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Reaction coordinate

Figure S1. Reaction profile for the rearrangement stage on the example of N,N-dimethyl-3-
phenylprop-2-yn-1-amine with dimethoxydimethyltitanium adduct (B3LYP/6-31G(d), 373.15 K).



Cartesian coordinates of optimized structures A-D and the number of imaginary frequencies:

N,N-Dimethyl-3-phenylprop-2-yn-1-amine with dimethoxydimethyltitanium adduct (A)
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The number of imaginary frequencies = 0

Transition state (B)
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The number of imaginary frequencies = 1

Buta-2,3-dien-2-ylbenzene (C)
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The number of imaginary frequencies = 0
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Figure S2. Frontier HOMO and LUMO of compounds 2a-d calculated at the PBEPBE/6-

311G(d,p) level of theory.
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1.090304000
-4.645575000

0.055942000
-2.125029000

1.079051000
-0.599456000
-2.756666000
-3.104966000

1.867013000
-5.027129000

0.030377000
-1.977468000
-4.038181000
-4.055350000
-5.286170000
-4.786906000
-4.804306000
-2.784869000
-2.179487000
-2.827460000
-0.748114000

0.947966000
-5.061370000

1.333145000

0.494276000
-5.303337000
-3.768879000
-3.024942000
-4.679179000

2¢
-2.988401000
-3.484309000
-3.561349000
-3.145149000
-2.651017000
-2.570626000
-2.998006000
-3.153101000
-2.486022000
-1.531814000
-1.400346000
-2.203493000
-0.884199000
-1.363825000
0.594352000
-0.215107000
-2.602090000
-2.487542000
0.986676000
-1.375620000
-2.680734000
-0.817728000
-0.636782000
-1.402658000
-1.037646000
-2.204461000
0.839944000
0.159808000
-1.046336000
-0.220868000
0.786063000
-1.530608000
1.312197000
0.156744000
-0.640319000
0.815053000
-0.740560000
-0.891208000
0.563801000
1.306939000
2.422769000
3.084620000
2.428313000
1.367206000
1.323584000
1.487007000
2.598271000
0.659114000
0.977441000
2.139865000
1.451709000

-1.431551000
-0.930012000
0.449191000
1.382157000
0.898304000
-0.532275000
-1.815159000
0.999668000
2.499869000
1.522113000
-0.789889000
-2.616489000
2.578931000
3.077686000
2.659219000
3.461496000
-1.285916000
2.269911000
3.202218000
2.639580000
0.147722000
0.521110000
-1.913520000
-1.782841000
-2.843082000
-2.859086000
-1.834730000
-3.338486000
-3.335856000
3.256053000
0.614068000
0.534839000
-2.717430000
-3.589113000
-2.791139000
-2.713690000
-0.658126000
1.759592000
1.837296000
-3.211397000
-2.614143000
-1.491603000
-2.371205000
1.681743000
0.686772000
-0.635795000
-0.256198000
-0.583710000
2.764673000
2.515384000
-1.630917000
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-4.053670000
-0.509989000
-1.792672000
-4.289883000
0.260390000
-1.591665000
-3.292250000
-0.974108000
-2.020512000
3.444055000
3.775711000
4.071976000
4.342639000
4.069059000
3.459040000
3.737919000
3.809762000
3.681912000
3.972287000
4.361413000
6.182084000
3.958740000
5.693284000
6.584411000
4.871003000
2.953662000
6.036274000
7.609914000
6.858823000
4.305562000
5.864112000
4.387473000
5.028583000
5.784632000
5.156303000
3.866803000
5.032387000
5.210869000
6.470808000
6.471654000
4.457292000

-0.782648000
-2.038857000
-2.218497000
-1.149015000

0.060191000

0.243979000
-3.112025000
-3.478843000
-1.742063000

2.606081000
3.086486000
3.498251000
2.526572000
2.525336000
2.148143000
2.929953000
2.936679000
3.423402000
0.772314000
0.592864000
1.484587000
1.166834000
2.556903000
0.841226000
0.876030000
1.850900000
2.905491000
1.609480000
1.722882000
3.561147000
3.037149000
1.350272000
2.257642000
3.923006000

