed in vacuo to give the desired product (43 mg, 71 %).

"H NMR (400 MHz, CDCl;) 8 ppm 1.20 (br s, 12 H, Bpin) 6.63 (dt, J=15.80, 8.50 Hz, 4 H) 6.82
-6.89(m,2H)7.03-7.10 (m, 2 H) 7.28 (td, J=7.53, 1.25 Hz, 1 H) 7.36 (td, J=7.53 Hz, 1.02
Hz, 1 H) 7.65 (d, J=7.03 Hz, 1H) 8.49 (d, J=7.53 Hz, 1 H). "B NMR (128 MHz, CDCl;) & ppm
29.8 (s). '*C{'"H} NMR (101 MHz, CHLOROFORM-d) & ppm 24.8, 83.7, 113.6 (d, J=21.52 Hz)
114.5 (d, J=22.50 Hz), 122.6, 125.4, 126.0, 128.9, 131.6 (d, J=7.83 Hz) 132.7 (d, J=8.80 Hz)
133.5 (d, J=3.91 Hz) 135.1 (d, J=2.93 Hz) 136.7, 139.03 (d, J=14.67 Hz) 145.5, 150.1, 160.8
(d, J=123.24 Hz) 163.3 (d, J=129.11 Hz). 'F NMR (376 MHz, CDCl;) & ppm -116.33 (m) -
111.19 (m). APCI-MS calculated for C,3H,50,BCIF,(M*) 477.1606, found 477.1589.
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Figure S16. '°F NMR spectrum (CDCI;) of 5.
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s 5 .o

Pz
O Z Condition A/ B/ C/D CO /
.
N 9o, -
O Bpin Bpin

8 7

Compounds 7 and 8.

Table showing the variation in product distribution

Product Ratios
Entry Conditions Solvent 5 >
1 BCl;(1.1 eq.) DCM 2 1
2 BCl;(2.1 eq.)/ TBP (1 eq.) DCM 2 1
3 [Cl,B(2-DMAP)]AICI,] (1.1 eq.) DCM 10 1
4 BCl; / [NBu,s][BCly] / TBP DCM 1 1.5
Q ,
||
N I (‘f‘ h
E—— Y N ;’\NAJJ_/U . ‘\” W o M
al M
| [
| |

,,,,, N i I
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Figure S17. Stack plot of the crude 'H NMR spectra (post work up as per general
procedures) from entries 1, 3 (middle) and 4 (bottom) from the above table showing the key
aromatic region.

519



Using general procedure C. Diyne 1d (39 mg, 0.127 mmol, 1 eq.), [Cl,B(2-DMAP)][AICI4] (52
mg, 0.140 mmol, 1.1 eq.), DCM (0.4 mL), NEt; (0.4 mL), pinacol (33 mg, 0.280 mmol, 2.2 eq).

10:1 mixture of 8 :7 obtained as an oil.

[GC-MS] m/z calculated for C3yH,sBO, 8, 432.3; found 432.3. GC-MS retention times of
analytes: 26.23 minutes: [Acc. Mass] Calculated [M]*: 432.2261 gmol', Observed: [M]*
432.2253 gmol-'.

[GC-MS] m/z calculated for C3gH3,BCIO, 7, 468.2; found 468.2. Additionally, calculated [M-
Cl]*, 432.2, found 432.2. GC-MS retention times of analytes: 19.14 minutes:
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Figure S18. Crude "H NMR spectrum that is predominantly 8 with a small quantity of 7. Other

minor impurities include pentane and an Et;NH salt.
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Figure S19. Crude "B NMR spectrum (CDClI;) that is predominantly 8 with a small quantity
of 7.
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Compounds 7 and 8 (with 7 dominant)

O 1. 2.2 BCl3, 3 [N"Bu4][BCly] O ol
2,4,6-Tri-tert-butylpyridine O
2. Pinacol, NEt, CO /
- . +
el OV, -0
Bpin Bpin

8 7
(major)

