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Figure S1. PIE curves of distinct ions detected in 9-phenanthrenyl - vinylacetylene system.

Signal at m'z = 202 and 203 can be associatedvith CieH10 molecule(s)and the 13C-isotopially sub-

stituted counterpart(SfCCisH1o, respectively. After scaling, both data sets are superimposable verifying
that signals at/z = 202 and 203 originateom the same(isotopically substituted) isomer. This signal

can be fit with the PIE curve of ethynylphenanthrene. Since the adiabatic ionization energies of distinct
ethynylphenanthrene isomers are around 7.8 eV, and their PIE curves are similar, the present work doe:
not allow an identification of the specific ethynylphenanthrenesomer(s)formed. Here, at elevated
temperatures, vinylacetylene can be pyrolyzed at a level of about 2% forming two acetylene molecules,
which can react with 9-phenanthrenesia acetyleneaddition followed by hydrogen loss yielding
ethynylphenanthrend. Alternatively, acetylenecan be formed as a productof the H + C4H4 reaction.

Note that acephenanthrylen@n isomerof ethynylphenanthrenehich can potentiallybe formedby a
five-memberring closureand aromatizatiorvia hydrogenatomlossfollowing acetyleneaddition) was

not observedunder presentexperimentalconditions.Signal at m/z = 177 can be connectedo the 9-
phenanthrenyl radicailvz = 176 andwz = 178 origin from the hydrogen atom loss and hydrogen atom
addition of 9-phenanthrenyl leading to phenanthryne isomers and phenanthrene, respatzively 8

S1



and 179 can be both fit with the reference PIE curve of phenanthrene, verifying they are both attributed

to phenanthrene withvz = 179 resembling th€C-substituted phenanthrene.
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Figure S2. PIE calibration curves for distinctigffi> isomers: triphenylene,

chrysene, benzo(c)phenanthrene, benz(a)anthracene, 9-(but-3-en-1-yn-1-yl)-phenanthrene and (E)-9-
(but-1-en-3-yn-1-yl)-phenanthrene.

These PIE calibration curves were newly recorded in this work and are shown as black along with the
error limits (grey area). The adiabatic ionization energies of these isomers are 7.70 + 0.05, 7.55 + 0.05,
7.55 +0.05, 7.35 £ 0.05 eV, 7.60 + 0.05 eV and 7.60 £ 0.05 eV, respectively, comparing with literature
values of 7.84 + 0.0, 7.60 + 0.0%], 7.60 + 0.0%1 and 7.41 + 0.02 for the first four isomers. The
overall error bars consist of two parts: +10% based on the accuracy of the photodiodecagiciaa bf

the PIE curve averaged over the individual scans.
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Figure S3. Potential energy surface (PES) for the 9-phenanthremylb][Geaction with vinylacetylene
(C4H4) including an additional energetically favorable pathway forming a product R4 (4-
vinylacephenanthrylenetalculated at the G3(MP2,CC)//B3LYP/6-311G(d,p)evel of theory. The
relative energiesare given in kJ mol™. Since the calculatedadiabaticionization energy of R4 is

7.35+0.10 eV, a small contribution of this product to the experimental PIE at energies below 7.6 eV (see
Fig. 3) cannot be completely ruled out.
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Figure S4. PES for the phenanthryne4) reaction with vinylacetylene ¢Es) calculated at

the B3LYP/6-311G(d,p) level of theory. The relative energies are given in kd mol

The reaction begins with the addition of vinylacetylene to the triple bond of phenanthryne. When the
addition occurs by the acetylenic end aHGg the formation of the initial complelx1] is immediately
followed by six-member ring closure 2] and then, two H migrations in the new ring {4id] lead to

its aromatization and the formation of triphenyleRd)( The highest barrier on the phenanthryne +
CisHa - [i1] - [i2] - [i3] - R1 pathway, 29 kJ md| is found for the entrance step. Alternatively,
when the addition occurs by the vinylic end oHz to form [i4] via a 36 kJ mot barrier, the ring
closure mechanism is more complex; a three-member ring is formed fjiS} and then it stepwisely
expands to four-[(6]), five- (i7]), and finally six-member ring ifi2]. No pathways involving H
migrations without the extra ring closure and leadingR® or R3 could be found and thus, the

phenanthryne plus vinylacetylene reaction cannot account for these products observed in experiment.
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The mechanism explored here deserves further detailed consideration at a higher level of theory and rate
constant calculations, especially for the prototype benzygts)@ vinylacetylene reaction, because our
results demonstrate that the reactions of aromatic alkynes wla @ay represent a plausible
mechanism for PAH growth under high-temperature (combustion) conditions. However, due to the

significant entrance barriers, this mechanism is not feasible in the interstellar medium.
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Synthesis of (E)-9-(But-1-en-3-yn-1-yl)-phenanthrene (R2)
(E)-9-(But-1-en-3-yn-1-yl)-phenanthren@k2) was synthesized by stereoselective conversion of 9-
ethynylphenanthrene intérans-1-alkenyliodide via hydroboration-hydrolysis-iodinaffdnsequence

followed by Sonogashira cross-coupling reaction with (trimethylsilyl)acetylene (ScBéne