3.399562000

0.345246000

1.946635000
4.287602000
-1.635071000
-3.140218000
-1.266627000
-2.759358000
-3.486519000
-2.011260000
-0.377004000
-3.071535000
-1.705863000
-3.738547000
-4.570382000
5.187547000

2d
3.316806000
3.520411000
2.978652000
2.216958000
2.008762000
2.566765000
3.451866000
2.346538000
1.122556000

-1.008922000
-1.107375000
-0.558240000
0.424704000
1.175383000
2.746701000
1.322989000
1.706307000
0.820952000
0.885787000
2.376520000
3.332992000
4.342518000
3.126083000
0.784562000
2.290921000
3.212380000
2.963823000
4.265781000
0.165864000
-0.995106000
-0.129172000
-0.105945000
-0.684164000
-0.700422000
0.084496000
0.140553000
-0.894933000
-1.447055000
-0.173068000
-2.003311000
-1.532447000
0.259390000
-0.657633000
-2.430191000
-1.887516000
1.302759000
-3.477164000
-2.684489000
-0.212360000
-0.973084000

0.048890000
-0.655859000
-1.934512000
-2.561960000
-1.877342000
-0.548401000

0.322432000
-2.286855000
-3.294687000
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0.745794000

1.035045000
-1.074224000

0.159222000
-1.098473000

0.150270000
-1.881907000
-4.327432000
-3.182340000
-1.111247000
-3.935138000
-4.513993000

1.605061000

0.742410000
-4.990651000
-0.326352000
-2.513086000

0.736124000
-0.993782000
-3.155585000
-3.273238000

1.596508000
-5.293135000
-0.338564000
-2.379683000
-4.414870000
-4.422585000
-5.589098000
-5.007701000
-5.016871000
-3.167888000
-2.537794000
-3.144056000
-1.098944000

0.724949000
-5.309665000

1.028727000

0.218877000
-5.598047000
-3.948724000
-3.208178000
-5.007114000
-4.355800000
-0.813869000
-2.075584000
-4.542713000

0.030678000
-1.767583000
-3.512264000
-1.182251000
-2.256427000

3.187217000

0.743135000
1.640174000
3.127668000
-0.314553000
-0.126831000
-1.678906000
-1.343326000
2.839847000
1.196730000
-2.295572000
0.020932000
2.276874000
0.557218000
1.446212000
1.966805000
2.194007000
3.208437000
0.084110000
1.322956000
2.364460000
-1.274710000
-0.919140000
1.058014000
0.026553000
1.408939000
1.735324000
0.393245000
0.866397000
-0.048926000
-1.390647000
0.193428000
-1.059411000
-2.159074000
-1.144215000
-1.929601000
-1.574075000
-1.017140000
-2.202779000
-0.424292000
-2.148467000
-3.070091000
-0.665516000
-1.964491000
-2.285679000
-2.920144000
-2.526228000
-2.766307000
-3.152202000
-3.262190000
-3.393294000
-3.462012000
-1.002371000

-1.929584000
0.219657000
1.451053000

-2.609051000

-3.302099000

-2.032098000

-3.166658000

-0.015048000

-3.128476000

-2.384928000

-2.994995000

-1.343981000

-0.687603000
1.559626000
0.938636000
2.188195000
1.626987000
2.135772000
3.139683000
2.544975000

-3.023532000

-0.067872000

-1.209625000
3.105574000
3.322430000
2.196186000
2.764330000
0.200662000

-2.021513000

-1.453499000
3.463605000
3.434165000
2.698516000
3.260476000

-0.795355000

-0.094140000
1.346303000
1.473114000
0.747721000

-2.075688000

-1.320801000
2.054269000
2.020493000
2.422304000
2.071743000
0.691220000
0.147169000