/2N

A Schlenk fitted with a J Young’s valve was charged with "Bus;NBCl, (154 mg, 0.390 mmol, 3
eq), 1,2-bis((2-p-tolyl)ethynyl) benzene (40 mg, 0.131 mmol, 1 eq.) and 2,4,6-tritertbutyl
pyridine (40 mg, 0.131 mmol, 1 eq). DCM (1 mL) was added and the solution was stirred for
5 minutes. A solution of BCl; in DCM (0.3 mL, 1M, 0.3 mmol, 2.3 eq) was added and stirred
for 5 minutes. A solution of pinacol in triethylamine (0.85 mL, 1M, 0.85 mmol) was added and
stirred for 5 minutes. The volatiles were removed in vacuo and the residues were extracted
into pentane and washed with HClq (6M, 3 x 20 mL), then distilled water (3 x 20 mL). The
organic layer was dried over MgSQ,, the suspension was filtered and the volatiles removed in

vacuo to give a mixture of the dibenzopentalene 8 and benzofulvene 7 products (8 : 7 = 1:1.5).
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Compounds 9 and 10

// O Cl @
- J
OO Y oo

1e 10 9
Product Ratios
Conditions Solvent
Entry 10 9
1 BCl; (1.1 eq.)? DCM 3 2
2 BCl3 2.1 eq.)?/ TBP (1 eq.) DCM 3 2
3 [Cl,B(2-DMAP)][AICI4] (1 eq.) DCM 3 1
4 [Cl,B(2,6-lutidine)][AICI4] (1 eq.) DCM 7 1
5 BCl3 (1.1 eq.) / [NBu4][BCl4] (3 eq.) DCM 1 1
f
AJL}JL»JMW{J#JM; LAk
g )
8‘.5 8‘.0 7‘.5 7‘.0 é.S é.O S‘.S 5‘.0 4‘.5 4‘.0 3‘.5 3‘.0 2‘.5 2‘.0 1‘.5

1 (ppm)

Figure S20. Crude 'H NMR spectrum from cyclisation of 1e using general procedure D.
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Figure S21. Crude 'H NMR spectrum from top, cyclisation of 1e using general procedure D,

and bottom, cyclisation of 1e using BCl3 / [NBug][BCl,].
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Compound 11

S
W,
Condition B

S
— K
Pinacol, NEt;

Bpin

1f 11

Using general procedure B. Diyne 1f (39 mg, 0.127 mmol, 1 eq.), TBP (33 mg, 0.134
mmol, 1 eq.), DCM (0.4 mL), BCl; (0.3 mL, 0.300 mmol, 2.3 eq.), NEt3 (0.4 mL), pinacol
(33 mg, 0.280 mmol, 2.2 eq). 11 was isolated as a colourless film in a 48% yield (18

mgs).

"H NMR (400 MHz, CDCls): § 1.34 (12H, s, Bpin); 6.69-6.72 (2H, m, Ar-H); 6.89 (1H,
d, J=4.8 Hz, Ar-H); 7.02 (1H, d, J = 4.8 Hz, Ar-H); 7.04-7.07 (1H, m, Ar-H); 7.15-7.19
(1H, m, Ar-H); 7.42-7.45 (2H, m, Ar-H); 7.69-7.70 (1H, m, Ar-H); ""B NMR (128.6 MHz,
CDCI3); & 29.1 (s); 3C{'H} NMR (100.6 MHz, CDCl;): ¢ 25.0, 83.6, 121.2, 123.7,
125.4,126.2, 126.5, 127.0, 127.2, 127.56, 127.57, 132.4, 134.7, 136.3, 141.1, 152.2,
152.6 [GC-MS] m/z calculated for Cy4H,1B0O,S;; 416.1; found 416.1. GC-MS retention
times of analytes: 25.06 minutes: 4,4,5,5-tetramethyl-2-(4-(thiophen-3-
yl)benzo[4,5]pentaleno[1,2-b]thiophen-9-yl)-1,3,2-dioxaborolane; [Acc. Mass]
Calculated [M+H]*: 417.1149, Observed: [M]* 417.1143.
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Figure S22. '"H NMR spectrum (CDCI3) of 11.
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Figure S23. '3C{'H} NMR spectrum of 11.
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Figure S24. "B NMR spectrum of 11.
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Compound 13