HQ
j@ B-OH
0 H,O/EtOAC '

25 °C, 30 min
9-ethynylphenanthrene Boronic ester P1 (49%)
1. NaOH (aq)
PdCIx(PPhs), 2. 1y, Et,0, 0 °C, 30 min
Cul
TMS-Acetylene
K2COs3 Et:N
-
MeOH/ DCM THF, rt, 60 min
30 min, 0 °C

P2 (81%)

Scheme S1. Synthesis of (E)-9-(but-1-en-3-yn-1-yl)-phenanthrene (R2).
1. (E)-(2-(Phenanthren-9-yl)-vinyl)-boronic acid (P1)

9-Ethynylphenanthrené05.5mg, 2.5 mmol) and catecholborané266 pL, 300 mg, 2.5 mmol) were
placed in a flame-dried flask undep Bt ambient temperature and the reaction mixture were stirred for
20 min at 7C°C. Within this 20 min, the reaction mixture forms a small lump and was kept few minutes
at ambient temperature. Then®IEtOAc (1:1; 10 mL) were added into the reaction mixture and stirred
for 30 min at 25°C to effect the hydrolysisof boronic ester.The reactionmixture was extractedwith
EtOAc, organiclayer separatecdindthe aqueoudayer was extractedwith EtOAc two moretimes. The
combined organic layer was dried ¢S&y) and evaporated. The residue was column chromatographed
(20-40% EtOAc in hexane) to givgl (301 mg, 49%) as white powdéH NMR (DMSO-d;, 400 MHz)
06.32 (d,J = 18.0 Hz, 1H), 7.63-7.76 (m, 4H), 7.98 (s, 2H), 8.04)(d,8.8 Hz, 2H), 8.13 (dJ = 18.0

Hz, 1H), 8.32-8.34 (m, 1H), 8.79-8.82 (m, 1H), 8.88-8.90 (m, i @)NMR (DMSO-d¢, 100.6 MHz):5
122.66, 122.86, 123.36, 123.55, 124.12, 124.15, 126.98, 127.05, 128.90, 129.81, 129.85, 129.88, 131.23
134.26, 143.09, 145.27.

S78



2. (E)-9-(2-iodovinyl)-phenanthrene (P2)

The boronic acidP1 (100 mg, 0.40 mmol) was dissolved in 5 mL@&in a 50 mL flask and cooled to 0
°C. ThenaqueousNaOH (400 pL, 3 N, 1.2 mmol) was addeddropwisefollowed by elementaliodine
(121.8 mg, 0.48 mmol) dissolved in 5 mL.@t while stirring at ®C. The reaction mixture was stirred
for 30 min at 0°C andthe exces$, was destroyed bgqueousdNaS,03 solution. The reactiomixture

was extracted with D and organic layer was separated and the aqueous layer was extractedQvith Et
twice. The combined organic layer was dried (N&SQs) and evaporated.The residuewas column
chromatographech{hexane) to givé2 (108 mg, 81%) as white powdéH NMR (CDCk, 400 MHz)s

6.93 (d,J = 14.8 Hz, 1H), 7.58-7.71 (m, 4H), 7.75 (s, 1H), 7.89(d,7.6 Hz, 1H), 8.09 (d] = 8.0 Hz,

1H), 8.16(d, J = 14.4Hz, 1H), 8.65(d, J = 8.4 Hz, 1H), 8.72(d, J = 7.6 Hz, 1H); 3C NMR (CDCl,

100.6 MHz):0 122.63, 122.85, 123.13, 123.37, 124.72, 125.53, 125.66, 127.06, 128.94, 129.67, 130.49,
130.55, 131.65, 134.85, 143.58, 143.61.

3. (E)-Trimethyl-(4-(phenanthr en-9-yl)-but-3-en-1-yn-yl)-silane (P3)

Pd(PPB)2Cl2 (8.4 mg, 0.012 mmol) and Cu(l)I (4.6 mg, 0.024 mmol) were added to dry THF (5 mL) in
a flame-dried round bottom flask equipped with a stir bar undet R°C (ice-bath). Thei?2 (100 mg,

0.30 mmol) was added followed by TMS-acetyleney(6244 mg, 0.45 mmol) and & (84 uL, 61 mg,

0.60 mmol). The resulting mixture was allowsawarm up to ambient temperature and was stirred for
1h. [progressof the reactionwas monitoredby TLC (n-hexane)].Volatiles were evaporatedand the
residuewas column chromatographedn-hexane)to give P3 as light yellow gummy solid (90 mg,
99%)!H NMR: (CDCk, 400 MHz) 0.30 (s, 9H), 6.34 (dl = 16.0 Hz, 1H), 7.58-7.67 (m, 4H), 7.81 (d,
J=16.0 Hz,1H), 7.85 (s, 1H), 7.88 (d,= 7.6 Hz, 1H), 8.17 (dJ = 9.2 Hz, 1H),8.65 (d,J = 8.0 Hz,

1H), 8.72 (dJ = 9.2 Hz, 1H).