-1.483965000
0.089473000

-0.185414000
0.793430000

-0.238561000
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3.544921000
3.709695000
3.950141000
3.603467000
3.205890000
3.578694000
3.810415000
3.777749000
4.054201000
3.907606000
3.897682000
3.550412000
3.468772000
5.410322000
6.336413000
5.907602000
7.709198000
7.277166000
8.187446000
5.991417000
5.203311000
8.409657000
7.632519000
9.259863000
3.545054000
3.536249000
5.423783000
6.173728000
6.114081000
7.568233000
7.507597000
8.240958000
5.661865000
5.549226000
8.130396000
8.019586000
9.330031000

-1.485245000
-2.702862000
-2.825286000
-3.614532000
0.496248000
-0.112082000
0.421332000
1.500771000
-0.206029000
-1.572844000
1.752545000
2.579230000
1.989056000
1.866227000
1.248994000
2.719548000
1.480285000
2.957963000
2.337264000
0.579330000
3.210442000
0.980296000
3.628107000
2.516697000
-1.030909000
-2.608915000
-1.591412000
-2.518821000
-0.718093000
-2.558515000
-0.757237000
-1.677276000
-3.223058000
0.002634000
-3.290082000
-0.063212000
-1.712175000

-1.646560000
-2.187486000
-3.246401000
-1.595343000
-0.833510000
-2.184651000
-3.394811000
-3.558868000
-4.255639000
0.988137000
-0.310759000
-0.964230000
0.677167000
-0.188386000
-1.045051000
0.815122000
-0.900412000
0.957183000
0.094966000
-1.831996000
1.494316000
-1.573638000
1.744050000
0.201542000
1.877114000
1.106125000
1.021873000
0.276858000
1.878748000
0.373836000
1.983146000
1.227212000
-0.381487000
2.476080000
-0.212045000
2.653199000
1.307412000
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Figure S3. Absorption (1) and PL (2) spectra of Cg fullerene in film. 7= 298 K.
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Figure S4. Absorption (1-3) and PL (4) spectra of PCBM in film (1, 4) and in CHCI; solution (2,
3). [PCBM] =10*M (2, 3),1=0.1 cm (2) and 1 cm (3). T=298 K.
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Figure S5. Absorption (1-3) and PL (4) spectra of 2a in film (1, 4) and in CHCI; solution (2, 3).
[2a]=10%M (2,3),1=0.1 cm (2) and 1 cm (3). T=298 K.
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Figure S6. Absorption (1-3) and PL (4) spectra of 2b in film (1, 4) and in CHCI; solution (2, 3).
[2b]=104M (2,3),1=0.1cm (2) and 1 cm (3). T=298 K.
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Figure S7. Absorption (1-3) and PL (4) spectra of 2¢ in film (1, 4) and in CHCI; solution (2, 3).
[2¢]=104M (2,3),1=0.1 cm (2) and 1 cm (3). T=298 K.
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Figure S8. Absorption (1-3) and PL (4) spectra of 2d in film (1, 4) and in CHCI; solution (2, 3).
[2d]=104M (2,3),1=0.1cm (2) and 1 cm (3). T=298 K.
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Figure S9. Evaluation of the optical energy gap E,°"* by the graphical Tauc method from the
absorption spectrum of PCBM film.
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Figure S10. Evaluation of the optical energy gap E,°"" by the tangent method from the PL
spectrum of PCBM film.