o

4 % Condition A
J C e (S
~0 o Pinacol, NEt; N

BPin
13
12

A vessel fitted with a J. Young's valve was charged with 1,7-bis(4-
methoxyphenyl)hepta-1,6-diyne (1 eq.), 2,4,6-tri-tert-butylpyridine (TBP) (1 eq.) and
DCM. The mixture was stirred for 5 minutes then BCl; (2.1 eq., 1 M) was added and
the mixture was stirred for 2 hours. The solvent was removed in vacuo to remove
excess BCl; and HCI. The solid was re-dissolved in DCM, after which pinacol (1.2 eq.,
1M, in NEt;) was added and the reaction was left stirring for 1 hour. The crude material
was purified on silica via column chromatography with a ethyl acetate : hexane = 1 :
10 mixed solvents as the eluent. 2-(7-methoxy-9-(4-methoxyphenyl)-2,3-dihydro-1H-
fluoren-4-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (0.034 g, 79%) was obtained as

a crystalline solid.

"H NMR (400 MHz, Chloroform-d) & 8.25 (d, J = 8.4 Hz, 1H), 7.38 (d, J = 8.7 Hz, 2H),
6.99 (d, 2H), 6.79 (d, J = 2.4 Hz, 1H), 6.63 (dd, J = 8.4, 2.5 Hz, 1H), 3.86 (s, 3H), 3.80
(s, 3H), 2.66 (t, 2H), 2.58 (t, J = 5.9 Hz, 2H), 1.78 (p, 2H), 1.40 (s, 12H); "'B NMR (128
MHz, CDCl;) 6 31.49; 3C{"H} NMR (101 MHz, CDCl3) d 159.8, 158.8, 147.9, 146.3,
136.2, 135.7, 130.2, 128.6, 127.5, 124.1, 114.0, 108.8, 105.8, 84.0, 55.5, 55.4, 31.8,
25.1, 22.8, 14.2; [APCI] m/z calculated for , C,7H33BO4 [M+H]* Compound 13 431.2;

found 431.2; 2-(7-methoxy-9-(4-methoxyphenyl)-2,3-dihydro-1H-fluoren-4-yl)-
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4.4,5,5-tetramethyl-1,3,2-dioxaborolane; [Acc. Mass] calculated [M+H]*: 431.2315

gmol', observed: [M+H]* 431.2388 gmol-'.
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Figure S25. "H NMR spectrum (CDCI5) of 13.
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Figure S26. "'B NMR spectrum (CDClI3) of 11 (* minor impurity).
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Compound 15

o—

G ¢
v

Condition A

W O
Pinacol, NEts ‘ Q

14 15

A vessel fitted with a J. Young’s valve was charged with 1,8-bis((4-
methoxyphenyl)ethynyl)naphthalene (1 eq.), 2,4,6-tri-tert-butylpyridine (TBP) (1 eq.)
and DCM. The mixture was kept in ice bath for 5 minutes after which time BCl; (2.1
eq., 1 M) was added and the mixture was stirred for 16 hours. The solvent was
removed in vacuo to remove excess BCl; and HCI. The solid was re-dissolved in DCM,
after which pinacol (1.2 eq., 1 M in NEt3) was added and the reaction was left stirring
for 1 hour. The crude material was purified on silica via column chromatography with
an ethyl acetate : hexane = 1 : 20 mixed solvents as the eluent. 2-(10-methoxy-12-(4-
methoxyphenyl)indeno[2,1-a]phenalen-7-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane

(0.064 g, 82%) was obtained as a crystalline solid.