4. (E)-9-(But-1-en-3-yn-1-yl)-phenanthrene (R2)

Anhydrous KCGOs (41 mg, 0.3 mmol) was added to a stirred solution of P3 (80 mg, 0.27 mmol) in 4 mL

MeOH/DCM (1:1) at room temperature. After 30 min, volatiles were evaporated and the residue was

column chromatographed-pexane) to givé&R2 (58 mg, 95%) as light yellow powdéH NMR: (CDCl,

400 MHz)4 3.12 (d,J = 2.4 Hz, 1H), 6.29 (dd] = 16.0, 2.4 Hz, 1H), 7.58-7.67 (m, 4H), 7.83-7.90 (m,
3H), 8.13-8.16 (m, 1H), 8.66 (d, J = 8.0 Hz, 1H), 8.72-8.74 (m, HG)NMR (CDCEk, 100.6 MHz): §

S8



79.17, 83.13, 110.41, 122.61, 122.85, 123.21, 123.38, 124.55, 125.10, 126.99, 129.07, 130.10, 130.53
131.80, 131.57, 132.57, 141.05, 141.13.

In summary, treatment of 9-ethynylphenanthrene with catecholborane & 7@m intermediary
boronic ester, which was hydrolyzed with@to givetrans-alkenylboronic acidP1 in 49% vyield after
purification on silica gel column. Treatment of the purified (catechol ffde)n ether solution with
iodine (1.2 equiv) in the presence of aqueous NaOH (3.0 equiv)’@t@ovided alkenyliodidd>2
(81%). Subsequent Sonogashira coupling®fwith (trimethylsilyl)acetylene yielde®3 (99%), which
on desilylation with KCOz in MeOH/DCM gave desire®R2 (95% vyield). It is noteworthy that our
attempts to synthesize alkenyl bromide analogue2dafirectly from 9-ethynylphenanthrene by adopting

reported hydrobromination conditidfifailed giving instead the alkene analogue.
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Synthesis of 9-(But-3-en-1-yn-1-yl)-phenanthrene (R3)

9-(but-3-en-1-yn-1-yl)-phenanthrene (R3) was synthesized by Sonogashira coupling of 9-
ethynylphenanthrene with vinyl bromide (Scher§g). Pd(PPB)4 (5.8 mg, 0.005 mmol) and Cu(l)! (3.8

mg, 0.02 mmol) were placed in the flame-dried flask undeatN°C (ice-bath). Then EH (0.65 mL,

460 mg, 6.29 mmol) and vinyl bromide (1.0 M in THF; 0.65 mL, 0.65 mmol) were added.Next,
commercially available 9-ethynylphenanthrene (101.1 mg, 0.5 mmol) dissolved in dry THF (1 mL) was
addedslowly via a syringe pump (over 3 h) and the resulting mixture was allowed to warm up to
ambient temperature (30 min) and was stirred for another 2 h. Volatiles were evaporated and the residue
was dissolved in EtOAc and filtered. The filtrate was collected with the solvent evaporated. The residue
was column chromatographeatifexane) tagive R3 (50 mg, 44%) as white powdéti NMR (CDCE,

400 MHz)6 5.65 (dd,J = 11.2, 2.0 Hz, 1H), 5.89 (dd,= 17.6, 2.0 Hz, 1H), 6.20 (dd=17.2, 11.2 Hz,

1H), 7.58-7.62(m, 1H), 7.65-7.73(m, 3H), 7.85(d, J = 7.6 Hz, 1H), 8.01 (s, 1H), 8.42-8.45(m, 1H),
8.65-8.70(m, 2H); 3C NMR (CDCl, 100.6 MHz) ¢ 88.39,92.75,117.42,117.47,119.70,122.66,
122.82,122.98, 127.14, 127.39, 127.70, 128.74, 130.23, 130.45, 131.21, 131.37, 132.05, 132.09.

It is noteworthy that regulazoupling conditions, as reported recently for the synthesis of the analogous
(but-3-en-1-yn-1-yl)-benzer@, yielded mainly dimerization and/or polymerization products of 9-
ethynylphenanthrene.

Y
O 7 5 Pd(PPhj),/Cul
O + _°" Et,NH/THF
O 0°C-1t, 5 h

9-ethynylphenanthrene R3(44%)

Scheme S2. Synthesis of 9-(but-3-en-1-yn-1-yl)-phenanthrene (R3).
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