2. Experimental

Measurements and materials

All reactions were performed under an argon atmosphere and in anhydrous solvent. The
solvents and reagents were dried or refined according to the literature procedures.
Commercially available [60]fullerene (99.5% pure, Sigma-Aldrich) was used. The reaction
products were analyzied on a HPLC chromatograph Shimadzu SPD-20A (Japan) equipped
with the UV detector at 313 or 340 nm. The mixtures were separated on a metal preparative

column Cosmosil Buckyprep Waters (25010 mm) at ~20 °C. Toluene was used as eluent,

the flow rate was 3.0 mLemin—!. The 1H{BC} NMR spectra were run on a Bruker Avance-
500 spectrometer at 500.17 and 125.78 MHz, respectively. The mixture of CDCIl; and CS,
(1:5) was used as a solvent. The mass spectra were obtained on aUltraFlex III TOF/TOF
(Bruker Daltonik GmbH, Germany) operating in a linear (TOF) and reflection (TOF/TOF)
positive and negative ion modes. Sg and DCTB (trans-2-[3-(4-tret-butylphenyl)-2-methyl-2-
propenyliden]malononitrile) are used as a matrix. For the application on a metal target, the
toluene solutions of the samples were used.

The photoluminescence (PL) and PL excitation spectra were recorded using a Horiba
FluoroLog-3 spectrofluorimeter (model FL-3-22). All spectra were scaled by introducing
the corrections for the Xe-lamp (450 W), detector (PMT Hamamatsu R928), and diffraction
gratings using special software FluorEssence 3.5. The PL of films were recorded using a
solid sample holder at an angle of 15 or 60 degrees to the exciting light.

As is known, the PL spectra of fullerenes and its derivatives usually contain one or
several broad structureless bands with no vibronic structure. Therefore, we used the tangent
method to calculate the energies of the radiative S; levels of the compounds. This method
implies in making tangent to the left part of the PL spectrum curve in coordinates “PL
intensity — photon energy (eV)”. The tangent is applied in the point attributed to the half of
the maximal intensity. In this mode, the energy of the S; level, which is equal to the
electronic transition energy S; — S, and accordingly to the optical energy gap E,°F,
corresponds to the intersection of the tangent with the abscissa axis.

UV-visible absorption spectra were recorded in the range 200-800 nm with Shimadzu UV-
1800 spectrophotometer. The E,°"* were estimated from the optical absorption edge in thin
films and using known Tauc relation: Ahv = (hv — E,°)", were n = % for allowed direct, 4 —
absorbance. The films were prepared by deposition of the substance on a quartz substrate

followed by solvent CHCl; evaporation.



General procedure for the synthesis of 2,3-dimethylenebicyclo[2.2.0]hexane Cg

derivatives.