"H NMR (400 MHz, Methylene Chloride-d,) & 8.06 (d, J=8.4 Hz, 1H), 7.86 (d, J= 7.7,
1.0 Hz, 1H), 7.80 (d, J=7.3, 1.0 Hz, 1H), 7.76 (d, J = 8.2 Hz, 1H), 7.70 (d, J = 8.0 Hz,
1H), 7.51 (t, J = 8.2, 7.3 Hz, 1H), 7.44 (dd, 2H), 7.29 (t, 1H), 7.14 (d, 2H), 6.78 (dd,
1H), 6.62 (d, J = 2.4 Hz, 1H), 3.92 (s, 3H), 3.79 (s, 3H), 1.59 (s, 12H); "'B NMR (128
MHz, ppm, CD,Cl,) & 30.9; "*C{'H} NMR (101 MHz, CDCI3) & 160.3, 159.4, 147.6,
144.6, 136.9, 134.1, 133.4, 130.0, 129.7, 129.5, 129.1, 128.8, 127.8, 127.5, 126.5,
126.4, 126.0, 125.2, 123.1, 115.4, 109.9, 106.2, 84.9, 55.6, 55.5, 46.0, 25.8; [APCI]
m/z calculated for Cs4H3:BO4 [M+H]* 515.2; found 515.2; 2-(10-methoxy-12-(4-
methoxyphenyl)indeno[2,1-a]phenalen-7-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane;
[Acc. Mass] calculated [M+H]*: 515.2315, observed: [M+H]* 515.2387.
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S3. Crystal Data

Crystal structure and data for 2-Bpin CCDC No: 1529716

Empirical Formula C3oH30BCIO,
FW g/mol 500.85
Crystal System and Space Group Triclinic P-1
Temperature (K) 150.03

a, b, c(A) 9.8844(8), 11.0536(8), 12.8011(9)
a, B, y (degrees) 72.871(7), 85.108(6), 75.762(7)
Volume (A3) 1295.40(18)

Z 2

Radiation Mo K\a, A = 0.71703 A
Absorption coefficient 0.182

F(000) 528.5437

© range (degrees) 28.34 (max), 3.32 (min)
Number of reflections collected 5488

Number of unique reflections 3925

Number of data/ restraints/ parameters 5488/ 0/ 330

R1 (data with [I>> 20(12)]) 0.0531

wR2 (all data) 0.0786

Goodness of fit 1.0457

Ap maximum and minimum (e. A-3)

0.3517, -0.3809
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Crystal structure and data for 4 CCDC no: 1529715

Empirical Formula CosH21BF 40,
FW g/mol 476.30
Crystal System and Space Group Triclinic P-1
Temperature (K) 150.02(10)

a, b, c(A) 8.1811(5), 12.0413(9), 12.5311(10)
a, B, y (degrees) 74.768(7), 73.263(6), 72.295(6)
Volume (A3) 1105.21(15)

z 2

Radiation Mo K\a, A = 0.71073 A.
Absorption coefficient 0.111

F(000) 492.3293

© range (degrees) 29.12 (max), 3.46 (min)
Number of reflections collected 4969

Number of unique reflections 3160

Number of data/ restraints/ parameters 4969/ 0/ 319

R1 (data with [I>> 20(12)]) 0.0587

wR2 (all data) 0.0989

Goodness of fit 1.0502

Ap maximum and minimum (e. A3)

0.4045, -0.4577
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S4. Computational details

Calculations were performed using the Gaussian09 suite of programmes.3
Optimisations were performed at the M06-2X4/6-311G(d,p) level. All structures were
confirmed as minima by frequency analysis. Full Cartesian coordinates are shown

below.

Lowest Unoccupied Molecular Orbitals (LUMO) of zwitterion intermediates and structure D.

(/

-3.34 eV (derived from alkyne 1a) -4.13 eV (structure D amine = pyridine)
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0.00000000
Cl 0.00000000
Cl 1.50916200
Cl -1.50916200
‘ .
pes
B 0.00000000
Cl 1.07525600
Cl 1.07525600
Cl -1.07525600
Cl -1.07525600

4
Bt
29,0,
e,
& @

C -1.50510500
C -0.18070200
C 0.14898600
C -0.89845000
C -2.21868300
C -2.53632500
C -1.52167000
C -0.24132800
C 0.67817800
C 1.96379400
C 3.31960900
C 4.03655700
C 4.01354800

0.00000000
1.74263000
-0.87131500
-0.87131500

0.00000000
1.07525600
-1.07525600
-1.07525600
1.07525600

1.70611000
2.17205500
3.51288800
4.43192200
3.99197600
2.63261300
0.21630400
-0.22601300
0.96630300
0.90264300
0.81349300
0.78095800
0.74439600