A 50 mL glass reactor was charged with Cg, (80 mg, 0.1112 mmol) in dry chlorobenzene
(12 mL), aminomethylated alkyne (0.3336 mmol) and Ti(Oi-Pr), (0.08 mL, 0.278 mmol)
under a dried argon atmosphere at room temperature. The resulting solution was heated to
80 °C (oil bath), and EtMgBr (1 M solution in diethyl ether, 1.112mmol) was added
dropwise during 2—3 min. The reaction mixture stirred for 30 min and was quenched with
an 8-10 % (aq.) solution of HCI. The layers were separated and the organic layer passed
through a column with small amount of silica gel. The reaction products 2a-d, and the
starting fullerene Cqy were separated by the HPLC, eluent was toluene. The samples were
washed with hexane and Et,O before NMR.
1’,4’-Diphenyl-2°,3’-Dimethylenebicyclo[2.2.0]hexano[5°,6°:1,9](Cgo-I)[5,6] fullerene
(2a). Brown powder (52 mg, 65 % yield). UV (CHCI;) A = 256, 316, 431, 695. 'H NMR
(500 MHz, CDCl3) 6 = 7.51 (d, J = 7.0 Hz, 1H, CH (Ph)), 7.25-7.31 (m, 1H, CH (Ph)),
6.24 (s, 2H, CHy), 5.69 (s, 2H, CH,). *C NMR (125 MHz, CDCl;) 6 = 154.4, 149.8, 147.7,
146.6, 146.3, 145.9, 145.8, 145.6, 145.5, 144.9, 143.2, 142.9, 142.4, 142.3, 141.9, 140.3,
139.1, 135.6, 130.0, 128.3, 127.5, 115.7, 71.0, 30.1. HRMS (MALDI TOF) [M] calcd. for
C73H14 950.1095; Found 950.1101.
1’,4’-Di(o-fluorophenyl)-2’,3’--Dimethylenebicyclo[2.2.0]hexano[5°,6°:1,9](Cgo-
I,)[5,6]fullerene (2b). Brown powder (41 mg, 51 % yield). UV (CHCIl;) A = 255, 312, 432,
694. 'TH NMR (500 MHz, CDCl;) 6 = 7.52 (t, J = 6.7 Hz, 1H, CH (Ph)), 7.28 (s, 1H, CH
(Ph)), 7.05-7.13 (m, 1H, CH (Ph)), 6.31 (s, 2H, CH>), 5.69 (s, 2H, CH,). 13C NMR (125
MHz, CDCl;) ¢ = 160.7, 158.7, 154.8, 147.8, 147.6, 146.6, 146.3, 145.9, 145.6, 145.5,
144.8, 143.2, 142.8, 142.4, 142.2, 141.8, 140.1, 137.4, 135.2, 131.3, 129.8, 126.9, 124.0,
116.1, 115.8, 115.6, 69.4, 30.0. HRMS (MALDI TOF) [M]- m/z = calcd. for C;sH,F,
986.0907; Found 986.0903.
1’,4’-Di(m-fluorophenyl)-2°,3’-Dimethylenebicyclo[2.2.0]hexano[5°,6°:1,9](Cgo-
I,)[5,6]fullerene (2¢). Brown powder (46 mg, 57 % yield). UV (CHCl;) A = 256, 312, 432,
694. 'H NMR (500 MHz, CDCl3) 6 = 7.32-7.35 (m, 1H, CH (Ph)), 7.28 (s, 1H, CH (Ph)),
7.22 (d, J = 9.4 Hz, 1H, CH (Ph)), 7.00 (s (b), 1H, CH (Ph)), 6.29 (s, 2H, CH,), 5.70 (s,
2H, CH,). BC NMR (125 MHz, CDCl3) & = 163.6, 161.6, 154.1, 149.2, 147.8, 146.6,
146.4, 145.8, 145.7, 145.6, 144.8, 143.2, 142.9, 142.4, 142.3, 141.9, 140.9, 140.8, 140.3,
139.8, 135.5, 130.0, 129.9, 125.7, 116.9, 116.8, 116.1, 114.8, 114.6, 70.8, 30.0. HRMS
(MALDI TOF) [M] m/z = calcd. for C;3H;,F, 986.0907; Found 986.0910.



1’,4’-Dibenzyl-2’,3’-Dimethylenebicyclo[2.2.0]hexano[5°,6°:1,9](Cgo-1,,)[5,6]fullerene
(2d). Brown powder (54 mg, 68 % yield). UV (CHCI;) A = 256, 311, 433, 696. 'H NMR
(500 MHz, CDCl3) 6 = 7.46 (d, J = 7.3 Hz, 1H, CH (Ph)), 7.25-7.28 (m, 1H, CH (Ph)),
7.15-7.18 (m, 1H, CH (Ph)), 5.70 (s, 2H, CH,), 6.05 (s, 2H, CH,), 4.35 (s, 2H, CH,). 13C
NMR (125 MHz, CDCl3) 6 = 154.1, 149.2, 147.6, 146.5, 146.2, 145.8, 145.6, 145.4, 144.7,
143.0, 142.7, 142.3, 141.9, 141.7, 139.9, 138.5, 137.7, 135.5, 130.0, 129.3, 128.6, 126.7,
112.5, 70.2, 38.3, 30.0. HRMS (MALDI TOF) [M]- m/z = calcd. for CgoH;s 978.1408;
Found 978.1399.



3. Copies of MALDI, 'H, 13C, HSQC, HMBC spectra

HPLC chromatogramma of 2a
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