0.00000000
0.00000000
0.00000000
0.00000000

0.00000000
1.07525600
-1.07525600
1.07525600
-1.07525600

0.03998900
0.02829600
0.07766700
0.14963200
0.17563200
0.12057700
-0.02054800
-0.02811500
-0.01735900
-0.01961200
-0.01200800
-1.24611900
1.23339700
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5.40692000
3.48431300
5.38474300
3.44324900
6.07035100
5.97292000
5.93289200
-2.89280400
0.35976400
1.18305700
0.16731400
1.78585900
1.32660700
0.77336600
-0.47097600
1.58144700
2.40890800
0.61199800
-3.83786200
-3.92782600
-2.70405300
1.18102400
-0.68087100
-3.01956900
-3.56929000
2.04952800
7.15152100

0.68378500
0.83271000
0.64835800
0.76714600
0.61928700
0.65706600
0.59425100
-0.60802800
-1.57675400
-2.01558500
-2.39618600
-3.26739700
-1.38620500
-3.64457600
-2.05288400
-4.08370100
-3.60607200
-4.27713600
-0.34343400
0.07753300
-2.44078400
3.84290200
5.49182300
4.71867100
2.31099200
-5.05957200
0.54281400

-1.22140000
-2.17616500
1.23155700
2.15331300
0.01093100
-2.14260400
2.16230100
-0.09815200
0.01800400
-1.02144300
1.13119300
-0.95897100
-1.89397400
1.19405300
1.93748100
0.14886600
-1.77806000
2.05873800
1.51674200
-1.52655500
-0.38861800
0.06502800
0.19052700
0.24075200
0.14349600
0.19847800
0.01945900
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1.67309000
0.32134900
-0.07190900
0.92927000
2.27197600
2.65941400
1.75907800
0.50829500
-0.47245500
-1.75507200
-3.09678200
-3.69629600
-3.90220100
-5.05742600
-3.06184600
-5.26079900
-3.42318300
-5.82864700
-5.53497900
-5.89276600
3.06834700
0.08512300
0.61934800
-0.85039800
0.23401100
1.32009300

1.78169300
2.16529100
3.48890000
4.46149300
4.09735300
2.75628700
0.30294600
0.22343700
0.91236100

0.78458400
0.64993100
0.54665700
0.60470000
0.39794100
0.58072100
0.46191700
0.69051200
0.35750900
0.31200200
0.42916800
-0.52620200
-1.62837600
-2.46282400
-2.14161300
-3.79554100
-2.05821800

-0.09003900
-0.12852400
-0.17633200
-0.18428000
-0.15056000
-0.10595600
-0.07937400
-0.09736300
-0.11202400
-0.04806800
0.05033800
1.34619700
-1.13220000
1.44102500
2.22263800
-1.00744200
-2.09939700
0.27105800
2.40755700
-1.88441700
-0.05394900
-0.01517800
0.97060300
-0.91992100
1.04154600
1.69387200
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-1.23058800
-1.24537000
-0.68994900

0.64927400
-1.94295800

I T O T O

4.35595500
3.32121100
-1.11798900
0.65622600
3.03292300
3.70967200
-0.99013300
-6.90310600

T T I I I =T

%
I bl

S 0%,
v,

-1.57513200
-0.40441500
-0.40620900
-1.62641600
-2.79317600
-2.77949900
-1.20167900
0.15190600
0.73251000
1.99276800
3.32566000
3.99828800

O O O O O o0 o o o o o o

-3.47515100
-1.50827300
-4.30306200
-4.43531700
-3.87089400
-0.09466300
-1.87498400
3.76900500
5.50850400
4.86789400
2.49328700
-5.34227400
0.24154100

0.76555900
1.54725300
2.91821900
3.57970700
2.83870800
1.44114000
-0.67952400
-0.76339900
0.62222200
0.90530500
1.14155100
1.26286800

-0.84694000
-1.70688200
0.13314100
1.81031400
-1.56043100
1.05470400
-1.13935400
-0.20962200
-0.22045800
-0.16265800
-0.08630100
0.18931700
0.35701700

0.02288200
0.00865500
0.03924700
0.09827100
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